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Foreword

I am privileged and honored to write the foreword for the 
book titled “Oral Submucous Fibrosis: Guide to Diagnosis 
and Management.” This comprehensive text covers all 
aspects of this deadly disease mostly prevalent in South and 
Southeast Asia. The text describes the disease in detail, from 
its historical aspects to its etiology, pathogenesis, clinical pre-
sentation, classification systems, diagnostic methods, histo-
pathological aspects, mechanisms of malignant 
transformation, and treatment. It also includes sections on 
areca nut cessation and various other interventions. It has 

been a long-felt need to compile all the different aspects of this common health prob-
lem in South and Southeast Asia under a single title. This affords a unique opportunity 
for undergraduates, postgraduates, researchers, and other relevant health professionals 
to read about every aspect of the disease in one place. The chapters describe a complex 
subject matter in a simple form accessible to any kind of audience.

The textbook is edited by two eminent globally recognized academics in the field of 
oral cancer and oral potentially malignant disorders (OPMDs). Professor Saman 
Warnakulasuriya from King’s College, London, is a world-renowned professor who 
has spent many decades of his academic career conducting extensive research on oral 
cancer and OPMD. His in-depth knowledge on the subject of oral submucous fibrosis 
is unparalleled, and this would have certainly helped in bringing this book to the high-
est standards. Professor K. Ranganathan from Ragas Dental College, Chennai, India, 
is a well-respected oral pathologist who has contributed immensely to the subject both 
nationally and internationally. In addition, his vast clinico-pathological knowledge on 
submucous fibrosis would have contributed immensely to editing this book. They have 
brought together a well-experienced group of academics, clinicians, and researchers to 
share their enormous experience in compiling this historic text on oral submucous 
fibrosis.

While congratulating the editors and contributors for this timely contribution to 
medical literature, I highly recommend this book for anyone who wants to gain in- 
depth knowledge on oral submucous fibrosis.

Prof. W. M. Tilakaratne
Department of  Oral Pathology, Faculty of  Dentistry
University of  Malaya
Kuala Lumpur, Malaysia

Department of  Oral Pathology, Faculty of  Dentistry
University of  Peradeniya
Peradeniya, Sri Lanka
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Preface

Oral submucous fibrosis was first described in early 1950s, and since its discovery, much 
has been written about this disease. Some early theories about its causation are now 
outdated, and there is sufficient evidence that areca nut consumption is the major cause 
of this disease. Because of the important recent developments on many aspects of oral 
submucous fibrosis (OSF), it is our goal to provide an accurate up-to-date textbook 
that has a comprehensive coverage on this disease and to reflect on the latest advances 
that are important to the clinicians for the diagnosis and management of OSF and to 
the pathologists who contribute to the diagnostic services. The precancerous nature of 
this disease has been known for several decades, and based on the WHO nomenclature 
developed in 2005, OSF was established as an oral potentially malignant disorder 
(OPMD). In fact, epidemiological surveys indicate that oral submucous fibrosis is the 
most prevalent OPMD in South Asia and the western Pacific region, and hence we 
recognize its importance as a clinical entity.

This comprehensive textbook consisting of 22 chapters is written by invited experts 
in the field. The contributors are well-known teachers in dental schools, mostly from 
South Asia, and this book has drawn them together in a unique collaboration to pro-
vide an all-encompassing review of the current state of knowledge on this disease.

For didactic purposes, the chapters in the textbook are organized into six parts. The 
first set of chapters (7 Chaps. 1–7) focus on the historical and clinical aspects of the 
disease. The second and third sets of chapters (7 Chaps. 8–12) explore the etiology 
and etiopathogenesis. The fourth set of chapters (7 Chaps. 13–15) describe the inves-
tigative techniques, and the fifth set of chapters (7 Chaps. 16–18) examine the current 
concepts on the management of OSF. The final set (7 Chaps. 19–21) deals with the 
management of addiction to areca nut to facilitate interventions on the cause of this 
disease. In the final chapter, we also provide a comprehensive bibliography for addi-
tional reading and in the appendix some historical aspects of authors who made con-
tributions to our current understanding of this disease.

The book is primarily intended for undergraduate and graduate students in den-
tistry and could act as a handy reference book to primary care physicians in Southeast 
Asia, who regularly see areca nut chewers in their clinical practice. We hope that the 
readers will appreciate the multidisciplinary prospective of the textbook, extending the 
book’s usefulness to a wider audience of caregivers.

We thank Alison Wolf for commissioning this textbook and Sivachandran Ravanan 
for the assistance received, who acted as the Project Coordinator for Springer Nature. 
Editorial assistance given to us by Kavitha Loganathan during numerous occasions 
throughout this book project is greatly appreciated.

Saman Warnakulasuriya  
London, UK

Kannan Ranganathan  
Chennai, Tamil Nadu, India  

June 2022
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1
1.1  Introduction

Oral cancer has been a significant health issue in the 
Indian subcontinent and contiguous geographical areas 
for centuries—possibly for millennia. There are impor-
tant references to this malady in ancient scripts. In the last 
century, numerous researchers and clinical groups have 
undertaken research on oral cancer using contemporary 
concepts of scientific method and have also studied what 
were described in the past as oral “precancers”: for these, 
we now use the term oral potentially malignant disorders 
(OPMDs). Amongst the latter, what is now labeled oral 
leukoplakia, with its variable definitions, has received most 
attention. What we now call oral submucous fibrosis (OSF) 
was, until around the middle of the last century, an entirely 
enigmatic malady and received little attention. It was not 
until the Indian otolaryngologists Joshi and De Sa from 
King Edward VII Memorial (KEM) Hospital, Bombay 
(Mumbai, India), and the dentist Lal from Central India 
documented their clinical observations in the 1950s that 
real progress began to be made. The Basic Dental Research 
Unit of the Tata Institute for Fundamental Research 
(TIFR) in Mumbai, India conducted groundbreaking 
studies on OPMDs and oral cancer throughout the 1960s 
and 1970s. These brought OSF to the forefront as a critical 
OPMD in the Indian subcontinent. Thus, there began an 
understanding of a relationship—potentially causal—with 
traditional “betel quid” chewing habits, and we now know 
that it is predominantly the areca nut component in the 
betel quid which is responsible for the fibrosis. The early 
twentieth century contains interesting literature by Bentall 
(1908) and Orr (1933) describing oral cancer in “betel” 
chewers. Some of these cases had oral symptoms sugges-
tive of OSF [1, 2] (7 Box 1.1).

Box 1.1: Learning Objectives
 1. To identify the historical documentation of OSF in 

South Asia.
 2. To appreciate that associations made of OSF with 

chewing betel quid in the early literature.
 3. To correlate the early understanding and descrip-

tions of OSF from the Vedic and Modern era.

1.2  A Sweep Across Time

The Indian diaspora has distinguished itself  throughout 
the world. East Africa was one of the earliest countries 
where Indians migrated. Wherever Indians went, they 
carried ethnic, cultural, and dietary habits from home: 
local populations adopted the habits. As a result, the 
twentieth- and twenty-first-century literature shows 

reports of OSF studies from, for example, Taiwan, 
South Africa, Sri Lanka, Nepal, Guam and China.

Areca nut consumption has been an integral part of the 
sociocultural and religious milieu of India and surround-
ing countries for millennia. Twentieth-century observa-
tions generated interest as to whether betel quid, areca nut 
in particular, caused the tissue changes seen in OSF—or 
at least similar signs and symptoms suggestive of the pres-
ence of this disease in ancient times. We felt that scrutiny 
of ancient Indian medical texts and related literature 
could reveal interesting historical facts and contribute to 
understanding of pathogenesis. Convincing contemporary 
evidence has implicated the development of OSF to regu-
lar chewing of areca nut, although cases are reported in 
children after quite short periods of use, as short as sev-
eral months. The practice of chewing betel quid or paan is 
ancient. Areca nut and betel leaves are often used in Hindu 
religious and social functions, as in the other major Eastern 
religions, Islam and Buddhism. The first1 mention of betel 
quid dates back to 504 BCE (BC), recorded in a Ceylon 
historical chronicle of events named “Mahavamsa,” writ-
ten in Pali [3]. Mentions of areca nut (Pugi Phalam) and 
betel leaf (Tambul) consumption can also be found in 
the Sushruta1: Samhita2 of ~600 BCE [4]. The Chikitsa3 
Sthana4 of the Samhita highlights the benefits and contra-
indications of Pugi Phalam and Tambul consumption in 
various conditions. Shlokas 21–24 indicate that the chew-
ing of Tambul, in combination with many other ingredi-
ents, including areca nut, was wholesome and beneficial for 
the oral cavity, throat, and face. However, consumption of 
these mixtures in individuals with “intrinsic hemorrhage, 
wasting due to chest wound, thirst, fainting, roughness, 
debility, and mouth dryness” was not advocated. Thus, 
according to the Sushruta Samhita, although betel leaf and 
areca nut are considered sacred or beneficial, their use by 
individuals with dry mouth (as observed in OSF) is contra-
indicated [4].

The Sushruta Samhita encompasses all aspects of 
human disease prevalent in ancient India. The treatise 
made significant contributions to the principles and tech-
niques of ancient Indian surgery, which are applicable 
even in the modern era [5]. The Royal Australasian College 
of Surgeons (RACS) at its headquarters in Melbourne, 
Australia, has stationed a statue of Sushruta as a mark of 
recognition and respect for his contributions (. Fig. 1.1).

1 Sushruta was an Indian physician and surgeon who, it is thought, 
lived around 800–900 years BCE (approx. 2800 years ago). He is 
revered as the father of  Indian (Ayurvedic) medicine. His writ-
ings, in Sanskrit, are famous.

2 Samhita is a collection of  prose, poems, or liturgies compiled 
under strict rules of  style.

3 Chikitsa is a method of  caring or treating a malady, including 
cognitive and spiritual approaches.

4 Sthana literally means a holy place; here to refer to significant 
parts of  a treatise.

 V. K. Hazarey and N. W. Johnson
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1
Many twentieth-century researchers, including 

Mukherjee and Biswas (1972), appear to have compared 
OSF to a condition known as “Vidari” in the Vedic lit-
erature [6]. According to them, the features of Vidari, as 
mentioned in the Sushruta Samhita, were progressive nar-
rowing of the mouth, depigmentation of the oral mucosa, 
and pain while taking food, which precisely fit the symp-
tomatology of OSF as we understand it today [6].

We conducted a thorough literature search on 
“Vidari” and scrutinized six Sushruta Samhitas published 
or edited by the eminent Indian Ayurvedic specialists 
Sharma, Patil, and Rajeshwari, amongst others [7–13]. 
This search yielded the Sanskrit shloka “Sadahtodam 
swayathum sarktamantrgale putivishirnsmasam/Pitten 
Vidhyadwaden Vidarim parsve visheshat sat u yen shete” 
(Shloka 63). The English translation describes “a disease 
in which copper-colored swelling occurs in the throat, fea-
tured by pricking and burning sensation, and the flesh of 
the throat becomes necrosed and falls off and emits a fetid 
smell.” The disease was regarded as of Pittaja origin 
and was found to attack the side of the throat on which 
the patient is lying [9]. The Samhita also describes this 
malady as an incurable disease and recommends that the 
treatment of Vidari should be approached without giv-
ing any assurance of cure [10]. Recently edited books 
on Sushruta Samhita confirm the same [7, 13]. Several 
versions of Sushruta Samhita describe Vidari as gangre-
nous stomatitis or “cancrum oris” [12], although today 
we would recognize cancrum oris (Noma) as an entity 
distinct from OSF [14]. According to Vidwansa, Vidari 
is synonymous for carcinoma of tonsil and tonsillar 
fossa [11]. Vidari is also translated as Pitika (eruptions) 
by Vagbhata [15].

Thus, according to Sushruta Samhita, Vidari is a throat 
disease where copper-colored vesicles are the primary 
manifestations. The description of Vidari mirrored that of 
gangrenous stomatitis, peritonsillar abscess (quinsy), and 
carcinoma of the tonsil or tonsillar fossa. Thus, our cur-
rent understanding of the clinical presentations of OSF 
is not in agreement with the traditional description of 
Vidari. In our opinion, “Vidari” should not be used synon-
ymously for OSF and should be considered a misnomer.

1.3  Other Relevant Ayurvedic Literature

According to Ayurveda, diseases of the human body are 
grouped based on three Doshas or principles, namely 
Vata (movement), Pitta (transformation), and Kapha 
(lubrication and stability). Vagbhata (in the first century 
CE (AD)) mentioned a condition with features similar 
to those of OSF known as “vataja sarvasara” [15]. The 
shlokas mentioned in his compilation are:

Karonti vadanasyaantvranan sarvasaro nilah/Saccha-
rinorunan rukshnoshto tamro chaltwachow (Shloka 66)

Jivha shitasaha gurvi sphutita kantakachita/Vivrunoti 
cha krichchhen mukham pako mukhasya sah (Shloka 67)

Sloka 67 translates in English as “Anila (Vata)” aggra-
vates and moving in all directions produces ulcers inside 
the mouth, which are mild red in color and dry (non-
exudative); the lips are copper colored and unsteady; the 
tongue is intolerant to cold and is heavy, cracked, and 
covered with thorns; and the patient opens his mouth 
with difficulty (“Vivrinoti cha Krichchhen Mukham” 
translated as “mouth opening with difficulty”). This dis-
ease is Mukhapaka of vata origin [15].

Vidwansa described three pathological conditions 
that presented with clinical features similar to OSF, 
namely Vataja Sarvasara—herpetic gingivostomati-
tis/orolabial herpes; Pittaja Sarvasara with Raktaja 
Sarvasara—aphthous ulcer/recurrent ulcerative stoma-
titis; and Kaphaja Sarvasara—mild stomatitis [11].

Present-day Ayurveda deals with the management of 
conditions with clinical features and pathogenesis simi-
lar to OSF based on the individual’s prakriti and asso-
ciated Dosha [16, 17]. Patel et al. compared the clinical 
features of OSF with Dosha-based mukharogas and pro-
posed that OSF can be considered a Vata Pitta Pradhana 
Sarvasara Mukhroga [16]. Recently, Patel and Patel, 
through their work on the Ayurvedic management of 
OSF, emphasized that one cannot directly equate OSF 
with any Mukhrogas in Ayurvedic classics; instead, it 
should be considered as Anukta Vyadhi or an unexplained 
disease, which may be managed by methodologies given 
by Acharya Charaka. Studying the above Ayurvedic 
literature, some Sanskrit terms when translated into 
English suggest similarities to the clinical symptoms of 
OSF. These include Krichchhen Vivrinoti Mukham (dif-
ficulty in opening mouth), Mukhadaha—Usha (burn-
ing sensation in mouth), Tishna Asaha (intolerance to 
spicy food), Mukhsosha (dryness of mouth), Arasagyata, 
Alparasagyata, Virasagyata (defective gustatory sen-
sation), Mukhantrargata Vrana (ulceration of oral 
mucosa), and Vranavastu, Durudha Vrana (scar- fibrosis) 
[16, 17]. Thus, it seems probable that OSF existed in the 
Sushruta or Vedic era (~800–900 BCE) (7 Box 1.2).

Box 1.2: Appellations Used for Oral Submucous 
Fibrosis
Vedic Era:

Vidari—Sushruta Samhita (800 BCE) [Cited by 
Mukherjee& Biswas (1972)]

Vataja Sarvasara—Waghbatta (first century CE 
(AD))
Modern Era:

Atrophica Idiopathica (Trophica) mucosae oris—
Schwartz J (1952)

 Submucous Fibrosis of Palate and Pillars—Joshi S 
(1953)
Diffuse Oral Submucous Fibrosis—Lal D (1953)
Idiopathic Scleroderma of the Mouth—Su I (1954)
Oral Submucous Fibrosis—Pindborg J. (1965)
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1.4  Studies on OSF During the Past 
Century

OSF is common in India and elsewhere in South and 
SE Asia including Sri Lanka, Micronesia, Indonesia, 
and the Philippines [18–23] (7 Box 1.3, . Maps 1.1 
and 1.2, . Table 1.1). Enclaves are found outside these 
areas: in Africa, cases are being reported from Zanzibar, 
Tanzania, Madagascar, Kenya, and South Africa, and 
in the United Kingdom amongst the ethnic Indian dias-
pora. Because of modern travel, the use of areca nut and 
cases of OSF are now found in many continents. Six 
hundred million users are reported throughout the globe 

[23], ranking areca nut to fourth place amongst addictive 
substances after tobacco, alcohol, and caffeine [24, 25].

Box 1.3: Bibliographic Data on Oral Submucous 
Fibrosis
Keyword search on “oral submucous fibrosis” under-
taken in the following databases on 8th November 
2021:

 5 Web of Science: 1279 results
 5 Scopus: 1809 results
 5 Pubmed: 1638 results

       . Map 1.1 Co-authorship data map on oral sub mucous fibrosis. Four or more articles per author = 359 authors. 304 authors were con-
nected
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       . Map 1.2 Co-authorship map on oral submucous fibrosis-based geographic location—5 or more articles per country = 25 countries; 24 
are connected

1.4.1  Studies from South and SE Asia

1.4.1.1    India
OSF is an OPMD with an important historical back-
ground in India. As summarized above, the earliest stud-
ies on OSF have their roots in Bombay in the late 1940s 
and 1950s. The disease was studied by Joshi and De Sa 
from around 1949 at the ENT Department of KEM 
Hospital, Mumbai. However, almost all subsequent lit-
erature attributes the first published reference to “idio-
pathica atrophica (trophica) mucosae oris” by Schwartz, 
in five Indian Gujarati females from Kenya, with the 
habit of chewing supari (areca nut). This was referenced 
as a “demonstration” at the 11th International Dental 
Congress (of the Federation Dentaire Internationale 
(FDI)), London, July 1952 [26]. This reference has been 
quoted scores of times in subsequent literature, but it is 
clearly quoted secondarily—without sight of the origi-
nal. We cannot locate original copy in spite of searches 
through libraries of many institutions throughout the 

world and online. Quoting material without sight of the 
original is bad practice.

Thus, the first detailed description of this disease in 
the modern era should be attributed to Joshi in April 
1953, who studied 41 cases from Mumbai and called 
the condition “submucous fibrosis of palate and pil-
lars” [27]. Lal, an Indian dental graduate with licenti-
ate qualifications from the United Kingdom, working 
at the Govt. Medical College, Gwalior (Central India), 
reported in May 1953 the clinicopathological findings 
of 20 cases. All his cases had supari (areca nut) chew-
ing habits. He classified his cases into clinically early, 
advanced, and extreme. He describes, in histological sec-
tions, diffuse subepithelial fibrosis of the oral mucous 
membrane, with complete replacement of normal lam-
ina propria by dense acellular nonelastic fibers, together 
with focal collections of lymphocytes and plasma cells. 
He termed the disease “diffuse oral submucous fibrosis.” 
He suggested physicochemical irritation or an allergen in 
supari (areca nut) as causation and discussed the condi-
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.       Table 1.1 Co-authorship data on oral submucous fibrosis-based geographic location

tion as a mucous membrane counterpart of scleroderma 
[28]. There is, however, no subsequent evidence of which 
we are aware that OSF occurs as part of a wider fibrotic 
disease. Nevertheless, despite Lal’s probably erroneous 
linkage to wider scleroderma, his original descriptions 
and attributes fit closely to our present understanding 
of the disorder.

Otolaryngologists in India studied the condition 
comprehensively [27, 28]. Rao and Raju (1954) reported 
five cases, which had slowly progressive incompetence to 
mouth opening associated with an inability to eat food 
and which were treated using oral cortisone tablets [29]. 

They described pallor of the oral mucosa and palpable, 
thick vertical fibrous bands on both cheeks.

At KEM Hospital, Bombay, a detailed study of 
almost 100 cases was undertaken. De Sa presented the 
investigations, treatment, and outcomes of 64 cases in 
his 1957 publication [30]. The group there performed 
extensive research exploring etio-pathological aspects 
and relationships with other diseases and attempted to 
provide relief to patients using then current concepts of 
treatment. They grouped cases with predominantly pala-
tal, faucial, and/or buccal involvement. They described 
histopathological detail and sought to correlate this with 
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treatment outcomes. They concluded that “submucous 
fibrosis of the palate and cheek” is a new connective tissue 
disorder with biological similarity to the other collagen 
diseases but localized to the oral cavity. These were note-
worthy contributions for the time. George shared, in 1958, 
another report on treatment with cortisone injections [31].

Paymaster (1956) was the first to raise submucous 
fibrosis as a “precancerous lesion.” Neoplasms of the 
oral cavity and pharynx accounted for 45 percent of all 
malignancies seen in Indian patients at the Tata Memorial 
Hospital, Mumbai, at that time—the 1950s [32]. 
Paymaster described mucosal melanin pigmentation and 
localized submucosal fibrosis. He described clinical varia-
tions, treatment approaches, and 5-year follow-up results 
of his cases. One-third of his 650 patients with “precan-
cers” developed slow-growing carcinomas in affected 
areas: another remarkable observation for the time [32].

Many early studies from India were conducted under 
the guidance of the late, great Professor Jens Pindborg 
from Copenhagen, working with several government 
dental colleges in North, Central, and South India. 
Amongst these was the research conducted at a dental 
college in Trivandrum, in which 40 out of 100 cases of 
oral cancer had clinical signs of OSF [33].

Pindborg and Chawla examined 10,000 patients 
at the Dental Department of King George’s Medical 
College in Lucknow, during 1964/1965 [34, 35]. All diag-
noses were made on clinical grounds. Fifty-one patients 
(1.48%) had OSF: 25 cases of OSF were found in a cohort 
of patients seeking treatment in the clinics of dental col-
leges in Lucknow [35]. A detailed demographic analysis 
of these OSF patients contributed significantly to our 
understanding of initial and presenting symptoms of 
OSF. In 7 cases, concomitant leukoplakia was observed 
in patients with a history of tobacco abuse: this was the 
first report of such an association [35].

In parallel, the TIFR, Mumbai, established itself  
as the central hub for designing and executing epide-
miological and translational studies on oral cancer and 
“precancer.” Studies by Joshi, Lal, Sirsat, and Pindborg 
between 1952 and 1964 led to the monumental epidemi-
ological surveys of the Basic Dental Research Unit of 
TIFR, which began in 1966 and lasted almost 30 years. 
Professor Fali Mehta was the principal investigator with 
Pindborg and Dr. James Hamner III from the University 
of Tennessee, USA, was the National Institute of Health 
(NIH) project officer—the studies were largely funded by 
the US NIH. Dinesh Daftary (oral pathologist), Prakash 
Gupta (statistician), Mira Aghi (behavioral scientist), 
and Ramesh Bhonsle, Paluri Ram Murti, Pessi Sinor, 
Peshotan Jalnawalla, and Late Rohinton Irani (den-
tists) formed the core team camping at rural areas in five 
districts of different states and conducting oral exami-
nations of close to two hundred thousand people and 
coordinating with headquarters at TIFR (7 Box 1.4).

Box 1.4: Contributions from Tata Institute of 
Fundamental Research (TIFR), Mumbai
Duration: 1966–1995
 1. Pindborg et al.—1968

Epidemiological survey
Population studied: 50,915 individuals
Inference: Evidence in support of OSF as a 

“Precancerous Condition”
 2. Gupta et al.—1980

Observational study with 10 years follow-up
Inference: Association between tobacco and betel 

quid habits and incidence of oral mucosal lesions.
 3. Murti et al.—1985

Observational study with 17 years follow-up of 
66 individuals with OSF

Malignant transformation rate studied over 10, 
15 and 17 years (7.6%)

 4. Bhonsle et al.—1987
A cohort of 64 and 24 OSF in a survey of 

27,000 villagers in Ernakulum and at Pune.
Regional variations and associations of areca 

nut habit with OSF in Ernakulum and Pune
 5. Murti et al.—1995

Review: The role of areca nut in the etiology of 
oral submucous fibrosis.

A substantial literature was generated by the team, 
covering prevalence, incidence, and natural history of 
a range of OPMD, including OSF and outlining the 
development of malignancy, over more than a decade 
of intensive study.

The Pindborg and Mehta 1968 paper presented epi-
demiological surveys amongst Indian villagers. Amongst 
50,915 persons studied, OSF was more prevalent in 
South than in North India, the prevalence ranging from 
0% to 0.4%. Clinical data were analyzed from 63 cases 
of OSF.  Atrophy of tongue papillae was a prominent 
feature with a prevalence of 60%. Heavy and frequent 
consumption of chilies was often associated with the dis-
order, but chilies are an almost universal component of 
South Asian food, and it is no longer thought that they 
play a significant role in the pathogenesis of OSF. These 
findings did, however, support OSF as a “precancerous” 
condition [36].

Simultaneously, many institutions in India and some 
overseas instituted research on OSF. Those from India 
included the Government Dental College and Hospital, 
Mumbai, and Nair Hospital Dental College, Mumbai. 
Both these institutes started postgraduate courses in 
oral pathology (then known as Dental Pathology and 
Bacteriology) in 1962–1964. Mani was amongst the first 
to complete a Master’s dissertation at the University of 
Bombay. In 1964–1966, under the supervision of Singh, 
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he evaluated 38 cases of OSF and published four papers 
in Indian and international journals. Clinical and cyto-
logical aspects were published in 1968 and 1976 [37, 38]. 
Subsequently, Mani and Singh reported on the epithe-
lial features of OSF and observed hyperkeratosis, atro-
phy, increased mitoses, and glycogen in various grades 
of OSF. They hypothesized that parakeratosis, increased 
mitosis, and atrophic epithelium could indicate “pre-
malignant change” and supported the “precancerous” 
nature of OSF [39]. In 1977, Mani further compared the 
connective tissue changes of OSF with those of collagen 
diseases like scleroderma. They found inflammation and 
progressive collagen deposition in the lamina propria 
with increasing clinical severity of the condition [40]. 
These studies highlighted the need to explore whether 
the epithelial-connective tissue changes occur concomi-
tantly or as independent responses to common irritants 
or other, still unknown, factors implicated in the patho-
genesis of OSF.

Akbar, a postgraduate student of Dholakia (who 
was the first recognized postgraduate guide for “dental 
research” in India), completed his dissertation, which 
focused on the clinical and histopathological features of 
OSF in partial fulfillment of his Master’s degree from 
the University of Bombay, 1964–1966. Amongst the 30 
patients studied, he reported one elderly female with 
OSF and concurrent scleroderma of the skin. The case 
showed extensive involvement of the skin of legs, hands, 
chest, and face; the jaw deviated to the left on opening. 
Subepithelial hyalinization was noted in 50% of his oral 
biopsies [41, 42].

Renowned Indian cancer researcher and microbi-
ologist, Sirsat, was the first to employ electron micros-
copy to study OSF. She completed her doctoral thesis 
entitled “Biological studies with the electron microscope 
with special reference to submucous fibrosis of the pal-
ate” in 1958 from the University of Bombay [43]. Sirsat, 
in another collaboration with Pindborg and Padma 
Bhushan awardee Khanolkar V, studied cases of OSF 
and established a model in Wistar rats—the first ever 
animal experiment on then condition (7 Box 1.5).

Box 1.5: First Animal Model for OSF—Sirsat and 
Khanolkar (1960, 1962)
Study Animal: Wistar Rats

Features evaluated: Histological and Electron 
Microscopic changes in collagen fibers of rat oral 
mucosa after treatment with Capsiacin and Arecoline.

Sirsat and Khanolkar (1960) described histological and 
electron microscopic features and studied the effect of 
trypsin, collagenases, hyaluronidase, and elastase on 

the collagen fiber structure in their rat model [44]. They 
studied the effects of arecoline and capsaicin on rat oral 
mucosa and noted “elastic degeneration of collagen.” 
They hypothesized that persistent mild injury over a 
prolonged period led to fibrosis of the lamina propria 
[45–47].

Pindborg and Sirsat (1966) reviewed the etiological 
factors, clinicopathological features, and potential treat-
ment approaches [48]. They defined: “Oral submucous 
fibrosis is an insidious, chronic disease affecting any 
part of the oral cavity and sometimes the pharynx. It 
is occasionally preceded by a juxta-epithelial inflamma-
tory reaction followed by a fibroelastic change of lamina 
propria with epithelial atrophy leading to stiffness of 
oral mucosa and trismus and inability to eat.” They also 
described mast cell counts and vascular changes in both 
early and advanced stages of OSF (1967) [49, 50]. They 
opined that reduced vascularity was responsible for epi-
thelial atrophy [50]. They graded disease into very early, 
early, moderately advanced, and advanced stages based 
on the histological features of edema, physical state of 
collagen, fibroblastic response, vascularity, and number 
and type of inflammatory cells present [51].

The TIFR team contributed to the understanding 
of prevalence and incidence and of the timing and pro-
portion of cases, which developed oral cancer, and of 
the risk factors involved. In 1985, a population-based 
house-to-house survey examined two lakh (2,00,000) 
Indian villagers. This project delivered over 100 reports 
and expanded the knowledge of tobacco and areca nut 
consumption practices prevalent in India, as well as the 
pathogenesis of a range of OPMD and the risks of sub-
sequent malignancy.

Murti et al. (1985) followed up 66 cases of OSF for 
17 years and found that oral cancer developed in 0.4% 
of cases at the end of 10 years, in 4.5% at the end of 15 
years, and in 7.6% at the end of 17 years [52]. Gupta 
et al. (1980) reported a 10-year follow-up study, wherein 
they quantified OSF, oral cancer, and other “precancer-
ous lesions” in Ernakulam, Bhavnagar, and Srikakulam. 
They associated social habits with the prevalence and 
incidence of oral lesions: OSF did not occur amongst 
those who did not practice chewing habits, nor in 
smoking- only subjects [53].

The etiological role of chewing areca nut by itself  
was shown in a study of regional variations of this 
condition in Ernakulam and Pune districts of India by 
Bhonsle et al. (1987) [54]. This study showed that part of 
the oral cavity most involved depends on the consump-
tion pattern, i.e., where the quid is customarily held and 
whether or not the areca nut juice or quid is swallowed.

Hypotheses regarding the role of copper and the 
cuproprotein, lysyl oxidase (LO), in the pathogenesis 
of OSF were generated by collaborative work between 

Oral Submucous Fibrosis: A Historical Perspective



12

1
researchers at King’s College London; the Government 
Dental College, Nagpur; and the Department of Dental 
Sciences at the Royal College of Surgeons of England. 
Trivedy et al. (1997) proposed that copper in areca nut 
upregulates LO leading to cross-linking of collagen and 
subsequent fibrosis [55]. They proposed that oxidative 
deamination of lysine residues of collagen and elastin 
fibers rendered them resistant to physiological degra-
dation. Further, considering the carcinogenic potential 
of OSF, Trivedy et  al. (1998) studied the immunoex-
pression and mutations of the p53 gene in OSF, oral 
squamous cell carcinoma (OSCC) arising in OSF, and 
OSCC not associated with OSF.  In a large sample of 
OSF tissues collected from Karachi, Pakistan, they pro-
posed that the high copper content of areca nut bound 
to p53 and inhibited its tumor suppressive properties 
[56]. They demonstrated that fibroblasts in OSF showed 
intense immunoexpression of LO in the early stages of 
disease and in the stroma surrounding invading epithe-
lial islands in carcinomas arising in OSF [57].

1.4.1.2  Sri Lanka
In early 1980s, Warnakulasuriya et  al. conducted a 
large-scale oral cancer and precancer screening program 
in Central Sri Lanka. Close to 30,000 adults aged over 
20 years were screened by house-to-house visit by pri-
mary healthcare workers. 4.2% of the subjects screened 
positive, and amongst them 15 were reported with a 
OSF diagnosis [58].

1.4.1.3  Taiwan
Su (1954) described reduced mouth opening in three 
Chinese men from Taiwan aged 30–40 years who 
were “betel nut” chewers. The author showed pale 
atrophic oral mucosa and limited tongue movement. 
Microscopic examination of their oral mucosa revealed 
fibrous “degeneration” of subepithelial layers. Su sug-
gested the term “stromal scleroderma” as the author 
found the condition similar to systemic scleroderma 
and reported it with the title “idiopathic scleroderma of 
the mouth” [59].

Thirty-five cases of OSF were studied by Shiau and 
Kwan from 1971 to 1976 in Taiwan. All patients had a 
history of one or more habits of heavy liquor consump-
tion, smoking, and/or “betel nut” chewing with a strong 
correlation between habitual areca nut consumption 
and occurrence of OSF [60].

In subsequent decades, Taiwanese scientists have 
made a significant contribution to the field.

1.4.1.4  China
Apart from Taiwan, areca (betel) nut chewing was tra-
ditionally practiced in Hainan Island of the People’s 
Republic of China. In 1983, Pindborg surveyed 100 

villagers with “betel nut” chewing habits and habit/s of 
smoking cigarettes and water pipes. He reported three 
women areca nut chewers with clinical and histologic 
changes of OSF [61].

Areca nut chewing was also common in southeast 
provinces of China. In Xiangtan, a big city of Hunan 
province, this habit can be traced back to the beginning 
of the Qing dynasty. In Yuhu, one of the five urban dis-
tricts of Xiangtan city, 57 units independent of each 
other were randomly selected for an epidemiological 
survey wherein 11,046 individuals were examined. OSF 
was found in 335 individuals (3.03%), all of whom were 
areca nut chewers. OSF prevalence correlated to habit 
duration [62].

1.4.1.5  Burma
The leaf of the Piper betel vine is called “Kun-yet” in 
Burmese. A quid containing betel nut/areca nut and 
other ingredients is called “Kun-ya” or simply “Kun.” 
Kun finds frequent mention in Burmese literature 
emphasizing its religious and cultural importance with 
the tradition dating back at least several hundred years. 
A marble inscription from 1248 AD refers to betel nut, 
revealing connections to royal regalia. A host’s social 
status or official rank was ascertained based on the 
areca nut type and quality he or she provided to his or 
her guests. A comprehensive survey of 11 villages on the 
island of Bilugyun, Chuang-zone township, Mon State 
of southeastern Burma, was carried out for finding the 
prevalence of “oral precancerous lesions” and chewing 
and smoking in which 6000 villagers above 15 years were 
examined. This study, published in 1982, reported for 
the first time on five patients with OSF from Burma [63].

1.4.1.6  Nepal
Nepal, sharing many cultural and dietary habits with 
the rest of South Asia, has documented cases of OSF 
from as early as 1954. Lalchand reported 15 cases dur-
ing a 25-day stay in Nepal in 1954 [29].

1.4.1.7  Malaysia
An early contribution to OSF came from Malaysia by 
Krishnappa in 1967 [64]. Subsequently, Ramanathan 
(1981) observed iron-deficiency anemia in 10 out of 13 
OSF cases in Malaysia and hypothesized the disease 
to be a form of sideropenic dysphagia [65]. All OSF 
patients were of Indian ethnicity maintaining Indian 
dietary habits.

1.4.1.8  Papua New Guinea
Consumption of “betel nut” with betel “mustard” and 
lime is prevalent in Papua New Guinea, but early lit-
erature only shows associations with oral cancer [20]. 
The first documented case of  OSF by Barnes and Duke 
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(1975) was in a Chinese woman residing in Papua New 
Guinea who had no history of  betel consumption [19]. 
Areca nut is known as buii in PNG. Its use is ubiqui-
tous. There are high rates of  oral squamous cell car-
cinomas [66], but no reports of  OSF have been found 
after  extensive searches. We have this enigma under 
investigation.

1.4.1.9  South Africa
Consumption of areca nut was introduced into South 
Africa by Indian immigrants in 1860 [67]. In what is now 
the Republic of South Africa, there were soon about one 
million South Africans of Indian descent concentrated 
mainly in Durban and environs. First amongst South 
African studies are those by Shear and Lemmer in 1967 
[68], who found a prevalence of use of 0.5% amongst 
1000 subjects of Indian ethnicity.

Seedat worked extensively on the epidemiological 
aspects of OSF in Durban, Natal, and submitted this 
work for his Ph.D. at Stellenbosch University in 1985 [69].

In 1988, Seedat and Van Wyk conducted an epide-
miologic survey of 2058 Indian subjects settled in South 
Africa and found 71 cases of OSF—a remarkably high 
prevalence of 3.45% [70]. They revealed the strong asso-
ciation with “betel nut” chewing. Women chewers pre-
dominated with a ratio of 13:1. The habit was common 
in the elderly, with 30.6% of women over 65 years being 
users. 38% of chewers exhibited features of imminent 
or overt OSF, with female predominance of 70:1. The 
majority (12.9%) of affected persons were in the 45-54- 

year age group; 46% demonstrated fibrous bands in the 
mouth. The investigators concluded that at that time 5% 
of the entire Indian population in South Africa could be 
chewers, of which 2.3% may develop OSF [70].

Seedat and van Wyk (1988) found typical clinical 
and histopathological features of OSF in six non-betel 
nut-chewing subjects raising the possibility of genetic 
predisposition and of other etiological agents in Indian 
cultural practices [71]. They reported 14 cases of ex-
“betel nut” chewers with characteristic clinical and his-
tological features of OSF, which persisted even 13 years 
after stopping the habit [72].

Van Wyk (1997) reviewed OSF amongst South 
Africans of Indian origin and found that the betel quid 
use was more common amongst women. 60% of chew-
ers preferred a betel quid with other “classical” ingre-
dients, while others consumed only nut. Most chewers 
preferred the baked (black) nut variety, and few added 
tobacco to their chew. This pattern was reflected in the 
distribution of OSF. Their OSF subjects were younger 
with shorter chewing histories compared to chewers 
without OSF [73].

1.5  Summary of Recent History

In the later decades of  the previous century, there 
have been numerous reviews on OSF describing 
epidemiology and pathogenesis [74, 75]. Pindborg 
et  al. [36] assembled the early information on OSF 

.       Table 1.2 Distribution of  OSF by geographic location, sex, and age in early investigations (1952–1964) [34]

Investigator Year Country Cases
Percentage 
women

The age range in 
years

Schwartz 1952 East Africa (Indians) 5 100 –

Lal 1953 India (Madhya 
Pradesh)

20 – –

Joshi 1953 India (Bombay) 41 54 10–60

Su 1954 Taiwan 3 0 30–40

Rao and Raju (Lalchand in discussion to Rao 
and Raju)

1954 India
Nepal

7
15

86
–

18–40
–

De Sa 1957 India 64 53 10–55

Sharan 1959 India 21 Males predomi-
nated

12–62

Rao 1962 India (Hyderabad) 46 63 12-64

1962 India (Bombay) 85 53 10–58

Pindborg 1964 India (Lucknow) 25 60 Female: 22–65
Average: 33.7 years
Male: 40–70
Average: 53.6 years
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(. Table 1.2) according to geographic location, gen-
der, and age. 

In 1978, a working group of the WHO defined OSF 
as a “probable precancerous” condition, along with leu-
koplakia [76]. In 2005, the WHO Collaborating Center 
for Oral Cancer and Precancer at King’s College Lon-
don recommended the term “oral potentially malignant 
disorders,” which included OSF [77]. This list, and defi-
nitions of OPMDs, has recently been updated [78].

 Summary
Evolution of OSF from Vedic to early modern-day lit-
erature.

Correlation of dosha/prakruti-based diseases in 
Ayurveda with OSF.

Early research from South Asian countries and 
their contributions pertaining to etiology, clinical, his-
tological as well as electron microscopic features of 
OSF.

Contemporaries—Joshi, De Sa and Lal described 
OSF in 1952–53 under different terms, to the evolution 
of existing knowledge of what is now known as OSF.
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2

2.1  Introduction

Oral submucous fibrosis (OSF) belongs to the group 
of oral potentially malignant disorders (OPMDs) and 
is characterized by fibrosis of the oral mucosa extend-
ing to the submucosa [1]. OSF is a complex, crippling, 
debilitating, irreversible, persistent progressive, scarring, 
potentially malignant condition and is a collagen meta-
bolic disorder [2]. Chewing of areca nut- related products 
is the single most important risk factor for the develop-
ment of OSF [3]. Despite several advances in diagnostics 
and therapeutics, OSF is associated with a significant 
risk of malignant transformation (7–13%), necessitating 
the development of preventive measures for controlling 
the condition in the future.

Epidemiological studies provide information on the 
distribution of  diseases, the factors that contribute to 
their onset and progression, and the strategies used to 
control them. Analyzing and examining such distribu-
tions aid in the compilation of  descriptive data that 
provides an understanding of  the scope of  the prob-
lem as well as understanding the high-risk and low-risk 
populations. It also aids in comparing the burden of 
disease and assess resource allocation for researchers, 
prevention, treatment, and support services. Cross-
sectional and observational studies are the epidemio-
logical studies that help in assessing the prevalence of 
the disease [4].

Prevalence studies are used to provide informa-
tion regarding disease burden to researchers and poli-
cymakers, assisting in the identification of healthcare 
needs, guidelines for prevention, and development of 
policy [5]. As a result of the rising usage of commer-

cially prepared areca nut preparations, the prevalence 
of OSF is on the rise in the Indian subcontinent and 
in Southeast Asia [6].This chapter outlines the findings 
of the research studies undertaken across the world to 
determine the prevalence of OSF and to better under-
stand the demographics, risk factors, and sociocultural 
factors that influence OSF development. In published 
studies, prevalence of OSF may vary depending on the 
definition used, the lifestyle of the population studied, 
and the criteria used to detect OSF.

 n Learning Goals
 5 To understand the significance of epidemiological 

studies
 5 To know the prevalence of OSF globally
 5 Risk factors associated with the development of 

OSF
 5 To explore the demographic and sociocultural 

behavior influencing the development of the condi-
tion

2.2  Epidemiology of OSF

OSF has intrigued researchers since many decades, and 
several epidemiological studies have been undertaken to 
determine disease prevalence in several countries world-
wide [7].

According to estimates by Cox and Walker, the 
number of  people affected by this condition was 2.5 
million in 1996 [8]. The World Health Organization 
(WHO) reported more than six million OSF patients 
worldwide in 2002 [9]. OSF is now universally acknowl-
edged as an Indian disease that can be seen through-
out the Indian subcontinent and Southeast Asia as 
well as among the diaspora from these countries [7]. 
. Figure  2.1 depicts the countries with reported 
observational data and the estimated prevalence of 
OSF in each country.

Definition

Prevalence is the proportion of  a population who have 
a specific characteristic in a given time period.

 C. B. More and D. J. Patil
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       . Fig. 2.1 Map depicting the prevalence of  OSF among various countries

2.3  Prevalence Data from the Indian 
Subcontinent

Chiu et al. estimated that the population living with OSF 
in the Indian continent was around 5 million persons 
(0.5% of the population) [10]. In India, the prevalence 
of OSF is estimated to be between 0.2% and 2.3% in 
males and 1.2–4.6% in females, with the disease affect-

ing a wide age range of 11–60 years [7]. . Table 2.1 lists 
published data of OSF prevalence, which range from 
0.1% to 7.2%. A marked variation in the prevalence data 
reported from India is noted (. Fig. 2.2) depending on 
the geographic area, sample size, and sampling methods.

The earliest prevalence studies on OSF were per-
formed by Jens Pindborg, a Danish oral pathologist, 
working with several Indian collaborators [11–21]. 
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.       Table 2.1 Indian prevalence studies of  OSF

Year Authors Study type Sample 
size

Coun-
try

City/district State/
Province

Prevalence 
(%)

1965 Pindborg et al. 
[11]

Observational 10,000 India Mumbai Maharashtra 0.50

1965 Pindborg et al. 
[12]

Cross sectional 10,000 India Lucknow Uttar Pradesh 4.1

1966 Pindborg et al. 
[13, 14]

Observational 10,000 India Bengaluru Karnataka 0.18

1966 Zachariah et al. 
[20]

Observational 5000 India Thiruvanantha-
puram

Kerala 1.22

1968 Pindborg et al. 
[21]

Observational 50,915 India Srikakulam Andhra 
Pradesh

0.04

Darbhanga Bihar 0.07

Bhavnagar Gujarat 0.16

Ernakulum Kerala 0.36

1970 Wahi et al. [22] Observational India Mainpuri Uttar Pradesh 0.59

1972 Mehta et al. [17] Survey 101,761 India Pune Maharashtra 0.03

2012–13 Patil et al. [23] Cross sectional 2400 India Dharwad Karnataka 7.08

2000–
2004

Hazarey et al. [24] Cross sectional 2,66,418 India Nagpur Maharashtra 6.42

2008 Mathew et al. [25] Observational 1190 India Manipal Karnataka 2.01

2012 Sharma et al. [ 27] Cross sectional 
survey

6800 India Jaipur Rajasthan 3.39

2012 Agarwal et al. [28] Observational 750 India Dehradun Uttarakhand 5.4

2013 Bhatnagar et al. 
[29]

Survey 8866 India Modinagar Uttar Pradesh 1.97

2005–
2007

Burungale et al. 
[30]

Cross sectional 800 India Jaitala, Nagpur Maharashtra 2.62

2014 Nigam et al. [31] Observational 1000 India Moradabad Uttar Pradesh 6.3

2016 Singh et al. [32] Cross sectional 
survey

132 India Nagpur Maharashtra 2.9

2018 Tyagi et al. [33] Cross sectional 1167 India Nashik Maharashtra 3.51

2019 More et al. [34] Cross sectional 13,874 India Vadodara Gujarat 7.21

2002–
2004

Ahmad et al. [35] Cross sectional 3000 India Patna Bihar 1.16

2015–17 Pandaet al [36] Cross sectional 36,000 India Sambalpur Odisha 1.26

2016–18 Srivastav et al. [37] Cross sectional-
survey

31,570 India Kanpur Uttar Pradesh 2.72

Pindborg et al. [11, 12] and Zachariah et al. [20] studied 
35,000 urban Indians presenting in admission clinics 
at dental institutes in Lucknow, Mumbai, Bengaluru, 
and Trivandrum and found prevalence estimates of 
0.5%, 0.5%, 0.2%, and 1.2% respectively. Pindborg 
later fully characterized many aspects of  this condi-

tion throughout his diverse and extended journeys as a 
WHO consultant to the south and far east of  the globe 
in his quest for tropical oral diseases. Pindborg and 
the team led by Fali S. Mehta at the Tata Institute of 
Fundamental Research (TIFR) in Mumbai conducted 
a comprehensive investigation on the natural history of 

 C. B. More and D. J. Patil



21 2

       . Fig. 2.2 Map depicting the prevalence of  OSF from various surveys among Indian populations

oral precancer among five rural Indian populations (see 
7 Chap. 1 in this book) that resulted in a spectacular 
study that included the examination of  nearly 200,000 
Indian villagers [11–21].

The TIFR team conducted epidemiological sur-
veys among villagers in India and compared the find-
ings among urban and rural Indians. House-to-house 
surveys were conducted in four districts of Indian 
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states of Kerala, Bihar, Gujarat, and Andhra Pradesh. 
In each district, about 10,000 villagers were examined 
aged above 15 years. Among 50,915 persons examined, 
a total number of 63 OSF cases were observed, among 
which 47 were females and 16 were males. The preva-
lence rate of OSF was as follows: Srikakulam (0.04%), 
Darbhanga (0.07%), Bhavnagar (0.2%), and Ernakulam 
(0.36%) [14–21]. Furthermore, among two talukas, viz. 
Ambegaon and Junnar of Pune district in Maharashtra, 
a total number of 169 villages were examined. The total 
population studied was 101,761 aged above 15 years 
[17]. The prevalence of OSF was 0.03%. OSF was found 
in 33 people, 29 of whom were female and 4 of whom 
were male. The disease was found in all age groups. It is 
noteworthy that 17 of the 33 people with OSF, or 51.5%, 
chewed areca nut, sometimes in combination, whereas 
2.1% of the population, or 2165 people, chewed areca 
nut, including combinations. There was a statistically 
significant association that chewing areca nut may be a 
significant factor in the development of OSF. The buccal 
mucosa was reported as the most affected site with OSF.

Wahi et  al. conducted an epidemiological study in 
Mainpuri, Uttar Pradesh, and reported that OSF preva-
lence was 0.59% [22].

A hospital-based, cross-sectional study was con-
ducted in Dharwad, Karnataka, among 2400 partici-
pants aged above 15 years. A high prevalence of OSF, 85 
cases (7.8%), was observed [23]. A male preponderance 
was seen, with 77 of the cases being males and 8 being 
females. The most common habit seen was areca nut 
chewing followed by gutkha and betel quid.

A hospital-based, cross-sectional study was con-
ducted by Hazarey et al. [24], over a duration of 5 years 
among 266,418 patients who visited outpatient depart-
ments of the Government Dental College and Hospital, 
Nagpur. An increasing trend in the prevalence of OSF 
since 2000 was noted. Among the total cases seen, 1000 
patients were diagnosed with OSF giving a prevalence of 
6.42% [24]. Men had a mean age of 27.60 ± 9.58 (range 
12–75), while women had a mean age of 34.78 ± 12.21 
(range 9–75). Men were diagnosed with OSF at a much 
younger age than women. The male-to-female ratio was 
4.9:1. When compared to males, females had a statis-
tically significant habit of exclusive areca nut chewing 
(OR 44.5), but men had a statistically significant associ-
ation with gutkha chewing (OR 3.69) and kharra/mawa 
chewing.

A hospital-based cross-sectional study was conducted 
in Manipal for a duration of 3 months from March 2005 
to June 2005. A total number of 1190 patients reporting 
for dental treatment were examined. The prevalence of 
OSF was 2.1% (23 males and 1 female) [25].

Mehrotra et  al. [26] conducted a single-institu-
tional retrospective study between 1990 and 2007, in 
Allahabad, Uttar Pradesh. The study displayed a high 
prevalence of OSF (17.02%). It is likely that this study 
overestimated the prevalence of OSF due to different 
criteria used for case detection. Male predominance 
(2.4:1) was seen in the study, and the majority with OSF 
was in the age group of 20–29 years.

A cross-sectional institutional study was conducted 
in Jaipur, Rajasthan, for a duration of 6 months. A total 
number of 6800 subjects above 18 years of age were 
examined. The prevalence of OSF was 231 (3.39%). A 
considerable proportion of patients belonged to the age 
group of 15–24 years. Majority of patients were males 
(81.38%) as compared to females (18.62%) [27].

In a cross-sectional study conducted in Dehradun, 
Uttarakhand, 750 participants were examined ranging 
in age from 13 to 19 years. OSF was found in 29 male 
and 12 female teenagers. The prevalence of OSF was 
5.4% [28].

According to an institutional study conducted in 
Modinagar, Uttar Pradesh (North India), a total num-
ber of 8866 were examined over six months among 
patients aged between 15 and 75 years. A total of 177 
cases (1.97%) with OSF were recorded, 146 of whom 
were males (1.66%) and 31 were females (0.01%). [29]

Between December 2005 and June 2007, a com-
munity-based cross-sectional study was undertaken in 
Jaitala, Nagpur. Out of a total number of 3195 house-
holds in Jaitala, a random systematic sampling tech-
nique was used to survey 199 households, providing 
800 individuals. The prevalence of OSF was 21 (1.62%). 
Most of the positive cases belonged to the age group 
of 20–39 years. There was a male preponderance [19] as 
compared to females [30].

A community-based cross-sectional study was 
conducted in Moradabad district in Uttar Pradesh. 
A total of  1000 subjects were chosen from the rural 
and urban populations employing a stratified ran-
dom sample technique and a three-stage design. In 
the first step, four villages and the city of  Moradabad 
were chosen at random to represent the rural and 
urban populations, respectively. The next step was to 
choose three colonies from each hamlet and divide 
Moradabad into four zones: east, west, north, and 
south. The third stage entailed choosing a sampling 
unit, which was a colony of  40–50 dwellings from each 
village/zone. Among the 1000 habitual gutkha and 
areca nut chewers (678 males and 322 females), the 
prevalence of  OSF was found to be 6.3% with a male-
to-female ratio of  7:1. According to the demograph-
ics, out of  63 OSF patients, 42 (66.7%) were gutkha 
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chewers, 14 (22.2%) were pan chewers, and 7 (11.1%) 
were areca nut-only chewers [31].

Singh et  al. [32] conducted a cross-sectional study 
among various schools in the rural areas of Nagpur, 
Maharashtra. A total of 2132 school-going children 
between the age group of 8 and 17 years were stud-
ied. 62 children showed clinical symptoms of OSF; the 
prevalence of OSF was calculated to be 2.9%. These 62 
children were identified among 156 children (7.3%) who 
reported chewing areca nut in the form of sweet supari, 
gutkha, and kharra.

A cross-sectional study was conducted among the 
patients reporting to an ENT outpatient department 
in Nasik, Maharashtra, over 8 months from November 
2016 to June 2017. OSF was identified in 41 individu-
als (3.51%), with 21 (51.2%) chewing gutkha, 12 (29.3%) 
chewing areca nut plus tobacco, and 8 (19.5%) chewing 
areca nut only [33].

A prospective hospital-based study was conducted 
by More et  al. [34], among 13,874 individuals in 
Vadodara, Gujarat state. All patients aged over 17 years 
who presented to the department in 2017 and 2018 were 
included in the study. The estimated prevalence of OSF 
was 7.21%. The average age of habit initiation was 28.2 
± 11.7 years. Gutkha followed by mawa chewing were 
found to be the common behaviours adopted at all ini-
tiation ages.

A prospective institution-based study was conducted 
in Patna, Bihar. A stratified random selection strategy 
was used to select 3000 people between the ages of 16 
and 60 years from both the rural and urban populations. 
OSF was observed in 243 patients with a prevalence 
of 1.6%. The frequency of OSF was found to be 2.6% 
among males and 1.2% among females. A large propor-
tion of young patients were seen, who were between the 
ages of 20 and 30 [35].

A cross-sectional study was conducted in an out-
patient department of a dental hospital in Burla, 
Sambalpur, Odisha, among 36,000 patients over a 
period of 3 years (January 2015 to December 2017). Out 
of the 36,000 people who were screened, 457 were found 
to have OSF. The prevalence of OSF was 1.26%. Among 
the study subjects, 453 were males and 4 were females. 
Out of the 457 cases, 305 had gutkha chewing habit, 57 
had betel and areca nut chewing habit, and 95 had gut-
kha chewing along with smoking habits [36].

An institutional study was conducted in Kanpur, 
Uttar Pradesh, for a duration of two years from January 
2016 to December 2018. A total number of 31,570 
patients were examined. 860 patients were diagnosed 
with OSF with a prevalence of 2.7%. When classified 
by age group, 30- to 40-year-old patients had a higher 
prevalence of OSF than the older age groups [37].

All these data corroborate the evidence of high prev-
alence of OSF in the Indian subcontinent.

2.4  Prevalence Data from Other Countries 
in the South Asian Region

Burma: The Union of the Socialist Republic of Burma 
is India's next-door neighbor, with common oral habits 
such as smoking and chewing with a similar incidence 
of oral cancer. To examine the prevalence of OPMDs, 
a preliminary house-to-house survey was conducted by 
a local team directed by Jens Pindborg in the island of 
Bilugyun, Burma. Among the 45 villages, 10 villages 
were randomly selected for the study. 600 villagers were 
examined and 5 were detected with OSF; 4 were females 
and 1 was a male. The prevalence of OSF was 0.1%. 
Areca nut chewing was the most common habit associ-
ated with OSF [38].

Sri Lanka: The Ministry of Health in 2009 reported 
from a national database a prevalence of 4% for OSF. In 
2010, a cross-sectional community door-door sur-
vey was conducted in the Sabaragamuwa Province by 
Amarasinghe et  al., among urban, rural, and estate-
employed people. 1029 individuals were surveyed with 
questionnaires and clinical examinations. The preva-
lence of OSF was 1.7%. The estate sector had a higher 
prevalence of areca nut and betel quid use compared to 
other sectors [39].

Pakistan: A multicentric cross-sectional study con-
ducted in Karachi over a period of 8 years examined 
765 cases of OSF. There was a slight male predominance 
(51.8%) compared to females (48.2%). Consumption of 
areca nut and its derivatives showed a statistically sig-
nificant association with the severity of OSF. The mean 
age was 29.2 years [40].

In a tertiary care hospital in Karachi, Pakistan, a 
study was conducted for a duration of 1 year. The preva-
lence of OSF was 3%. Areca nut was the most common 
habit (79.5%), followed by pan (22%) and gutkha chew-
ing (17%) [41].

Vietnam: Cuc et al. [42] conducted a study of  152 
betel quid chewers and 137 non-chewers. The preva-
lence of  OSF was 13%. In another study by Khanh 
[43], in a sample of  9000 individuals from southern 
provinces of  Vietnam (4534 women and 4466 men) 
with an age range between 50 and 75 years, the preva-
lence of  oral mucosal lesions was 19.8%. In this study, 
OSF was seen in 0.15% of  the patients. Nguyen [44] 
conducted a survey at Ba Diem Commune from May 
2005 to February 2006 on 150 betel quid chewers and 
200 non-chewers. Among chewers, OSF was seen in 
14.6% of  the patients.
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China: The growth of the betel quid (BQ) processing 
sector in Hunan has boosted the use of this substance, 
which could have serious health implications. However, 
there is a scarcity of recent data on the prevalence of 
betel quid chewing and its impact on OSF.  An epide-
miological survey was conducted by Tang et al. [45] in 
Yuhu District, Xiangtan city of Hunan province. 57 
independent units were surveyed, and the study popu-
lation was selected randomly and included participants 
from shops, schools, and factory workers. A total num-
ber of 11,046 individuals were examined. OSF was 
found in 335 individuals (252 males and 83 females). 
The prevalence was 3%. All 335 OSF patients were 
areca nut chewers.

A population-based survey was conducted by Zhang 
et  al. [46] to investigate the prevalence of betel quid 
chewing and OSF in Hunan. A total of 2356 people took 
part in the survey, with a response rate of 78.5%. OSF 
was found to be present in 1.0% of the population. In 
comparison to the non-OSF respondents (1.7–23.2%), 
a considerably higher proportion of OSF patients were 
current chewers. In Hunan, betel quid chewing is a sig-
nificant risk factor for OSF. The high frequency of betel 
quid chewing in the younger cohort (15–49 years old) is 
a serious warning sign for the future.

Taiwan: A large-scale nationwide retrospective study 
in Taiwan showed an increase in OSF prevalence from 
8.3 per 10,000 people in 1996 to 16.2 per 10000 people in 
2013 (p 0.0001). From 1996 to 2013, the average age of 
OSF patients increased. Men had a significantly higher 
OSF prevalence than women (p < 0.001). People who 
lived in rural regions had a higher risk of OSF than 
those who lived in cities [relative risk (RR) 1.10; 95% CI 
1.07–1.13]. When compared to the lower income group, 
the higher income group had a lower risk of OSF (RR, 
0.76; 95% CI, 0.73–0.80) [47, 48].

2.5  International Prevalence Studies

Oral submucous fibrosis has become a public health 
hazard in many parts of the world, including the United 
Kingdom and South Africa, due to the migration of 
endemic betel quid chewers [7].

2.5.1  Western Countries

Due to the increasing immigration of Indians in the last 
four to five decades, OSF cases have been reported in the 
United Kingdom, Canada, Germany, and France. Many 
cases of OSF have been documented in Bangladeshi [49] 
and Pakistani origin patients in the United Kingdom 
and the United States. A single case of OSF was reported 
in a Greek female [50].

According to a 2007 Census Bureau, South Asians 
comprised of 0.9% of US population. Thereafter, there has 
been an increasing trend of migration of Southeast Asians 
to North America. Studies indicated that South Asian 
immigrants of lower socioeconomic status or those with 
minimal English proficiency inclined to consume betel nut 
at higher rates than those of other immigrants [51, 52].

2.5.2  South Africa

Shear et al. (1967) observed a frequency of OSF of 0.5% 
among 1000 Indians in South Africa [53].

The prevalence of betel nut chewing and the resulting 
OSF was found to be relatively high in a stratified ran-
dom sample of South African Indians living in Durban. 
The prevalence of OSF was 3.4%. In a 13:1 ratio, female 
chewers predominated. The practice became more com-
mon as women became older, with 30.6% of women 
over 65 years old doing so; 38% of chewers showed 
symptoms of early and established OSF; women out-
numbered men by 70:1, and most patients were between 
the ages of 45 and 54 [54, 55].

2.6  Gender

OSF has a male-to-female ratio that varies by region, 
and in early studies, females often outnumbered males 
according to various studies. A male-to-female ratio of 
1:13 was found in an earlier study from Durban, South 
Africa undertaken in 1980s, indicating a clear female 
predominance [54]. In this region, there was a female 
predominance in areca nut chewing.

A male-to-female ratio of 1:2.3 was found in studies 
in Pakistan [40, 41]. A case-control study of 185 people 
in Chennai, India, found a male-to-female ratio of 9.9:1 
[56]. The male-to-female ratio was 2.7:1 in Patna, Bihar 
(India) [36].

A cross-sectional multicenter study was conducted 
in Karachi, Pakistan, to monitor the progression of 
OSF to malignancy over a duration of 8 years. The 
study showed a female predominance and higher rate of 
malignant transformation in females [57].

In a retrospective study conducted in Taiwan, the 
prevalence of OSF was substantially higher in men than 
in women (p 0.001) [48]. Recent studies indicate a higher 
prevalence in men compared with women.

2.7  Age

Patients with OSF vary by age, and it is noted to be com-
mon among teenagers and adolescents in India but the 
presenting age ranges from 11 to 60 years old. It occurs 
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at any age but is most commonly seen in young adults 
between 25 and 35 years (2nd–4th decade). Onset of this 
disease is insidious and may take many years to manifest 
clinically [24–37].

2.7.1  Prevalence of OSF Among Children 
and Adolescents

A trend of increasing prevalence of OSF is seen occur-
ring in young children and adolescents. Ali et  al. [58] 
reported a 7.4% prevalence of OSF among school-aged 
males in their study. Cai et al. [59] found 2.37% preva-
lence in the age category of 10–19 years in a clinicopath-
ological investigation of 647 cases of OSF among the 
Chinese population.

Oral submucous fibrosis was discovered in 8.8% of 
teenagers with an average age of 16.3 years (±1.5 years) 
in research conducted in Saipan [60].

The first case of OSF in a very young child was 
reported by Hayes [61] in a 4-year-old girl. Although 
no sex predilection has been demonstrated in children, 
a small number of studies have found that boys chew 
areca nuts more than girls.

Areca nut use by children as young as ten years old 
has been observed in British investigations.  Betel nut 
products were popular among South Asian teens in East 
London because they provided a link to their cultural 
history as well as a convenient means to get tobacco-
containing items. The most common reasons cited for 
starting a habit at a young age are peer pressure, attrac-
tive packaging, and lucrative advertisement of areca 
nut-related products, to avoid study pressure, influence 
by actors, to improve social interaction, and to distract 
themselves from domestic violence by parents. The case 
studies emphasize the dangers that children confront 
when they use these products that are plainly marketed 
to them [62].

More et al. [63] described a case series of 36 children 
and adolescents with areca nut chewing habits and OSF 
symptoms who were treated at a tertiary care facility 
in Vadodara, Gujarat, India. There were 75% (n = 27) 
males and 25% (n = 9) females among the 36 children 
diagnosed with OSF, with the majority falling between 
the age group of 12 and 14. Eighty-one percent (n = 29) 
were diagnosed with stage I, while the rest were diag-
nosed with stage II disease. Majority of the patients ini-
tiated their habit at a young age of 4–5 years old followed 
by 10–11 years old and reported chewing/consumption 
of flavored areca nut (n = 18, 50%), followed by pan 
masala (n = 5, 14%), mawa (n = 4, 11%), betel quid with 
areca nut excluding tobacco (n = 4, 11%), baked areca 
nut products (n = 3, 8%), and gutkha (n = 3, 8%).

Shah et  al. [49] reported a case of  11-year-old 
Bangladeshi female from the United Kingdom diag-
nosed with OSF.  The parents regularly consumed 
areca nut and tobacco-related products and were 
ignorant about their ill-effects. They consumed these 
substances as natural products to aid in digestion. 
Kariya et al. [64] reported a case of  OSF in a 5-year-
old male who was habituated to chewing areca nut 
since the age of  2 years and chewed two to three pack-
ets per day.

2.8  Trends in Etiology

Chewing areca nut, genetic predisposition, and immu-
nologic processes have all been postulated as potential 
triggers for the condition [65, 66].

Areca nut chewing and commercial formulations 
(gutkha, mawa, pan masala, flavored supari, etc.) are 
a common and widespread practice in Asian countries, 
regardless of age or gender [67, 68]. OSF has become 
more common in recent years, possibly due to an increase 
in the popularity of commercial areca nut preparations 
and their increased use [69, 70, 71]. Several case studies 
of Asian immigrants to the United Kingdom [52], the 
United States [53], and Africa [54] have been published. 
Among recent literature from European and Western 
countries, isolated cases of OSF in non-Asians have also 
been recorded [49].

2.9  Discussion

Various studies conducted globally and within the 
Indian subcontinent show that the prevalence of OSF 
varies by region, which can be linked to a variety of 
sociocultural characteristics, environmental risk factors, 
data collection methods, and clinical criteria used for 
case detection. Even within each region, OSF prevalence 
appears to vary by age and gender.

The published literature has found a link between 
OSF and use of areca nut or betel quid. According to the 
current WHO estimates, while tobacco usage is decreas-
ing in industrialized countries, tobacco consumption 
(particularly smokeless tobacco use) is increasing in 
developing countries. Areca nut is often mixed in pack-
aged smokeless tobacco products [72].

There have been numerous publications on the 
various characteristics of OSF since it was originally 
described in the modern literature in 1952 by Schwartz, 
who discovered OSF in five Indian women in Kenya [73]. 
Since then, OSF has been a topic of research among 
various epidemiologists and clinicians.
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According to the prevalence studies outlined here, 
OSF has a specific geographic distribution and pre-
dominantly affects people of South Asia and Southeast 
Asia—India, Bangladesh, Sri Lanka, Pakistan, Taiwan, 
and southern parts of China. According to previous 
reports globally, about 2.5 million people suffer from 
OSF, but Indian studies in 2002 have reported that over 
5 million people are affected in India alone (0.5% of the 
Indian population). As a result of the traditional usage 
of betel quid native to these locations, OSF occurs in 
the Indian subcontinent, among other Asian citizens 
and Pacific Islanders and among Indian and Pakistani 
immigrants to Western countries [7, 8, 10].

. Tables 2.1 and 2.2 list the prevalence of OSF 
globally and in the Indian subcontinent. The epidemio-
logical studies conducted in the late nineteenth century 
by Fali S.  Mehta [17], Jens Pindborg [11–15, 21], and 
Zachariah et al. [20] showed a high prevalence of OSF in 
various districts of Maharashtra, Gujarat, Karnataka, 
Kerala, and Uttar Pradesh. The highest prevalence 
was observed in Lucknow (4.1%) [12] followed by 
Thiruvananthapuram in Kerala (1.22%) [21]. Most of 
the studies were conducted among rural population and 
involved house-to-house surveys among the villagers. 
A high prevalence of OSF was observed, and areca nut 
chewing was the significant factor in the development 

of OSF. In recent years, the trend of OSF with respect 
to prevalence has emerged, and widespread occurrence 
of OSF was seen spanning all cities of India as depicted 
in . Table  2.1 and . Fig.  2.1. The prevalence rates 
have increased in various cities of Uttar Pradesh, Bihar, 
Rajasthan, Gujarat, Karnataka, Maharashtra, Tamil 
Nadu, and Kerala ranging from 2% to 7.2% according 
to various studies [22–37]. This has been attributed to 
the commercialization of areca nut and tobacco prod-
ucts in the recent years. The increasing use of these prod-
ucts globally substantiates the increasing prevalence of 
OSF among the South Asian countries and among the 
migrants from these countries to Europe and America.

The prevalence of OSF in the early studies was 
higher in the middle-aged groups. The recent trends 
show an increased prevalence among the youth includ-
ing adolescents. Interestingly, the rural and urban divide 
in India has also decreased. Both these factors are due 
to widespread commercialization of smokeless tobacco 
mixed with areca nut products and uptake in consump-
tion among the youth.

There was a female predominance in the surveys 
conducted in the late nineteenth century as females 
during those decades had a habit of consuming areca 
nut. Studies conducted in Kerala [21], Burma [38], and 
Durban [54] showed a female predominance. Male pre-

.       Table 2.2 Global prevalence studies of  OSF

Year Authors Study type Sample 
size

Country City/district Prevalence 
(%)

1982 Lay et al. [38] Cross sectional 6000 Myanmar Bilugyun, Mon 0.1

1988 Seedat et al. [53] Cross sectional 2400 South Africa Durban, KwaZulu- 
Natal

3.4

1996 Yang et. al. [47] Population based survey 312 Taiwan Mutan, Ping-tong 17.6

1997 Tang et al. [45] Population based survey 11046 China Xiangtan City 
Hunan,

3.3

2012 Zhang et al. [46] Cross sectional 2356 China Hunan 1.0

2004–
2012

Mohiuddin et al. 
[56]

Cross-sectional, multi- 
centre study

1774 Pakistan Karachi 3.0

2005 Nguyen et al. [44] Survey among Betel quid 
chewers

150 Vietnam Ba Diem Commune 14.0

2006 Amarsinghe et al. 
[39]

Cross sectional commu-
nity survey

1029 Srilanka Sabaragamuwa 
province

1.7

2006 Cuc et al. [42] Survey among Betel quid 
chewers

152 Vietnam 13.0

2006 Khanh et al. [43] Cross sectional survey 9000 Vietnam Southern Province 0.15

2018 Tariq et al. [41] Cross sectional study 4405 Pakistan Karachi 3.6

2018 Yang et al. [48] Cross sectional 23,373,51 Taiwan Taiwan 16.2
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dominance was seen in more recent studies and particu-
larly in Taiwan [47, 48].

Two studies conducted in India, one in Allahabad 
[26] in Uttar Pradesh and a second in Jodhpur [74], 
Rajasthan, reported a high prevalence of OSF (17% and 
30%, respectively). It is likely that these two studies used 
clinical criteria very different to the rest of the studies or 
had poor calibration among the investigators. These fac-
tors need careful control in planning prevalence studies 
on OSF in the future.

Most of the data from the prevalence studies con-
ducted from the late 1990s till date is from hospital- based 
cross-sectional studies, and only a few are from com-
munity-based surveys. The data from the Northeastern 
Indian states is particularly scarce. Future studies should 
focus on multicentric large-scale community-based sur-
veys, especially in areas with high consumption of betel 
quid and areca nut-related products.

2.10  Conclusion

Existing data reveal an increasing trend of OSF in both 
urban and rural populations, subjects with low educa-
tion proficiency and socioeconomic status. Measures 
should be taken to curb the sale of areca nut containing 
products and increase the awareness among the popula-
tion regarding their ill-effects especially among teenag-
ers and adolescents to reduce the prevalence of OSF in 
the future.

 Summary
 5 OSF is prevalent in the Indian subcontinent, its 

neighboring countries in the region, and among the 
Pacific Islanders.

 5 Despite the high prevalence of OSF seen among 
rural communities and among population with low 
literacy rate, the rural-urban gap is narrowing.

 5 Adolescents are at a high risk of developing the 
condition due to commercialization of areca nut 
mixed with smokeless tobacco products.
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3

3.1  Introduction

Oral submucous fibrosis (OSF) develops insidiously, 
and as the early signs and symptoms are rather non- 
specific, the clinical presentation can be easily over-
looked. As the diseases progresses, OSF may present 
with a wide range of  signs and symptoms affecting sev-
eral subsites of  the oral cavity, the pharynx and the 
upper part of  oesophagus. The sites mostly affected are 
the lips, buccal mucosa, tongue, and palate. Fibrosis of 
oral tissues leading to limitation of  mouth opening 
remains the hallmark of  this disease. This chapter pres-
ents a comprehensive description of  clinical manifesta-
tions to enable a health professional to make a clinical 
diagnosis during an initial consultation.

 n Learning Goals
The primary goal of this chapter is to educate den-
tists and physicians in the detection of the early stages 
of oral submucous fibrosis by learning the signs and 
symptoms of the disease.

The chapter also lists the essential clinical criteria 
for patient selection when planning field surveys on 
oral submucous fibrosis.

3.2  Brief Review of the Literature

This disorder was first reported by Schwartz in 1952 [1], 
in five Indian women living in Kenya but as stated in 
Chap. 1 this description is no longer accessible in the 
published literature. Subsequently, the clinical features 
of OSF were reported, by three Indian clinicians, Joshi 
[2], Lal [3] and Desa [4], and three cases of OSF were 
described by Su from Taiwan [5]. A comprehensive clin-
ical and pathological description of OSF was first pub-
lished by Pindborg during his travels to India [6–9]. The 
establishment of a large-scale epidemiological investiga-
tion by Fali Mehta’s group based at the Basic Dental 
Research Unit of the Tata Institute of Fundamental 
Research that investigated and reported on 50,915 vil-
lagers from five different regions in India [10, 11] con-
tributed largely to enhance the knowledge of the 
international research community on this disorder. 
Around the same period, a further impetus to the study 
of OSF came from investigations on Indian residents in 
South Africa in Durban by Shear’s group [12, 13] and by 
van Wyk’s group [14, 15].

Staging of OSF based on clinical signs and symp-
toms, and taking into account degrees of mouth open-
ing, functional aspects and presence or absence of a 
malignancy, has been presented by various authors [16–
21], and some modifications to the Kerr classification 
were done by More [22, 23], and the latest by Arakeri 

et  al. [24]. See details of OSF staging in this volume, 
7 Chap. 6.

Clinical aspects of OSF have been a subject discussed 
at several international conferences. In 1992, the first 
Asia-Pacific Workshop on Oral Mucosal Disorders was 
held in Nagoya, Japan [25]. In 1997, two expert symposia 
on OSF were held, one in London [26] and the other in 
Kuala Lumpur [27]. Criteria for diagnosis of OSF were 
published following the Kuala Lumpur Symposium [27, 
28]. The Fifth World Workshop on Oral Medicine 
included OSF as a topic to develop a systematic review on 
the disease [21] and the WHO Collaborating Centre’s 
Working Group on Oral Potentially Malignant Disorders 
recently enumerated the criteria for diagnosis of OSF 
[29].

3.3  General Aspects: Age and Sex

OSF is a disease found in population groups from South 
and Southeast Asia and South Pacific islands or among 
the migrants from these countries to East and South 
Africa, Europe and North America. The initial litera-
ture referred to a female preponderance, but later stud-
ies reported that males are more affected by the disease 
see 7 Chap. 2. The proportion of males affected in 
China and in Taiwan appears to be significantly higher 
than that in India [30, 31]. The common age range at 
presentation is between 20 and 40  years. Oral submu-
cous fibrosis in a 4-year-old girl whose parents had 
moved from India to Canada was reported by Hayes 
[32]. The disease has been described in all ages ranging 
from 4 to 89 years.

3.4  Signs and Symptoms

The signs and symptoms of OSF could be broadly 
divided to early, intermediate and advanced stages of 
the disease and are listed in . Table 3.1. The anatomical 
sites affected by OSF are listed in . Table 3.2.

The most common early symptom is a burning sen-
sation of the mouth, often noted at mealtimes while 
consuming spicy food. Appearance of transient vesicles, 
diffuse blanching of the mucosa and loss of tongue 
papillae have been found in population surveys as early 
forms of submucous fibrosis [33].

Definition

A definition of  clinical features should include the 
presence of  fibrous bands in lips, buccal mucosa, soft 
palate and fauces as the hallmark of  the disease that 
leads to marked limitation of  mouth opening.
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       . Table 3.1 Clinical presentation of  oral submucous 
fibrosis by stages of  development

Early stage Intermediate stage 
(additional features)

Advanced stage 
(additional 
features)

Burning 
sensation

Sore mouth
Sensitivity to hot and 
cold foods

Stomatitis

Blanching of 
oral mucosa

Depigmentation Marble-like 
appearance of 
oral mucosa

Leathery 
mucosa

Palpable fibrous bands 
in lips, buccal mucosa, 
retromolar trigone and 
soft palate

Thick and broad 
fibrous bands of 
buccal mucosa

No 
limitation in 
mouth 
opening

Limited mouth opening 
(20–40 mm)

Limited mouth 
opening (<20 mm)

Depapilla-
tion of 
tongue

Limited movement of 
tongue

Fixed tongue

Sunken cheeks

Dysphagia, 
rhinolalia, loss of 
hearing

Weight loss

       . Table 3.2 Morphological features noted in different 
anatomical sites

Sites Presenting Features

Lips Thinning and distortion of lips
Depigmentation

Cheeks Sunken appearance, Vertical skin folds 

Buccal 
mucosa

Vesicles, blanching, marble-like appearance, 
fibrous bands, patchy hyperpigmentation

Tongue Depapillation of dorsum, later fixation

Soft palate Petechia, fibrous banding, distorted uvula

Fauces Fibrous banding

As the disease progresses, the oral mucosa becomes 
more blanched, and whitish areas appear in discrete 
locations giving the appearance of depigmentation of 
the mucosa. The mucosa develops a leathery feeling, 
and fibrous bands first appear around the faucial pillars.

The pathognomonic features of OSF are the pres-
ence of palpable fibrous bands, tongue becoming pro-

gressively immobile and fibrous bands in the buccal 
mucosa and retromolar regions leading to limited mouth 
opening.

As the disease extends inwards from the oral cavity 
to the pharynx and the upper third of the oesophagus, 
additional symptoms may be noted during advanced 
stages. These include dysphagia, deafness, rhinolalia 
and loss of weight. Characteristic facial features include 
sunken cheeks and presence of multiple vertical peri- 
oral skin folds.

OSF could coexist with several associated oral muco-
sal lesions [34]. These presentations are discussed fur-
ther in 7 Chap. 4 (see 7 Sect. 4.3).

> Important
Key features of the disease include
 1. Palpable fibrous bands in the buccal mucosa and 

retromolar regions.
 2. Tongue becoming progressively immobile.
 3. Limited mouth opening.

3.5  Burning Sensation

Burning sensation is a universal feature of OSF and can 
be present spontaneously but is more commonly 
reported during consumption of spicy foods. This 
important early symptom is often disguised as a feature 
of anaemia, and the disease is overlooked by general 
practitioners during routine consultations. Many 
patients with OSF tend to reduce the consumption of 
chillies and spicy food over the evolution of the disease. 
An OSF patient could suffer from burning sensation for 
the rest of the life, and this does affect the quality of life. 
The cause is not well understood but is attributed to the 
atrophy and flattening of rete ridges of the oral epithe-
lium that could be present from the very early stages of 
the disease.

3.6  Blanching of the Mucosa

Blanching of  the oral mucosa was first described as an 
early feature of  OSF by Pindborg et al. [11] based on a 
field study undertaken in Ernakulam district in India 
in their baseline survey of  10,169 subjects in 1967. 
Blanching is characterised by loss of  the pink colour 
and mucosa appearing whitish in discrete areas of  the 
oral mucosa. This feature appears even before the 
onset of  fibrosis and is often under-recognised. 
. Figure  3.1 illustrates a blanched mucosa in a 
30-year-old man—an areca nut chewer—who later 
developed fibrous bands on follow-up. This could 
often be mistaken for pallor often observed in defi-
ciency states such as anaemias.

Clinical Features: Oral Submucous Fibrosis
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       . Fig. 3.1 Blanching of  buccal mucosa in an areca nut chewer—an 
early feature of  OSF

       . Fig. 3.2 Depigmentation of  labial mucosa and the commissure 
in a child

       . Fig. 3.3 Patchy hyperpigmentation of  buccal mucosa and dorsal 
tongue in an adult patient

3.7  Depigmentation

Loss of pigmentation of the oral mucosa (. Fig.  3.2) 
has been reported in several studies. Depigmentation 
near the vermilion border of the lip in five young children 
aged 2–3 years as the sole clinical feature and as the earli-
est sign of OSF was reported by Sitheeque et al. [35].

The authors claim that depigmentation is different 
from blanching referred to above. Depigmented sites 

retain a glossy appearance, while blanched mucosa 
exhibits a matt appearance. In cases with loss of pig-
mentation, several conditions should be considered in 
the differential diagnosis before confirming OSF: These 
include focal type of vitiligo, localised scleroderma and 
lichen sclerosus particularly when affecting the lip.

In advanced cases along with loss of pigmentation, 
there may be patchy hyperpigmented areas (. Fig. 3.3) 
of the oral mucosa [33].

3.8  Leathery Mucosa

Another early feature of the disease is a leathery consis-
tency that is observed during palpation of lips and buc-
cal mucosa. This feature often precedes the development 
of fibrous bands and is an indication of the early loss of 
fibroelasticity of the mucosa. The leathery feeling is 
fairly well generalised over the lining surfaces of the 
mucosa. The process is somewhat similar to a tanned 
skin changing to leather and gives a tough feel to the 
oral mucosa.

3.9  Marble-Like Appearance

Due to increased blanching, pallor and loss of pigmen-
tation, the oral mucosa takes up a characteristic gener-
alised marble-like appearance (. Fig. 3.4), particularly 
affecting the buccal mucosa bilaterally.
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       . Fig. 3.4 Marble-like appearance of  buccal mucosa in moderately 
advanced OSF

       . Fig. 3.5 Totally depapillated tongue giving a glossy appearance

       . Fig. 3.6 Horizontal fibrous band across the soft palate

3.10  Depapillation of Tongue

Loss of filiform papillae from the dorsum of tongue 
(. Fig. 3.5) is another common feature found in OSF 
patients. Initially, the feature is noted as a partial loss, 
and as the disease evolves, there is almost complete loss 
of tongue papillae. This results in a glazed tongue with 
or without any erythema. . Figure  3.5 illustrates the 
feature of a glazed tongue in OSF due to loss of papil-
lae. This appearance could masquerade glossitis. The 
differential diagnosis should include erythema migrans 
and glossitis found in iron-deficiency anaemia and 
Plummer- Vinson syndrome.

3.11  Vesicles

Vesicles that may last up to few days may appear during 
any stage of OSF but are more common in the early 
stages of the disease. In OSF, vesicles are usually located 
on the soft palate and the anterior pillars of fauces but 

may also be found on other areas of lining mucosa. 
Vesicles are subepithelial and retain the normal surface 
colour of the oral mucosa. They usually rupture within 
24 to 72 hours discharging an aseptic fluid [36] leaving 
small ulcers.

3.12  Petechia

Tiny, circular red or blue spots on the oral mucosa, 
caused by minor vascular dilatations or a minor bleed 
from broken capillary blood vessels, were reported by 
Bhonsle et al. [37]. The authors found blue spots in 22% 
of 40 patients with OSF in India.

3.13  Ulceration and Stomatitis

Mouths of OSF patients may demonstrate superficial 
ulceration especially in the area of retromolar trigone. A 
sore mouth and stomatitis are common findings.

3.14  Fibrous Bands

The most outstanding feature and the important reliable 
sign of OSF is the presence of palpable bands in the oral 
mucosa. The soft palate and fauces are first affected by 
fibrosis (. Fig. 3.6), and as the disease advances, fibro-
sis gradually involves the retromolar region, buccal 
mucosa (. Fig.  3.7) and lips. Haider et  al. [19] based 
their clinical staging on the location of fibrous bands in 
the mouth and grouped clinical stages by (1) faucial 
bands only, (2) faucial and buccal bands and (3) faucial, 
buccal and labial bands. They concluded that bands are 
common at the back of the mouth in mild cases of OSF 
and, as the disease increases in severity, are more likely 
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       . Fig. 3.7 Vertical fibrous bands bilaterally on the buccal mucosa

       . Fig. 3.8 Anteriorly pointing uvula due to palatal fibrosis

to be found anteriorly. However, a study from Taiwan 
reported that only a quarter of their OSF patients pre-
sented with fibrosis of palate [38]. More frequent afflic-
tion of  posterior parts of the mouth has been attributed 
to the habit of pure areca nut consumption (without 
betel quid) as noted in Maharashtra state in India [39]. 
The degree of fibrosis can be semi-quantitatively 
assessed in the buccal mucosa by the presence of a single 
band, multiple bands or a broad band when it extends 
over two cm in width [16]. The extent and severity of 
fibrous banding found in the retromolar region (around 
the pterygomandibular raphe) or the buccal mucosa 
have a significant correlation with the function of mouth 
opening. Though fibrous bands may be visible on open-
ing the mouth during a systematic oral examination, it is 
important to palpate both sides of the buccal mucosa to 
find any palpable fibrous bands. In the field surveys con-
ducted by Fali Mehta’s group, the demonstration of 
fibrous bands was mandatory for the diagnosis of OSF 
[33, 40, 41]. The expert group that met in Kuala Lumpur 
also included this as an essential inclusion criterion for 
diagnosis of OSF [28].

3.15  Distorted Uvula

As a component of fibrosis of the palatal arch, the shape 
and size of the uvula could be affected and could appear 
shrunken or bud-like. The uvula may also show devia-
tions [42]. The uvula may point anteriorly instead of 
downward pointing and present as inverted or in the 
shape of a hockey stick (. Fig. 3.8).

Tip

Observing a deformed uvula should raise the suspi-
cion of  patient presenting with OSF.

3.16  Limited Mobility of Tongue

Fibrosis generally affects the tongue during intermedi-
ate and advanced stages (. Table 3.1). This leads to lim-
ited mobility of the tongue. On protrusion, a normal 
tongue could reach beyond the mucocutaneous junction 
of the lower lip. However, when affected by fibrosis, 
mobility may be restricted and the tongue cannot be 
protruded beyond the incisal edges (. Fig. 3.9). Lateral 
movement will also be restricted. In advanced cases, the 
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tongue remains in a fixed position and limits the rolling 
movement. Once the fibrosis involves the striated mus-
cle, the tongue structure will demonstrate hardness on 
squeezing the tongue during palpation.

3.17  Limited Mouth Opening

As fibrosis advances, one of  the main consequences of 
OSF relates to the restriction of  mouth opening 
(. Fig. 3.10). In an Indian survey, 90.8% of  the sur-

vey subjects reported inability to open the mouth wide 
as their chief  complaint [39]. Degree of  mouth open-
ing measured as interincisal distance has been used as 
an objective criterion to stage the disease [16] and in 
many subsequent systems (e.g. [23, 29, 43]). As a refer-
ence guide, the average size of  the mouth opening of 
South Indian males was reported as 47.5  mm, and 
44.6 mm in females [44]. The majority of  OSF patients 
present with a mouth opening <40 mm and > 20 mm 
[45]. An opening of  less than 20 mm is considered as a 
presentation of  advanced disease. A device useful to 
measure the interincisal distance is illustrated in 
. Fig. 3.11.

       . Fig. 3.9 Limited mobility of  tongue. On attempting to protrude, 
the tongue does not reach lower incisors

       . Fig. 3.10 Limited mouth opening in a moderately advanced OSF 
patient. Vertical skin fold on cheeks is also seen

       . Fig. 3.11 Callipers to measure mouth opening (Courtesy Prof. Vinay Hazarey)
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3.18  Other Associated Clinical Conditions

OSF could coexist with several associated oral mucosal 
lesions, some that are also potentially malignant [29, 46], 
e.g. oral leukoplakia, erythroplakia, erythroleukoplakia, 
exophytic verrucous hyperplasia [47] betel quid- 
associated oral lichenoid lesions [48, 49], Oral squamous 
cell carcinoma arising from OSF may be found in 
patients with poor access to care [50]. These presenta-
tions are discussed further in 7 Chap. 4.

Oesophageal subepithelial fibrosis as an extension of 
OSF leading to thickening and narrowing of the oesoph-
agus was first reported by Maher et al. [51] and by tak-
ing endoscopic biopsies by Misra et al. [52].

3.19  Mastication and Deglutition

The ability to masticate food is affected due to reduced 
oral opening and generalised stomatitis. Moreover, the 
mucosa becomes extremely sensitive to hot, cold and 
spicy food that makes it difficult to tolerate any form of 
food in the mouth. In advanced stages, the patient may 
have to be tube fed. Loss of suppleness of tongue 
severely affects the formation of a bolus of food, and 
due to fibrosis and narrowing of the upper digestive 
tract, deglutition may be affected (Maher et  al. [51]). 
Dysphagia could be a presenting symptom particularly 
among rural populations who have not had access to 
early diagnosis. Defective gustatory sensation was 
reported by Seedat and van Wyk [15].

3.20  Extraoral

Thinning or distortion of lips is visible extraorally. 
Chaturvedi referred to sunken cheeks in people affected 
by OSF as a part of what he coined as Gutka syndrome 
[53]. Ranganathan et al. [44] referred to reduced cheek 
flexibility. Other aspects include the presence of multi-
ple peri-oral skin folds instead of a single deep naso-
labial fold. Due to stiffening of cheeks, inability to 
whistle or to blow out a candle is reported [6]. Referred 
pain in the ears and deafness due to occlusion of 
Eustachian tubes were reported in Indian studies. 
Speech may be affected due to difficulty in the pronun-
ciation of words as a result of  fixation of the tongue 
muscles.

 Summary
Oral submucous fibrosis is a generalised condition that 
presents with a plethora of signs and symptoms involv-
ing the whole oral cavity and the upper digestive track. 
An understanding of the initial signs and symptoms 
could help a healthcare provider to make an early diag-
nosis and to institute interventions, primarily advice on 
the cessation of areca nut that could halt the progres-
sion of the disease. Presence of fibrous bands in lips, 
buccal mucosa, soft palate and fauces is the hallmark 
of the disease that leads to marked limitation of mouth 
opening. In advanced stages, the oral health and qual-
ity of life are severely compromised leading to loss of 
weight and a cachexic state.

Acknowledgement I thank Prof. Ruwan Jayasinghe for 
providing . Figs. 3.1 and 3.2 for this chapter and Prof. 
Vinay Hazarey for supplying . Fig. 3.11.
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4.1  Introduction

OSF is one of the oral potentially malignant disorders 
(OPMDs) that occur due to areca nut chewing. Many 
changes to the teeth and oral mucosa occur in OSF due 
to the effects of areca nut and betel quid chewing with or 
without tobacco. These effects from areca nut chewing, 
which could be both physical and chemically induced, 
can be divided into three types: (i) effects on the dental 
hard tissues and periodontium, (ii) effects on the soft 
tissue lining the oral cavity and (iii) effects on extraoral 
structures such as temporomandibular joint [1].

 n Learning Objectives
To recognise the clinical features and histopathologi-
cal features of various associated conditions of oral 
submucous fibrosis with emphasis on verrucopapillary 
lesions.

4.2  Conditions Affecting the Dental Hard 
Tissues and Periodontium

Habitual chewing of areca nut may result in extrin-
sic staining of the dental hard tissues, i.e. the teeth 
(. Fig.  4.1). The mechanical abrasiveness of chewing 
areca nut can affect the teeth and result in dental attri-
tion (. Fig.  4.2). Chronic habitual chewing of areca 
nut causes increased masticatory load on the teeth and 
results in root fractures. Some studies have indicated an 
inverse relationship between the caries experience and 
the intensity of areca nut chewing [2]. However, oth-
ers have reported no difference in the caries prevalence 

between areca nut chewers and non-chewers [3, 4]. It 
has been reported that quid chewers with areca nut have 
increased injury to the periodontal tissues leading to 
bleeding gums, increased incidence of gingival recession 
and periodontal damage when compared to subjects 
without quid-chewing habits. As there is sparse litera-
ture on the conditions affecting the dental hard tissues 
and periodontium in OSF, this chapter primarily focuses 
on oral mucosal or soft-tissue lesions.

4.3  Conditions Affecting the Soft-Tissue 
Lining of the Oral Cavity

4.3.1  Quid Stain on Oral Mucosa

Habitual areca nut quid chewing results in extrinsic 
staining of the oral mucosa (. Fig. 4.1) similar to that 
occurring on dental hard tissues. This is due to the depo-
sition of the quid contents on the oral mucosa especially 
in places where the quid is placed. The staining may be 
enhanced by lack of good oral hygiene prophylaxis and 
minimal oral healthcare. Quid chewing can also impart 
generalised extrinsic staining of the oral mucosa espe-
cially on the dorsal surface of the tongue. Prevalence of 
quid staining has not been extensively studied.

4.3.2  Chewer’s Mucosa

The definition of the chewer’s mucosa was first given 
by Mehta et al. (1971) [5] and reported later by others 
including Reichart et al. (1996) [6].

       . Fig. 4.1 Intraoral photograph showing areca nut quid staining 
on the teeth and tongue

       . Fig. 4.2 Intraoral photograph showing dental attrition in an 
areca nut chewer (Courtesy: Dr Bhavikumar Dholia)
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Definition-Chewer’s mucosa

A condition of  the oral mucosa where, either because 
of  direct action of  the quid or due to traumatic effect 
of  chewing, or both, there is a tendency to desquama-
tion or peeling off  of  the oral epithelium. Loose and 
detached tags of  the tissue can also be seen and felt. 
The underlying area assumes a pseudomembranous or 
wrinkled appearance. The area may also show evi-
dence of  incorporation of  the quid in the form of  yel-
lowish encrustations and can be scraped off.

However, Zain et al. (1999) have suggested to expand the 
above definition by adding additional criteria [7]:

The authors recommend the above definition to dif-
ferentiate chewer’s mucosa from other similar lesions 
which are discussed below:

There are no studies in the literature on the preva-
lence of chewer’s mucosa in OSF patients. Thus, the dis-
cussion below is again based on the understanding that 
chewer’s mucosa may be seen in OSF as both conditions 
share the same aetiological agent, i.e. areca nut chewing.

Clinically, chewer’s mucosa presents as a brownish- 
red discolouration of the oral mucosa. The quid 
ingredients get attached to the mucosa giving it the 
brownish-red colour (. Fig. 4.3). These quid ingredients 
contain calcium hydroxide and polyphenols. The number 
and composition of the quid influence the discoloura-

tion of the oral mucosa. Buccal mucosa seems to be the 
most common site to be affected; however, the appear-
ance of chewer’s mucosa depends on the place where the 
quid is placed during chewing. It is usually unilateral but 
 sometimes can be bilateral. Apart from the brownish-red 
discolouration seen in the chewer’s mucosa, the affected 
oral mucosa is irregular and shows a rough, macerated 
surface, with epithelial tags. Due to partial or total loss 
of epithelium, and underling hyperaemia, the desqua-
mated areas appear red. The mucosa is diffusely affected 
and may show a dried-out appearance. The continued 
presence of the discolouration of the oral mucosa follow-
ing cessation of the chewing habit is presently unknown.

Aetiology of chewer’s mucosa is due to constant 
chewing of the areca nut quid. The suppleness of the 
mucosa and the presence of teeth with attrition and 
sharp edges can result in the traumatisation of the 
mucosa. Thus, the development of chewer’s mucosa may 
be due to the traumatic, mechanical and/or chemical 
injuries that the mucosa is subjected to in an areca nut 
quid chewer. Substance such as lime present in the betel 
quid may also be involved in the causation of chewer’s 
mucosa. The presence or absence of tobacco in the quid 
does not influence the causation of chewer’s mucosa.

Prevalence of chewer’s mucosa is 0.2% in the 
Cambodian general population [8], 1.6% in Malaysian 
population [9], 56.1% in the Sri Lankan tea estate workers 
[10] and as high as 60.8% in Cambodian elderly women 
[6]. The variation in prevalence may be due to various fac-
tors such as the sampling methods (highly selected versus 
unselected populations), age profile of the population 
studied, different interpretation of the definition of the 
chewer’s mucosa and insufficient calibration of examin-
ers. Chewer’s mucosa more commonly affects women than 
men and occurs commonly in the elderly above 60 years of 
age. The most common site affected by chewer’s mucosa 
is the buccal mucosa since the most common place where 
the areca nut quid is placed is in the lower buccal sulcus. 
Buccal mucosa and lower buccal sulcus are followed by lat-
eral borders of the tongue, hard palate and upper lip. The 
edentulous alveolar ridges are also commonly affected.

The clinical appearances of cheek biting (i.e. morsica-
tio buccarum) and/or lip biting (i.e. morsicatio labiorum) 
are similar to chewer’s mucosa except that they are without 
the quid stain [11]. Moreover, these lesions are also histo-
logically similar, thus leading to difficulty in differentia-
tion between these lesions [12]. However, chewer’s mucosa 
occurs from an intentional habit in older adults above 50 
years of age, whereas cheek biting in an unintentional 
habit usually occurs in a younger adult (20–35 years) [13].

Chewer’s mucosa shows histologically encrusted betel 
quid ingredients on the surface epithelium (. Fig.  4.4). 
These ingredients are derived from the fragments of betel 
quid that are adherent to the oral mucosa. These ingredi-
ents may be present in small pits or attached to the outer-
most cell layer of the epithelium. They are seen as brownish 
amorphous substances that are unstained in haematoxylin 

Definition

Yellowish or reddish-brown wrinkled encrustations on 
the oral mucosa that can be scraped off, leaving behind 
non- elevated mucosal alterations such as a whitish 
area.

       . Fig. 4.3 Intraoral photograph shows chewer’s mucosa of  the left 
buccal mucosa (Courtesy: Dr. Fairuz Abdul Rahman)
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       . Fig. 4.4 Photomicrograph showing brownish encrusted betel 
quid ingredients attached to the keratinised surface epithelium in 
chewer’s mucosa with oral submucous fibrosis (Courtesy: Dr. Fairuz 
Abdul Rahman)

and eosin (H&E) staining. The encrustation reacts posi-
tively to von Kossa stain, which indicates that they con-
tain calcium hydroxide which is derived from the slaked 
lime. Surface epithelium is hyperplastic with sub-epithelial 
inflammatory infiltrate. In some areas, the surface epithe-
lium may be hyperkeratotic, and in other places, they may 
have ballooning epithelial cells. In the zones of balloon-
ing cells, there is presence of small, dust-like von Kossa-
positive granules seen both intra- and inter-cellularly [14, 
15]. This is also observed in electron microscopy [16].

Chewer’s mucosa has not been included as part of an 
OPMD. It can be present along with other lesions which 
do not have any potential for malignant transformation 
such as leukoedema and with OPMD such as oral leu-
koplakia and oral submucous fibrosis. The prevalence of 
chewer’s mucosa in OSF patients has not been studied 
but has been generally noted.

Chewer’s Mucosa
 5 It is not considered as part of the OPMD.
 5 It is caused due to either direct action of the quid 

or traumatic effect of chewing, or both.
 5 Areca nut chewing alone does not cause chewer’s 

mucosa.
 5 Presence or absence of tobacco does not influence 

the causation of chewer’s mucosa.
 5 Clinically, it presents as a brownish-red discoloura-

tion of the oral mucosa.
 5 Brownish-red discolouration is due to quid ingredi-

ents that are adherent to the mucosa.
 5 Histologically encrusted betel quid ingredients are 

present in small pits or attached to the outermost 
cell layer of the surface epithelium.

 5 These quid ingredients are seen as brownish amor-
phous substances that are left unstained in H&E 
staining.

4.3.3  Oral Candidiasis

Similar to other disorders mentioned in the earlier section, 
there are no reports on candidiasis and OSF.  However, 
there are a few studies that have reported on oral candidia-
sis in areca nut chewers. One of the first studies to report 
the presence of angular cheilitis in 20 betel quid chewers 
is from Sri Lanka [17], where Candida albicans was iso-
lated, from the affected region. There was no difference 
in the  Candida species that were isolated from these 20 
areca nut (betel quid) chewers with angular cheilitis when 
compared to other studies that had reported on angular 
cheilitis in patients without areca nut (betel quid)-chewing 
habits. There are two studies by Reichart et al. (2002 and 
2005) on women betel quid chewers in Cambodia and 
North Thailand [18, 19]. Candida albicans (27.1%) was 
the most common species isolated in Cambodian women 
with areca nut-chewing habit, whereas Candida parap-
silosis (46%) was most commonly isolated in Northern 
Thailand. Candida tropicalis (22.9%) was the second 
most common to be isolated from areca nut chewers in 
Cambodian women, whereas in Northern Thailand, it was 
Candida albicans (24%). The other yeasts isolated from 
areca nut chewers in these two studies were Candida gla-
brata, Candida krusei, Candida parapsilosis, Candida utilis, 
Candida inconspicua, Candida famata, Candida guillier-
mondii, Candida lusitaniae, Pichia ohmeri, Saccharomyces 
cerevisiae, Trichosporon asahii and Kloeckera spp. However, 
the authors failed to observe any cases of oral candidiasis 
[18, 19]. This might be due to the antimicrobial activity of 
the areca nut (betel quid). However, there are no studies 
that have reported on oral candidiasis in OSF patients.

4.3.4  Oral Lichenoid Contact Reactions 
to Betel Quid

Oral lichenoid contact reactions to betel quid were first 
reported in a large population-based study in India. It 
was termed as ‘oral lichen planus (OLP)-like lesion’ as 
it looked clinically similar to OLP but arose on the oral 
mucosa that was in contact with the betel quid. These 
were lesions reported apart from OLP seen in that study 
[5]. The first detailed descriptions of this lesion were 
given by Daftary et al. (1980) and Gupta et al. (1980) 
[20, 21]. OLP should be distinguished from lichenoid 
contact reactions to betel quid. The main feature to 
distinguish lichenoid contact reactions to betel quid is 
that the lesion has a direct topographical relation to the 
placement of the betel quid/areca nut. The prolonged 
retention of areca nut/betel quid against the oral mucosa 
(buccal mucosa or buccal sulcus) causes these lesions.

The prevalence of lichenoid contact reactions to 
betel quid is 0.7–5.9% [20–22]. One hospital-based study 
from India reported a high prevalence rate of 9.5% [23] 
with all lesions occurring in individuals with betel quid- 
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chewing habit or mixed habit having betel quid chewing. 
Peak incidence was seen in females aged 45–54.

Lichenoid contact reactions to betel quid have been 
reported in the background of OSF [21, 24]. Arya et al. 
(2017) also reported that females tend to have a greater 
number of other lesions (OLP and OSF) associated 
with lichenoid contact reactions to betel quid compared 
to males [23]. Individuals using quid containing both 
areca nut and tobacco were nine times more likely to 
have lichenoid contact reactions to betel quid and other 
lesions (OLP and OSF) than individuals chewing quid 
with tobacco alone, therefore suggesting that tobacco 
and areca nut act synergistically to affect the oral mucosa.

Clinically, lichenoid contact reactions to betel quid 
resemble OLP and it is difficult to distinguish between 
them. Both present as white lesions that cannot be scrapped 
off, with thin, wavy, linear, parallel, non- elevated striae that 
may radiate from the central erythematous area. However, 
in lichenoid contact reactions to betel quid, these white 
striae do not crisscross or overlap. Moreover, they tend to 
occur on the oral mucosa that is in contact with the betel 
quid. Individuals using quid containing both areca nut 
and tobacco were seven times more likely to have lichen-
oid contact reactions to betel quid than individuals chew-
ing quid with tobacco alone [23]. Processed areca nut and 
tobacco products was associated with higher incidence of 
lichenoid contact reactions to betel quid [23].

Histopathological features of OLP and lichenoid 
contact reactions to betel quid are similar having signs 
of vacuolar degeneration of the basal and/or suprabasal 
cell layers (. Fig.  4.5) with keratinocyte apoptosis 
and presence of a well-defined band-like lymphocytic 
infiltrate that is confined to the superficial part of the 
connective tissue except that there will be presence of 
plasma cells in lichenoid contact reactions to betel quid 
(. Fig. 4.5).

Oral Lichenoid Contact Reactions to Betel Quid
 5 Oral lichenoid contact reactions to betel quid were 

first described in betel quid chewers as OLP-like 
lesions.

 5 Now they are considered as oral lichenoid reac-
tions or lesions.

 5 Clinically, it is difficult to distinguish between OLP 
and oral lichenoid contact reactions to betel quid.

 5 Both cannot be scrapped off  and present with thin, 
wavy, linear, parallel, non-elevated strikes that may 
radiate from the central erythematous area.

 5 In oral lichenoid reactions to betel quid, the white 
striae do not crisscross or overlap.

 5 Oral lichenoid reactions to betel quid occur on the 
oral mucosa that is in contact with the betel quid.

 5 Both oral lichenoid reactions and OLP can occur 
in betel quid chewers and in the background of 
OSF.

4.3.5  Oral Lichen Planus (OLP)

OLP is a chronic inflammatory condition of unknown 
aetiology that is mediated by T-lymphocytes. OLP affects 
approximately 1–3% of the population. Clinically, it pres-
ents as a white lesion that cannot be scrapped off, with 
thin, wavy, linear, parallel, non-elevated striae that may 
radiate from the central erythematous area. It is present 
bilaterally and manifests in as white or red lesions. The 
white lesions can be further sub-divided into reticular, 
papular and plaque-like (. Fig.  4.6) types, and the red 
form of lesions can be sub- divided into erosive, atrophic 
and bullous types. Buccal mucosa, tongue and gingiva 
are commonly affected locations in the oral cavity [25]. 
The clinical criteria for the diagnosis of OLP are (i) pres-
ence of bilateral, symmetrical white lesions affecting buc-
cal mucosa, and/or tongue, and/or lip and/or gingiva; (ii) 
presence of white papular lesions and lace-like network 
of slightly raised white lines (reticular, annular or linear 
pattern) with or without erosions and ulcerations; and (iii) 
desquamative gingivitis. The histopathological criteria for 
its diagnosis include (i) presence of a well-defined band-
like lymphocytic infiltrate that is confined to the super-
ficial part of the connective tissue, (ii) signs of vacuolar 
degeneration of the basal and/or suprabasal cell layers 
with keratinocyte apoptosis (. Fig. 4.7) and (iii) epithe-
lial thinning and sometimes ulceration in the atrophic type 
caused by failure of epithelial regeneration as a result of 
basal cell destruction where a mixed inflammatory infil-
trate may be found. The diagnosis of OLP is made using 
both clinical and histopathological criteria [26].

OLP has been reported to occur in the background 
of OSF with a prevalence of 0.30–5.9% [21, 23, 27–31]. 
All these reports are from India and China. Clinically, 
these lesions resemble non-scrapable white or mixed 

       . Fig. 4.5 Photomicrograph of  lichenoid mucositis consistent with 
clinical diagnosis of  oral lichenoid contact reactions to betel quid in 
oral submucous fibrosis showing vacuolar degeneration of  the basal 
cell layer and a well-defined, sub-epithelial band-like predominantly 
lymphocytic infiltrate (Courtesy: Dr. Fairuz Abdul Rahman)
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       . Fig. 4.6 Photograph of  oral lichen planus on the lower lip of  an 
areca nut chewer (Courtesy: Dr. April Wong Ling Siew)

       . Fig. 4.7 Photomicrograph of  oral lichen planus associated with 
OSF showing features of  vacuolar degeneration of  the basal cell 
layer and a well-defined, sub-epithelial band-like predominantly 
lymphocytic infiltrate (Courtesy: Dr. Sarvambika Kazakydasan)

       . Fig. 4.8 Intraoral photograph of  oral leukoplakia on the 
right buccal mucosa in an OSF patient (Courtesy: Dr. Fairuz Abdul 
Rahman)

red and white lesion with striae in the background of 
blanched mucosa with limited mouth opening and 
fibrotic bands. They tend to occur bilaterally and need 
to be distinguished from lichenoid contact reactions to 
betel quid, which tend to occur in areas of contact with 
the quid. However, the malignant transformation rate of 
OLP in the background of OSF has not been reported. 
Therefore, further research in this area is needed.

4.3.6  Oral Leukoplakia

Oral leukoplakia is the most common lesion among the 
oral OPMDs. It is defined as

Oral leukoplakias are classified as homogenous type 
(. Fig.  4.8) and the non-homogenous type, which 
include nodular, erythro-leukoplakia and verrucous 
types. Oral leukoplakia has been reported in patients 
with various risk habits such as smoking tobacco, 
smokeless tobacco, areca nut chewing, alcohol drink-
ing and various combinations of these habits and also 
in persons with no habits (idiopathic). Oral leukoplakia 
seems to occur more in patients with mixed habits than 
those with only areca nut-chewing habit (. Table 4.1). 
The malignant transformation rate of oral leukoplakia 
has been reported as 9.8% (95% CI: 7.9–11.7) in a recent 
meta-analysis [33].

Oral leukoplakia has been reported to occur along 
with OSF (. Table 4.2) by Yang et al. [44]. The inci-
dence of  oral leukoplakia with OSF ranges from 
4.8% to 24.6%. A recent meta-analysis reported the 
malignant transformation of  OSF as 4.2% (95% CI: 
2.7–5.6%) [45]. The malignant transformation rate 
of  OSF alone (4.6–7.2% see table below) seems to 
be lower when compared to cases having oral leuko-
plakia in the background of  OSF (11.1–18.5%, see 
. Table 4.2). Therefore, patients with both conditions 

Definition-oral leukoplakia

A predominantly white plaque of  questionable risk 
having excluded (other) known diseases or disorders 
that carry no increased risk for cancer [32].
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       . Table 4.1 Studies that have reported on the prevalence of  oral leukoplakia in areca nut chewers and mixed habits

Author (year) Country
Total number of 
subjects (n) Habit

No. or percentage of leukoplakia
N (%)

Reichart et al. (1987) [13] North Thailand 1866 (BQ and non-BQ) Areca nut 21 (1.1%)

Reichart et al. (2002) [18] Cambodia 48 (all BQ) Areca nut 4 (8.3%)

Chung et al. (2005) [34] South Taiwan 1075 (mixed habits) Areca nut, 
smoking and 
alcohol

17 (1.6%)

Areca nut and 
smoking

5 (0.5%)

Areca nut and 
alcohol

2 (0.2%)

Areca nut only 1 (0.1%)

Pindborg et al. (1984) [35] China – Areca nut 2.1%

Liu et al. (1988) [36] China ANS 20.3%

Tang et al. (1993) [28] China – Areca nut 0.5%

Jian et al. (1989) [37] China – Areca nut 0.1%

Lin et al. (1988) [38] China – Areca nut 2.5%

Tran et al. (2006) [39] Vietnam 152 BQ
137 non-BQ

Areca nut 3.8%

Nguyen et al. (2006) [40] Vietnam 150 BQ
200 non-BQ

Areca nut 3.8%

Ngo et al. (2006) [41] Vietnam 9000 (all) Mixed 3.8%

Lee et al. (2011) [42] Indonesia (I)
Taiwan (T)
China (C)
Sri Lanka (SL)
Nepal (N)
Malaysia (M)

Areca nut or 
betel quid

Indonesia 6.6% male, 9.1% female
Taiwan 6.4% male
China 0.6% male
Sri Lanka 0.8% male
Nepal 1.6% male

Sujatha et al. (2012) [43] India 1028 (all habits) Areca nut
Smokeless 
tobacco

7 (0.7%)
38 (3.7%)

have a higher risk of  transformation and need care-
ful follow-up. However, more research in this aspect 
is required to know about the risk habits and its influ-
ence on the occurrence of  oral leukoplakia in the 
background of  OSF. The type of  oral leukoplakia that 
occurs more often in the background of  OSF and the 
type that shows more malignant transformation need 
to be explored. As the duration of  chewing areca nut 
is extended, the risk of  OSF with associated lesions 
increases.

Oral Leukoplakia in the Background of OSF
 5 Oral leukoplakia has been reported to coexist 

along with OSF.
 5 Malignant transformation rate of OSF alone (4.6–

7.2%) seems to be lower when compared to cases 
having oral leukoplakia in the background of OSF 
(11.1–18.5%).

 5 Therefore, patients with both conditions need to be 
followed up closely.
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.       Table 4.2 Prevalence of  oral leukoplakia in the background of  OSF and their malignant transformation rate

Author (year) Country No. of OSF MTR of OSF alone No. of OL in OSF MTR of OL in OSF

Hazarey et al. (2007) [46] India 1000 – 48 (4.8%) –

Angadi et al. (2011) [47] India 205 – 13 (6.3%) –

Lian et al. (2013) [48] Taiwan 829 5.0% 104 (12.6%) 15.0%

Yang et al. (2017) [49] Taiwan 778 7.2% 191 (24.6%) 15.2%

Wang et al. (2018) [50] Taiwan 4.7% 180 11.1%

Cai et al. (2019) [31] China 647 – 101 (14.5%) –

Chiang et al. (2020) [51] Taiwan 145 4.6% 27 (18.6%) 18.5%

Xiao et al. (2020) [52] China 30 - 3 (10%) -

OSF Oral submucous fibrosis, MTR malignant transformation rate, OL oral leukoplakia

       . Fig. 4.9 Intraoral photograph shows a large flat leukoplakic 
lesion on the upper labial mucosa as one of  the multifocal lesions in 
PVL in an OSF patient (Courtesy: Dr. Fairuz Abdul Rahman)

       . Fig. 4.10 Intraoral photograph shows an exophytic blunt whitish 
pink papillary lesion (exophytic verrucous hyperplasia—EVH) on 
the left buccal mucosa as one of  the multifocal lesions in PVL in an 
OSF patient. In addition, there is also a red erythroplakic lesion 
adjacent to the EVH. (Courtesy: Dr. Fairuz Abdul Rahman)

4.3.7  Proliferative Verrucous Leukoplakia 
(PVL)

Definition PVL

A distinct form of  multifocal oral leukoplakia charac-
terised by having a progressive clinical course, chang-
ing clinical and histopathological features.

PVL has the highest malignant transformation rate 
(49.5%; 99% CI 26.7–72.4%) when compared to other 
OPMDs [53]. Clinically, it presents as multiple or some-
times as an OLL at one or more sites in the oral cav-
ity. Later, it develops to include multiple locations in 
the oral cavity either by gradual spread of  individual 
focus or by the fusion of  adjacent foci [54]. The diag-
nosis of  PVL is made by a combination of  clinical and 
histological features as stated first by Hansen et al. [55]. 
Cerero-Lapiedra et al. [56], Carrard et al. [57] and Villa 
et al. [54] have proposed specific clinical criteria for the 
diagnosis of  PVL, which includes the initial presence of 
oral leukoplakia, (. Fig. 4.9) OLLs (non- verrucous) in 
two different sites of  the oral cavity and the existence of 
a verrucous area (. Fig. 4.10). The histopathological 
features include a spectrum from normal epithelium to 
hyperkeratosis, to verrucous hyperplasia, to any grades 
of  oral epithelial dysplasia to verrucous carcinoma (VC) 
or papillary variant of  SCC or conventional SCC. PVL 
in the gingiva seems to show the highest malignant 
transformation when compared to other sites [58].

Mechery et al. (2015) in their case report describe a 
case of PVL in the background of OSF on the right buccal 
mucosa of a 33-year-old male patient having the habit of 
chewing pan (tobacco, lime and areca nut) for 15 years [59]. 
The histopathological features described by the authors 

seemed to be that of verrucous carcinoma. However, the 
photomicrographic features do not show fibrosis in the 
underlying connective tissue. Moreover, the presence of 
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oral leukoplakia in multiple sites in the oral cavity over a 
period of time was not established in this case. Therefore, 
if we are to discount this case report, then there are no 
cases of PVL in OSF so far reported in the literature. 
This raises the question whether PVL can occur with 
OSF. Thus, more research is required in this area.

4.3.8  Erythroplakia

Erythroplakia is a solitary lesion:

It is a well-defined lesion which is flat or slightly depressed. 
It has a matt appearance. Chung et al. (2005) have reported 
erythroplakia in areca nut chewers and those with mixed 
habits in Taiwan [34]. Subjects with mixed habits tend 
to have a higher frequency of erythroplakia (n = 3) than 
those with only areca nut-chewing habit (n = 1).

Erythroplakia has been reported in the background 
of  OSF in one study from India, in a cohort of  205 
OSF patients [47]. The prevalence of  erythroplakia 
in OSF patients was reported as 3.41% (7 cases). No 
other studies have reported the incidence or prevalence 
of  erythroplakia in the background of  OSF.

Clinically, there might be difficulty in differenti-
ating erythroplakia and atrophic oral mucosa in the 
background of OSF.  Therefore, further research with 
detailed clinical criteria to differentiate between atrophic 
oral mucosa and erythroplakia needs to be carried out 
to obtain the prevalence and incidence of erythroplakia 
in OSF. The malignant transformation rate of erythro-
plakia in OSF was not reported by Angadi et al. (2011)  
[47]. Therefore, further research is required in this area.

4.3.9  Verrucopapillary Lesions

Verrucopapillary lesions (VPLs) of the oral cavity can 
range from benign lesions to carcinomas. The spectrum 
of VPLs that occur in the oral cavity include oral squa-
mous papilloma, verruca vulgaris, exophytic verrucous 
hyperplasia (EVH), focal epithelial hyperplasia, condy-
loma, PVL, verrucouc carcinoma (VC), conventional 
carcinoma (SCC) with verrucopapillary features and 
papillary squamous cell carcinoma (papillary SCC). It 
is possible for various VPLs to occur in the background 
of OSF. The following section describes these VPLs and 
their occurrence in the background of OSF.

4.3.9.1  Oral Squamous Papilloma
Oral squamous papillomas are solitary pedunculated 
verrucopapillary lesions with finger-like projections seen 
in the oral cavity. They can affect any age group but are 
more common between 30 and 50 years. Clinically, oral 
squamous cell papilloma is less than 1 cm in size. The 
histopathological features that are present in the oral 
squamous papilloma are the presence of keratinised 
exophytic verrucopapillary processes, hyperplastic epi-
thelium (basal cell hyperplasia and acanthosis) and 
prominent fibrovascular core.

Oral squamous papilloma (6.5%) has been reported 
to occur in areca nut chewers by Chang et al. (2002) in 
Taiwan among 153 subjects [60]. However, their occur-
rence in OSF has not been reported, thus requiring fur-
ther research.

4.3.9.2  Exophytic Verrucous  
Hyperplasia (EVH) (Oral Verrucous 
Hyperplasia—OVH)

The term verrucous hyperplasia was first introduced by 
Ackerman and McGavran [61]. Adkins and Monsour 
(1976) reviewed cases of verrucous leukoplakia and 
reported that some of them might be verrucous hyperpla-
sia [62]. Shear and Pindborg (1980) described the clinical 
and histopathological features of verrucous hyperplasia 
of oral mucosa [63]. Clinically, there are two types of ver-
rucous hyperplasia: (i) sharp variety: white lesions having 
heavily keratinised verrucous process that are long and nar-
row, and (ii) blunt variety: lesions that do not have heavily 
keratinised verrucous process and are broader and flatter.

Chung et  al. (2005) reported in areca nut chewers 
from Taiwan a new type of verrucous lesion, which 
was an exophytic with pink mucosa, and foci of granu-
lar surface of similar to the blunt variety of verrucous 
hyperplasia [34]. Wang et al. (2009) described two types 
of verrucopapillary lesion: (i) plaque-type and (ii) mass-
type lesions based on their histopathological features. 
The mass type are whitish pink verrucous lesions that 
are single or multiple lesions and were termed as OVH 
both clinically and histopathologically, whereas the 
plaque type are whitish verrucous plaques and termed 
as oral verruciform leukoplakia clinically and as verru-
ciform hyperplasia histopathologically [64].

Due to this various terminology used in the literature, 
there existed confusion regarding OVH until the 1st Asian 
regional meeting on the terminology and criteria for ver-
rucopapillary lesions of the oral cavity held in Kuala 
Lumpur, Malaysia [65]. Clear clinical and histopatholog-
ical criteria for all verrucopapillary lesions were proposed 
at this meeting. The term EVH was proposed for the 
clinical entity of those verrucopapillary lesions whether 
they are sharp or blunt variety, or plaque type (whitish) 
(. Fig. 4.11) or mass type (whitish pink) (. Fig. 4.12). 

Definition-erythroplakia

A predominantly fiery red patch that cannot be char-
acterised clinically or pathologically as any other 
definable disease.
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The clinical criteria for EVH and its various histopatho-
logical features are given in . Table 4.3 [65].

The histopathological differential diagnosis that 
should be considered while considering a diagnosis of 
OVH is oral VC, papillary squamous cell carcinoma, 
conventional squamous cell carcinoma and oral squa-
mous cell papilloma. A detailed histopathological dif-
ference between these lesions is given in . Table  4.4 
[66]. The most important histopathological feature that 
differentiates between oval verrucous hyperplasia and 
oral VC is the absence of down growth when compared 
to the adjacent normal mucosa.

From Sri Lanka, a case series has reported five cases 
of verrucopapillary lesions (clinically can be re-termed 
as EVH) in the background of OSF out of which four 
cases were histologically OVH with no dysplasia (1 case), 
mild dysplasia (2 cases) and moderate dysplasia (1 case) 
in the background of OSF.  One EVH was early inva-
sive SCC. The malignant transformation rate is 20%. All 
these five cases were in areca nut chewers [67].

A single-centre study from India reported 13 cases 
(1.96%) of verrucopapillary lesions (clinically can be 

termed as EVH) among 662 OSF patients. Of the 13 
EVH cases, only 9 were biopsied and 6 (0.9%) were his-
topathologically diagnosed as EVH without dysplasia 
[68] (. Table  4.5). The malignant transformation rate 
of EVH was 23.07%.

Of these 18 cases of EVH in OSF from these two 
studies [67, 68], all cases were in males with an age range 
from 19 to 75 years and predominantly affecting the 
buccal mucosa. Two cases were reported on the tongue 
and one each on the gingiva and labial mucosa. The fol-
low-up period was limited to only few cases in these two 
studies. One case in [67] showed early invasion in OSF 
area, and malignant transformation was seen in three 
cases (two OVC and one OSCC) in the study by Shah 
et  al. [68]. However, more studies are required to find 
the incidence and prevalence of EVH in OSF and its 
malignant transformation rate.

In areca nut chewers who are non-OSF patients, Chang 
et al. (2002) reported 24.6% (n = 57) verrucous hyperpla-
sia among 153 areca nut chewers in Taiwan [60]. Based 
on their case description, it is clear that these Taiwan 
authors were referring to cases that could be considered 
EVH clinically and OVH histopathologically. Wang et al. 
(2009) reported that 91% (60 cases) of OVH, which are 
clinically described as plaque-type and mass-type OVH 
(which again can be re-termed as EVH clinically and 
OVH histopathologically), were associated with areca nut 
chewers [64] (. Table 4.5). Out of these 60 EVH cases, 4 
underwent malignant transformation (6.67%).

In conclusion, EVH with or without OSF has the 
potential for malignant change, and thus exophytic ver-
rucous hyperplasia (EVH) (in our opinion as well as 
from the expert group discussion at the regional meeting 
held in KL) can be considered as a potentially malig-
nant disorder. However, in the recent publication from 
the WHO Collaborating Centre for Oral Cancer, EVH 
has been considered as a disorder with limited evidence 
needing more longitudinal studies to ascertain its poten-
tially malignant behaviour [26].

Exophytic Verrucous Hyperplasia (EVH)
1. EVH is a clinical diagnosis.
2. EVH clinically present in two forms: (1) as an exo-

phytic, fleshy verrucopapillary outgrowth with a 
white and/or pink surface colour and (2) as a white, 
plaque-like exophytic verrucous lesion. The latter 
has been previously termed verrucous leukoplakia. 
In both instances, the clinical term ‘EVH’ should 
be used.

3. Malignant transformation rate of EVH in areca 
nut chewers is 6.67%.

4. Malignant transformation rate of EVH in the 
background of OSF ranges from 20% to 23.07%.

       . Fig. 4.11 Photograph of  an exophytic verrucous hyperplasia 
(EVH) , the sharp, plaque type (whitish and has also been termed 
verrucous leukoplakia in earlier publications) on the right buccal 
mucosa (Courtesy: Dr. Juliana Khairi)

       . Fig. 4.12 Photograph of  an exophytic verrucous hyperplasia 
(EVH), the blunt, mass type (whitish pink) on the left commissure 
and left buccal mucosa (Courtesy: Dr Bhavikkumar Dholia)
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.       Table 4.3 The clinical criteria of  EVH and histopathological criteria of  OVH [65]

Terminology Criteria

EVH (clinical 
diagnosis)

These lesions clinically present in two forms: (1) as an exophytic, fleshy verrucopapillary outgrowth with a white 
and/or pink surface colour and (2) as a white, plaque-like exophytic verrucous lesion. The latter may mimic verru-
cous leukoplakia. In both instances, the clinical term ‘EVH’ should be used.
EVH may occur in any anatomical site in the oral cavity and in general would be more than 1 cm in size.
Unlike PVL, EVH is a discrete and solitary lesion.
EVH may coexist in a patient presenting with oral submucous fibrosis.
The clinical presentation of EVH could masquerade as a squamous cell carcinoma or VC. Absence of induration 
is a cardinal feature of EVH.

OVH
(Histopathological 
diagnosis)

1. Keratinised exophytic verrucopapillary processes seen. Keratin plugging may be present.
2. Epithelium is hyperplastic with both basal cell hyperplasia and acanthosis.
3.  Absence of downward growth of the hyperplastic epithelium into the lamina propria when compared with the 

level of the basement membrane of the adjacent normal epithelium.
4. Epithelial dysplasia may or may not be present.
5. Sub-epithelial lymphocytic infiltration as a host response may or may not be present.
6.  Verrucous hyperplasia should be clearly differentiated from VC which exhibits frank downward growth of the 

epithelial processes below the level of the basement membrane of the adjacent normal epithelium.
7.  Verrucous hyperplasia should be differentiated from squamous cell papilloma by its size and by the presence of 

a prominent fibrovascular core in the latter.
8.  In a small biopsy without adjacent normal mucosal epithelium, particular attention should be paid to exclude 

other pathologies such as squamous cell papilloma and VC.

.       Table 4.4 Histopathological criteria for the diagnosis of  VPLs [66]

Histological diagnosis OVC PSCC CSCC OVH SCP

Clinical size of lesion >1 cm >1 cm >1 cm ≥1 cm <1 cm

Histological criteria:

Keratinized exophytic verruco- papillary processes Y Y* Y Y Y

Epithelium is hyperplastic (basal cell hyperplasia and acanthosis) Y Y Y Y Y

Growth of the hyperplastic epithelium into the lamina propria when 
compared with the level of the basement membrane of the adjacent 
normal epithelium

Y Y Y N N

Epithelial Dysplasia cellular atypia N** Y Y Y/N N

Subepithelial lymphocytic infiltration Y Y/N Y/N Y/N Y/N

Frank downward growth of the epithelial processes below the level of 
basement membrane of the adjacent normal epithelium showing 
pushing border effect)

Y N N N N

Prominent fibrovascular core N Y N N Y

Invasion N Y Y N N

Keratin plugging Y N Y Y/N N

(ii) A diagnosis of  oral verrucous hyperplasia (OVH) should be made only when there is an absence of  growth of  the  hyperplastic 
epithelium into the lamina propria as compared with the level of  the basement membrane of  the adjacent normal epithelium, (iii) Oral 
verrucous hyperplasia (OVH) should he clearly differentiated from oral verrucous carcinoma (OVC) where OVC exhibits frank down-
ward growth of  the epithelial processes below the level of  the basement membrane of  the adjacent normal epithelium. OVC can be 
differentiated from Papillary squamous cell carcinoma (PSCC)/ Conventional SCC (CSCC) by the presence of  invasion and cytologic 
atypia: (iv) Oral verrucous hyperplasia(OVH) should be differentiated from squamous cell papilloma (SCP) by its size and by the pres-
ence of  a prominent fibrovascular core in the latter; (v) * Verrucous exophytic processes with minimal or abscence of  keratinization; 
(vi) * *Mild cellular atypia has been reported in cases of  OVC

Associated Conditions of Oral Submucous Fibrosis
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.       Table 4.5 EVH in OSF and non-OSF patients

Author (year) Country Total number of subjects (n) Habit Malignant 
transformation rate

Chang et al. (2002)a [60] Taiwan 57 EVH/153 of areca nut chewers 
(non-OSF)

Areca nut chewers -

Wang et al. (2009) [64] Taiwan 60 EVH /60 of mixed habit 
(non-OSF)

Mixed habits 4/60 (6.67%)

Jayasinghe et al. (2016) [67] Sri Lanka 5 EVH/5 cases of OSF Areca nut chewers 1/5 (20%)

Shah et al. (2019) [68] India 13 EVH/662 cases of OSF Areca nut chewers 3/13 (23.07%)

aOnly histopathological diagnosis was given and thus unable to report the malignant transformation rate

Oral Verrucous Hyperplasia (OVH)
1. OVH is a histopathological diagnosis which can be 

present with or without epithelial dysplasia.
2. The most important histopathological feature that 

differentiates between OVH and oral verrucous 
carcinoma is the absence of down growth when 
compared to the adjacent normal mucosa. 

4.3.9.3  Oral Verruciform Xanthoma (VX)
This is a mucocutaneous verrucopapillary lesion that 
was first described in the oral cavity by Shafer [69] and 
later in an extraoral site [70]. The most common intra-
oral site of VX is the gingiva followed by tongue, hard 
palate, buccal mucosa and vestibular mucosa, floor of 
the mouth and soft palate, whereas the extraoral sites are 
skin and anogenital mucosa. It occurs most commonly 
in the middle age with a slight male predilection up to 50 
years of age and a female predilection after 50 years of 
age. Most of the cases have been reported in Caucasians.

The lesions are mostly exophytic white verrucopapil-
lary except a few that have been reported as crateriform 
or ulcerated. Most of these lesions are yellow in colour 
true to the meaning of the Greek term “Xanthos”. The 
lesions measure from 0.2 to 2.0  cm. They are usually 
solitary and may be sessile or pedunculated. The dif-
ferential diagnosis of VX includes all verrucopapillary 
lesions such as oral squamous papilloma, verruca vul-
garis, condyloma acuminatum, EVH, VC and papillary 
variant of SCC.

VX has been reported to occur concomitantly with 
many systemic conditions and oral lesions. It has been 
reported with OPMDs such as OLP [71–73], chronic 
graft-versus-host disease with and without leukoplakia 
and erythroplakia [74–77], discoid lupus erythematosus 
[78], snuff dipper keratosis [79], carcinoma in situ [80] 
and SCC [81]. VX has been reported to occur in the 
background of OSF [81–84]. The age of these patients 

ranged from 25 to 52 years. The common site for VX to 
occur in the background of OSF is the buccal mucosa. 
Most cases have been reported from India. All cases were 
in male having areca nut or mixed habits. All cases were 
surgically excised without recurrence (. Table 4.6).

Histopathologically, all VX show varying degrees of 
surface parakeratinisation with uniformly elongated rete 
processes. There is accumulation of numerous foam cells 
in the connective tissue papillae between the elongated 
rete processes. VX can be classified into three types based 
on the surface epithelium: (i) verrucous type, shows ver-
rucous surface keratinised stratified squamous epithe-
lium with keratin plugs extending from the surface into 
the crypts formed by epithelial projections, (ii) papillary 
type, shows papillary projections with keratinised sur-
face epithelium without crypts and keratin plugging and 
(iii) flat type, has surface-keratinised stratified squamous 
epithelium [81].

The reason for occurrence of VX in the background 
of OSF cannot be explained at present and needs fur-
ther research.

4.3.9.4  Oral Verrucous Carcinoma (VC)
Oral VC is a low-grade variant of oral squamous cell car-
cinoma (OSCC). It was first defined by Ackerman in 1948 
as a separate pathological entity. Aetiological factors of 
VC are smokeless tobacco (such as snuff) and areca nut 
chewing. It is clinically a verrucopapillary lesion and is 
considered in the differential diagnosis of verrucous leuko-
plakia, EVH and OSCC. Histopathological feature of oral 
VC is the presence of downward growth of the epithelial 
processes below the level of basement membrane of the 
adjacent normal epithelium showing pushing border effect 
but without breach in the basement membrane zone. The 
surface shows keratinised exophytic verrucopapillary pro-
cesses with keratin plugging. VC shows minimal/no epithe-
lial dysplasia/cellular atypia.
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.       Table 4.6 Cases of  verruciform xanthoma (VX) reported in the background of  OSF

Author (year) Age and 
gender

Habits Site and clinical features Diagnosis Tx Prognosis

Yu et al 
(2007) [81]

28 years
Male

Areca nut chewing, 
smoking and alcohol 
drinking

Right buccal mucosa - ver-
rucopapillary lesion 2.0 × 1.0

VX in the 
background of 
OSF

Surgical 
excision

No 
recurrence

Gosh et al 
(2014) [82]

25 years
Male

Tobacco chewing, six 
packets per day for the 
past 6 years

Right buccal mucosa—
whitish- yellow papillary 
lesion

VX in the 
background 
OSF

Surgical 
excision

No 
recurrence

Hegde et al 
(2015) [83]

39 years
Male

- Left buccal mucosa VX in the 
background of 
OSF

- -

Gannepalli 
et al (2019) 
[84]

52 years
Male

Alcohol three times per 
week and chewing 
paan-zarda (betel 
nut + tobacco + slaked 
lime) 10 times a week

Attached gingiva—solitary, 
sessile lesion with a rough 
surface and yellowish white 
in colour. Size: 0.8 × 2.0 cm

VX concomi-
tantly with OSF

Surgical 
excision

No 
recurrence

       . Table 4.7 Verrucous carcinoma (VC) reported in areca 
nut chewers and mixed habits

Author 
(year)

Coun-
try

Total 
number of 
subjects (n)

Habit No. of 
VC

Chang 
et al 
(2002) 
[60]

Tai-
wan

153 Areca nut 5 (2.1%)

Yang et al 
(2005) [85]

Tai-
wan

102 Areca 
nut + smok-
ing
Areca nut 
only

1.4%
3.6%

VC has been reported in areca nut chewers. Chang 
et al. (2002) reported about 2.1% of  areca nut chew-
ers to have VC in a study in Taiwan [60]. Yang et al. 
(2005) reported about 1.4% of  VC in areca nut chew-
ers and smokers, whereas a higher percentage (3.6%) 
of  VC was reported in areca nut chewers only [85] 
(. Table 4.7).

There are a few case reports of VC arising in OSF, 
from India.  All these cases are in male, except for one. 
The age ranges from 24 to 60 years. Majority of the cases 
occurred on buccal mucosa (6 cases) followed by lower 
labial mucosa (2 cases) and one case on the buccal gin-
giva. Only a few report on the treatment received by the 
patient and their prognosis (. Table 4.8). Therefore, fur-
ther research is required to determine the actual preva-
lence of oral VC in OSF.

Oral Verrucous Carcinoma (VC)
 5 Oral VC is a low-grade variant of oral squamous 

cell carcinoma (OSCC).
 5 Clinically, oral VC is a verrucopapillary lesion with 

a differential diagnosis of EVH (the white variety 
has been termed verrucous leukoplakia) and 
OSCC.

 5 Histopathologically, there is presence of  down-
ward growth of the epithelial processes below the 
level of  basement membrane of  the adjacent nor-
mal epithelium showing pushing border effect but 
without the breach in the basement membrane 
zone.

4.3.9.5  Oral Squamous Cell Carcinoma 
(OSCC)

OSF is one of  the OPMDs which can transform into 
oral cancer (. Fig.  4.13). OSCC arising in OSF 
can present clinically as a verrucopapillary lesion. 
Histopathologically, it may be conventional OSCC 
with verrucopapillary surface feature or the papil-
lary variant of  OSCC. The papillary variant of  OSCC 
and the conventional OSCC differ from the VC by 
the presence of  cytological atypia and the frank inva-
sion of  the tumour epithelial cells into the underly-
ing connective tissue. The histopathological difference 
between the papillary variant of  the OSCC and the 
conventional OSCC (. Fig.  4.14) is the exophytic 
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.       Table 4.8 Verrucous carcinoma (VC) reported in the background of  OSF

Author 
(year)

Age and 
gender

Habits Site Diagnosis Tx Prognosis

Pravadu 
et al (2011) 
[86]

29 years
Male

Chewing tobacco for 15 years Left buccal 
mucosa

VC in OSF Surgery + 
intralesional 
steroids and 
hyaluronidase

No recurrence 
with regular 
follow-up

Komal 
et al (2015) 
[87]

60 years
Male

8–10 packets of gutkha per day 
for the past 30 years

Right lower 
labial mucosa

VC in OSF Cryosurgery Under 
follow-up 
without 
recurrence

Malhotra 
et al (2016) 
[88]

45 years
Female

Pan chewing for the past 17 
years

Right lower 
labial mucosa 
and vestibule

VC in OSF Not reported Not reported

Ramani 
et al (2016) 
[89]

24 years
Male

Chewing mawa for the past 3 
years

Left buccal 
mucosa

VC in OSF 
with early 
invasive 
SCC

Surgery Not reported

Yunus et al 
(2016) [90]

26 years
Male

Chewing gutkha and tobacco 
with lime 10-15 times a day and 
was an occasional alcoholic

Left buccal 
mucosa

VC in OSF Not reported Not reported

Popli et al 
(2018) [91]

35 years
Male

Gutka and khaini chewing for 
the past 10 and 15 years with a 
frequency of 4–5 gutka per day 
and khaini 1–2 times a day

Right buccal 
mucosa

VC in OSF Not reported Not reported

Shah et al 
(2019) [68]

49 years
Male

Areca nut chewer Right buccal 
gingiva

VC in OSF Not reported Not reported

Shah et al 
(2019) [68]

35 years
Male

Areca nut chewer Right commis-
sure extending 
onto right buccal 
mucosa

VC in OSF Not reported Not reported

Tyagi et al 
(2021) [92]

35 years
Male

5–6 pouches of gutkha for 7–8 
years, 5–6 times a day and 2–3 
cigarettes/day for 2–3 months

Left buccal 
mucosa

VC in OSF Referred to oral 
surgery

Not reported

       . Fig. 4.13 Photograph shows a mixed white and red lesion on the 
lower lip with induration, which is indicative of  oral cancer in an 
OSF patient having limited mouth opening (Courtesy: Dr. Fairuz 
Abdul Rahman)

       . Fig. 4.14 Photomicrograph showing invasion of  the dysplastic 
epithelial tumour cells into the underlying connective tissue, which 
has dense collagen fibres indicative of  oral submucous fibrosis 
(Courtesy Dr. Fairuz Abdul Rahman)
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growth and presence of  prominent fibrovascular core 
in the former and the lack of  fibrovascular core in the 
latter [66].

A recent systematic review reported the pooled pro-
portion malignant transformation rate of OSF in nine 
observational studies as 4.2% (95% CI: 2.7–5.6%) with 
an annual transformation rate of 0.73% [45]. OSF with 
dysplasia had higher potential for malignant transfor-
mation. However, the systematic review concluded that 
there was a high risk of bias in all the studies included 
with most of them having incomplete demographic 
and clinicopathological data. Thus, further research to 
examine the natural history of OSF with or without 
interventions is required.

 Summary
There are numerous associated conditions of oral sub-
mucous fibrosis affecting the oral mucosa. They may 
be benign conditions (quid staining on oral mucosa, 
chewer’s mucosa, oral squamous papilloma and verru-
ciform xanthoma) to OPMDs (oral lichenoid reaction 
to areca nut (betel quid), oral lichen planus, oral leu-
koplakia, erythroplakia and proliferative verrucous leu-
koplakia) to cancer (verrucous carcinoma, conventional 
oral squamous cell carcinoma and papillary squamous 
cell carcinoma) and verrucopapillary lesions such as 
exophytic verrucous hyperplasia, which has yet to be 
recognised as an OPMD due to limited evidence need-
ing more longitudinal studies to ascertain its potentially 
malignant behaviour. These associated conditions need 
to be recognised by the clinicians and histopathologists 
to find their true prevalence and their clinical behaviour.
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5.1  Introduction

Oral submucous fibrosis (OSF) is generally regarded as 
a disease of the adults where the peak incidence is 
reported between 20 and 40 years of age [1, 2]. However, 
in the recent past, cases were reported occurring among 
paediatric and adolescent population in different geo-
graphic locations [3].

With OSF being a progressive and insidious disease, 
it is highly likely that the condition may have devastating 
outcomes when the children grow older with more mor-
bidity and likely malignant transformation. Areca nut 
chewing is the only well-established etiological factor 
[4]. Older adults who develop OSF in their mouths are 
generally known to have been exposed to areca nut for a 
substantial period of time when they develop the condi-
tion. This is not the case in very young children who 
develop OSF. It is therefore likely that these children do 
have a genetic susceptibility to develop OSF in addition 
to exposure to areca nut from a young age. This chapter 
aims to discuss the epidemiology, aetiology, clinical fea-
tures among children and potential outcomes and ave-
nues for prevention.

 n Learning Goals
The objective of this chapter is to provide readers an 
insight into the involvement of children with oral sub-
mucous fibrosis. Readers will be able to understand 
the early initiation of areca nut chewing, which is 
influenced by the socio-economic and cultural prac-
tices. It is important to learn the early signs of OSF 
among children and help the vulnerable children to be 
screened to detect OSF at its early stage.

5.2  Epidemiology

OSF cases have been reported from South and Southeast 
Asian countries such as India [5], Sri Lanka [6], China 
[7], Pakistan [8], Bangladesh [9], Taiwan [10], Thailand 
[11], Malaysia [12] and Cambodia [13] and among 
migrants to the Western countries [14–16]. The preva-
lence of OSF varies across children and adolescents, and 
no exact data are available.

. Table  5.1 gives a summary of the cases reported 
among children and adolescents since 1985. The age range 
of the children affected varies from country to country 

.       Table 5.1 Demographic, symptom and habit information among children diagnosed with OSF

Author, year Country Num-
ber of 
cases

Age (y) Sex Presenting 
complaint

Mouth 
opening

Biopsy findings Habits

Hayes,  
1985 [15]

Canada 1 4 F Restricted mouth 
opening

11 mm Hyperorthokeratotic 
and atrophic epithe-
lium, subepithelial 
hyalinization, patchy 
lymphocytic infiltrate in 
the deeper tissues

Pan supari 
since the age of 
2 years

Anil and 
Beena,  
1993 [37]

Andaman 
and Nico-
bar 
islands

1 12 F Difficulty in 
opening the 
mouth, protruding 
the tongue and 
tolerating spicy 
food

17 mm Atrophic epithelium 
with absence of rete 
ridges, connective tissue 
showed hyalinization 
and moderate chronic 
inflammatory cell 
infiltration

Pan supari 
chewing since 
the age of 7 
yrs

Mundra 
et al.,  
1999 [38]

India 1 8 F Difficulty in 
opening the 
mouth, fever, 
chills and rigors

20 mm Intact squamous 
epithelium with focal 
aggregates of chronic 
inflammatory cell 
Infiltration.

Betel nut 
chewing for 6 
months

Shah et al., 
2001 [16]

UK 1 11 F Recurrent oral 
ulceration, 
discomfort and a 
burning sensation 
for spicy foods

N/A N/A Regular Supari 
use since the 
age of 10

Yusuf and 
Yong  
2002 [39]

Bangla-
desh

1 12 M Difficulty opening 
his mouth and 
occasional
difficulty in 
swallowing

21 mm N/A Paan supari 
since the age 
of 8 years
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Author, year Country Num-
ber of 
cases

Age (y) Sex Presenting 
complaint

Mouth 
opening

Biopsy findings Habits

Hazare 
et al.,  
2007 [40]

India 2 9 F N/A N/A N/A N/A

12 M N/A N/A N/A N/A

Sitheeque 
et al.,  
2010 [29]

Sri Lanka 5 3 F White discoloura-
tion of lips

Nor-
mal

Mildly-atrophic 
squamous epithelium, 
with increased amount 
of collagen in the upper
Corium, Fibrosis 
extends into
muscle in a few foci. No 
inflammatory infiltrate

Areca nut 2–3 
times per day

3 M Loss of lip 
pigmentation

Nor-
mal

Mild atrophic changes 
in surface epithelium, 
features suggestive of 
OSF, no significant 
increase in fibrosis of a 
lesser degree

Areca nut 2–3 
times per day

3 M Whitish shade of 
lip

Nor-
mal

N/A Betel with
areca nut 1–2 
per day

3 M Loss of lip colour Nor-
mal

N/A Betel with
areca nut 2–3 
per day

2 F Loss of lip 
pigmentation

Nor-
mal

N/A Areca nut only 
Frequency 
N/A

Agrawal 
et al.,  
2011 [41]

India 1 9 F Inability to open 
the mouth for 4 
yrs, burning 
mouth for spicy 
food

16 mm Thick parakeratinized 
epithelium dense 
fibrous tissue stroma 
and chronic inflamma-
tion

Areca nut 
(Sweet Supari) 
3–4 per day

Dhariwal 
et al.,  
2012 [42]

India 2 10 M Difficulty in 
opening mouth 
and taking spicy 
food for
3 months

15 mm N/A Chewing 
gutkha 2–3 per 
day for 1 year

12 F Burning sensation 
on having food for 
the last 3–4 years

19 mm N/A Pan masala 
daily for 7 
years

Deshpande 
et al.,  
2013 [43]

India 1 14 F Difficulty in 
opening the 
mouth and
burning sensation 
for spicy food

30 mm N/A Chewing 
flavoured areca 
nut
and scented 
tobacco, 2 
packets/day 
since 1 year.

.       Table 5.1 (continued)

(continued)
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.       Table 5.1 (continued)

Author, year Country Num-
ber of 
cases

Age (y) Sex Presenting 
complaint

Mouth 
opening

Biopsy findings Habits

Gupta et al., 
2013 [31]

India 2 11 F Reduced
mouth opening, 
discomfort and a 
burning sensation
particularly when 
eating spicy foods

14 mm N/A Areca nut 
chewing since 
seven
year

10 M Reduced
mouth opening, 
discomfort and a 
burning sensation
particularly when 
eating spicy foods

13 mm N/A Areca nut 
chewing since 
six
year

Duggirala 
et al.,  
2015 [44]

India 3 9 F Burning sensation 
on taking spicy 
foods was noticed
since 1 year with 
increase in severity 
and progressive
restriction of the 
mouth opening 
since 6 months

14 mm N/A Sweetened 
form of areca 
nut continuous

13 M Progressive
inability to open 
the mouth since 1 
year and severe
burning sensation 
on taking spicy 
foods since 2 
years.

22 mm N/A Pan 2–3 times 
a day
since 4 years

15 F Recurrent oral 
ulcers since 6 
months
and burning 
sensation in the 
mouth particularly
when eating hot 
and spicy foods 
since 1 year

28 mm N/A Sweet supari 
for several 
minutes for 
6–7 times in a 
day
since 4 years.

Khandelwal 
et al.,  
2018 [45]

India 1 14 M Difficulty in 
opening the 
mouth for 3 years, 
burning sensation
for spicy food for 
4 months

14 mm N/A Tobacco and 
areca nut 
(Gutkha) 3–4 
per day for 6 
yrs

Talla et al., 
2019 [46]

India 1 5 F Limited mouth 
opening for 3 
months and 
burning sensation 
for spicy food

15 mm N/A Areca nut

Kariya et al., 
2020 [47]

India 1 5 M Restricted mouth 
opening since 3–4 
months, Intoler-
ance to spicy food

6 mm N/A Sweet supari 
for since the 
age of 3.5 yrs
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Author, year Country Num-
ber of 
cases

Age (y) Sex Presenting 
complaint

Mouth 
opening

Biopsy findings Habits

More et al., 
2020 [28]

India 36 12 M Occasional mild
burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/2–3 
large sachets 
per day

11 F Nil N/A N/A Flavoured 
areca nut/1–2 
large sachets 
per day

11 M Occasional mild
burning sensation 
on eating spicy 
food

N/A N/A 1–2 nuts per 
day

14 M Burning sensation 
on eating spicy 
food
Loss of taste
sensation
Xerostomia

N/A N/A Gutkha 2–3 
small sachets 
per day

14 M Nil N/A N/A Flavoured 
areca nut/4–5 
large sachets 
per day

9 M Loss of taste
sensation

N/A N/A Baked 
arecanut, 1 big 
nut per day

14 M Nil N/A N/A Betel leaf with 
areca nut
but without
tobacco 4–5 
times per day

10 F Occasional mild
burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/2–3 
small sachets 
per day

13 M Occasional mild
burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/4–5 
small sachets 
per day

14 M Burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/7–8 
large sachets 
per day

13 M Mild
burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/8–9 
large sachets 
per day

14 M Mild burning 
sensation on
eating spicy food
Xerostomia

N/A N/A Flavoured 
areca nut/8–9 
large sachets 
per day

.       Table 5.1 (continued)

(continued)
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.       Table 5.1 (continued)

Author, year Country Num-
ber of 
cases

Age (y) Sex Presenting 
complaint

Mouth 
opening

Biopsy findings Habits

15 M Mild burning 
sensation on
eating spicy food

N/A N/A Pan Masala, 
5–6 small 
sachets per day

10 F Loss of taste, 
excessive 
salivation

N/A N/A Flavoured 
areca nut/9–10 
small sachets 
per day

15 M Occasional mild
burning sensation 
on eating spicy 
food

N/A N/A Mawa 1–2 
balls per day

16 M Mild burning 
sensation on
eating spicy food
excessive 
salivation

N/A N/A Pan Masala, 
7–8 large 
packets

11 M Occasional mild
burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/4–5 
large sachets 
per day

16 M Loss of taste, 
xerostomia

N/A N/A Betel leaf with 
areca nut
but without
tobacco 4–5 
times per day

14 M Burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/5–6 
large sachets 
per day

14 F Occasional mild
burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/4–5 
small sachets 
per day

12 M Nil N/A N/A Flavoured 
areca nut/4–5 
small sachets 
per day

14 M Loss of taste N/A N/A Betel leaf with 
areca nut
but without
tobacco 2–3 
times per day

13 F Occasional mild
burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/5–6 
small sachets 
per day

15 M Burning sensation 
on eating spicy 
food

N/A N/A Mawa 2–3 
balls per day

15 M Burning sensation 
on eating spicy 
food

N/A N/A Pan masala 
5–6 small 
packets per 
day
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Author, year Country Num-
ber of 
cases

Age (y) Sex Presenting 
complaint

Mouth 
opening

Biopsy findings Habits

11 M Burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut, 5–6 
large sachets

12 M Loss of taste N/A N/A Backed areca 
nut, 1–2 whole 
nuts per day

15 M Burning sensation 
on eating spicy 
food, Loss of 
taste, excessive 
salivation

N/A N/A Gutkha, 4–5 
large sachets 
per day

13 F Occasional 
burning sensation 
on eating spicy 
food

N/A N/A Flavoured 
areca nut/5–6 
small sachets 
per day

14 M Burning sensation 
on eating spicy 
food

N/A N/A Mawa 4–5 
balls per day

10 F Loss of taste N/A N/A Flavoured 
areca nut/4–5 
small sachets 
per day

15 M Mild burning 
sensation on 
eating spicy food

N/A N/A Pan masala, 
5–6 small 
packets

13 M Loss of taste N/A N/A Betel leaf with 
areca nut
without
tobacco 5–6 
times per day

12 F Nil N/A N/A Flavoured 
areca nut/2–3 
small sachets 
per day

15 M Occasional 
burning sensation 
on eating spicy 
food, excessive 
salivation

N/A N/A Pan masala 
4–5 small 
packets per 
day

14 M Burning sensation 
on eating spicy 
food

N/A N/A Mawa 4–5 balls 
per day

N/A Not available

.       Table 5.1 (continued)
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with a mean age of 8.7  years, with the youngest child 
being 2 years of age. Childhood OSF is more common 
among male children with a female-to-male ratio of 1:1.8.

5.3  Aetiology

The use of areca nut with or without betel quid or 
tobacco is the only known risk factor [17]. The relation-
ship of areca nut chewing with OSF and pathogenic 
mechanisms are described in later chapters in this book. 
Areca nut chewing habit is commonly seen in South and 
Southeast Asian countries and among Pacific Islanders, 
where OSF is highly prevalent.

Addiction to areca nut chewing is a serious health 
concern among South and Southeast Asian populations 
where about 600 million people are impacted by this 
substance disorder [18]. Areca nut is the fourth most 
abused addictive substance after alcohol, caffeine, and 
tobacco [19]. Among those populations where areca nut 
use is prevalent, there is a deep-seated cultural link from 
ancient past to date [18, 19]. Areca nut use is more com-
monly seen among the middle age to elderly men and 
women. However, case reports and some studies confirm 
that children and young adults are also addicted to areca 
nut [20–26]. . Table  5.2 provides a summary of the 
prevalence of the areca nut chewing among school chil-
dren. Among the children studied, males have the higher 
prevalence of chewing areca nut than females.

It is generally regarded that OSF develops over a 
long period of time after the initiation of areca nut 
chewing. However, the reported cases indicate that the 
children have developed at least the initial signs of OSF 
after a short exposure. This raises the question if  these 
affected children are genetically more susceptible for the 
development of OSF.

5.4  Vulnerability Factors for Areca Nut 
Chewing Habits and Developing OSF

A recent review reported that the mean age of  initia-
tion of  areca nut chewing habit among children was 
7.40  years (2–13  years) with some having consumed 
with a frequency of  15 times a day. The mean duration 
of  areca nut consumption was reported to be 
43 months (6–84 months). The presence of  clinical fea-
tures was dependent on the site they kept the quid in 
the mouth [3].

Multiple social factors influence the children to 
embark on areca nut chewing, making them more vul-
nerable to develop OSF at a very young age 
(. Table  5.3). Most children start chewing areca nut 
due to the influence from their parents, grandparents, 
siblings and other relatives and through peer pressure. 
Areca nut chewing is a strongly deep-seated practice 
with strong cultural bonds. Having parents, grandpar-
ents and siblings in family environment who jointly 

.       Table 5.2 Prevalence of  areca nut-chewing habit among children

Author, year Country Population Sample size Habit prevalence (%) % of OSF 
casesOverall Males Female

Lu et al.,  
1993 [20]

Taiwan Junior high 
school

2367 4.7 9.2 0.9 NA

Ho et al.,  
2000 [21]

Taiwan High school 2083 5.4 NA NA

Shah et al., 
2002 [22]

Pakistan Preschool 
children

159 75.0 72.0 30.0 NA

Oakley et al., 
2005 [23]

N. Mariana 
Island

High school 
children

309 63.0 73.0 54.0 8.8

Khandalwal 
et al., 2012 [24]

India Middle school 
children

3896 27.0 34.6 17.8 NA

Singhvi,  
2016 [25]

India Primary school 
children

1174 34.5 35.2 33.8 3.4

High school 
children

1672 72.8 74.6 70.7

Wazir et al., 
2017 [26]

Nepal High school 
children

1359 30.4 38.0 23.2 NA

NA not available
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enjoy the use of  areca nut would likely influence the 
children to use the same. Lack of  awareness on the 
harmful effects of  areca nut chewing supports the cul-
tural setting to thrive and pass the areca nut chewing to 
the next generation.

. Table 5.4 summarises the reported reasons for ini-
tiation of areca nut chewing. In addition to the family 
influence and peer pressure, various other reasons were 
reported as determinants for initiation of areca nut 
chewing. They include the belief  that chewing areca nut 
increases the appetite, aids digestion, reduces tiredness, 
increases social interaction and helps to look mature. 
Further, some chewed areca nut due to the attractiveness 
of packaging, to distract family violence and to avoid 
pressure of studies.

5.5  Clinical Features

Clinical features of OSF in children are not different from 
that in adults. The most common presenting complaint 
of children with OSF was mild burning sensation in parts 
of the oral mucosa. This was followed by restricted mouth 
opening. A minority of children had presented with a 
complaint of loss of taste sensation and depigmentation 
(. Fig. 5.1). . Table 5.5 summarises the reported symp-
toms and signs based on the case histories reported in the 
literature.

More et al. suggested a classification system for OSF 
based on the clinical and functional changes [27]. A 
recent case series from India reported that of the 36 
cases, the majority (n = 29, 81%) were stage I cases in 
which stomatitis and/or blanching of oral mucosa were 
the prominent clinical features [28]. However, a narra-

tive review of existing literature between 1952 and 2016 
on OSF in 18 children reported that over 50% were at 
the advanced stages (Stage 3/4) of the condition [3].

Restricted mouth opening could perhaps be the most 
devastating outcome of OSF among children consider-
ing the likely further deterioration. . Table  5.1 sum-
marises the reported interincisal mouth opening in the 
reported cases. Of the 24 cases included in . Table 5.1, 
the average mouth opening of 16 patients was 17.2 mm 
(6–30 mm).

Depigmentation of the oral mucosa is one of the 
early signs of OSF (. Fig.  5.1).  Sitheeque and col-
leagues reported five cases presenting with the initial 
complaint of depigmentation of the lips [29]. None of 
these children had restricted mouth opening, and hence 
depigmentation can be considered as a very early sign of 
the disease among children. This feature is very impor-
tant as an initial finding to suspect potential OSF in 
children, and hence all clinicians who provide dental 
care for children should take a thorough social history 
on areca nut use through their parents. This will enable 
for prevention of the condition progressing further.

> Important
It is important to carefully examine the oral mucosa 
of vulnerable children to exclude early features of pae-
diatric OSF such as depigmentation. Careful parental 
social history of areca nut chewing is helpful to iden-
tify such vulnerable kids. This will enable practitioners 
to prevent young children from being affected with 
devastating advanced OSF later in life.

       . Table 5.3 Social circumstances influencing areca nut 
chewing among children

Child labour: to reduce appetite and tiredness when working as 
housemaid; chewing with peers while watching cows

Parents at work: no one at home to look after while parents at 
work as labourers

Influence from friends who chew areca nut

Grandparents regularly offered areca nut

Family chews after dinner including children

Living with multiple families together who consume areca nut

Siblings chew areca nut

Adapted from More et al., 2020; Chitguppi C, Brar T., 2017

.       Table 5.4 Reported reasons for chewing areca nut

Peer pressure

Family influence

To avoid pressure of studies

Taste of areca nut

Distract from domestic violence

Attractiveness of packaging

To increase social interaction

Considered a digestive agent

Belief  that chewing reduces appetite

Belief  that chewing reduces tiredness

To look mature

Adapted from More et al. (2020), Chitguppi and Brar (2017)
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.       Table 5.5 Clinical features of  childhood OSF

Symptoms

Burning sensation [16, 28, 31, 42–47]

Difficulty in opening the mouth [15, 37–39, 41–47]

Oral depigmentation [29]

Loss of taste [28]

Reduced saliva [28]

Excessive salivation [28]

Signs

Restricted mouth opening [15, 37–39, 41–47]

Blanching of the oral mucosa [29, 31]

Fibrous bands in buccal mucosa [15, 16, 37–42]

Leathery mucosa [43]

Erosions or ulcerations [16, 44]

Altered shape of uvula [3, 38, 42, 44, 45, 47]

Depapillation of the tongue [28, 37, 42, 44]

Tongue fibrosis [28]

a b

c d

       . Fig. 5.1 (a) Depigmentation of  lower lip, (b) Depigmentation of  gingiva, (c) Depigmentation of  the left buccal mucosa and lower lip, (d) 
Depigmentation of  right buccal mucosa (Illustrations courtesy of  Dr Ruwan Jayasinghe, University of  Peradeniya, Sri Lanka)

5.6  Diagnosis

Diagnosis of OSF is easy and simple at its advanced 
stages and can be made based on the clinical presenta-
tions alone [28]. In most cases, biopsy might not be nec-
essary and clinical diagnosis is sufficient if  no dysplasia 
is suspected with concomitant potentially malignant 
lesions such as leukoplakia and erythroplakia. However, 
diagnosis at early stages may be complex and difficult 
due to the absence of classic features. In these cases, a 
thorough history with regard to possible areca nut chew-
ing is needed. Of the cases reported in . Table 5.1, only 
six cases had biopsies performed to confirm the diagno-
sis, and the rest were diagnosed on the basis of clinical 
features and history of areca nut chewing habit. The 
most common histological feature was the atrophic epi-
thelium.

5.7  Management

No specific treatment for OSF has been reported to date 
[30]. Essentially, the management should aim at prevent-
ing the disease progression and malignant transforma-
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tion. The management of children with OSF should be 
done through a multidisciplinary approach, which 
includes oral medicine specialists, paediatric dentists, 
general dentists and dietitians/nutritionists with addi-
tional behavioural support if  required. All children and 
their parents should be educated on the strong associa-
tion between areca nut chewing and development of 
OSF and potential outcomes. Although no malignant 
transformation of childhood OSF has been reported, 
children can be considered a more vulnerable group for 
malignant transformation due to the fact that they have 
more years to live. Hence, the affected children need to 
be followed up carefully for a long period of time while 
paying attention to the general oral health. Due to the 
progressive nature of OSF that may lead to restricted 
mouth opening, their oral health can deteriorate. Hence, 
regular oral prophylaxis at primary healthcare settings is 
recommended in view of improving oral health and min-
imising the morbidity associated with dental diseases.

Tip

Depigmentation of  oral mucosa or gingiva in young 
children could be an early sign of  OSF that should 
raise suspicion and needs further investigation.

5.8  Prevention

Given that no treatment is currently available for OSF, 
prevention is the main strategy. It is pivotal to recognise 
paediatric areca nut chewing and OSF as a public health 
problem. It is apparent that the children acquire the 
areca nut chewing habit from sociocultural environment 
in which they are living. Studies report that the highest 
risk of children initiating areca nut habit falls between 
the ages of 5 and 12 years [3, 31]. It is also likely that the 
children continue areca nut chewing until adulthood 
and probably the rest of their life thereafter if  there is no 
early intervention. Moreover, daily consumption of 
areca nut makes the children more vulnerable to develop 
OSF [32, 33].

As primary prevention, parents should be educated, 
and grandparents and families consuming areca nut 
should be encouraged to quit. They should also be 
encouraged to avoid promoting the use of areca nut 
among the children. Primary prevention can be done at 
various levels using primary healthcare workers, school-
teachers, and community and religious leaders to encour-
age to quit and prevent the areca nut-chewing habit.

Screening at clinical levels, especially paediatric den-
tal clinic and general practitioner level, to identify cases 
through the history of areca nut use and the presence of 
early clinical features of OSF should be encouraged. 
Parents can be educated at this level to improve their 
awareness on the dangers of areca nut chewing.

Parents and teachers can also play a significant role 
in the early detection of  OSF among vulnerable chil-
dren. Dentists, oral health therapists and other allied 
health workers need to be educated regarding paediat-
ric OSF and the early clinical features. Strong links of 
areca nut chewing with the sociocultural background 
must be considered in case identification and preven-
tion [30].

> Important
OSF develops among young children after being 
exposed to areca nut for a short period. Hence, genetic 
susceptibility for the development of OSF should be 
explored in future studies in childhood cases.

5.9  Malignant Transformation 
and Associated Risk Factors 
of Malignant Transformation

A recent systematic review of adult OSF in 9 longitudi-
nal studies reported that 292 OSF cases developed carci-
nomas out of 6337 with the pooled proportion of 4.2% 
(95% CI: 2.7–5.6%) and an annual transformation rate 
of 0.73% [34]. However, to date, no follow-up studies are 
available reporting malignant transformation (MT) of 
childhood OSF [35, 36].

 Summary
OSF among children is very rare. However, if  children 
are affected with OSF, they are more likely to have 
advanced disease with significant disability before 
reaching adulthood. Children can develop OSF at a 
very early age with a mean age of the disease initiation 
being 8.7 years. With areca nut being the only known 
aetiological factor, it is very important to educate the 
parents to prevent their young children from initiat-
ing the chewing of areca nut. The parents and school-
teachers need to be educated on the danger of the habit 
of areca nut chewing. Vulnerable children should be 
screened for likely OSF, and prompt action should 
be taken to prevent further progression of the dis-
ease. Dentists and dental specialists need to be aware 
of early signs and symptoms of childhood OSF and 
screen the vulnerable children.
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6.1  Introduction

There are many classification systems, reported for OSF. 
The classifications are based on clinical signs (mouth 
opening, tongue protrusion and cheek flexibility), clini-
cal symptoms (vesicle, burning sensation, dry mouth 
and dysphagia) and histopathological features (epithe-
lial morphology, connective tissue changes, epithelial-
connective tissue interface) alone or in combination. 
The different classification systems used from 1957 to 
2018 are presented here.

Properties of a Good Classification
A good medical classification system should help clini-
cians stratify the patients to enable appropriate clinical 
management of the patient and aid in follow-up and 
prognostication. It should be

 5 Stable: Based on specific premise or criterion
 5 Suitable: Relevant to the subject of interest
 5 Unambiguous: The various groups/classes should 

be clearly defined
 5 Complete and mutually exclusive: All terms in each 

group or class should be distinct without overlap
 5 Flexible: It should be able to accommodate new 

entities as our understanding of the subject evolves
 5 Reproducible and communicable

 n Learning Goals
To familiarise the reader to the published classification 
systems on OSF to allow the best use of them in future 
epidemiological surveys and in clinical studies

6.2  Oral Submucous Fibrosis (OSF): 
Classification Systems

All classifications use clinical signs, clinical symptoms 
and histopathology of OSF either separately or in com-
bination:

 5 Clinical signs:
 – Restriction in mouth opening (measured in mm/

cm/finger width)
 – Limitation of tongue protrusion (measured in 

mm/cm)
 – Reduced cheek flexibility (measured in mm/cm)
 – Restricted soft palate movement
 – Deformity of uvula
 – Palpable fibrous bands
 – Pallor
 – Xerostomia (measured as salivary flow rate-stimu-

lated/unstimulated saliva)
 – Lingual papillary atrophy

 – Leukoplakia
 – Erythroplakia

 5 Clinical symptoms:
 – Vesicles
 – Burning sensation
 – Restricted mouth opening
 – Inability to swallow
 – Dry mouth (perception of dryness by the patient)

 5 Histopathology:
 – Hyperkeratosis
 – Atrophy
 – Dysplasia

 5 Connective tissue changes:
 – Juxta-epithelial hyalinisation
 – Reduction in vascularity
 – Inflammatory cell infiltrate
 – Fibrosis
 – Muscle degeneration

 5 Epithelial connective tissue interface:
 – Flattened epithelial-connective tissue interface

The published classification systems are presented below 
in their chronological order.

6.2.1  Desa (1957)

In one of the earliest reports, an otolaryngologist, 
reported from the King Edward VII Memorial Hospital, 
Mumbai, India, the clinical presentation, history and the 
haematological and histological findings in 64 patients 
with OSF. In their classification system, the patients 
were divided into three stages, depending on the clinical 
features as [1]

 5 Stage I: Stomatitis and vesiculation
Oral mucosa shows areas of redness on either the 

entire soft palate, the anterior faucial pillar or the buc-
cal mucous membrane. It is in these areas the vesicles 
appear first; these vesicles are tender and rupture, 
leaving small superficial ulcers. Cultures of the vesicu-
lar fluid failed to reveal any specific organism.

 5 Stage 2: Stage of fibrosis
Characterised by pallor of the mucous membrane 

together with small “spider-like” areas, due to the 
fibrosis, at the junction of the faucial pillars with the 
soft palate.

 5 Stage 3: Stage of sequelae
The patients seek relief  for the disabling effects 

produced by the increasing deposition of  fibrous 
tissue in the submucosa. The fibrosis was described 
as being palatal, faucial or buccal. The mouth open-
ing varied from 0.75 to 4.0 cm, depending on the 
severity of  fibrosis (normal mouth opening was 
4.05 cm).

 K. Ranganathan and K. Loganathan 
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6.2.2  Pindborg and Sirsat (1966)

Classified OSF, based on histology, into four stages 
based on the connective tissue changes, in haematoxylin 
and eosin-stained sections as follows [2]:

 5 Very early stage: Fine, fibrillar, dispersed collagen, 
marked oedema and connective tissue with plump 
young fibroblasts containing abundant cytoplasm. 
Blood vessels are normal or dilated and congested. 
Inflammatory cells seen are mainly polymorpho-
nuclear leukocytes with occasional eosinophils.

 5 Early stage: There is juxta-epithelial hyalinisation. 
Collagen is in separate thick bundles. Moderate 
numbers of plump young fibroblasts are present, the 
blood vessels are dilated and congested. Inflamma-
tory cells are primarily lymphocytes, eosinophils and 
occasional plasma cells.

 5 Moderately advanced stage: Collagen is moderately 
hyalinised, and this extends from the juxta-epithelial 
hyalinisation seen in the early stage. Collagen bun-
dles are thick and separated by tissue oedema. Fibro-
blastic response is less marked, and the cells are 
predominantly spindle fibrocytes. Blood vessels are 
either normal or compressed, depending on the tis-
sue fibrosis. Inflammatory exudate consists of lym-
phocytes and plasma cells.

 5 Advanced stage: Collagen is completely hyalinised 
and presents as a smooth sheet with loss of the bun-
dle morphology of collagen. Oedema is absent. The 
hyalinised areas are devoid of fibroblasts. Blood ves-
sels are completely obliterated or narrowed. Inflam-
matory cells are lymphocytes and plasma cells.

6.2.3  Wahi and Kapur et al. (1966)

Classified OSF based on the clinical features, severity and 
extent of involvement into three groups as follows [3]:

 5 Group I: Asymptomatic, focal fibrosis of one or 
more sites of oral mucosa with pallor or whitish col-
oration and wrinkling of mucosa with minimal indu-
ration.

 5 Group II: Soreness of mucosa or increased sensitiv-
ity to chillies. Oral mucosa is white, and the changes 
are diffuse and extensive and show induration, 
involving one or more anatomical sites.

 5 Group III: Restricted mobility due to trismus, 
stretching at angles of the mouth, and inability to 
protrude the tongue. Pronunciation is altered. Firm 
submucosal bands are palpable. Surface may be fis-
sured or ulcerated.

6.2.4  Ahuja and Agarwal (1971)

This classification is discussed by Passi and colleagues in 
their review of classification systems and is based on the 
extent and type of clinical fibrosis [4, 5].

 5 Class I: Localised fibrous bands in the cheek extend-
ing from the superior to the inferior fornix on one or 
both sides. The bands are most commonly found on 
the lips followed by the premolar region or the sec-
ond molar region.

 5 Class II: Generalised diffuse hardening of the sub- 
epithelial tissues extending from the cheek and hard 
palate to the soft palate, uvula and faucial pillars. 
Occasionally, the hardening might extend to the lin-
ing mucosa of the pharynx.

 5 Class III: Combination of the above two types, where 
the fibrous bands are associated with a generalised 
diffuse form of submucous fibrosis.

6.2.5  Bhatt and Dholakia (1977)

Clinically grouped OSF patients into three grades based 
on the subjective assessment of mouth opening and clin-
ical fibrosis as follows [6]:

 5 Grade I: Mild and early cases with very slight 
fibrous bands and little difficulty in opening of  the 
mouth.

 5 Grade II: Moderately pronounced symptoms with 
fibrous bands extending from the cheek to the 
palate.

 5 Grade III: Excessive amount of fibrosis involving the 
cheek, palate, uvula, tongue and lips with narrow 
opening of the mouth.

6.2.6  Gupta and Golhar (1980)

Classified OSF into four stages based primarily on the 
severity of trismus as follows [7]:

 5 Very early stage: No difficulty in mouth opening; the 
patients have burning sensation in the mouth or 
ulceration.

 5 Early stage: Along with burning sensation, the patients 
complain of slight difficulty in opening the mouth.

 5 Moderately advanced stage: Trismus is marked to 
such an extent that the patient cannot open his/her 
mouth more than two fingers width and has diffi-
culty in mastication.

 5 Advanced stage: Patient has a marked degree of tris-
mus and is undernourished and anaemic.

Classification Systems for Oral Submucous Fibrosis
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6.2.7  Warnakulasuriya (1987)

Provided a semi-quantitative grading of the severity of 
OSF based on mouth opening, fibrous banding and fixa-
tion of the tongue. Assessment was based on (a) three 
groups of mouth opening <20 mm, 20–35 mm and >35 
mm; (b) fibrous bands of buccal mucosa grouped as 
broad single band >2 cm, multiple bands and a single, 
thin fibrous band; (c) ability to protrude the tongue 
beyond mucocutaneous (MC) junction: beyond lower 
incisors but unable to touch MC junction and only up 
to lower incisors [8].

6.2.8  Pindborg (1989)

Divided OSF into three stages based on clinical signs 
and symptoms. This classification is discussed by Gupta 
and colleagues in their review of classification systems 
[9, 10].

 5 Stage I: Stomatitis - includes erythematous mucosa, 
vesicles, mucosal ulcers, melanotic mucosal pigmen-
tations and mucosal petechiae.

 5 Stage II: Fibrosis occurring in the healing vesicles 
and ulcers is the hallmark of this stage. Early lesions 
demonstrate blanching of the oral mucosa. Older 
lesions include vertical and circular palpable fibrous 
bands in the buccal mucosa and around the mouth 
opening or lips resulting in mottled marble-like 
appearance of the mucosa, because of the vertical 
thick fibrous bands in association with blanched 
mucosa. Specific findings include reduction of mouth 
opening, stiff  and small tongue, blanched and leath-
ery floor of the mouth, fibrotic and depigmented gin-
giva, rubbery soft palate with decreased mobility, 
blanched and atrophic tonsils, shrunken bud-like 
uvula and sunken cheeks, not commensurate with 
age or nutritional status.

 5 Stage III: Sequelae of  OSF: Leukoplakia is found 
in more than 25% of  the individuals with 
OSF. Speech and hearing defects may occur due to 
involvement of  the tongue and Eustachian tubes.

6.2.9  Katharia et al. (1992)

In their study on the effects of placenta extract in the 
management of OSF described a scoring system [11] 
based on (a) the mouth opening, (b) tongue protrusion 
measured as the distance between incisal edges of lower 
anterior teeth and tongue tip protruded to its maximum, 
(c) colour of oral mucosa, (d) fibrous band and (e) burn-
ing sensation.

 a. Mouth opening: Measured in mm between upper 
and lower central incisor edges:

 5 Score 0: Mouth opening is greater than 41 mm.
 5 Score 1: Mouth opening between 37 and 40 mm.
 5 Score 2: Mouth opening between 33 and 36 mm.
 5 Score 3: Mouth opening between 29 and 32 mm.
 5 Score 4: Mouth opening between 25 and 28 mm.
 5 Score 5: Mouth opening between 21 and 24 mm.
 5 Score 6: Mouth opening between 17 and 20 mm.
 5 Score 7: Mouth opening between 13 and 16 mm.
 5 Score 8: Mouth opening between 9 and 12 mm.
 5 Score 9: Mouth opening between 5 and 8 mm.
 5 Score 10: Mouth opening between 0 and 4 mm.

 b. Tongue protrusion: measured in mm as the distance 
between incisal edges of lower anterior teeth and tip 
of tongue, protruded to its maximum:

 5 Score 0: ≥33 mm
 5 Score 1: 30-32 mm
 5 Score 2: 27-29 mm
 5 Score 3: 24-26 mm
 5 Score 4: 21-23 mm
 5 Score 5: 18-20 mm
 5 Score 6: 15-17 mm
 5 Score 7: 12-14 mm
 5 Score 8: 9-11 mm
 5 Score 9: 5-8 mm
 5 Score 10: 0-4 mm

 c. Colour of oral mucosa:
 5 Score 0: normal pink
 5 Score 1: red or deep pink
 5 Score 2: pale white
 5 Score 3: blanched white

 d. Fibrous band:
 5 Score 0: no fibrous bands
 5 Score 1: one or two solitary fibrous bands
 5 Score 2: bands felt nearly in the entire surface
 5 Score 3: adherent fibrous band producing bind-

ing and rigidity of mucosa
 e. Burning sensation:

 5 Score 0: no burning sensation
 5 Score 1: mild
 5 Score 2: moderate
 5 Score 3: severe

6.2.10  Bailoor (1993)

This classification is discussed by Passi and colleagues in 
their review of classification systems and is based on a 
combination of clinical features as follows [5, 12]:

 5 Stage I: Early OSF:
Mild blanching. No restriction in mouth opening 

(normal distance between central incisor tips: males 
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35–45 mm, females 30–42 mm). No restriction in 
tongue protrusion (normal mesio-incisal angle of the 
upper central incisor to the tip of the tongue when 
maximally extended with the mouth wide open: 
males 5–6 cm, females 4.5–5.5 cm). Cheek flexibility 
was measured from a reference point one-third the 
distance from the angle of the mouth on a line join-
ing the tragus of the ear to the angle of the mouth. 
The patient is asked to blow his or her cheeks fully, 
and the distance between the points marked on the 
cheek indicates cheek flexibility. Mean values for 
cheek flexibility: males 1.2 cm and females 1.08 cm. 
Burning sensation on taking spicy or hot foods only.

 5 Stage II: Moderate OSF
Moderate-to-severe blanching. Mouth opening 

reduced by 33%. Cheek flexibility also demonstrably 
reduced. Burning sensation in the absence of stimuli. 
Palpable bands felt. Lymphadenopathy either unilat-
eral or bilateral. Demonstrable anaemia on haema-
tological examination.

 5 Stage III: Severe OSF
More than 66% reduction in the mouth opening, 

cheek flexibility and tongue protrusion. Tongue may 
appear fixed. Severe burning sensation; patient is 
unable to do day-to-day work. Ulcerative lesions 
may appear on the cheek. Thick palpable bands. 
Bilateral lymphadenopathy.

6.2.11  Racher (1993)

Classified OSF into three stages based on clinical fea-
tures. This classification is discussed by Passi and col-
leagues in their review of classification systems [5].

 5 Stage I: Stage of stomatitis and vesiculation. Charac-
terised by recurrent stomatitis and vesiculation. 
Patient complains of burning sensation in the mouth 
and inability to eat pungent food. The examination 
reveals vesicles on the palate that may rupture, and  
superficial ulceration may be seen. Some amount of 
fibrosis can be seen.

 5 Stage II: Stage of fibrosis. There is inability to open 
the mouth completely and stiffness in mastication. 
As disease advances, there is difficulty in blowing the 
cheeks and protruding the tongue. On examination, 
there is increasing fibrosis in the submucosal tissue. 
Mucosa is blanched and white. Lips and cheeks are 
stiff. Dorsum of the tongue may show atrophy of 
papillae. Blanching and stiffness of the mucosa of 
the floor of the mouth are less marked than those 
seen in the lips, cheeks and palate. Larynx is free 
from disease, and respiration is not affected.

 5 Stage III: Stage of sequelae and complications. Leu-
koplakia changes in the mucosa. An ulcerating 

malignant lesion may be seen involving the cheeks, 
oropharynx or tongue. Patients are predisposed to 
develop oral cancer under the influence of carcino-
gens.

6.2.12  Khanna and Andrade (1995)

Studied a series of  100 patients prospectively and pro-
posed a group classification system based on both clini-
cal and histopathological features to aid in the surgical 
management of  OSF. OSF was staged into four catego-
ries [13]:

 5 Group I: Very early cases:
 – Clinically: Burning sensation in the mouth, acute 

ulceration and recurrent stomatitis; not associated 
with mouth opening limitation.

 – Histology: Fine fibrillar collagen network, 
oedema, dilated and congested blood vessels, large 
aggregates of plump young fibroblasts with abun-
dant cytoplasm. Inflammatory cells consist of 
polymorphonuclear leukocytes with few eosino-
phils. The epithelium is normal.

 5 Group II: Early cases
 – Clinically: Limitation of mouth opening; the buc-

cal mucosa is mottled and marble-like; there is 
palpable fibrosis predominantly involving soft 
palate and faucial pillars.

 – Histology: Juxta-epithelial hyalinisation; thick 
bundles of collagen are present that are in sepa-
rate bundles; dilated and congested blood vessels; 
and moderate number of young fibroblasts. 
Inflammatory cells are mainly polymorphonu-
clear leukocytes with few eosinophils and occa-
sional plasma cell. Epithelial rete pegs are short 
and flat with varying degrees of keratinisation.

 5 Group III: Moderately advanced cases
 – Clinically: Trismus with interincisal distance of 

15–25 mm. Pale buccal mucosa firmly adherent 
to underlying tissues with palpable, fibrous 
bands in the premolar region, the soft palate 
anterior faucial pillar and the pterygomandibu-
lar raphe. The fibrosis has a scar-like appear-
ance. Some cases exhibit atrophy of  vermilion 
border of  the lip.

 – Histology: Juxta-epithelial hyalinisation with 
faintly visible collagen bundles. There is mild 
oedema, constricted blood vessels and mature 
fibroblasts with scanty cytoplasm and spindle- 
shaped nuclei. The inflammatory cells present are 
lymphocytes and plasma cells. The surface epithe-
lium is markedly atrophic with loss of rete pegs. 
Muscle fibres exhibit fibrosis and early signs of 
degeneration such as loss of striae.

Classification Systems for Oral Submucous Fibrosis
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 5 Group IV is subdivided into IVA and IVB.
 5 Group IVA: Advanced cases:

 – Clinically: Severe trismus with interincisal dis-
tance of 2–15 mm; fibrosed faucial pillars com-
pressing the tonsil, shrunken and deformed uvula 
and restricted tongue movement. There may be 
diffuse papillary atrophy of the tongue. Fibrosis 
of the lip occurs leading to constriction of the 
rima oris and vermilion border atrophy.

 5 Group IVB: Advanced cases with “premalignant/
malignant changes”:
 – Clinically: OSF features with potentially malig-

nant lesions such as leukoplakia and/or squamous 
cell carcinoma.

 – Histology: Hyalinised connective tissue in which 
the collagen bundles cannot be discerned. Blood 
vessels are obliterated. Fibroblasts are absent or 
scanty. The surface epithelium exhibits loss of 
melanocytes and epithelial rete ridges. Epithelium 
may show mild-to-moderate atypia or malignant 
changes in Group IVB. There is extensive degen-
eration of muscle fibres.

The authors recommend that patients in group I and 
group II be managed by symptomatic treatment, 
whereas those in group III and group IV by surgical 
management.

6.2.13  Lai et al. (1995)

Examined a series of 150 patients and divided their 
cohort of 150 OSF patients into six groups for manage-
ment: medical (groups A, B, C) and surgical (groups D, 
E, F). Their classification was based on the interincisal 
distance as follows [14]:

 5 Group A: Interincisal distance greater than 35 mm
 5 Group B: Interincisal distance 30–35 mm
 5 Group C: Interincisal distance 20–30 mm
 5 Groups D, E, F: Interincisal distance less than 

20 mm

6.2.14  Maher et al. (1996)

Their classification of OSF was based on the extent of 
the clinical disease based on the overall clinical impres-
sion. They subdivided intra-oral regions into seven areas: 
palate, posterior one-third of the buccal mucosa, middle 
one-third of the buccal mucosa, anterior one- third of 
the buccal mucosa, upper labial mucosa, tongue and 
floor of the mouth. These areas were further grouped 
into three categories [15]:

 5 Involvement of one-third or less of the oral cavity 
(three or less of the above zones involved)

 5 Involvement of one-third to two-thirds of the oral 
cavity (if  four to six intra-oral sites are involved)

 5 Involvement of more than two-thirds of the oral cav-
ity (if  more than six intra-oral sites are involved)

6.2.15  Haider et al. (2000)

Their criteria for diagnosis of OSF was the presence 
of mucosal blanching, mucosal hardness, and palpable 
intra-oral bands. Following diagnosis, the patients were 
clinically and functionally staged [16]:

 5 Clinical staging:
 – Stage 1: Faucial bands only
 – Stage 2: Faucial and buccal bands
 – Stage 3: Faucial, buccal and labial bands

 5 Functional staging:
 – Stage A: Mouth opening greater than 20 mm
 – Stage B: Mouth opening between 11 and 19 mm
 – Stage C: Mouth opening less than or equal to 10 mm

6.2.16  Ranganathan et al. (2001)

Reported normal mouth opening, tongue protrusion 
and cheek flexibility in 800 patients and proposed the 
classification for OSF based on mouth opening as fol-
lows [17]:

 5 Group I: Only symptoms with no demonstrable 
restriction of mouth opening

 5 Group II: Limited mouth opening 20 mm and above
 5 Group III: Mouth opening less than 20 mm
 5 Group IV: OSF advanced with limited mouth open-

ing and precancerous or cancerous changes

6.2.17  Rajendran (2003)

Classified OSF based on the clinical features as follows [18]:
 5 Early OSF: Burning sensation in the mouth on con-

suming spicy food, blisters especially on the palate, 
ulceration or recurrent generalised inflammation of 
oral mucosa, petechiae, excessive salivation, defec-
tive gustatory sensation, dryness of mouth and pain 
on palpation of the fibrous bands.

 5 Advanced OSF: Blanched and slightly opaque 
mucosa, fibrous bands in the buccal mucosa running 
in vertical direction. Palate and faucial pillars are the 
areas first involved with gradual impairment of 
tongue movement and difficulty in mouth opening 
due to the fibrosis of the pterygomandibular raphe.

 K. Ranganathan and K. Loganathan 
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6.2.18  Utsonumiya et al. (2005)

Classified OSF based on histological features as fol-
lows [19]:

 5 Early stage: Myxedematous changes in the area cor-
responding to lamina propria, diffuse lymphocytic 
infiltration and no fibrosis.

 5 Intermediate stage: Hyalinisation in sub-epithelial 
zone, fibrotic changes extending close to the muscles. 
Blood vessels are compressed by fibrous bundles. 
Reduced inflammatory cells in sub-epithelial layer 
are seen.

 5 Advanced stage: Marked fibrous areas with hyaline 
changes extending from sub-epithelial to superficial 
muscle layers are seen. Atrophic, degenerative 
changes start in muscle fibres. Inflammatory cell 
infiltrates are hardly seen. Number of blood vessels 
is dramatically less in the sub-epithelial zone.

6.2.19  Bose and Balan (2007)

Classified OSF based on clinical features as follows [20]:
 5 Group A: Mild cases with occasional symptoms, pal-

lor, vesicles, one or two solitary palpable bands, loss 
of mucosal elasticity, variable tongue fibrosis with 
tongue protrusion beyond vermillion border. Mouth 
opening is greater than 3 cm.

 5 Group B: Moderate cases with soreness of oral 
mucosa, increased sensitivity to chillies, diffuse 
involvement of the mucosa with blanched appearance, 
buccal mucosa is tough and inelastic with fibrous 
bands palpable, considerable restriction of mouth 
opening (1.5–3 cm) and variable tongue movement.

 5 Group C: Severe cases with symptoms being more 
severe, broad fibrous bands palpable, blanched 
opaque mucosa, rigid oral mucosa, severe restriction 
of mouth opening (less than 1.5 cm), tongue is depa-
pillated with restricted tongue protrusion.

6.2.20  Kumar et al. (2007)

Clinical stage of the disease in terms of the ability to 
open mouth was correlated with histopathological grad-
ing. Clinical criteria for the diagnosis of OSF were dif-
ficulty in opening the mouth and associated blanched 
oral mucosa with palpable fibrous bands. The distance 
between the interincisal edges was measured in mm for 
assessing the ability to open the mouth [21].

OSF cases were clinically categorised into three clinical 
stages according to their ability to open mouth as follows:

 5 Stage I: Mouth opening greater than 45 mm
 5 Stage II: Mouth opening between 20 and 44 mm
 5 Stage III: Mouth opening less than 20 mm

The histopathological grading followed in the study is 
as follows:

 5 Grade I: Loose connective tissue thick and thin fibres
 5 Grade II: Loose connective tissue with thick fibres 

and partial hyalinisation
 5 Grade III: Complete connective tissue hyalinisation

6.2.21  Mehrotra et al. (2009)

The patients were divided into four groups based on 
their clinical presentations as [22]:

 5 Grade I: Stomatitis, burning sensation in the buccal 
mucosa and with no palpable fibrous bands.

 5 Grade II: Symptoms of grade I, palpable fibrous 
bands, involvement of soft palate and maximal 
mouth opening of 26–35 mm.

 5 Grade III: Symptoms of grade II, blanched oral 
mucosa, involvement of tongue and maximal mouth 
opening of 6–25 mm.

 5 Grade IV: Symptoms of grade III, lip fibrosis and 
mouth opening of less than or equal to 5 mm. Sug-
gested treatment is abstinence from habit and surgi-
cal management.

6.2.22  More et al. (2011)

Their classification was based on the common site of 
occurrence, symptoms, other affected sites and associ-
ated lesions as follows [23]:
 I. Clinical staging:

 5 S1: Stomatitis and/or blanching of oral mucosa
 5 S2: Presence of palpable fibrous bands in buccal 

mucosa and/or oropharynx, with/without stoma-
titis

 5 S3: Presence of palpable fibrous bands in buccal 
mucosa and/or oropharynx, and in any other 
parts of oral cavity, with/without stomatitis

 5 S4: A: Any one of the above stages along with 
other potentially malignant disorders, e.g. oral 
leukoplakia and oral erythroplakia. B: Any one 
of the above stages along with oral carcinoma

 II. Functional staging:
 5 M1: Interincisal mouth opening up to or greater 

than 35 mm
 5 M2: Interincisal mouth opening between 25 and 

35 mm

Classification Systems for Oral Submucous Fibrosis
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 5 M3: Interincisal mouth opening between 15 and 
25 mm

 5 M4: Interincisal mouth opening less than 15 mm

A combination of the clinical and functional staging was 
used to stratify patients for management. For example, 
the final staging may be S1M1, S2M3, S2M4 and so on.

6.2.23  Kerr et al. (2011)

Proposed the following grading system for OSF, follow-
ing the World Workshop on Oral Medicine (WWOM V) 
as a recommendation for future studies on the various 
aspects of OSF, based on clinical severity as follows [24]:

 5 Grade 1: Mild: Any features of the disease triad for 
OSF (burning, depapillation, blanching or leathery 
mucosa) may be reported. Interincisal opening 
greater than 35 mm

 5 Grade 2: Moderate: Above features of OSF and 
interincisal limitation of opening between 20 and 
35 mm

 5 Grade 3: Severe: Above features of OSF and interin-
cisal opening less than 20 mm

 5 Grade 4A: Above features of OSF with other poten-
tially malignant disorders on clinical examination. 
Grade 4B: Above features of OSF with any grade of 
oral epithelial dysplasia on biopsy

 5 Grade 5: Above features of OSF with oral squamous 
cell carcinoma

6.2.24  Patil and Maheshwari (2014)

Diagnosis of OSF was made on clinical symptoms and 
fibrosis. They proposed that patients with OSF can be 
further classified based on cheek flexibility, which was 
measured as “distance in millimetres, from maxillary 
incisal midline to the cheek retractor during retraction”. 
Their proposed values for normal cheek flexibility were 
males 35 to 45 mm and females 30 to 40 mm [25]:

 5 Grade 1 (early): Cheek flexibility of 30  mm and 
above

 5 Grade 2 (mild): Cheek flexibility between 20 and 
30 mm

 5 Grade 3 (moderate): Cheek flexibility less than 20 mm
 5 Grade 4 (severe): Any of the above condition with-

out concurrent presence of potential malignant 
lesions

 5 Grade 5 (advanced): Any of the above condition 
with concurrent presence of oral carcinoma

6.2.25  Arakeri et al. (2018)

They proposed a classification based on trismus, fibrosis 
and presence or absence of malignant changes in the epi-
thelium, which they called TFM classification [26], with 
recommendations for therapy based on their staging.

Parameters of TFM classification

Trismus (T)

TX: Trismus cannot be assessed due to the presence of 
confounding factors such as tooth impingement, temporoman-
dibular join disorders (TMDs) and infection

T0: Interincisal distance of more than 36 mm

T1: Interincisal distance of 26–35 mm

T2: Interincisal distance of 15–25 mm

T3: Interincisal distance of less than 15 mm

TE: Edentulous (E) state due to either complete or partial loss 
of anterior teeth

TE0: Anterior free space after maximum mouth opening more 
than 41 mm

TE1: Anterior free space after maximum mouth opening of 
36–40 mm

TE2: Anterior free space after maximum mouth opening of 
25–35 mm

TE3: Anterior free space after maximum mouth opening of less 
than 25 mm

Fibrosis (F)

F0: No signs of fibrosis

FX: Fibrosis cannot be assessed due to severe trismus

F1: Burning sensation in the mouth and/or blanching of oral 
mucosa and/or acute ulceration and/or recurrent stomatitis

F2: Mottled and marble-like oral mucosa, dense, pale, 
depigmented fibrosed areas alternated with pink normal 
mucosa, widespread sheets of  fibrosis (palpable fibrous 
bands) involving labial and/or buccal mucosa and/or 
oropharynx

F3: Pale oral mucosa firmly attached to underlying tissues, 
palpable vertical fibrous bands at the buccal mucosa and in the 
soft palate-radiating fibrous bands from the pterygomandibular 
raphe or the anterior faucial pillar in a scar-like appearance, 
atrophy of the vermilion border, patient unable to blow out 
cheeks and whistle

F4: Thickened faucial pillars, shrunken fibrous bud-like 
small uvula, narrowed isthmus, restricted tongue movement, 
diffuse papillary atrophy, palpable circular fibrous band 
around the entire mouth, obliquity of  rima oris, vermilion 
border atrophy
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.       Table 6.1 Summary of  features used by authors in their classification systems

Authors Clinical signs Clinical symptoms Histopathological features

1. Desa (1957) ✔ ✔ ❌

2. Pindborg and Sirsat (1966) ❌ ❌ ✔

3. Wahi and Kapur et al. (1966) ✔ ✔ ❌

4. Ahuja and Agarwal (1971) ✔ ❌ ❌

5. Bhatt and Dholakia (1977) ✔ ✔ ❌

6. Gupta and Golhar (1980) ✔ ✔ ❌

7. Warnakulasuriya (1987) ✔ ✔ ❌

8. Pindborg (1989) ✔ ✔ ❌

9. Katharia et al. (1992) ✔ ✔ ❌

10. Bailoor (1993) ✔ ✔ ❌

11. Racher (1993) ✔ ✔ ❌

12. Khanna and Andrade (1995) ✔ ✔ ✔

13. Lai et al (1995) ✔ ❌ ❌

14. Maher et al. (1996) ✔ ❌ ❌

15. Haider (2000) ✔ ❌ ❌

16. Ranganathan et al. (2001) ✔ ✔ ❌

17. Rajendran (2003) ✔ ✔ ❌

18.Utsonumiya et al. (2005) ❌ ❌ ✔

19. Bose and Balan (2007) ✔ ✔ ❌

20. Kumar et al. (2007) ✔ ❌ ✔

21. Mehrotra et al. (2009) ✔ ✔ ❌

22. More et al. (2011) ✔ ✔ ❌

23. Kerr et al. (2011) ✔ ✔ ✔

24. Patil and Maheshwari (2014) ✔ ❌ ❌

25. Arakeri et al. (2018) ✔ ✔ ✔

Malignant transformation (M)

M0: No signs of malignant transformation

MX: Malignant transformation cannot be assessed due to severe 
trismus

MQ: Lesion in question

MP: Associated potentially malignant disorder

M1: Histopathological evidence of dysplasia

M1a: Low grade

M1b: High grade

M2: Histopathological evidence of malignant transformation

TFM staging of oral submucous fibrosis

Stages                    TFM classification

Stage 1 (medical therapy):        T0-2/ E0-E2 or F1-2, M0,1a

Stage 2 (surgical therapy):        T2-3/E2-E3 or F3-4, M0,1b

Stage 3 (neoplastic disease therapy):  Any T, F1-4, M2

 Summary
As discussed, vide supra, each classification is based on 
a premise which is unique to the aspect being studied 
in OSF. The features are summarised in . Table 6.1
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6.3  Conclusion and Recommendations

There are many classification systems that have been 
suggested [5, 10, 23, 26–29]. Four of the systems recom-
mend using both clinical and histopathological features 
to classify the disease [13, 21, 24, 26]. The classification 
by Pindborg and Sirsat [2] is the widely accepted his-
topathological classification. Khanna and Andrade’s 
[14] classification system includes both clinical and his-
topathological features and is often used by clinicians. 
The Fifth World Workshop on Oral Medicine discussed 
the published studies and emphasised the need for a sys-
tem that could assess the clinical severity and be used in 
clinical trials. OSF has a spectrum of features that segue 
without distinct demarcation as the disease progresses. 
This makes it difficult to have a classification system that 
is unambiguous and mutually exclusive. Consequently, 
the classification system chosen will depend on the vari-
ables being studied.
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7.1  Introduction

Oral potentially malignant disorders (OPMDs) include 
a variety of lesions and conditions with different aeti-
ologies and clinicopathological presentations, but all 
share an increased risk of malignant transformation [1]. 
One of the most prevalent OPMDs is oral submucous 
fibrosis (OSF), which is a relatively widespread disorder 
in Southeast Asia and in the Pacific [2, 3].

Several chapters in this textbook have addressed sig-
nificant aspects of this disorder such as epidemiology, aeti-
ology, pathogenesis, clinical and histopathological features, 
staging, and predictive and prognostic biomarkers. This 
chapter aims to provide an updated review of the malig-
nant transformation potential of oral submucous fibrosis.

Paymaster, in 1956, first described the potential 
malignant nature of  OSF among a cohort of  650 
patients [4]. Since then, many reports have been pub-
lished to describe the malignant transformation rate of 
OSF, with estimations ranging from 1.2% to 9.1% [3]. 
However, these reports are associated with a very high 
level of  heterogeneity and a relatively low quality [3, 5], 
which may indicate that the actual number is underesti-
mated. A recent meta-analysis published in a special 
issue by the WHO Collaborating Centre for Oral 
Cancer on OPMDs revealed that the pooled ratio of 
malignant transformation among patients with OSF is 

4.6%, and the annual malignant transformation rate is 
0.73% [3].

 n Learning Goals
 5 Provide a global estimation of the malignant trans-

formation rate of oral submucous fibrosis.
 5 Discuss the related literature in detail and highlight 

the major outcomes of each individual study.
 5 Explain the demographic, pathological, and molec-

ular factors contributing to the malignant transfor-
mation of oral submucous fibrosis.

7.2  Insight into the Literature

An extensive search of the literature was conducted 
through various databases (Web of Science, MEDLINE 
by PubMed, Embase, Scopus) for the period from 1952 
to October 2021 using special MeSH terms [3] to find 
relevant studies that documented the rate and/or risk of 
malignant transformation of OSF.  The search revealed 
611 papers, which were screened. Of these, 14 papers 
underwent further assessment. Of these papers, nine 
reported the malignant transformation rate of OSF 
[6–14] (. Table 7.1), while the others were either cross- 
sectional or case-control without further details to assess 
the malignant transformation rate [15–19] (. Table 7.2).

.       Table 7.1 General description of  relevant studies about the malignant transformation rate and/or risk of  OSF

Authors/
year

Coun-
try

Design Total (N)
M:F

Mean age 
(years)

MT 
(N)

Over-
all MT 
ratio

Annual 
MT 
rate

Follow-
up 
(years)

General description/main 
findings

Jian et 
al. 2021 
[14]

China Pro-
spective

567 – 32 5.6% – – An institutional prospective 
study reported from Hunan 
province in China. All OSF 
cases were among areca nut 
chewers. Patients with 
verrucopapillary lesions or 
leukoplakia had higher 
transformation

Chiang 
et al. 
2020 [13]

Tai-
wan

Pro-
spective

87 – 4 4.6% 0.69% 6.7 To assess the MT rate among 
a group of OPMDs. The 
independent risk factor for the 
MT of OPMDs was heavy 
betel quid chewing. No data 
were specifically provided for 
OSF

Chuang 
et al. 
2018 [12]

Tai-
wan

Pro-
spective

2333
No 
females

– 114 4.8% 0.86% 5.7 To assess the MT rate among 
OPMDs and identify risk 
factors. The estimated annual 
malignant risk per 1000 was 
8.9 for OSF with betel nut 
chewing. The risk of OSF MT 
was higher among patients 
aged more than 50 years
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       . Table 7.1 (continued)

Authors/
year

Coun-
try

Design Total (N)
M:F

Mean age 
(years)

MT 
(N)

Over-
all MT 
ratio

Annual 
MT 
rate

Follow-
up 
(years)

General description/main 
findings

Yang et 
al. 2017 
[11]

Tai-
wan

Retro-
spective

778
678:100

41.8 ± 11.7 71 9.1% 1.4% 6.5 To investigate the MT rate 
of OSF. Patients with OSF 
are associated with a 
significantly higher risk of 
MT than controls. OLK 
enhances the MT potential 
when combined with 
OSF. This risk of MT was 
higher among the males in 
comparison to the females

Chour-
asia et 
al., 2015 
[10]

India Retro-
spective

119
88:31

33.8 5 4.2% – – The incidence of oral cancer 
concomitant with OSF was 
25.77%. The authors 
concluded that the 
malignant potential of OSF 
is underestimated

Wang et 
al. 2014 
[9]

Tai-
wan

Retro-
spective

1180
1091:89

44.69 ± 12.43 46 3.9% – – To assess the MT risk 
among a group of OPMDs. 
Risk factors were not 
identified for individual OSF 
cases. 88.43% and 86.2% of 
OSF cases were associated 
with betel quid and 
smoking, respectively

Hazarey 
et al. 
2007 [8]

India Retro-
spective

1000
830: 170

M 
27.60 ± 9.58
F 
34.78 ± 12.21

33 3.3% 0.66% 5 OSF MT was significantly 
associated with increased 
frequency of betel quid 
chewing and smoking. The 
majority of the malignant 
transformed cases were 
diagnosed as OSCC, 28 out 
of 33 cases

Hsue et 
al. 2007 
[7]

Tai-
wan

Pro-
spective

439 – 10 2.3% 0.63% 3.6 To assess the rate of OSF 
MT. The mean time of MT 
was shorter for cases with 
epithelial dysplasia; however, 
it was not significant

Murti et 
al. 1985 
[6]

India Pro-
spective

66 – 5 7.6% 0.76% 10a To assess the OSF MT rate. 
All transformed cases were 
in women who had habits of 
chewing tobacco and areca 
nut with betel leaves and 
lime

Total (studies that 
assessed the OSF 
MT rate)

6569 – 320 (4.87%) 0.84% 6.25

M male, F female, MT malignant transformation, OLK oral leukoplakia, OLP oral lichen planus, OSCC oral squamous cell carci-
noma
a Median follow up period
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The geographic distribution of the reported studies 
is consistent with the global distribution of OSF, as 
almost all cases were reported in India and Southeast 
Asia [20]. Of these studies, six were conducted in India 
[6, 8, 10, 15, 16, 21] and Taiwan [7, 9, 11–13, 17], fol-
lowed by two studies in Mainland China [14, 19] and 
one study in Pakistan [18].

7.3  Malignant Transformation Rate among 
OSF Patients

Iocca et al., in 2019, conducted a systematic review and 
meta-analysis to assess the malignant transformation 
rate among a group of OPMDs [5]. They found that 
out of 3986 OSF patients, 194 patients exhibited malig-
nant transformation (4.8%) [5]. A comparable result was 
reported in a more recent meta-analysis by Kujan et al. 
in 2021: out of 6337 OSF patients, 292 patients under-
went malignant transformation (4.6%), with an annual 
malignant transformation rate of 0.73% [3].

In India, the malignant transformation rate of  OSF 
ranges from 3.3% to 7.6% [6, 8, 10], while studies from 
Mainland China and Taiwan reveal a malignant trans-

formation rate between 2.3% and 9.1% [7, 9, 11–14]. 
Previous subgroup analysis showed no significant dif-
ference in the malignant transformation rate between 
“Mainland China and Taiwan” and India, at 4.9% and 
3.5%, respectively [3]. Likewise, adjusted odds ratios 
did not report a significant difference between 
Mainland China and Taiwan [22]. Based on our litera-
ture search, we did not find epidemiological informa-
tion about the malignant transformation rate of  OSF 
in Vietnam, Pakistan, Thailand, Bangladesh, Sri 
Lanka, or Nepal.

The malignant potential of OSF is higher or compa-
rable to other OPMDs, such as oral leukoplakia and 
oral lichenoid lesions; hence, OSF is considered a condi-
tion with significant morbidity and mortality rates [5, 
23]. However, the malignant transformation potential 
of OSF has gained less attention among researchers 
because the literature includes only two meta-analyses 
in this area [3, 5], in comparison to many studies assess-
ing the malignant transformation of other OPMDs. In 
addition, studies that report malignant transformation 
of OSF cases are associated with high heterogeneity and 
low methodological quality [3, 5]. We believe that the 
reported number of OSF cases in general, and malig-

.       Table 7.2 Cross-sectional studies with no information on MT

Authors/year Coun-
try

Design Total (N)
M:F

Mean age 
(years)

General description/main findings

Srivastava et 
al. 2020 [15]

India Cross-
sec-
tional

2150
1865:285

Not specified To assess the prevalence of OPMDs and oral cancers. The 
major risk factors were tobacco and areca nut, with or 
without tobacco. The malignant transformation rate of OSF 
was not assessed

Rangaswamy 
et al. 2019 
[16]

India Pro-
spective 
case 
series

30
23: 7

44.5 To describe the features of oral carcinomas in the back-
ground of OSF. No controls. OSF-related carcinomas have 
distinct clinical presentations The malignant transformation 
rate of OSF was not assessed

Wang et al. 
2018 [17]

Tai-
wan

Retro-
spective

181 Not specified The aim was to study the MT of OLK alone and OLK with 
other oral lesions. No data was specified for OSF alone. 
Patients with both OSF and OLK had 58 more risks for 
MT. The malignant transformation rate of OSF was not 
assessed

Mohiuddin 
et al. 2016 
[18]

Paki-
stan

Cross-
sec-
tional

765 OSF
472 
OSF-OSCC

Not specified To assess the risk of MT of OSF. 48.3% of transformed 
cases were related to betel quid with tobacco. The malignant 
transformation rate of OSF was not assessed

Zhou et al. 
2008 [19]

China Case-
control

40 OSF
42 OSF-
OSCC

(OSF-OSCC 
45)
(OSF 38)

To assess the risk of OSF MT. Odds ratios were older age 
12.59, duration of chewing 10.15, smoking 7, OSF with OLK 
or OLP 8.04. The malignant transformation rate of OSF was 
not assessed

M male, F female, MT malignant transformation, OLK oral leukoplakia, OLP oral lichen planus, OSCC oral squamous cell carci-
noma
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nant transformation cases in particular, might be much 
lower than the real situation.

In India, for example, a recent, nationally representa-
tive study in 2021 estimated that the number of areca 
nut users is more than 223 million people, and the 
 majority of them consume areca nut with tobacco [24]. 
At the same time, the International Agency for Research 
on Cancer revealed that more than 35% of global oral 
and lip cancer cases are in India [25]. This is much higher 
than in China, including Taiwan (7.9%), although the 
population in both countries is comparable—around 1.4 
billion [26]. Nonetheless, the literature includes only 
three Indian studies that assessed the malignant trans-
formation rate among cohorts of 3500 OSF patients [6, 
8, 10].

We found that the global malignant transformation 
rate of OSF among nine studies including 6569 OSF 
patients was 4.87% with an annual malignant transfor-
mation rate of 0.84%. Of these studies, five studies were 
retrospective while the other four were prospective as 
shown in . Table 7.1. The follow-up time ranged from 3 
to 10 years with a mean follow-up time of 6.25 years. The 
age and gender of OSF patients undergoing malignant 
transformation were only mentioned in one study by 
Murti et al. [6] The specific descriptions of the included 
studies with a brief outcome are presented below:

Murti et al. [6] followed up 66 Indian patients with 
OSF for 17 years with a median observation of 10 years. 
Patients were diagnosed clinically and followed up annu-
ally to detect any malignant transformation changes. 
The authors mentioned that surgical biopsies were per-
formed according to the patient’s consent; however, it 
was not clear how many patients underwent surgical 
biopsies during the follow-up time. At the end of the 
observation period, a malignant transformation of OSF 
lesions was detected among five female patients aged 
between 48 and 81 years (average age 64.6 years), giving 
a malignant transformation rate of 7.6%. The time 
between the initial diagnosis of OSF and the malignant 
transformation ranged between 3 and 16  years. All 
patients with malignant transformation had the habit of 
chewing areca nut with betel leaves and lime and with or 
without tobacco.

Hsue et al. [7] followed up a cohort of 1458 Taiwanese 
patients with various OPMDs including 439 patients 
with OSF.  The patients were followed up for over 
10 years, while the mean follow-up time was 42.6 months 
(3.5 years). Of the patients with OSF, eight cases pro-
gressed to carcinoma (2.3%), and two of them were 
associated with epithelial dysplasia. The mean duration 
of malignant transformation of the OSF patients with 

and without epithelial dysplasia was 40  months 
(3.3  years) and 52.3  months (4.4  years), respectively. 
However, this difference was not significant.

Hazarey et  al. [8] carried out a retrospective 
hospital- based study among a cohort of  1000 Indian 
patients with OSF, 830 males, and 170 females. Clinical 
diagnosis of  OSF patients was confirmed by surgical 
biopsies among a subgroup of  cases; however, the num-
ber of  these cases is unknown. Of the OSF patients, 33 
cases (3.3%) transformed to malignancy; most of  the 
malignant cases (28 cases) were diagnosed as OSCCs, 
while the remaining five cases were diagnosed as ver-
rucous carcinomas. The gender and age of  the malig-
nant transformed cases were not mentioned; however, 
the authors reported significant associations between 
the malignant transformation of  OSF cases and the 
frequency and duration of  smoking and betel quid/
tobacco chewing.

Zhou et  al. [19] conducted a case-control study 
among a cohort of 82 Chinese patients (40 with OSCC 
at the background of OSF and 40 with OSF as controls) 
to assess the risk factors of OSF malignant transforma-
tion. The vast majority of the included subjects were 
males (97.6%). The mean age of patients in the OSF- 
OSCC group and OSF control group was 45 years and 
38 years, respectively. The most common site of carci-
noma involvement was the tongue (61.9%), followed by 
the buccal mucosa (28.6%) and the gingiva (9.5%). The 
authors reported significant associations between the 
malignant transformation of OSF and patient age 
(p = 0.001, OR 12.59), duration of betel quid chewing 
(p  =  0.008, OR 10.15), duration of cigarette smoking 
(p = 0.025, OR 7), and concomitant presentations with 
oral leukoplakia or oral lichen planus (p = 0.019, OR 
8.04).

Wang et  al. [9] performed a retrospective study 
among a cohort of 5071 Taiwanese patients with 
OPMDs; all cases were associated with histopathologi-
cal assessments. Of these, 1180 patients were diagnosed 
with OSF (994 OSF cases without epithelial dysplasia 
and 186 OSF cases with epithelial dysplasia). The mean 
age of patients at the time of diagnosis was 
44.7  ±  12.4  years for OSF patients without dysplasia 
and 47.7 ± 11.8 years for OSF patients with epithelial 
dysplasia. Of all OSF cases, the malignant transforma-
tion was reported in 46/1180 cases (3.9%); 40 cases of 
them were diagnosed as OSCCs, and 6 cases were diag-
nosed as verrucous carcinomas. The rate of the malig-
nant transformation was higher among OSF patients 
with epithelial dysplasia than OSF cases without epithe-
lial dysplasia, 4.8% vs. 3.7%. The mean duration of the 
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malignant transformation was higher for OSF patients 
with epithelial dysplasia (3.6  years) in comparison to 
those without epithelial dysplasia (3.12 years). Although 
the authors found that the malignant transformation of 
OPMDs is statistically significantly associated with 
patients aged more than 45 years (p = 0.03) and male 
patients (p = 0.001), no data were provided specifically 
for OSF.

Chourasia et  al. [10], conducted a retrospective 
study among a cohort of  344 Indian patients (225 
patients with OSCC and 119 patients with OSF) to 
assess the incidence of  OSCC arising secondary to 
OSF as well as the associated risk factors. Of  the OSF 
patients, there were 88 males and 31 females; more 
than 97% of  them had the habit of  areca nut/tobacco 
chewing. Five OSF patients progressed to carcinoma, 
giving a malignant transformation rate of  4.2%. 
However, the mean duration taken for malignant 
transformation was not specified. The incidence of  the 
concomitant presentations of  OSCC with OSF was 
statistically significant (p < 0.05), and it was reported 
in 25.7% of  the OSCC cases.

Mohiuddin et  al. [18] carried out a cross-sectional 
multicentre study among Pakistani patients diagnosed 
with OSCC and/or OSF between 2004 and 2012 with a 
major aim to identify the risk factors for the malignant 
transformation of OSF. The malignant transformation 
rate of OSF was not assessed in this study. However, a 
statically significant association between various chew-
ing habits and OSF malignant transformation was 
reported, p = 0.001.

Yang et al. [11] performed a retrospective study to 
assess the malignant transformation rate of  OSF 
among Taiwanese patients. Data were retrieved from 
Taiwan’s National Health Insurance Research Database 
and included 778 OSF patients in addition to a control 
group of  43,568 non-OSF individuals. OSF patients 
were predominantly males (87.1%), while the mean age 
of  patients was 41.8  ±  11.7  years. The hazard ratios 
(HRs) were calculated to assess the OSF-associated 
risk of  malignancy. The malignant transformation rate 
among the OSF patients was higher than that of  the 
control group, 9.1% and 0.3%, respectively. The mean 
duration of  the malignant transformation was 2.5 years 
for the OSF patients and 5.1 years for the controls. The 
authors concluded that OSF patients were associated 
with a higher risk of  malignancy in comparison to the 
control group (adjusted HR: 29.3; 95% CI: 20.5–41.7). 
The risk of  malignancy was higher among the male 
OSF patients in comparison to the female OSF patients 
(adjusted HR: 14.5; 95% CI: 3.6–58.6). To further 
stratify the risk of  malignancy among OSF patients, 
the authors reported that the concomitant presence of 
oral leukoplakia increased the malignant transforma-

tion risk by up to 52.5 times in comparison to the non-
OSF patients.

Wang et  al. [17] conducted a retrospective study 
among a cohort of 11,898 Taiwanese patients with oral 
leukoplakia. Although this study aimed mainly to assess 
the malignant transformation risk of oral leukoplakia, 
the possible synergistic effects between oral leukoplakia 
and OSF in the malignant transformation were anal-
ysed. The authors reported that OSF enhances the 
malignant transformation of oral leukoplakia and 
increases the risk of malignancy: adjusted HR 27.1 (95% 
CI: 18.9–38.6) for oral leukoplakia alone in comparison 
to controls and adjusted HR 53.4 (95% CI: 34.6–98.5) 
for oral leukoplakia and OSF in comparison to the con-
trols. However, the mean duration of the malignant 
transformation was lower for the cases of oral leukopla-
kia alone than the cases with oral leukoplakia and OSF, 
1.8 years and 2.6 years, respectively.

Chuang et  al. [12] performed a prospective study 
with an average follow-up time of 5.7 years for a cohort 
of 8501 Taiwanese patients with OPMDs. Of these, 
there were 2333 OSF patients and all of them were 
males. The malignant transformation rate among the 
OSF patients was 4.9%. The estimated annual malig-
nant transformation risk per 1000 person-years for OSF 
betel nut chewing was 8.9. This risk was higher for OSF 
patients with alcohol-drinking habits, 10.0 per 1000. 
OSF patients aged between 50 and 69 years were associ-
ated with a higher annual malignant transformation risk 
(10.2 per 1000) in comparison to patients in other age 
groups.

Rangaswamy et al. [16] performed a prospective case 
series to describe 30 cases of OSCC in the background 
of OSF related to Indian patients. The mean age of 
patients was 44.5 years. More than four-quarters of the 
cases were associated with males, and more than 73% of 
the cases were linked to a previous history of gutkha 
usage.

Chiang et  al. [13] retrospectively assessed 555 
Taiwanese patients with OPMDs for a mean follow-up 
period of 6.7  years. Out of the 87 OSF cases in this 
cohort, four patients developed malignancy (4.6%). The 
duration of the malignant transformation ranged 
between 6 and 60 months. Heavy betel quid chewing was 
reported as a significant independent risk for the malig-
nant transformation of OPMDs; however, no specific 
data were provided for OSF alone.

Srivastava et  al. [15] conducted a cross-sectional 
descriptive study to assess the prevalence of OPMDs 
among 3735 Indian patients with oral lesions. A group 
of 9060 healthy subjects without a history of oral lesions 
were included as a control group. Of the OPMDs group, 
2150 patients were diagnosed with OSF. The OSF malig-
nant transformation rate was not assessed in this study; 
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however, the authors concluded that betel quid chewing, 
with or without tobacco, is the major risk factor for 
OPMDs and oral cancers.

Jian et  al. [14] reported a prospective study con-
ducted in a single institution in Hunan province in 
China. Among 567 patients enrolled from 1986 to 2017 
and diagnosed with OSF, 32 cases transformed into 
OSCC (32/567, 5.6%). In 1 patient (3%), the malignant 
transformation was observed 24  years after the initial 
diagnosis. The presence of oral leukoplakia increased 
the rate of malignant transformation.

7.4  Epithelial Dysplasia and OSF

The presence of epithelial dysplasia increases the malig-
nant transformation risk among OPMDs in general 
[27] and OSF in particular [3, 28–30]. However, among 
the studies that assessed the malignant transformation 
rate of OSF, we found that only two studies included 
the presence or absence of epithelial dysplasia in their 
cohorts [7, 9]. None of these studies differentiated 
between the grades of dysplasia. This may be attributed 
to the classic presumption that fibrosis in OSF starves 
the tissue and reduces epithelial thickness as a result 
of blood vessel construction, which in turn reduces the 
probability of epithelial dysplasia [29]. However, a more 
logical presumption hypothesizes that the reduction of 
blood supply would lead to the accumulation of carcin-
ogens in the epithelium for a longer time, which in turn 
would increase the genotoxicities of these carcinogens 
and stimulate epithelial changes and malignant trans-
formation [29].

In 2011, Jayasooriya et al. documented a significant 
increase in the incidence of epithelial dysplasia as the 
fibrosis thickness increased (p = 0.004), and at the same 
time found that OSF cases with moderate epithelial dys-
plasia had a significantly thicker fibrous layer than cases 
with mild epithelial dysplasia (p  <  0.005) [28]. On the 
contrary, another study showed that neither the fibrosis 
thickness nor the grade of epithelial dysplasia is related 
to each other [31]. In this respect, it is worth noting that 
in 2021, Sanjai [32] noted that using the WHO grading 
system of epithelial dysplasia is not possible with all 
OSF cases, as some features of atypia are not discernible 
[33]. Instead, the author recommended using the binary 
system for grading epithelial dysplasia of Kujan et al. 
[34], with some modifications relevant to OSF [32].

Epithelial dysplasia has been reported in 2.5–43% of 
OSF cases in various studies [7, 9, 28, 35]. The meta- 
analysis by Kujan et  al. determined that out of 414 
patients with OSF and oral leukoplakia or epithelial 
dysplasia, 40 patients exhibited malignant transforma-
tion (9.7%), in comparison to 78 out of 1963 OSF 

patients without epithelial dysplasia or oral leukoplakia 
(4%), p < 0.005 [3].

7.5  Potential Risk Factors of Malignant 
Transformation among OSF Patients

7.5.1  Areca Nut Usage as a Major 
Carcinogen

The significance of this disorder is seen from the global 
epidemiology of areca nut usage, where it is estimated 
that this substance is regularly consumed by approxi-
mately 600 million people worldwide [36]. However, 
there are challenges in documenting areca nut usage and 
its role in malignant transformation in OSF because the 
areca nut is usually wrapped in the leaf of Piper betle 
and masticated in combination with a huge range of 
additives, including tobacco [37, 38]. These additives 
vary between countries, communities, and individuals, 
to a level that may not be easy to qualify.

It is well established that areca nut is the major etio-
logical factor for OSF [39, 40]. In 2004, the International 
Agency for Research on Cancer Monographs declared 
areca nut and betel quid as a “group one carcinogen” 
[40]. This means that there is enough evidence to con-
clude that it can cause cancer in humans. Areca nut is 
consumed either alone or as betel quid, where the latter 
refers to any chewing materials that contain areca nut 
besides a wide range of additives [38]. One of the sig-
nificant pathways for carcinogenesis in subjects chewing 
area nut is oxidative DNA damage [41, 42]. This is sup-
ported by statistically significant serum uric acid values 
in OSF patients compared to controls [43].

While it has been estimated that the risk of malig-
nancy is 35-fold higher among those who smoke and 
drink alcohol, a report shows that this risk jumps to be 
123-fold among those who smoke and drink alcohol 
besides chewing betel quid [44]. A previous retrospective 
study revealed that 68% of women with buccal cancer 
and 84% of women with tongue cancer are non-smokers 
and only chew betel quid [45]. According to that study, 
the elimination of chewing habits would substantially 
reduce this risk of malignancy by up to 91% [45].

In general, areca nut can contribute to malignant 
transformation through two major pathways: alkaloids 
and trace elements. Four major alkaloids have been 
specified in areca nut: arecoline, guvacine, arecaidine, 
and guvacoline. Of these, arecoline (1,2,4,5-tetrahydro- 
1-methyl-pyridine carboxylic acid) is the most potent, as 
it has cytotoxic and genotoxic properties on oral muco-
sal fibroblasts and keratinocytes. A dose-dependent 
effect of arecoline in inhibiting gingival fibroblast 
attachment and migration in vivo was documented [46]. 
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Furthermore, collagen synthesis was significantly inhib-
ited by the action of arecoline [46]. A previous study to 
identify a possible mechanism of arecoline-induced car-
cinogenesis found that arecoline downregulated p21 and 
p27 through the reactive oxygen species/mTOR complex 
1 and facilitated G [1]/S transition of the cell cycle, 
which subsequently led to error-prone DNA replication 
[47]. Another animal study found that chronic exposure 
to arecoline downregulates tumour suppressor genes 
BRCA1 and BRCA2 and increases the risk of cancer 
formation [48].

On the other hand, a high copper concentration in 
the areca nut could play a potential role in the malignant 
transformation of OSF.  A previous study reported a 
higher mean salivary copper level in OSF than oral leu-
koplakia and oral lichen planus [49]. Another study 
found a significant increase in serum copper level among 
patients with OSF and oral cancers in comparison to 
normal controls [50]. Likewise, it has been reported that 
the level of serum copper increased gradually from OSF 
to oral cancer as the duration of areca nut consumption 
increased [51]. The high copper content of areca nut has 
been shown to stimulate tumour angiogenesis by acti-
vating several angiogenic molecules, such as vascular 
endothelial growth factor (VEGF), tumour necrosis 
factor-α (TNF-α), and interleukin-1 (IL-1) [52].

7.6  Pathological Mechanisms 
of the Malignant Transformation 
of OSF

Although the potential of malignancy of OSF was first 
described in 1956 [4], the pathological mechanisms impli-
cated have yet to be elucidated. However, the pathogen-
esis of this disease is believed to be multifactorial, where 
numerous pathways and molecules are implicated. These 
pathways are among the hallmarks of cancer, namely 
hypoxia, angiogenesis, alterations in the cell cycle, and 
epithelial-mesenchymal transition [52–54].

7.6.1  Hypoxia

It is widely accepted that connective tissue fibrosis, as 
a characteristic pathological feature for OSF, i.e. nar-
row blood vessels, further results in compromised blood 
supply and lesional hypoxia. Therefore, several previous 
reports have highlighted the possible role of hypoxia in 
the malignant transformation of OSF [55]. Hypoxia- 
inducible factor 1α (HIF-1α), a known transcription 
factor induced by hypoxic conditions, is significantly 
upregulated at both the protein and mRNA levels in 
OSF cases with epithelial dysplasia [35]. Therefore, 

HIF-1α was proposed for use as a marker of malignant 
transformation in OSF cases [35]. Moreover, a previ-
ous study by Jayasooriya et al. in 2011 revealed that the 
severity of epithelial dysplasia grade was significantly 
associated with the thickness of fibrosis in OSF cases 
[28]. This finding was attributed to the advancement of 
fibrosis in OSF, which reduces local vascularity, result-
ing in hypoxia, and in turn increases the incidence and 
the grade of epithelial dysplasia [28]. Based on these 
findings, Ye et al. proposed using hyperbaric oxygen as 
a supplementary therapy to treat OSF, as it can increase 
oxygen tension at the cellular level and reduce the 
expression of HIF-1α at the molecular level [56].

7.6.2  Angiogenesis

In environments with reduced oxygen concentrations, 
HIF-1α activates several hypoxia-related genes and 
upregulates VEGF, which in turn promotes angiogen-
esis in an attempt to compensate for the oxygen reduc-
tion [57]. However, once the malignant process begins, 
angiogenesis promotes malignant proliferation by caus-
ing normally quiescent vasculature to continue grow-
ing to assist growing neoplastic mass [58]. A previous 
study in 2014 performed computer-aided quantification 
of immunohistochemical images and proposed using 
HIF-1α as a strong screening marker of OSF and VEGF 
for risk stratification [59].

7.6.3  Alterations in Cell Cycle

Proliferating cell nuclear antigen (PCNA) acts as a cen-
tral coordinator of DNA transactions involved in DNA 
replication, repair, chromatin dynamics, and cell cycle 
regulation [60]. PCNA is used to assess proliferative 
activities and is known to be highly expressed in malig-
nancies. However, several previous reports revealed a 
significantly higher expression of PCNA in OSF cases 
than in normal tissues, in addition to a significant 
increase of PCNA expression in dysplastic OSF cases in 
comparison with non-dysplastic OSF [60].

7.6.4  Epithelial-Mesenchymal Transition

Epithelial-mesenchymal transition (EMT) is a com-
plex biological process in which polarized epithelial 
cells undergo multiple biochemical changes to gain the 
migratory and invasive properties of  mesenchymal stem 
cells [61]. The most characteristic feature associated 
with EMT is the loss of  E-cadherin expression [61]. 
E-cadherin is considered an important tumour suppres-
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sor gene that is localized on the surfaces of  epithelial 
cells and responsible for adherens junctions [62]. The 
reduction of  E-cadherin expression has been correlated 
with a poor OSCC prognosis in many previous stud-
ies [63]. Transcription factors such as Snail (SNAI1), 
Slug (SNAI2), and Twist, as known repressors for 
E- cadherin, are involved in the pathogenesis of  areca 
nut-related OSF. In a recent study (2021), the authors 
found that the expressions of  Snail and Twist were sig-
nificantly higher in OSF than in normal tissues. This 
association was concomitant with a significant loss of 
E-cadherin  expressions among OSF with dysplasia [64]. 
This suggests a possible role for this mechanism in the 
malignant transformation of  OSF [64]. Another study 
revealed that Twist transcript and protein expression 
were higher in areca nut-associated OSF than in nor-
mal tissues [65]. A previous in vivo experiment reported 
that treatment of  human primary buccal mucosal fibro-
blasts with arecoline increased the Twist expression 
transcript and protein levels in a dose-dependent man-
ner, while this phenomenon was reversed by knocking 
down Twist [65].

7.7  Prognosis of OSF Malignant 
Transformation

OSF is not only a condition with high morbidity and 
mortality rates; it is believed that OSF-associated malig-
nancy represents a distinctive clinicopathological, mor-
phological, and histological disease [66]. This has been 
attributed to the distinct biochemical mechanisms of 
the areca nut [52]. Many studies have shown that OSF- 
associated malignancy has a younger age of onset than 
other non-OSF-associated malignancies [16, 66–68]. 
Moreover, OSF-associated malignancy was associated 
with more aggressive pathological behaviours, although 
this association was not significant [67]. The metasta-
sis and recurrence rates of OSF-associated malignancy 
were 13.5% and 39.1%, respectively, while these rates 
were lower in non-OSF-associated malignancies, 7.6% 
and 27.8% [67]. On the contrary, other studies found that 
regional lymph node metastasis and 3-year disease- free 
survival were significantly higher in non-OSF- related 
malignancies compared to OSF-associated malignancies 
[66, 68]. This was attributed to the potential protective 
effect of fibrosis in OSF, where collagen with abnormal 
cross-linking may resist the invasion process. This can 
also be explained by the ability of fibrosis to reduce and 
block submucosal lymphatics [66, 68]. Nonetheless, the 
current evidence is insufficient to support these supposi-
tions.

Regarding the histopathological features, it has been 
reported that OSF-associated malignancies are signifi-

cantly associated with a better grade of tumour differen-
tiation, i.e. well-differentiated squamous cell carcinoma. 
In contrast, non-OSF-related malignancies were signifi-
cantly associated with moderate- and low-differentiated 
squamous cell carcinoma [66].

One study found that OSF patients with reduced 
mouth opening presented with a more advanced tumour 
stage [16, 69]. Although the evidence is not strong 
enough to support this association, this can be attrib-
uted to the difficulty of earlier diagnosis among patients 
with limited mouth opening.

7.8  Conclusion

OSF is a widespread condition with very limited pub-
lished data on malignant transformation. While there 
is reason to suggest that the malignant transformation 
potential associated with OSF is underestimated, the cur-
rent malignant transformation rate based on our analy-
ses is around 4.87%. The risk of malignancy is increased 
substantially by the concomitant presence of oral leu-
koplakia and epithelial dysplasia with OSF. The risk of 
malignancy is directly associated with the dose and dura-
tion of areca nut chewing. There is an urgent need to 
conduct well- designed, multicentre longitudinal studies 
to further investigate the potential malignancy of OSF.

 Summary
The current evidence indicates that oral submucous 
fibrosis is associated with a malignant transformation 
rate of 4.87% while the annual malignant transforma-
tion rate is 0.84%. The risk of malignancy is directly 
linked with the concomitant presentation of oral leu-
koplakia, as well as the dose and duration of areca nut 
chewing.
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8.1  Introduction

Several factors have been previously considered as con-
tributing to the development of OSF, including chil-
ies, nutritional deficiency, and autoimmune disease 
[1]. Based on the evidence from several epidemiologi-
cal studies conducted in India, Murti et  al. published 
a review in 1995 and suggested a possible association 
between areca nut chewing and OSF [2]. Since then, evi-
dence has been emerging to strengthen this causal rela-
tionship [1, 3, 4]. Areca nut is prepared and consumed in 
many different forms around the world. Many chewers 
often simultaneously use areca nut with tobacco prod-
ucts and/or alcohol. Therefore, it is important to con-
sider synergistic effects, if  any, that may also contribute 
to the risk of developing OSF.

In this chapter, we review the literature published 
since the year 1985 that assesses the risk of develop-
ing OSF from betel quid and areca nut with or without 
added tobacco; we also examine any likely synergis-
tic effects with tobacco and/or alcohol and the dose- 
response effect.

 n Learning Goals
 5 Identify the methodological issues to assess the risk 

estimate of betel quid and areca nut chewing for 
OSF.

 5 Study the risk of developing OSF from betel quid 
and areca nut with or without added tobacco.

 5 Understand the synergistic effects from tobacco 
and/or alcohol with betel quid as well as the dose-
response effect.

 5 Explore the association between chewing frequency 
and duration with severity and malignant transfor-
mation of OSF.

8.2  A Review of Methodological Issues

It is important to understand how epidemiological evi-
dence is collected and analyzed to assess the risk esti-
mate of a substance for a specific disorder. Several study 
methods could be employed, which include a cross- 
sectional design, case-control studies, or cohort studies. 
The principles underlying these different studies are out-
lined below.

A cross-sectional study is done in a community with 
a high prevalence of betel quid and areca nut chewing. 
A community survey is conducted by using a question-
naire to collect lifestyle information and conducting 
oral mucosal examinations to evaluate disease condi-
tion among participants. Odds ratio (OR) and 95% 

confidence intervals are often presented to show the 
magnitude of risk. When the OR is computed directly 
from cross tabulation of OSF status (usually, yes vs. no) 
and behavior (say, areca nut chewing vs. not chewing), 
it is considered as an unadjusted (or crude) OR.  One 
may also compute ORs by using multiple (also called 
multivariable) logistic regression with added covariates 
to adjust for possible confounding effects from demo-
graphic characteristics or other lifestyle habits. This type 
of OR is referred to as the adjusted OR and is preferra-
ble when tobacco smoking and alcohol drinking habits 
are also included in the regression analysis.

A case-control study design is used when there is 
relatively small number of OSF patients in the commu-
nity and when there are several factors associated with 
chewing practices. The selection of controls is intended 
to balance possible demographic and associated con-
founding factors between cases and controls.

Cohort study is generally a common design in epide-
miological studies. In this design, participants are divided 
into comparison groups based on their exposure status 
at the beginning of the study. The cohort study design is 
usually employed in the intervention studies of behav-
ior changes for participants with a risk factor. In these 
studies, the primary outcome would be changes in chew-
ing behaviors, and the incidence of OSF cases is usually 
considered as the secondary outcome. Alternatively, one 
may consider a retrospective cohort study based on the 
longitudinal data collection from participants. The rate 
ratios (RR, or relative risk) can be estimated by dividing 
the rate of new incidences in exposed group compared 
with the nonexposed group. In addition, when incidence 
rates are calculated for both exposure groups, the ratio 
of the two incidence rates is referred to as incidence rate 
ratio (IRR). In some situations, when time-to-event (dis-
ease) data are recorded, the hazard ratios (HR) or haz-
ard rate ratios (HRR) are calculated to present the risk 
of chewing behavior in developing OSF.

Definition

Odds ratio (OR) is a common epidemiological mea-
sure for the association between exposure (e.g., areca 
nut chewing) and an outcome (e.g., OSF). The OR 
indicates the odds of  occurring an outcome when peo-
ple with exposure are compared to those without expo-
sure. When OR is greater than 1 (OR >1 and with 
confidence intervals greater than one), it means that 
people who use areca nut would have an increased risk 
of  OSF. When OR of  any exposure is less than 1 (OR 
<1), the chance of  occurring OSF would decrease, and 
the exposure is considered as a protective factor.
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8.3  Epidemiological Studies Contributing 
to the Evidence

Epidemiological studies provide the highest level of 
evidence to study the risk factors associated with a spe-
cific disease. Since 1985, when IARC first evaluated the 
evidence on betel quid-associated disorders [5], several 
case-control and observational studies have been pub-
lished. These reports provide updates on the knowledge 
of the risk of betel quid chewing in OSF from the stud-
ies conducted in the recent decades.

8.3.1  Risk from Betel Quid and Areca Nut 
without Added Tobacco

The potential OSF risk from chewing betel quid with-
out added tobacco has been reported from China, India, 
Pakistan, Sri Lanka, and Taiwan (. Table 8.1). There 
are five community-based studies (three observational 
and two case-control studies) and one hospital-based 
clinical study from Taiwan, and all reports support the 
evidence of developing OSF from chewing betel quid 
[6–11]. Although in Taiwan most of the betel quid chew-

.       Table 8.1 Epidemiologic studies for the association between betel quid and areca nut chewing with oral submucous fibrosis

Reference 
(publication 
year), study 
location, and 
period

Characteristic of 
cases

Characteristic of 
controls

Exposure 
categories

Odds ratio (95% 
confidence interval)

Study design; Reference 
group; adjustment for 
potential confounders

Betel quid and areca nut without added tobacco

Sinor et al. 
(1990) [16], India

60 OSF cases 
confirmed in a 
dental clinic

60 clinic-based 
without oral 
disorders

Current 
chewers

78.0 (5.7–1062.5) Design: matched 
case-control study
Reference: occasional 
chewers
Controls matched by age, 
gender, and SES
Adjustment: no, 95% CIs 
are calculated from 
Table 2

Maher et al. 
(1994) [17], 
Pakistan, 
1989–1990

157 OSF cases 
confirmed in a 
dental clinic

157 hospital- 
based without 
oral disorders

Pan
Areca nut only

32 (6–177)
154 (34–693)

Design: matched 
case-control study
Reference: former chewers
Controls matched by age, 
gender, and ethnicity
Adjusted by age and 
gender and computed by 
unconditional logistic 
regression

Yang et al. 
(2001) [6], 
Taiwan

17.6% OSF cases 
confirmed by 
dentists from a 
community 
survey of 312 
participants (119 
men, 193 women)

Rest of survey 
participants 
without OSF

Ever chewers 13.9 (0.8–231.0)a Design: cross-sectional 
study
Reference: never chewers
Adjustment: no, calculated 
from Table 3

Lee et al. (2003) 
[7], Taiwan, 
1994–1995

125 histologically 
confirmed OSF 
cases (93 men, 1 
women)

876 population 
controls (844 
men, 32 women)

Former 
chewers
Current 
chewers

12.1 (2.8–51.9)
40.7 (16.0–103.7)

Design: matched 
case-control study
Reference: never chewers
Controls matched by age, 
gender, and area
Adjusted by education and 
occupation in conditional 
logistic regression

(continued)

Lifestyle Factors



100

8

       . Table 8.1 (continued)

Reference 
(publication 
year), study 
location, and 
period

Characteristic of 
cases

Characteristic of 
controls

Exposure 
categories

Odds ratio (95% 
confidence interval)

Study design; Reference 
group; adjustment for 
potential confounders

Jacob et al. 
(2004) [13], India

170 OSF cases 
confirmed by 
dentists and 
oncologists (31 
men, 139 women)

47,773 controls 
without oral 
disorders by 
health workers

Ever chewers 
among 
nonsmokers 
and nondrink-
ers

56.2 (21.8–144.8) Design: case-control study
Reference: never chewers
Adjusted by age, gender, 
education, BMI in 
nonsmokers and 
nondrinkers

Ranganathan 
et al. (2004) [14], 
India, 2000–2003

185 histologically 
confirmed OSF 
cases (168 men, 
17 women)

185 hospital- 
based controls 
without oral 
disorders

Areca nut
Pan masala
Betel quid

3.1 (0.8–11.7)
81.5 (5.0–1341.1)
29.0 (1.7–492.2)a

Design: matched 
case-control study
Reference: no habits
Controls matched by age 
and gender
Computed by univariate 
logistic regression

Yang et al. 
(2005) [8], 
Taiwan

62 OSF cases 
patients detected 
by screening

62 controls 
without oral 
disorders

Only chewing 
habit:
Both sexes
Men
Women

4.5 (1.2–16.9)a

2.9 (0.3–29.3)a

5.6 (1.1–28.0)a

Design: stratified 
case-control study
Reference: no chewing and 
no smoking
Stratified by age/gender 
groups and computed by 
conditional logistic 
regression

Chung et al. 
(2005) [9], 
Taiwan, 
1998–1999

17 OSF cases 
detected from 
community 
survey

1075 patients 
examined

Only chewing 
habit

65.9 (3.9–999.0) Design: cross-sectional 
study
Reference: no chewing and 
no smoking
Adjusted by age and 
smoking

Ariyawardana 
et al. (2006) [18], 
Sri Lanka

74 histologically 
confirmed OSF 
cases (61 men, 13 
women)

74 hospital-based 
controls without 
oral disorders

Areca nut only
Betel quid

11.8 (0.6–217.2)a

3.1 (0.3–30.4)
Design: matched 
case-control study
Reference: no habits
Controls matched by age 
and gender
Adjusted by smoking and 
drinking and computed by 
unconditional logistic 
regression

Chen et al. 
(2006) [10], 
Taiwan, 
1994–2000

23 histologically 
confirmed OSF 
cases

23 hospital-based 
controls without 
oral disorders

Betel quid 4.2 (0.5–32.7) Design: case-control study
Reference: no habits
Adjusted by age, smoking, 
and HPV

Ahmed et al. 
(2006) [15], 
India, 2002–2004

157 histologically 
confirmed OSF 
cases

135 hospital- 
based controls 
without oral 
disorders

Pan
Pan masala
Areca nut only

41.5 (13.6–127.2)
138.2 (37.6–506.7)
172.8 (18.0–1662.5)

Design: matched 
case-control study
Reference: never chewers
Controls matched by age, 
gender, religion, and SES
Adjustment: no, calculated 
from Table 7
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       . Table 8.1 (continued)

Reference 
(publication 
year), study 
location, and 
period

Characteristic of 
cases

Characteristic of 
controls

Exposure 
categories

Odds ratio (95% 
confidence interval)

Study design; Reference 
group; adjustment for 
potential confounders

Yang et al. 
(2010) [11], 
Taiwan, 2005

89 OSF cases 
detected from 
community 
screening

2020 patients 
examined

Men Design: cross-sectional 
study
Reference: never chewers
Adjusted by age, smoking, 
and drinking

Former chewers 13.5 (3.8–46.7)

Current chewers 22.9 (7.3–71.7)

Women

Former chewers 9.3 (3.3–26.0)

Current chewers 13.0 (5.2–32.6)

Zhang et al. 
(2012) [12], 
China

24 OSF cases 
detected from 
community 
screening

2356 patients 
examined

Former 
chewers
Current 
chewers

590.3 (33.7–10329.8)a

202.3 (12.1–3392.4)a
Design: cross-sectional 
study
Reference: never chewers
Adjustment: no, calculated 
from Table 6

Betel quid and areca nut with added tobacco

Sinor et al. 
(1990) [16], India

60 OSF cases 
confirmed in a 
dental clinic

60 clinic-based 
without oral 
disorders

Current 
chewers

106.4 (13.0–870.1) Design: matched 
case-control study
Reference: occasional 
areca nut chewer
Controls matched by age, 
gender, and SES
Adjustment: no, 95% CIs 
are calculated from Table 2

Maher et al. 
(1994) [17], 
Pakistan, 
1989–1990

157 OSF cases 
confirmed in a 
dental clinic

157 hospital- 
based without 
oral disorders

Pan with 
tobacco

64 (15–274) Design: matched 
case-control study
Reference: former chewers
Controls matched by age, 
gender, and ethnicity
Adjusted by age and 
gender and computed by 
unconditional logistic 
regression

With and 
without 
tobacco 
combined:

Both sexes 94 (23–394)

Men 136 (7–2477)

Women 61 (14–262)

Hashibe et al. 
(2002) [19], 
India, 1995–1998

170 OSF cases 
confirmed by 
dentists and 
oncologists (31 
men, 139 women)

47,773 controls 
without oral 
disorders by 
health workers

With and 
without 
tobacco 
combined:

Design: case-control study
Reference: never chewers
Adjusted by age, gender, 
education, occupation, 
BMI, drinking, smoking, 
vegetable intake, and fruit 
intakeBoth sexes 44.1 (22.0–88.2)

Men 48.6 (6.5–365.4)

Women 45.1 (21.5–94.8)

Jacob et al. 
(2004) [13], India

170 OSF cases 
confirmed by 
dentists and 
oncologists (31 
men, 139 women)

47773 controls 
without oral 
disorders by 
health workers

ever chewers 
among 
non-smokers 
and non- 
drinkers

73.0 (32.9–162.2) Design: case-control study
Reference: never chewers
Adjusted by age, gender, 
education, BMI

(continued)
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       . Table 8.1 (continued)

Reference 
(publication 
year), study 
location, and 
period

Characteristic of 
cases

Characteristic of 
controls

Exposure 
categories

Odds ratio (95% 
confidence interval)

Study design; Reference 
group; adjustment for 
potential confounders

Ariyawardana 
et al. (2006) [18], 
Sri Lanka

74 histologically 
confirmed OSF 
cases (61 men, 13 
women)

74 hospital-based 
controls without 
oral disorders

Betel quid 16.2 (5.9–44.9) Design: matched 
case-control study
Reference: no habits
Controls matched by age 
and gender
Adjusted by smoking and 
drinking and computed by 
unconditional logistic 
regression

Ahmed et al. 
(2006) [15], 
India, 2002–2004

157 histologically 
confirmed OSF 
cases

135 hospital- 
based controls 
without oral 
disorders

Gutka 234.9 (74.2–743.7) Design: matched 
case-control study
Reference: never chewers
Controls matched by age, 
gender, religion, and SES
Adjustment: no, calculated 
from Table 7

Mukherjee et al. 
(2014) [20], 
India, 2012–2013

50 hospital-based 
OSF cases

100 hospital- 
based controls

Gutkha 145.4 (15.2–1397) Design: case-control study
Reference: not daily users
Adjusted by sex, age, 
alcohol, spicy foods, 
employment, and 
education

Khan et al. 
(2020) [21], India, 
2013–20147

73 hospital OSF 
cases

1007 patients with 
tobacco-related 
mucosal changes 
reviewed

Gutkha
Betel quid

17.7 (4.9–64.6)
18.6 (5.0–69.0)

Design: cross-sectional 
study
Reference: no smoking
Adjusted by smoking habit

aSince the number of  OSF patients without lifetime chewing habit is zero, one half  is used to replace zero in the computation of  odds 
ratio 

ers are also cigarette smokers, tobacco is never added to 
betel quid [6]. In areca nut-only chewers, without ciga-
rette smoking or alcohol consumption, the OR is 4.5 
(95% CI, confidence interval, 1.2–16.9) in Indigenous 
community and 65.9 times (95% CI, 3.9–999) in Han 
community for developing OSF as compared to people 
without any risk factor [8, 9]. In addition, current users 
are at higher risk than former chewers (OR, 40.7 vs. 12.1 
[7]; 22.9 vs. 13.5 in men and 13.0 vs. 9.3 in women [11]).

The betel quid chewing reported in Mainland China 
is also similar to chewers in Taiwan, in that tobacco is 
never added to the quid and most of the chewers are 
also cigarette smokers [12]. The risk of OSF in Hunan 
province among current chewers was 202.3 (OR, 95% 
CI, 12.1–3392.4) and among former chewers 590.3 (OR, 
95% CI, 33.7–10,329.8). The risk for former chewers in 
this study is much higher than current chewers. It is pos-
sible that former chewers may stop chewing due to symp-
toms experienced from OSF, which is often referred to 
as reverse causation.

One community-based and three hospital-based case-
control studies conducted in India investigated the OSF 
risk from betel quid and areca nut without added tobacco 
[13–16]. From a community-based study with 170 cases 
and 47,773 controls, ever chewers who were also non-
smokers and nondrinkers, OSF risk was 56.2 (OR, 95% 
CI, 21.8–144.8) [13]. Sinor et al. [16] reported a risk of 78.0 
(OR, 95% CI, 5.7–1062.5) in mawa chewers having inves-
tigated 60 OSF cases and 60 matched controls. A matched 
case-control study with 175 OSF cases shows a risk, among 
areca nut, pan masala, and betel quid users, of 3.1 (OR, 
95% CI, 0.8–11.7), 81.5 (OR, 95% CI, 5.0–1341.1), and 
29.0 (OR, 95% CI, 1.7–492.2), respectively [14]. The ORs 
in another matched case-control study were 41.5 (95% CI, 
13.6–127.2) for pan users, 138.2 (95% CI, 37.6–506.7) for 
pan masala users, and 172.8 (95% CI, 18.0–1662.5) for 
users of areca nut only [15]. A similar risk pattern was seen 
in a matched case-control study from Pakistan [17], with 
the reported OR for pan users being 32 (95% CI, 6–177) 
and 154 (95% CI, 34–693) for users of areca nut only.
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In Sri Lanka, OR of OSF is 3.1 (95% CI, 0.3–30.4) 
for betel quid users and 11.8 (95% CI, 0.6–217.2) for 
users of areca nut only [18]. Three studies have ORs for 
areca nut-only users [14, 15, 18], and only one had sig-
nificant OR (172.8, 95% CI, 18.0–1662.5 [15]). Users of 
betel quid without tobacco are reported to have a signifi-
cant risk of developing OSF.

8.3.2  Risk from Betel Quid and Areca Nut 
with Added Tobacco

Risk from betel quid and areca nut with added tobacco 
has been reported from India, Pakistan, and Sri Lanka 
(. Table 8.1). There are four hospital-based case- control 
studies and one community-based case-control study 
from India that reported risk factors for OSF [13, 15, 16, 
19–21]. In the community-based study, areca nut chew-

ers with and without added tobacco have an OSF risk of 
44.1 (OR, 95% CI, 22.0–88.2) [19]. Another report from 
the same study center indicated an OR of 73.0 (95% CI, 
32.9–162.2) for ever chewers who were also nonsmokers 
and nondrinkers [13]. For gutkha (which contains both 
areca nut and tobacco), the OR ranges from 17.7 (95% 
CI, 4.9–64.6) [21] to 234.9 (95% CI, 74.2–743.7) [15].

The risk of betel quid with added tobacco is 16.2 
(OR, 95% CI, 5.9–44.9) reported from Sri Lanka [18] 
and 18.6 (OR, 95% CI, 5.0–69.0) from India [21].

There are three publications [13, 15, 18], which 
investigated ORs from both types of quid. To examine 
whether betel quid with tobacco added has higher risk 
for OSF than betel quid without tobacco, random effect 
pooled OR estimates were calculated by the Review 
Manager 5.4.1 using inverse variance method as shown 
in . Fig. 8.1. The pooled OR estimate from Taiwan is 
14.2 (95% CI, 4.1–48.8). The pooled OR estimates from 

       . Fig. 8.1 Pooled estimates for studies from India and Taiwan
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       . Fig. 8.2 Pooled estimates for men and women comparison

India are 44.3 (95% CI, 16.5–118.8) for nontobacco- 
added quid and 57.5 (95% CI, 29.1–113.6) for tobacco- 
added quid. The risks estimated from ORs are higher in 
betel quid with tobacco than quid without tobacco.

The OSF risk between men and women was also 
evaluated by random-effect pooled estimates. As shown 
in . Fig. 8.2, the pooled OR was slightly higher in men 
(23.4; 95% CI, 6.6–83.2) than in women (22.7; 95% CI, 
8.6–59.7).

8.4  Tobacco, Alcohol, and Synergistic 
Effect

Users of betel quid and areca nut often simultaneously 
engage in tobacco smoking or alcohol drinking. The 
synergistic effects from smoking or drinking alcohol are 

summarized in . Table 8.2. Several studies have inves-
tigated the association between tobacco (six reports, [7, 
9, 11, 18, 21, 22]) or alcohol (three reports, [7, 18, 21]) 
and OSF (. Table 8.2). The OSF risk in chewers with 
smoking tobacco ranges from 0.7 (OR, 95% CI, 0.2–3.0) 
to 29.7 (OR, 95% CI, 3.4–259.9). Among the six studies, 
only two [7, 9] reported significant ORs for the associa-
tion between smoking and OSF. The OSF risk in chew-
ers who drank alcohol ranges from 0.9 (OR, 95% CI, 
0.2–4.3) to 2.1 (OR, 95% CI, 1.0–4.4). Two studies from 
Taiwan investigated the synergistic index for the risk of 
OSF from smoking and alcohol drinking in addition to 
chewing habit [7, 9]. The synergistic index ranges from 
1.2 to 1.6 and was not significant.

There is no strong association between only smoking 
or alcohol drinking with OSF. This is consistent with the 
fact that betel quid and areca nut chewing is the etiologi-
cal factor for OSF.
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       . Table 8.2 Epidemiologic studies for the association between smoking/drinking and synergistic effects and oral submucous 
fibrosis

Reference (publication year), study 
location, and period

Exposure 
categories

Odds ratio (95% 
Confidence Interval)

Synergistic categories Synergistic index (95% 
confidence interval)

Maher et al. (1994) [17], Pakistan, 
1989–1990

Population attribut-
able risk, PAR

98.6%

Lee et al. (2003) [7], Taiwan, 
1994–1995

Smoking Synergistic index:

Past 6.5 (1.9–22.3) Cigarette smoking 1.4 (0.4–4.7)

Current 7.0 (3.5–14.3) Alcohol drinking 1.2 (0.6–2.5)

Drinking Population- 
attributable risk, 
PAR

84.5%

Past 1.4 (0.6–3.4)

Current 1.8 (1.1–3.1)

Chung et al. (2005) [9], Taiwan, 
1998–1999

Smoking only 29.7 (3.4–259.9) Synergistic index 1.6

Ariyawardana et al. (2006) [18], 
Sri Lanka

Smoking 2.8 (0.5–14.1)

Alcohol 0.9 (0.2–4.3)

Amarasinghe et al. (2010) [22], Sri 
Lanka, 2006–2007

Daily smoker 0.7 (0.2–3.0)

Ever smoker 1.2 (0.3–5.2)

Yang et al. (2010) [11], Taiwan, 
2005

Smoking

Men

Former 5.6 (1.6–19.6)

Current 2.2 (0.9–5.3)

Women

Current 1.1 (0.3–3.3)

Drinking

Men

Current 0.7 (0.3–1.6)

Women

Current 1.0 (0.5–1.8)

Khan et al. (2020) [21], India, 
2013–2014

Smoking 0.7 (0.4–1.3)

Drinking 2.1 (1.0–4.4)
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8.5  Dose-Response Effect of Betel Quid 
and Areca Nut

The dose-response effects from daily frequency and 
duration of chewing in years are reported in ten stud-
ies [7, 8, 11, 13, 16, 17, 19, 20, 23, 24] (. Table  8.3). 
Increase in daily chewing frequency is associated with 
increased OSF risk. Majority of these dose-response 
estimates have strictly increasing trend. Studies that 
included tests for increasing trend do reveal significant 

trend effect. In terms of duration of chewing years, four 
studies report that OR estimates with increasing trend 
were only seen in women in one study [11]. A reverse 
trend was observed from two studies [13, 19].

In the investigation of dose-response effects, pre- 
specified intervals of 5 or 10 are commonly used in 
the literature. Yang et al. [11] used the receiver operat-
ing characteristic (ROC) curve with the area under the 
ROC curve (AUC) to compare the diagnostic accuracy 
between daily chewing frequency and duration and to 

       . Table 8.3 Epidemiologic studies for the dose-response relationship of  betel quid and areca nut chewing with oral submucous 
fibrosis

Reference (publication year), study location, and 
period

Exposure categories Odds ratio (95% 
confidence interval)

p-value for trend

Sinor et al. (1990) [16], India Frequency Note: ORs are calculated from 
Tables 2 and 3

Times/day

1–5 62.4 (7.4–528.5)

6–15 144.3 (17.6–1183.4)

16+ 234.0 (12.8–4261.3)

Duration

Years

1–5 66.3 (7.9–559.6)

6–10 124.8 (13.5–1154.2)

11+ 169.0 (19.2–1486.7)

Maher et al. (1994) [17], Pakistan, 1989–1990 Frequency

Times/day

1–5 84 (20–360)

6–10 246 (47–1278)

11+ 100 (19–522)

Duration

Years

1–5 72 (17–316)

6–10 137 (29–640)

11+ 109 (25–479)

Hashibe et al. (2002) [19], India, 1995–1998 Frequency

Times/day

1–20 28.9 (16.5–50.5) <0.0001

21–40 46.8 (24.3–90.2)

41+ 84.3 (32.8–216.8)

Duration

Years
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       . Table 8.3 (continued)

Reference (publication year), study location, and 
period

Exposure categories Odds ratio (95% 
confidence interval)

p-value for trend

1–20 30.8 (17.6–53.8) <0.0001

21–40 34.7 (18.6–64.5)

41+ 22.7 (9.0–57.5)

Lee et al. (2003) [7], Taiwan, 1994–1995 Frequency

Pieces/day

1–10 31.4 (11.9–82.5) <0.05

11–20 37.4 (12.6–110.4)

21+ 53.5 (16.4–174.8)

Years

1–10 30.9 (11.3–84.7) <0.05

11–20 41.9 (14.1–124.9)

21+ 39.3(11.7–131.7)

Cumulative pack–years

1–10 26.5 (10.0–70.3) <0.05

11–20 47.0 (15.8–139.8)

21+ 51.4 (16.5–159.7)

Jacob et al. (2004) [13], India Frequency

Times/day

1–10 24.6 (9.4–64.3) <0.0001

11+ 130.9 (35.6–481.5)

Duration

Years

1–10 34.4 (13.5–88.1) <0.0001

11+ 17.6 (4.18–74.3)

Yang et al. (2005) [8], Taiwan Counts/day

1–9 3.7 (0.7–18.9)

10–29 4.6 (1.2–17.8)

30+ 10.3 (2.4–44.7)

Yen et al. (2007), Taiwan, 1998–1999 Frequency

Pieces/day

1–10 1.3 (0.9–1.7)

11–20 3.9 (2.8–5.6)

21+ 6.9 (5.0–9.6)

(continued)
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       . Table 8.3 (continued)

Reference (publication year), study location, and 
period

Exposure categories Odds ratio (95% 
confidence interval)

p-value for trend

Yang et al. (2010) [11], Taiwan, 2005 Men

Counts/day

1–10 25.6 (5.5–118.3) <0.0001

11–20 27.5 (5.3–144.1)

20+ 33.5 (7.8–143.0)

Years

0–10 42.6 (8.7–207.9) <0.0001

11–20 5.0 (0.7–33.2)

20+ 25.5(7.7–84.1)

Count–years

1st tertile 40.5 (7.5–218.1) 0.0114

2nd 37.7 (7.6–187.4)

3rd 22.3 (4.0–123.2)

Women

Counts/day

1–10 6.5(1.9–22.9) 0.0029

11–20 18.9 (5.6–63.9)

20+ 17.5 (5.6–55.2)

Years

0–10 7.3 (2.0–25.8) <0.0001

11–20 8.2 (2.2–30.0)

20+ 13.9 (4.7–40.5)

Count–years

1st tertile 5.2 (1.2–23.4) 0.0143

2nd 19.2 (5.0–73.5)

3rd 16.1 (4.1–63.3)

Mehrotra et al. (2013) [24], India, 2006–2009 Dose/day

Betel quid

1–2 0.8 (0.3–1.8)

3+ 2.6 (1.1–6.4)

Pan masala

1–2 14.1 (7.5–26.5)

3+ 17.7 (9.2–34.1)

Mukherjee et al. (2014) [20], India, 2012–2013 Gutkha

2 packs/day 3.9 (0.9–18.4)

3–4 packs/day 11.8 (3.5–39.5)

5+ packs/day 89.0 (22.5–352.0)
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identify the cutoff  points in dose-response measures. 
They found that daily chewing frequency is a better 
dose-response measure than duration of chewing for 
predicting the risk of OSF. The cutoff  points for higher 
risk were as low as five for women (sensitivity = 79%, 
specificity = 83%) and two for men (sensitivity = 82%, 
specificity = 87%).

8.6  Dose-Response of Betel Quid 
and Areca Nut in Increasing Severity 
of OSF and Malignant Transformation

The clinical severity of OSF is also associated with the 
frequency and duration of using betel quid and areca 
nut. A cross-sectional study of 390 patients with mild 
(50.5%), moderate (28.2%), or severe (21.3%) OSF 
[25] found that the severity of OSF increased with fre-
quency, duration, as well as time taken for chewing a 
quid. Patients who kept the quid in the mouth for longer 
periods and swallowed the betel juice had a higher risk 
of severe OSF.

Another cross-sectional study of 765 patients exam-
ined the areca nut dose-response effect [26]. The multino-
mial logistic regression, which simultaneously estimates 
OR for severe vs. mild and moderate vs. mild, showed 
that daily frequency is associated with severity (ORs = 
1.13 and 1.56, all p-value <0.001). However, from the 
same analysis model, the effect of chewing years was not 
significantly associated with OSF severity. The cumula-
tive amount of gutkha consumption was also found to 
be positively related to the clinical severity of OSF [27]. 
A study of 300 OSF patients showed a positive associa-
tion with the duration of gutkha intake but not the daily 
frequency [28]. Another study of 342 OSF patients also 
showed positive association between duration and OSF 
severity [29]. A study of 1000 OSF cases from Central 
India found that both average daily frequency (1.2 vs. 
0.3, p-value = 0.001) and chewing years (2.4 vs. 0.74, 
p-value = 0.006) were significant for malignant transfor-
mation [30].

A case-control study from China investigated the 
risk of malignant transformation in OSF patients [31]. 
The ORs increased as frequency and duration increased 
for chewing areca nut (alone or with smoking and alco-
hol drinking).

8.7  Conclusions

The consumption of betel quid and areca nut is the 
primary cause of OSF.  Published studies reviewed in 
this chapter present sufficient evidence to support this 
conclusion. Although areca nut may be used in various 

forms around the world, the OSF risk posed by areca 
nut has been consistently confirmed from epidemiologi-
cal studies in users of betel quid and areca nut with and 
without added tobacco. To avoid possible confounding 
factors, which may jeopardize the actual association, 
many of the studies are based on case-control design 
with or without matching. Matching based on age and 
sex would balance the possible difference from general 
demographic characteristics. Some studies additionally 
consider social economic status for matching to account 
for possible social or cultural differences. In several pub-
lished studies, the possible confounding effects from 
tobacco or alcohol consumption have been addressed 
by multivariate logistic regression with adjustment for 
tobacco and alcohol use or by stratified groups.

From studies reporting dose-response by examin-
ing the daily frequency and duration of use, the effect is 
clearer for daily frequency, but not duration.

The association between tobacco or alcohol habits 
with OSF is not conclusive and furthermore does not 
demonstrate any synergistic effect.

Betel quid and areca nut chewing are the primary 
lifestyle factors increasing the risk of OSF in humans.

 Summary
 5 We conclude that betel quid and areca nut chewing 

are the primary lifestyle factors for the causation of 
OSF.

 5 Daily frequency is the better dose-response mea-
sure for predicting the risk of OSF.  The cutoff 
points for higher risk are as low as five times per 
day for women and two for men.

 5 Analyzing the current literature, there is no strong 
association between smoking or alcohol drinking 
and OSF.
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9.1  Introduction

Oral cancer is a multistep process which may be preceded 
by oral potentially malignant disorders (OPMDs), such 
as oral submucous fibrosis (OSF) [1]. The high mortal-
ity and morbidity rates associated with oral cancer are 
because of late diagnosis [2]. Identification of newer 
techniques to diagnose the disease at the earliest stage is 
facilitated by advances in research, which include molec-
ular and biochemical markers for early detection. Some 
of these markers reflect genetic and epigenetic changes 
[3]. Gene ontology and bioinformatics have been used to 
identify genes that are mutated, upregulated, or down-
regulated. However, there are no in silico studies in OSF.

 n Learning Goals
 5 To understand the genetic alterations in OSF and 

to examine the biomarkers that may help to iden-
tify populations at risk particularly among betel 
quid/areca nut chewers.

9.2  Genetic Susceptibility and Gene 
Expression in Tissue/Organ Fibrosis

In systemic fibrotic conditions involving the liver, kid-
ney, and lung, the association of genetic susceptibility 
is observed [4–7]. In cirrhosis of the liver, in addition to 
exogenous factors such as alcohol abuse and viral hepa-
titis, genetic predisposition significantly contributes to 
both cirrhosis and liver carcinoma [4]. Besides environ-
mental factors, genetic factors involved in aging/senes-
cence, cell-cell adhesion, and host defense contribute to 
the increased risk of pulmonary fibrosis [6]. Genetic sus-
ceptibility is also important in systemic sclerosis of the 
skin and internal organs [7].

9.3  Genetic Susceptibility in Oral 
Submucous Fibrosis (OSF)

Genetic susceptibility is important in the development of 
betel quid (BQ)-induced OSF. The mechanism involved 
in genetic susceptibility to OSF involves the combined 
effect of various genes.

9.3.1  Collagen 1A1 and Collagen 1A2 
(COL1A1 and COL1A2) Gene

The connective tissue extracellular matrix (ECM) forms 
a three-dimensional scaffold for the cells and is involved 
in tissue homeostasis by components of ECM such as 

fibronectin, elastin, collagen, and nonfibrillar protein 
such as hyaluronan, proteoglycan, and glycoproteins 
[8]. Cancer progression is intensified by hypoxia and 
collagen-rich conditions [9]. Impairment of ECM func-
tion and ECM-cell interaction play an important role in 
diseases such as fibrosis, cancer, and osteoarthritis [8].

OSF is a collagen-related disorder having dense col-
lagen deposition in the oral submucosa. Buccal mucosa 
when exposed to areca alkaloid, due to chewing BQ, 
accumulate collagen [10].

In OSF, there are alterations in collagen fiber bun-
dle diameter, thickness, and distribution [11]. There is 
altered expression of type I and type III collagen fibers. 
In  early OSF, and normal mucosa COLI is 85% and 
COL III 15%. However, as the disease progresses, type 
III collagen is gradually replaced by type I collagen, 
thereby leading to collagen I-predominant microenvi-
ronment [12].

The stiffness of oral mucosa in OSF is due to loss of 
procollagen type III, a predominance of collagen type I, 
and complete loss of collagen type IV [13]. Relative to 
normal buccal fibroblasts, more type I collagen mRNA 
and type I collagen trimers are seen in OSF fibroblasts 
[14].

The genes involved in collagen synthesis (transcrip-
tion, translation, and posttranslational processing), 
degradation, and collagen cross-linking include collagen 
1A1 and 1A2 (COL1A1 and COL1A2), collagenase-1 
(COLase), transforming growth factor-beta (TGF-β), 
lysyl oxidase, and cystatin C (CST3). These genes are 
implicated in the pathogenesis of OSF.  The constitu-
ents of areca nut, mainly arecoline and arecaidine, are 
found to interact with COL1A1, COL1A2, COLase, 
and lysyl oxidase (LOX) expressed in fibroblasts. Gene-  
and gene-environmental interactions explain the differ-
ences between individuals having low and high exposure 
to areca nut (AN). During the development of OSF, 
the microenvironment around oral fibroblasts can vary 
between low- and high-exposure groups. This discrep-
ancy may result from fibroblast selection by BQ ingredi-
ents or inflammatory factors during the progression of 
OSF. A high proportion of the OSF risk can be attrib-
uted to the genetic component [15].

9.3.2  Matrix Metalloproteinases (MMPs)

MMPs constitute a family of neutral proteases which 
can degrade the ECM [16]. Twenty-eight human MMPs 
have been identified so far. These enzymes are clas-
sified as per their substrate specificity and structural 
similarities. Among them, a few important examples 
are collagenases (MMP-1) gelatinases (MMP-2 and 
MMP-9), stromelysin (MMP-3), and membrane-bound 
MMPs. MMPs regulate ECM proteolysis and process 
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several biologically active proteins such as cytokines, 
cell-surface proteins, chemokines, TGF-β 1, and other 
inflammation-related molecules that contribute to tissue 
fibrosis [16]. Many MMPs are expressed and activated 
in OSF patients as well as in head and neck squamous 
cell carcinoma (HNSCC) [17]. Gene polymorphisms in 
MMPs are suspected to influence gene expression in 
OSF.

9.3.3  Collagenase-1 (COLase-1, MMP-1)

Interstitial collagenase, also known as collagenase I, 
or MMP-1 belongs to a  subgroup of the MMP fam-
ily. It is the principal collagenase that cleaves colla-
gen type I, II, III, VII, and X collagen. Collagenase I 
is important in  photocarcinogenesis and photoaging 
[18]. Collagenase I is produced by various cells such 
as macrophages, stromal fibroblasts, endothelial cells, 
epithelial cells, and tumor cells [19]. It is secreted as a 
pro- collagenase and can be activated by many signal-
ing pathways [20]. In OSF, MMP-1 activity is found 
to be lower compared to normal oral mucosa indicat-
ing a difference in collagen metabolism in patients. 
However, there is no statistically significant difference 
among different histological grades of OSF [21, 22]. 
Elevated  expression of MMP-1  in stromal cells of 
OSF has also been reported [23]. Elevated expressions 
of MMP-1 have been reported in OSCC patients hav-
ing BQ-chewing habit [24]. MMP-1 promoter region 
enhances its transcriptional activity and contributes to 
carcinogenesis and cancer metastasis. Choudhary et al. 
reported that single nucleotide polymorphisms (SNPs) 
in the MMP-1 promoter region are associated with the 
susceptibility of BQ chewers to HNSCC and OSF in 
India. Habitual BQ chewing and alcohol consumption 
enhance the expression of the 2G allele of MMP-1 genes 
in HNSCC and OSF patients [17]. Moreover, the 2G 
phenotype of the MMP-1 promoter is found in higher 
frequency in OSF and OSCC patients in comparison to 
controls [25].

9.3.4  MMP-2 (Gelatinase-A) and MMP-9 
(Gelatinase-B)

MMP-2, also known as gelatinase-A, and MMP-9, also 
known as gelatinase-B, are Zn2+-dependent endopep-
tidases having similar structures. MMP-2 is expressed 
by a wide variety of  cell types in normal conditions, 
while MMP-9 is expressed in only a few cell types 
including trophoblasts, osteoclasts, leukocytes, den-
dritic cells, and precursors [26]. MMP-2 gene is located 

on chromosome 16q, while MMP-9 is on chromosome 
20q. MMP-2 degrades proteins in ECM as well as 
the basement membrane. It degrades type I, type IV, 
type V, and type X collagen, elastin, laminin, fibro-
nectin, elastin, and proteoglycans [27]. Mutations in 
MMP-2 disrupt its transcriptional activity resulting 
in its increased transcription. Individuals carrying CC 
genotype are found to express more MMP-2 proteins 
than individuals carrying TT or CT genotype [28]. Lin 
et  al. assessed the MMP-2 genotype association with 
the risk of  OSF and OSCC in 58 OSF cases, 121 OSCC 
cases, and 147 control cases. The subjects carrying CC 
genotype had twofold more risk in the development of 
OSF [29]. MMP-9 is known to degrade extracellular 
matrix components such as fibrillin, decorin, elastin 
type IV, V, XI, and XVI collagen, laminin, and gelatin. 
It also activates factors such as pro-TNF and pro-TGF 
[30]. In OSF, expressions of  MMP-2, MMP-9, TIMP-
1, and TIMP-2 are high compared to healthy oral 
mucosa [23]. MMP-9 expression has  been analyzed 
in 432 patients and was found to be elevated in saliva, 
mucosa, and serum of  patients in OPMDs compared to 
control [31]. Arecoline stimulated TIMP-1 expression, 
but reduced fibroblasts MMP-2 and MMP-9 in buccal 
mucosa [32].

PCR,  RFLP of single nucleotide polymorphisms 
(SNP) genotyping reveals no significant difference in 
MMP-2 and MMP-9 polymorphism in OSF patients 
compared to healthy controls. T allele showed a significant 
association with increasing clinicopathological grades of 
HNSCC [17]. Tu et al. studied MMP-9 SNP in BQ-related 
OSCC, OSF, and non- diseased BQ chewers. Functional 
association of MMP-9-1562 C/T polymorphism with 
increased OSCC was seen in young BQ chewers. However, 
in the elder population, this association was not observed. 
No association was observed between the joint MMP-9 
-1562 C>T and MMP-3 -1171 5A>6A functional poly-
morphisms and OSCC risk or patient survival [33].

9.3.5  MMP-3 (Stromelysin-1)

MMP-3 degrades basal membrane and collagen type 
II, V, IX, and X. It also induces activation of MMP-1 
and MMP-9. MMP-3 gene is located on chromosome 
11q22.3. Ye et  al. reported 6A allele showing lower 
promoter activity than the 5A allele in  vitro [34]. Tu 
et al. assessed the association of MMP-3 genotype with 
OSCC and OSF risk in 71 OSF patients, 150 OSCC 
patients, and 98 controls. They  reported that the fre-
quency of 5A genotype in the MMP-3 promoter was 
more in the OSF than in the control group; however, no 
significant differences were observed between the OSCC 
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and control groups. 5A genotype in MMP-3 promoter 
was found to be associated with OSF risk but not OSCC 
[35].

In the case-control study  of 362 participants (135 
HNSCC, 101 OSF, and 126 controls), Choudhary et al. 
studied the genotype of MMP-3 SNP by PCR-RFLP 
analysis. The difference in 5A genotype frequency 
between OSF and control was statistically significant. 
However, the 5A genotype showed a twofold increased 
risk for OSF development compared to controls, but 
this phenomenon was only observed in patients less 
than 45 years of age. The concluded that MMP-3 geno-
type expression is associated with 5A alleles, which may 
play a major role in developing HNSCC and OSF [36].

Zade et al. evaluated the genotype of MMP-3 SNP 
by PCR analysis of  20 individuals (five OSCC, five OSF, 
five normal individuals with AN and alcohol habits, 
and five without the habit). The frequency of 5A gen-
otype in MMP-3 promoter was found to be higher in 
OSF compared to the control group; however, between 
OSCC and control group, no significant difference was 
noted. It was similar to Tu’s study where 5A genotype 
in the MMP-3 promoter is associated with the risk of 
OSF but not in OSCC in an Indian population [37]. In 
MMP-3 promoter -1171, 5A>6A, the insertion or dele-
tion of single adenosine could alter the transcription 
level of  the MMP-3 gene. For MMP-3, the frequency 
of the 5A genotype in the MMP-3 promoter region was 
higher in the OSF group than in the control group and a 
greater than twofold risk for developing OSF compared 
to controls. However, the 5A/5A carrier allele showed 
an association only in patients less than 45 years of age 
[37].

9.3.6  TGF-β and SMAD

A variety of mediators including hormones, cytokines, 
and growth factors influence the synthesis of collagen 
TGF-β controls proliferation, differentiation, and func-
tion in many cell types. It is known to stimulate collagen 
production through the regulation of intramembrane 
proteolysis and CREB3L1 activation [38]. Kale et  al. 
found more adipose tissues and TGF-β expression in 
early-stage OSF tissues in India [39]. Overexpression 
of both TGF-β1 and TGF-β2 was reported in OSF tis-
sues, with a higher expression of TGF-β1 than TGF-β2. 
TGF-β1 is expressed in inflammatory cells, perivascu-
lar cells, epithelial cells, muscle and fibroblasts [40–42]. 
The mRNA level of TGF-β was higher in the early and 
middle stages of OSF tissues than in healthy patients of 
Hunan, China [42]. An increased expression of CD105, 
a TGF-β1 receptor, was associated with hypoxia- 
induced neoangiogenic activity in OSF. This feature was 

linked to transformation from normal mucosa to mild 
and severe epithelial dysplasia [43–45].

A study from Sri Lanka showed that the difference in 
TGF-β expression was not evident among OSF patients, 
pan masala (a chewing tobacco and AN product in 
India) chewers, and healthy oral mucosa. Secretion of 
TGF-β1 in cultured fibroblasts harvested from the speci-
mens also showed no marked difference [46]. In a recent 
study, real-time PCR and immunohistochemical stain-
ing showed elevated expression of TGF-β1, connective 
tissue growth factor (CTGF), and decreased expression 
of bone morphogenetic protein 7 (BMP-7) in OSF. The 
possible stimulatory effects of areca components on 
epithelial-mesenchymal transition and expression of 
smooth muscle actin, CTGF, TGF-β, LIM domain 
kinase 1 (LIMK1), and p-Smad2 in epithelial cells has 
also been reported [47–49]. Injection of pan masala 
extract to buccal mucosa of Sprague Dawley rats on 
alternate days for 48 weeks induced OSF-like changes 
with a concomitant elevated expression of TGF-β1 [50].

Chang et al. observed that areca nut extract (ANE)
stimulated TGF-β1 and Smad2  in oral keratinocytes 
and SAS oral cancer cells implicating the involvement 
of AN in the OSF pathogenesis [51]. Smad2 overexpres-
sion has been reported in OSF tissues relative to healthy 
tissues [52].

The expression of Smad7, an inhibitor of TGF-β, is 
elevated in OSCC and OSF tissues relative to normal 
tissues and has been suggested as a diagnostic marker 
[53]. The association of genotypes of TGF-β1 with the 
risk of OSF has been investigated. While comparing 
the frequencies of TC, TT, and CC alleles on the TGF-
β1 gene on chromosome 19q, it was found that  high 
OSF risk is associated with CC alleles in both low- and 
high- exposure groups [15]. An Indian study showed evi-
dence of C-to-T transition (rs13306708) in the 50UTR 
region of TGF-β1 between OSF patients [27CC, 15CT, 
8TT] and control subjects [42CC, 6CT, 2TT]); however, 
authors could not find polymorphisms in the promoter 
region and exon 1 of TGF-β1 in OSF patients and con-
trol subjects [54]. Hsu et al. compared the TGF-β1 codon 
10 T/C and codon 25 G/C polymorphisms in patients 
with oral premalignant lesions and healthy control. 
They found an association of TGF-β1 codon 10 and 25 
polymorphisms with the development of OPMDs [55].

9.3.7  Lysyl Oxidase (LOX)

Lysyl oxidase (LOX), also known as protein-lysine 
6- oxidase, is a copper-dependent extracellular enzyme 
that mediates cross-linking of collagen and elastin 
through posttranslational oxidative deamination of 
peptidyl lysine residues in their precursors. LOX stabi-
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lizes the collagen fibrillar array and contributes to the 
stiffness and mechanical strength of ECM [56, 57]. LOX 
and LOX-like proteins participate in tissue fibrosis, 
tumorigenesis, atherosclerosis, and metastasis by medi-
ating protein expression and regulating signal transduc-
tion [56]. LOX overexpression affects tumor desmoplasia 
(fibrosis) and tumor microenvironment, and stimulates 
anchorage-independent growth of OSCC cells [56, 58, 
59]. LOX expression in blood cells from patients of OSF 
was found to be similar to, lower than, or higher than 
age- and sex-matched controls suggesting that changes 
of LOX in circulating blood cells of OSF were not sig-
nificant [60]. LOX activity is found to be elevated in 
fibroblasts cultured from OSF patients when compared 
with fibroblasts cultured from normal oral mucosa [61]. 
An epidemiological study showed elevated LOX expres-
sion in OSF and oral mucosa adjacent to OSCC tis-
sues [58]. This could be due to the stimulation of LOX 
expression in oral keratinocytes by ANE. Copper in BQ 
was found to stimulate LOX expression of fibroblasts, 
thereby increasing collagen cross-linking and resistance 
to degradation [62].

LOX, encoded by the LOX gene on chromosome 
5q, has been linked with predisposition to OSF.  The 
frequencies of three genotypic variants (AA, AG, and 
GG) of LOX genes in patients of OSF and controls were 
investigated. The high OSF risk allele was found to be 
AA in the low-exposure group, while GG is more prev-
alent in the high-exposure group [15]. Differences  of 
Arg158Gln SNPs of the LOX genotype between elder 
BQ chewers and OSF patients were seen in PCR-RFLP 
and direct sequencing [63]. The Arg158Gln SNP was 
associated with early  clinical stages of OSCC [52]. 
Thorawat et  al. studied LOX G473A SNP in OSF, in 
BQ chewers without OSF, as well as in healthy con-
trols. LOX G473A SNPs were not present in this Indian 
cohort [64]. Mukherjee et  al. studied the genotype for 
LOX polymorphism by PCR-RFLP.  They observed 
significantly higher heterozygous G473A genotype in 
OSF cases, among 26–40-year age group, and in male 
patients. They also found a higher total soluble collagen 
level among patients carrying GA or AA genotype [65]. 
These reports suggest that LOX and LOX-like proteins 
could be a potential therapeutic target for the treatment 
of OSF [59].

9.3.8  Cystatin C (CST3)

Cystatin C (CST3) is a molecule responsible for the pre-
vention of ECM degradation. The terminal regions of 
each collagen molecule are composed of terminal pep-
tides, which function in cross-linking and enhancing the 
strength of collagen fibers. These areas are resistant to 

attacks by collagenases but are susceptible to serine and 
cysteine proteinases. These groups of enzymes belong 
to the cystatin superfamily, namely the type 1 cystatins 
(stefins A, B), type 2 cystatins, and kininogens. Cystatin 
C is one of the type 2 cystatins, a class of cysteine pro-
teinase inhibitors found in a variety of human body flu-
ids and secretions. The major function of this enzyme is 
to provide protection and stabilization of the collagen 
fibrils [66]. Cystatin plays a crucial role in carcinogenesis 
and fibrosis of various organs such as the kidney, lung, 
and liver [67–69]. Cystatin C expression is higher in 
OSF tissues when compared to normal oral mucosa. It 
is mainly expressed by fibroblasts, endothelial cells, and 
inflammatory cells. Fibroblasts from OSF show higher 
cystatin expression than normal fibroblasts. In addition, 
arecoline was found to promote cystatin C mRNA and 
protein expression in a dose-dependent manner [70]. 
Cystatin C is encoded by the CST3 gene on chromo-
some 20p. With A being normal allele and B the mutated 
allele, frequency distribution of AA, AB, and BB on 
CST3 gene in OSF patients and healthy individuals were 
showed an  increased risk of OSF with high-risk allele 
AA in those with both low and high exposures to betel 
quid [15]. There was a consistent relationship between 
genotype distribution of TGF-β1 and CST3 genes and 
the risk of OSF in both low- and high- exposure groups 
[71].

The authors have also investigated the effect of the 
combination of these six genes for evaluating gene- 
gene interaction, in both high and low exposures for 
BQ.  Other studies reported that genotypes associated 
with the highest OSF risk in the lower exposure group 
were CC of COL1A1, AA of COL1A2, TT of collage-
nase- 1, CC of TGF-β1, AA of LOX, and AA of CST3. 
On the other hand, TT of COL1A1, BB of COL1A2, 
AA of collagenase-1, CC of TGF-β1, GG of LOX, and 
AA of CST3 genes led to the highest risk of OSF in the 
high-exposure group [71].

An elevated cystatin M was shown to promote the 
metastasis of OSCC by blocking cathepsin B activity 
and rescuing tumor cells from TNF-α-induced apopto-
sis [72]. Salivary cystatin B level was also found to be 
a valuable prognostic marker for OSCC patients [73]. 
More studies are needed to clarify the role of various 
cystatins in OSF and OSCC.

9.3.9  Plasminogen Activator Inhibitor 
(PAI-1)

ECM homeostasis and wound healing are regulated 
by plasminogen activator inhibitor-1 (PAI-1) by sup-
pression of urokinase plasminogen activator (uPA)/
tissue plasminogen activator (tPA)-mediated conver-
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sion of plasminogen to plasmin, which activates MMPs 
and fibrinolysis. Studies on fibrosis models of  inter-
nal organs such as liver, lung, and kidney have found 
that PAI-1 deficiency or inhibition of PAI-1 activity 
attenuates organ fibrosis [74]. TGF-β may stimulate 
PAI-1 expression through ROS and SMAD-dependent 
(ALK5/smad2/3) and SMAD-independent (Src/EGFR/
MEK/ERK) pathways [75, 76]. When compared to 
normal buccal fibroblasts, PAI-1 and tPA secretion is 
increased in fibroblasts derived from OSF. In OSF, the 
fibroblast ratio of  PAI-1/tPA is also increased. Arecoline 
stimulates PAI and tPA secretion. It also increases the 
PAI-1/tPA ratio in buccal mucosal fibroblasts [77, 78]. 
Moreover, when compared to healthy tissue, hypoxia- 
inducible factor-1α (HIF-1α) showed overexpression 
in fibroblasts, inflammatory cells, and epithelial cells 
in OSF tissues. Hypoxia enhanced arecoline-induced 
ECM and PAI-1 production by buccal mucosal fibro-
blasts [79]. PAI-1 expression was found to be elevated 
in OSCC tissues when compared to normal tissues; 
however, PAI-1 showed little association with the sur-
vival rate of  OSCC patients [80]. PAI-1 − 675 4G/5G 
genotypes were reported to be strongly associated with 
OSCC relative to control subjects in the European pop-
ulation [81, 82]. More studies can clarify PAI-1 poly-
morphism in the risk and survival of  OSF and OSCC 
patients.

9.3.10  TIMPs (Tissue Inhibitor Matrix 
Metalloproteinases)

TIMPs (TIMP-1, TIMP-2, TIMP-3, and TIMP-4) that 
show differential inhibitory effects on MMPs, a disin-
tegrin, and metalloproteinases (ADAMs) prevent pro-
teolysis of ECM followed by accumulation of ECM/
tissue fibrosis [16]. Shrestha and Carnelio reported 
overexpression of MMP-2 and TIMP-2 in mucosal tis-
sues from early and moderately advanced OSF patients. 
TIMP-2 was expressed in the deeper connective tissue, 
lamina propria, and suprabasal layers. MMP-2 found 
in the basal and suprabasal layers showed differences in 
expression in these two stages of OSF [83]. Zymography 
and immunohistochemical staining showed an increase 
in the expression of MMP-1, MMP-2, MMP-9, TIMP- 
1, and TIMP-2 in OSF tissues when compared to nor-
mal tissues [23]. An in vitro study from Sri Lanka found 
that fibroblasts from early-stage OSF secrete more 
TIMP-1 and TIMP-2 compared to fibroblasts from pan 
masala chewers without OSF and normal buccal muco-
sal fibroblasts. These differences might be caused by cel-
lular senescence and premature aging of buccal mucosa 
tissues [46].

Safrole and arecoline stimulate TIMP-1 mRNA 
and protein expression of buccal fibroblasts [32, 84]. 
Fibroblasts from OSF tissues were found to secrete more 
TIMP-1 than fibroblasts from surrounding healthy tis-
sues suggesting that they may have role in the pathogen-
esis of OSF [32, 84].

Fibroblasts from early-stage OSF were found to have 
similar levels of TGF-β1, MMP-1, MMP-2, MMP- 
3, interleukin-6 (IL-6), and IL-8 when compared with 
fibroblasts from healthy tissues. However, increased 
TIMP-1 and TIMP-2 secretion from OSF fibroblasts 
was observed [46].

9.3.11  Vascular Endothelial Growth Factor 
(VEGF)

Transforming growth factor (TGF), vascular endothe-
lial growth factor (VEGF), and basic fibroblast growth 
factor (bFGF) are tumor growth factors that serve as 
cancer biomarkers [85]. Adequate blood supply is neces-
sary for the growth of solid tumors, and growth factors 
responsible for it have been studied extensively in vari-
ous tumors [86]. Vascular endothelial cells are found to 
be dormant in adult cells, and they divide less than once 
in a decade. During the tumor growth phase, hypoxia 
develops,  pro-angiogenic factors increase  resulting  in 
angiogenesis and tumor progression. Following upreg-
ulation of hypoxia-inducible transcription factor, 
increased production of VEGF is observed [87]. VEGF 
is a critical angiogenic cytokine involved in blood supply 
to neoplastic cells. Also, there is a significant increase 
in vascularity during the transition from normal oral 
mucosa to degrees of dysplasia. In addition to its role 
in angiogenesis in squamous cell carcinoma, VEGF 
has also been investigated in oral potentially malignant 
disorders and has been linked to oral cancer metastasis 
[88]. The polymorphic nature of the VEGF-460/T gene 
has been assessed in subjects of OSF to identify the pro-
gression to malignancy at an early stage [89]. Among 
subjects, 6.67% showed CT polymorphism and 16.67% 
of subjects showed TT polymorphism. Thus, VEGF 460 
C/T has the potential to be used as a prognostic marker 
in predicting the malignant transformation of OSF [89].

9.3.12  Cytochrome P450 (CYP3A) Gene

Cytochrome P450 3A (CYP3A) gene family has a major 
role to play in the oxidative metabolism of many xeno-
biotic substrates and active endogenous substrates. 
Polymorphisms in the gene for cytochrome P450 enzyme 
can alter the activation or detoxification of carcinogenic 
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compounds that influence an individual’s genetic suscep-
tibility to cancer [90]. Betel chewers having lower CYP3A 
expression levels are more susceptible to BQ toxicity. 
Various studies have demonstrated CYP3A gene poly-
morphism associated with an individual’s susceptibility 
to OSCC and OPMDs among tobacco users [91, 92].

CYP3A polymorphism had also been identified 
as a genetic marker for OSF susceptibility [93–96]. 
Choudhari et al. suggested polymorphism in CYP1A1 
and CYP2E1 was associated with an increased risk of 
OSF [94]. Yaming et al. reported a significant associa-
tion between the gene polymorphism of CYP1A1 at 
the NcoI site and the risk of OSF when compared to 
controls. However, no such association was observed for 
the CYP2E1 gene polymorphism in OSF patients [95]. 
Identifying CYP polymorphism can be used to screen 
individuals who are genetically at high risk of develop-
ing OSF and cancer, thus helping in guiding treatment 
regimens for patients.

9.3.13  DNA Repair Gene Polymorphism

9.3.13.1  X-Ray Cross-Complementing (XRCC) 
Polymorphism

X-ray cross-complementing (XRCC) genes were dis-
covered mainly through their role in protecting mam-
malian cells from damage caused by ionizing radiation. 
They are also important in genetic stability. There are 
two main pathways in eukaryotic cells for repairing 
double-strand DNA breakage, namely, nonhomolo-
gous end joining and homologous recombination (HR). 
Nonhomologous end joining provides a mechanism for 
the repair of double-strand DNA breakage throughout 
the cell cycle. However, it is particularly important dur-
ing the G0, G1, and early S phases in mitotic cells and 
is mediated by the XRCC5, XRCC6, and XRCC7 genes. 
The DNA repair protein Ku acts as a heterodimer of 
the two 70 kDa (Ku70) and 80 kDa (Ku80) subunits and 
binds to DNA ends, nicks, or single- to double-strand 
transition. It serves as a DNA-binding component of the 
DNA-dependent protein kinase (DNA-PK) that phos-
phorylates certain chromatin-bound proteins in  vitro. 
The XRCC5 gene encodes Ku80 and forms a heterodi-
mer with Ku and functions as DNA end binding at the 
double-strand breakage site. Ku binds to the end of the 
DNA double-strand breakage and appears to stabilize 
the binding of the DNA-PKCs to DNA [97–100].

9.3.13.2  NADPH Quinone Oxidoreductase 1 
(NQ01) C609T

The human NAD(P)H:quinone oxidoreductase 1 gene 
(NQO1; DT-diaphorase, Enzyme Commission (EC) 
number 1.6.99.2) occupies 17 kilobase pairs (kb) within 

a gene-rich region on chromosome 16 at 16q22.1 [101]. 
This cytosolic flavoenzyme detoxifies quinones (a large 
class of aromatic compounds found commonly in plants, 
benzene metabolites, and chemotherapies) to hydroqui-
nones or catechols. The enzyme NAD(P)H:quinone 
oxidoreductase 1 (NQO1) acts as an antioxidant by 
catalyzing a 2-electron reduction that bypasses the need 
for two 1-electron reductions that can result in the pro-
duction of DNA and protein-damaging reactive oxygen 
species. In certain conditions (e.g., the presence of 

myeloperoxidase or antioxidants), NQO1 can con-
tribute to the formation of reactive oxidation species via 
oxidative cycling and therefore can act as a prooxidant 
[102]. NQO1 is constitutively expressed in most tissues 
including the bone marrow, where expression is thought 
to be highly inducible by xenobiotics with quinone moi-
eties and is upregulated during times of oxidative or 
electrophilic stress. Polymorphisms of NQO1 gene have 
been characterized and known for about two decades 
[103]. C-to-T substitution at position 609 of NQO1 
cDNA codes for a proline-to-serine change at residue 
187 is now documented in most cancers.

9.3.14  Tumor Necrosis Factor-α (TNF-α)

Tumor necrosis factor-α (TNF-α), situated in the class 
III region of human leukocyte antigen (HLA), is a medi-
ator with multiple functions, including the regulation of 
inflammation and transcriptions of collagen and colla-
genase. Chiu et  al. studied a biallelic promoter-region 
(-308) polymorphism on the TNF-α gene and showed 
a significantly lower TNF-2 allele among OSF subjects 
than in areca-chewing controls, implying a multifunc-
tional etiological factor of TNF-α in OSF pathogenesis 
[104].

9.3.15  p53 Gene Mutations

The p53 gene is a tumor-suppressor gene that is found 
in the mutated form in common human cancers includ-
ing OSCC. Characteristics of mutations in the p53 gene 
of OSCC in betel quid chewers in Sri Lanka have been 
reported [105].

Trivedy et al. carried out mutation analysis of exons 
2–9 for studying p53 mutation in OSF and OSCC by 
examining the mobility shift in single-strand conforma-
tion polymorphism (SSCP). They observed mobility 
shifts in SSCP indicative of p53 mutation or loss of het-
erozygosity (detection of the band) in OSF (13/21) and 
OSCC (15/27), suggesting that p53 mutation/protein 
stabilization plays a possible role in the pathogenesis of 
OSF and its malignant transformation [106].
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9.3.16  Cytotoxic T-lymphocyte-Associated 
Antigen 4 (CTLA-4); CD 152 (Cluster 
of Differentiation 152) Gene 
Polymorphism

CTLA-4 is a negative regulator of T-lymphocyte activa-
tion. The particular genotype of the locus encoding the 
CTLA-4 glycoprotein has been associated with suscepti-
bility to various autoimmune diseases. Shin et al. investi-
gated the possible role of CTLA-4 polymorphism in OSF 
susceptibility by restriction fragment length polymorphism 
(RFLP). They found that the G allele at position +49 of 
exon 1 was significantly associated with OSF, confirming 
its role in the risk for the development of OSF [107].

9.3.17  Major Histocompatibility Complex 
(MHC) Class I Chain-Related Gene 
A (MICA) Polymorphism

MICA is expressed by keratinocytes and other epithelial 
cells, and its encoded protein interacts with Υ/δ T-cells 
localized in the submucosa. Liu et al. analyzed MICA 
polymorphism in OSF using the ABI prism 377-18 
DNA sequencer. The phenotype frequency of allele A6 
of MICA in OSF was significantly higher than that of 
controls, suggesting that allele A6 in MICA might con-
fer risk for OSF [108].

9.3.18  Glutathione S-Transferase (GST) 
Polymorphism

Several allelic variants of polymorphic glutathione 
S-transferases (GSTs) show impaired enzyme activity and 
are suspected to increase the host’s susceptibility to vari-
ous cancers. Agrawal et al. showed a higher frequency of 
both the GSTM1 and GSTT1 null genotype in OSF cases 
than in controls, suggesting a greater risk associated with 
the genotype in the development of OSF [109].

9.3.19  Apoptosis-Associated Genes FAS 
and FASL Polymorphism

Wang et  al. demonstrated that FAS polymorphism in 
the form of FAS A -1377 G-670 versus FAS G- 1377 -A-670 
haplotype is significantly correlated with the malignant 
potential of OSF [110].

9.3.20  Loss of Heterozygosity (LOH)

Teh et  al. provided evidence of  genomic instability 
in the form of  loss of  heterozygosity (LOH) in OSF. 

This acquisition of  LOH may subsequently alter gene 
function and expression. Nearly 50% of  OSF cases 
included in this study demonstrated a small num-
ber of  discrete hot-spot LOH loci, and the degree of 
LOH showed a significant positive relationship with 
OSF grade. Chromosome 13 contains the largest LOH 
regions from 13q14 to 13q33, in proportion to chro-
mosomal size. Since the chromosome 13q is highly 
susceptible to genomic instability in HNSCC, it was 
hypothesized that genes within the 13q14–q33 LOH 
region found in the OSF may have a crucial part in 
the initiation of  oral carcinogenesis in these patients. 
Along with this, few other LOH loci with previously 
identified susceptibility regions in HNSCC: 3p24-p22, 
6q26-q27, 9q22.3, 12p11.2, and 20p12-11, were recog-
nized in this study [111].

9.4  Conclusion

OSF is an oral potentially malignant condition with 
a potential for malignant transformation. The patho-
physiology of OSF is very complex. Areca nut chewing 
is the etiological factor in the causation of OSF. Though 
certain individuals due to their genetic constitution are 
less prone to develop the disease, susceptible individuals 
may develop the disease over a short period of expo-
sure to areca nut [112]. The genetic alterations in OSF 
influence TGF-β pathway and collagen metabolism, 
inflammatory response, immune response, epithelial- 
mesenchymal transition, and epithelial differentiation/
keratinization. It is, therefore, important to further clar-
ify the molecular mechanisms of BQ-induced OSF and 
oral cancer to identify high-risk individuals.

 Summary
BQ components are found to induce extracellular 
matrix (ECM) deposition via upregulation of TGF-𝛽1, 
PAI-1, cystatin, LOX, TIMPs, MMPs, collagenase-1, 
SMAD, VEGF, cytochrome P450, XRCC, NQO1, 
TNF-𝛼, P53, CTLA-4, CD, MICA, GSTs, FAS, and 
FASL. The high-risk alleles and genotypes of collagen, 
TGF-𝛽1, PAI-1, cystatin, LOX, TIMPs, MMPs, colla-
genase- 1, SMAD, VEGF, cytochrome P450, XRCC, 
NQO1, TNF-𝛼, P53, CTLA-4, CD, MICA, GSTs, 
FAS, and FASL found in OSF patients with high fre-
quency may change the transcriptional activity and the 
functions of corresponding proteins and increase the 
risk of OSF.
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10.1  Introduction

Oral submucous fibrosis (OSF) is a potentially malig-
nant disorder, primarily caused by areca nut consump-
tion, and is characterized by fibrotic changes of oral and 
pharyngeal tissues. The etiopathogenesis of OSF is a 
complex orchestration involving a multitude of mole-
cules and enzymes [1–6]. In this chapter, we discuss the 
role of diet, nutrition, and micronutrients as risk or pro-
tective factors in the causation of OSF.

WCRF/AICR defines “Nutrition as the set of  inte-
grated processes by which cells, tissues, organs, and 
indeed a whole organism acquire the energy and 
nutrients needed to function normally and have a 
normal structure” [7]

Nutrition plays a significant role in the growth, develop-
ment, and functioning of an organism. Finally, all the 
energy requirements for body metabolism will be met by 
the nutritional status of the diet consumed. The so-
called diet comprises essential nutrients that are to be 
mandatorily obtained from an external source, and 
some components will be converted into essential ingre-
dients by the body from the consumed dietary portion. 
Further, the diet encompasses certain elements that are 
not essential nutrients but may influence the body’s 
metabolism. Such compounds are phytochemicals, fiber, 
caffeine, and others [7].

A healthy diet includes the following: (WHO 
Recommendation) [8, 9]

 5 Fruit, vegetables, legumes (e.g., lentils and beans), 
nuts, and whole grains (e.g., unprocessed maize, 
millet, oats, wheat, and brown rice)

 5 At least 400 g (i.e., five portions) of fruits and veg-
etables per day, excluding potatoes, sweet potatoes, 
cassava, and other starchy roots

A healthy diet comprises macro- and micronutrients. 
The micronutrients are needed by the body in smaller 
amounts, and they represent vitamins, minerals, trace 
elements, and antioxidants. These micronutrients have 
a great impact on the overall health of an individual. 
The micronutrients empower the body to produce hor-
mones, enzymes, and other substances required for nor-
mal growth and development. The deficiency states of 
micronutrients may result in diseases affecting different 
parts of the body including oral tissues; further, these 

deficiency states may also result in fatal and life- 
threatening conditions [10–13].

The mineral component of the micronutrients could 
be further typed as macrominerals and microminerals. 
The microminerals are the trace elements that exist in 
smaller amounts in natural and perturbed environments 
and play a significant role in various physiological and 
metabolic phenomena of the human body [14].

 n Learning Goals
 5 Epidemiological evidence on diet and nutrition in 

OSF
 5 Role of trace elements (Cu, Zn, Fe, Se) in OSF
 5 Role of vitamins in OSF
 5 Evidence from interventional studies in OSF

10.2  Epidemiological Evidence on Diet 
and Nutrition

An epidemiological (population-based case-control) 
study [15], was designed to assess the dietary factors in 
oral potentially malignant disorders (OPMDs) in 
Gujarat, India. The primary objective was to check the 
association of dietary components (antioxidants, vita-
mins, minerals, and fiber) with OPMDs of the oral cav-
ity. A food frequency questionnaire (FFQ) was 
developed and tested to collect the dietary information 
to assess the exposure to various nutrients. Out of 5018 
male subjects consuming tobacco, 318 exhibited 
OPMDs and qualified as cases. Age- and gender-
matched healthy individuals without oral lesions were 
selected as the control group. The common OPMDs 
observed were OSF and oral leukoplakia. The FFQ was 
composed of questions on the frequency and quantity 
of 92 food items consumed, reflecting >95% of expo-
sure to comprehensive energy, fiber, fat, minerals, and 
vitamins. Of all the dietary elements, the fiber compo-
nent was observed to be significantly protective for oral 
submucous fibrosis with a 10% reduction in risk per g 
day (P < 0.05). The study revealed a strong linear pro-
tective effect (OR = 0.89) on a continuous scale (g d−1), 
P < 0.02.

In another epidemiological study by Gupta et  al. 
[16], the influence of  dietary factors on OPMDs in a 
Kerala population (India) was assessed. A customized 
food frequency questionnaire (FFQ) was developed and 
validated for estimating the nutrient exposure in the tar-
get population. In a house-to-house survey, 5056 
tobacco users were screened. Among this population, 
226 people exhibited OPMDs, and were recruited as 
cases. Equal number of  age- and gender-matched con-
trols were selected for the control group. OSF was the 
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second common OPMD (next to oral leukoplakia) 
observed in the population. The confirmatory diagnosis 
of  OSF was based on the presence of  palpable fibrous 
bands. After adjusting for tobacco use, the intake of 
fruits, vegetables, and β-carotene showed an inverse 
relation to risk and an average reduction of about 10% 
per quartile of  exposure. Zinc was  shown  to have  a 
dose- response gradient and a larger effect in men. This 
study was undertaken to check the reduced risk of 
OPMDs in individuals who consume more fruits and 
vegetables;  it  confirmed the influence of  these dietary 
factors in the development of  OPMDs that had included 
both oral leukoplakia and oral submucous fibrosis [16].

The next section of this chapter highlights the role of 
dietary components in the disease process of OSF. Here, 
we discuss the role of trace elements, e.g., copper, zinc, 
iron, and selenium, in OSF and the role of vitamins in 
OSF.

10.3  Role of Trace Elements in OSF

10.3.1  Role of Copper

Copper (Cu) is the third most ample trace element in 
humans. Copper accounts for  75–100  mg of the total 
body. Copper is found almost in every tissue of the body, 
and the chief  storage organs are the liver and brain, 
heart, kidney, and muscle. Further, copper is trans-
ported as ceruloplasmin into the plasma and excreted in 
the bile. In erythrocytes, 60% of the copper is found as 
copper-zinc metalloenzyme superoxide dismutase, and 
the remaining 40% is bound to other amino acids and 
proteins. Copper is a significant component of various 
enzymes involved in vital biological functions. Of sig-
nificance in OSF is the synthesis of collagen and elastin 
as copper is a cofactor for the enzyme lysyl oxidase. 
Moreover, copper can act as an antioxidant protecting 
the tissues from oxidative stress, as well as a prooxidant 
causing damage to tissues [17–24].

The WHO Collaborating Centre research group 
based at King’s College London first described raised 
copper levels in areca nut [25]. Copper dissolves in saliva 
and remains in the oral fluids for 30 min. This facilitates 
the uptake of copper by oral epithelial cells. The absorp-
tion of copper by oral mucosal keratinocytes is by a 
nonenzyme-dependent diffusion process, bound to 
metallothionein. With regard to areca nut chewing, 
there is raised level of copper seen in OSF patients. The 
higher copper levels upregulate the activity of lysyl oxi-
dase causing more collagen production [26, 27]. In addi-
tion, when Cu is found in higher concentrations, there is 
a release of active oxygen species that further brings 
about oxidative damage to the cell [28, 29].

Several subsequent studies have shown elevated lev-
els of Cu in the sera of OSF patients [29–34]. This has 
been attributed to the chewing of areca nut that is rich in 
Cu (302 nmol/g). The liver releases ceruloplasmin, a 
copper-carrying protein. The decreased catabolism of 
ceruloplasmin increases Cu levels in OSF patients. 
Further, the higher levels of Cu induce oxidative stress 
by Fenton and Haber-Weiss reaction. The serum copper 
levels in OSF patients show a gradual increase with 
advanced stages of the disease [30–35].

The role of Cu has been an interesting subject of 
investigation in carcinogenesis. High levels of copper 
within the cells generate hydroxyl radicals that can result 
in damage to the DNA and proteins. This may activate 
tumor necrosis factor-alpha and vascular endothelial 
growth factors. These factors are important for tumor 
growth and metastasis. During the malignant transfor-
mation of OSF, a four- to eightfold increase in the blood 
level of ceruloplasmin has been observed. Ceruloplasmin 
acts as a source of Cu ions, initiates LDL oxidation, and 
plays a role in the malignant transformation of OSF to 
carcinoma [36–42].

However, two studies have reported low levels of Cu 
in OSF patients when compared to healthy volunteers 
providing contradictory evidence. Varghese et al. specu-
lated that the reduced Cu levels observed in the study 
could be attributed to the difference in laboratory meth-
odologies employed and patient selection. 
Atomic  absorption spectrophotometry was used to 
measure Cu levels, and the patients recruited for the 
study were not on any treatment in contrast to earlier 
studies where colorimeter was used and patients were on 
some form of treatment for OSF [43]. The study by 
Anuradha et al. also reported lower levels of Cu in OSF 
patients. In this study the cohort had poor dietary pat-
terns and loss of appetite, suggesting reverse causation, 
also, the sample size was low [44]. However, many later 
studies have shown raised Cu levels in OSF patients, 
with atomic absorption spectrophotometry analysis [32, 
45, 46].

10.3.2  Role of Zinc

Zinc (Zn) is the second most abundant transition metal 
in humans that appears in all enzyme systems. In blood 
plasma, Zn is transported by albumin and transferrin. 
Zn exhibits catalytic, regulatory, and structural roles in 
a biological system. Zn also shows antioxidant and anti-
microbial properties.

An animal study (on rodents) has shown that Zn- 
deficient diet could result in change in the keratinization 
pattern (parakeratosis from orthokeratinization) of the 
oral mucosa.
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Zn is a cofactor for the superoxide dismutase enzyme, 
and many studies have shown lower levels of Zn in OSF 
patients. This could be due to higher Cu levels and oxida-
tive stress. Another interesting finding is lower levels of 
iron and higher serum levels of Zn in OSF patients. This 
is due to the common transporter molecule, transferrin, 
that carries both iron and Zn. Thus, OSF patients exhibit-
ing lower iron levels would exhibit higher serum Zn levels.

The natural antioxidant of humans, superoxide dis-
mutase, is a Cu–Zn protein complex that shows an anti-
carcinogenic effect in OSF. Additionally, Zn reduces the 
activity of Cu-coupled lysyl oxidase and thus inhibits 
collagenic cross-linkage. Further, Zn promotes colla-
genic degradation via collagenases and matrix metallo-
proteinases. By interfering with the mucosal absorption 
of Cu, Zn shows an inverse relation with Cu. Higher Zn 
levels hamper Cu absorption as both the metals are 
absorbed through metallothioneins. Thus, the Cu:Zn 
ratio could be a reliable biomarker for assessing carcino-
genesis. There is limited literature suggesting a carcino-
genic effect of Zn [47–58].

The Zn level in body fluids (serum/plasma/saliva) of 
OSF patients has been evaluated in numerous studies. 
Of these, only four studies have not reported lower Zn 
levels in OSF patients. In one such study by Khanna 
et al., higher Zn levels were observed in OSF patients, 
but it was not statistically significant. The reason for 
elevated Zn levels was attributed to consumption of gut-
kha with higher Zn content [31, 33, 35, 44–46, 59–65].

The various effects of  reduced Zn levels in OSF 
patients are the following:
 (i) Zn acts as a first-line defense against oxidative 

stress by forming cofactor Cu/Zn-superoxide dis-
mutase enzyme [66].

 (ii) Zn is pivotal for the gene expression of metallothio-
nein, which removes hydroxyl ions and confers pro-
tection against oxidative damage [67].

 (iii) Zn competes with other transition metals for bind-
ing sites, thereby reducing those metals from gener-
ating hydroxyl ions [67].

 (iv) Excessive cellular uptake of Zn for neutralization 
of free radicals [68].

Important attributes of Zn in preventing the develop-
ment of malignancy [67]:
 (a) The tumor suppressor protein, p53, is Zn dependent 

and is involved in the repair of DNA.
 (b) The apoptotic regulating transcription factors, 

AP-1 and NF-kB, show alterations with reduced 
cellular levels of Zn.

Lower levels of Zn may induce overexpression of COX-2 
that promotes cell proliferation, prevents apoptosis, and 
therefore contributes to the malignant transformation 
of OSF [67].

10.3.3  Role of Iron

Iron (Fe) is the most abundant essential trace element in 
humans. Iron is an important component of heme and 
various enzymes in the body [69, 70]. The vital functions 
carried out by iron are the transport of oxygen, synthe-
sis of DNA, energy metabolism, development and main-
tenance of oral mucosa. Iron deficiency leads to 
Plummer-Vinson’s syndrome. Patients who have 
Plummer- Vinson’s syndrome (sideropenic dysphagia) 
exhibit features of anemia; further glossitis, angular 
cheilitis, and koilonychia are noticed. These patients 
have greater risk of developing oral, postcricoidal, and 
esophageal carcinomas.

Further, the investigations on iron levels in OSF 
patients have revealed lower serum iron concentrations 
when compared to healthy controls [44, 60, 71–80].

The suggestions for diminished levels of iron in OSF 
patients could be due to:
 (i) Excessive use of iron for the hydroxylation of lysine 

and proline during collagen synthesis.
 (ii) The mechanical injury caused by areca nut chewing 

hampers intake of a nutritionally balanced diet.
 (iii) Vegetarian diet may predispose an individual to 

greater depletion of iron stores.

Ultimately, chronic iron deficiency in areca nut chew-
ers  is a factor that  facilitates the development of 
OSF. Further, features of anemia have been noticed in 
the advanced stage of OSF [81, 82].

10.3.4  Role of Selenium

Selenium is yet another vital trace element that is an 
important constituent of antioxidant enzymes: glutathi-
one peroxidase and thioredoxin reductase [83]. Lower 
serum levels of selenium have been reported in OSF 
patients when compared to normal individuals [84].

10.4  Role of Vitamins

In a case-control study (OSF, n = 40; control, n = 25), 
deficiency of vitamin B12 and iron was reported in OSF 
patients when compared to healthy volunteers. Further, 
the red cell indices such as packed cell volume, mean 
corpuscular volume, and mean corpuscular Hb were sig-
nificantly reduced in OSF patients [85].

Another case-control study showed high frequencies 
of vitamin B12, folic acid deficiencies, and gastric pari-
etal cell antibody positivity in OSF patients when com-
pared to healthy individuals [86].

Shetty et al. in their study observed lower serum and 
salivary levels of ascorbic acid with progressibe worsen-
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ing of histopathological grading of OSF. The likely rea-
son for lower levels of ascorbic acid is that it may have 
been used for the excessive synthesis of collagen during 
the progression of OSF [87].

Another study evaluated mean serum vitamin A and 
vitamin E levels in OSF patients. There was no statisti-
cally significant difference in these vitamin levels 
between OSF and control groups. It has been 
 suggested that these vitamins are used by the tissues to 
combat oxidative stress generated due to the consump-
tion of areca nut [88].

10.5  Interventional Studies

In an interventional study on OSF by Maher et al. [89], 
the beneficial clinical response to multiple micronutri-
ents was evaluated in Karachi, Pakistan. Out of 169 OSF 
subjects recruited for the study, 117 compliant individu-
als were given daily oral micronutrient (vitamins and 
minerals) supplementations for 1–3 years. There was a 
significant improvement in symptoms, such as burning 
sensation, intolerance to spicy food, and restricted 
mouth opening. The interincisor distance increased in 48 
(41%) and  there was regression of concomitant lesions 
like oral leukoplakia and/or erythroplakia [89].

 Summary
Points of clinical relevance:
Factors that promote fibrosis in Oral Submucous 

Fibrosis are as follows:
 5 Low dietary fibre
 5 Higher levels of copper
 5 Lower levels of Zinc, Iron, and Selenium
 5 Lower levels of Vitamins A, B, C, and E
 5 Dietary supplementation of the micronutrients has 

shown improvement in signs and symptoms of 
OSF
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11.1  Introduction

Analytical epidemiology studies in humans described 
in 7 Chap. 8 provide strong evidence that areca nut is 
the major risk factor for the development of  oral sub-
mucous fibrosis (OSF). However, mechanistic evi-
dence is needed when examining the etiological role of 
a substance or an agent in the development of  a spe-
cific disease. International Agency for Research in 
Cancer (IARC-1985, 2004) [1, 2] has examined the 
mechanistic data in evaluating carcinogenicity of 
areca nut as well as its role in OSF. The summary arti-
cle from most recent IARC meeting published in 2020 
[3] indicates arecoline as “possibly carcinogenic to 
humans” (group 2B) based on strong mechanistic evi-
dence.

Constituents of  areca nut extract (ANE) include 
saccharides, polyphenols, fats, alkaloids, minerals, 
tannins, and crude fiber [4]. Alkaloids in areca nut 
include arecoline, arecaidine, guvacoline, and guva-
cine, which comprise 0.15–0.67% of  Areca nut extract 
(ANE) [4]. Analysis of  areca nut alkaloids revealed 
dry areca nut, pan masala, gutkha, and Chinese areca 
nut to contain total alkaloids ranging from 2.86 to 
9.91 (mg/g product dry weight) [5]. Arecoline has been 
shown to generate its detrimental effects via stimulat-
ing the proliferation of  fibroblasts with collagen syn-
thesis, reducing collagen degradation and collagen 
phagocytosis by fibroblasts, and generating inflamma-
tion through ROS production [6]. Other components 
of  areca nut that contribute to the pathogenesis include 
polyphenols and copper, which play a role in abnormal 
collagen cross-linking leading to reduced collagen deg-
radation [7]. In addition, mechanical irritation by 
components of  betel quid is thought to aid diffusion 
of  alkaloids and flavonoids into the subepithelial con-
nective tissue [8]. Another component of  betel quid-
slaked lime facilitates conversion of  arecoline into 
arecaidine and aid in its penetration into oral mucosa 
[9]. This chapter describes the mechanistic evidence on 
the role of  areca nut together with contribution from 
genetic factors, which ultimately allows to draw con-
clusions on the initiation and development of  OSF.

 n Learning Goals
 5 Understand the experimental evidence support-

ing the role  of  areca nut in the pathogenesis of 
OSF

 5 Recognize the constituents of areca nut/betel quid 
that contribute to OSF

 5 Identify inflammatory and fibrogenic cytokines 
and prooxidants that are induced by areca nut/
ANE

 5 Identify the contribution of fibroblasts, myofibro-
blasts, keratinocytes, and lymphocytes in the 
pathogenesis of OSF

 5 Know the genetic polymorphisms that make an 
individual more susceptible to develop OSF

11.2  In Vivo Experimental Evidence 
on OSF

The main objective of this chapter is to discuss the pub-
lished experimental evidence supporting etiological risk 
factors of OSF. In vivo animal studies and human stud-
ies that deal with the analysis of body fluids serum/
plasma and saliva of etiological constituents are pre-
sented first followed by in  vitro studies giving experi-
mental evidence of how areca nut and its constituents 
contribute to the pathogenesis of OSF.

11.2.1  In Vivo Animal Models of OSF 
Induced by ANE/Commercial Areca 
Nut Products

The best in vivo evidence regarding the contribution of 
areca nut as an etiological factor in OSF is  obtained 
from animal studies [10–17]. Chiang et al. [12] describe a 
dermal model for OSF, which  has the advantage of 
rapid development of fibrosis within 2–4 weeks; though 
the site difference could affect  the interpretation of 
pathologic mechanisms of OSF. Other studies describe 
the developement of OSF within the oral cavity in exper-
imental animals [10, 11, 13–17], and therefore they are 
more appropriate to interpret the effect  of areca nut/
commercial areca nut products in the pathogenesis of 
OSF.  The  in vivo OSF models have been developed 
in BALB/C mice [11, 12, 14, 17], Wistar albino rats [10, 
16], and Sprague-Dawley rats [13, 15] with ANE [11–13, 
17], arecoline with or without mechanical stimulation 
[14, 15], pan masala extracts [10, 13], and arecoline gel 
[16]. The mode of administration of the agents varied 
across studies:  local applications of solutions [11], gel 
[16], and paste [10] in addition to local injections [12, 13, 
15, 17] and systemic administration via drinking water 
[14]. Due to these methodological differences, time taken 
for the development of OSF shows a wide variation (14 
days to 600 days) (. Table 11.1).

Khrime et al. in 1991 [10] developed a model for OSF 
by painting the oral cavities of 21 albino rats with a 
paste of areca nut (pan masala) preparation on alterna-
tive days. Starting from 2 months up to 6 months, grad-
ual increase in submucosal collagen indicative of OSF 
was observed in a time-dependent manner in 88.2% of 
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       . Table 11.1 Summary of  in vivo experimental evidence supporting areca nut/arecoline as an etiological factor contributing to 
OSF in animal models

Refer-
ence

Methodology Findings Strengths (S)/limitations (L)

[10] Instant betel nut preparation 
(pan masala) painted on 
buccal mucosa of 21 albino 
rats on alternative days for 6 
months. Compared with a 
control group of 14 albino 
rats

At the end of 6 months, 88.2% of biopsies 
obtained from test group showed increased 
submucosal collagen indicative of OSF. A 
gradual increase in collagen was observed at 2-, 
4-, and 6-month time points.
Observed mild leukoplakia correlated to 
mild-to-moderate loss of nuclear polarity and 
increase in keratoses/parakeratoses
Increase in inflammatory cell infiltration and 
vascularity was noted when compared to the 
control group

S: First in vivo study to show etiological 
contribution of betel nut preparation in 
the development of OSF
L: Issues with reproducibility, increase 
in vascularity observed in test group is 
unexpected and controversial as with 
advancement of OSF, submucosal tissue 
becomes avascular

[11] Aqueous ANE (prepared by 
dissolving 265 g areca nut in 
1L NaCl) was applied on 
buccal mucosa of 20 female 
BALB/c strain mice weighing 
28–30 g twice daily 6 days per 
week for 300–600 days. A 
control group of 20 mice was 
treated with 50 mM NaCl

By the end of 600 days, ANE-treated group 
showed significant epithelial atrophy, fibrosis, 
and muscle atrophy characteristic of OSF 
compared to the control group
Progressive reduction in fibroblast density and 
vascular density was evident from 300- to 
600-day treatment groups

S: First reproducible in vivo model to 
show the contribution of areca nut in 
the development of OSF
Gradual increase in histopathological 
evidence supportive of OSF shown at 
four time points
Use of aqueous ANE, to simulate the 
actual scenario that occurs in betel/
areca nut chewers
L: Long duration taken for the 
development of OSF-like features

[12] Two groups of 24 BALB/c mice 
each were injected with ANE 10 
mg/ml and 20 mg/ml on the 
shaved skin. Third group of 24 
mice received 0.5 mg/ml 
bleomycin injection, while 24 
mice in control group received 
PBS injections. 6 mice in each 
group were sacrificed on 3rd, 
7th, 14th, and 30th days of 
treatment
In addition to routine H&E 
sections, immunohistochemistry 
and immune blot techniques 
had been used to evaluate 
α-SMA and CTGF levels

Mice that received both concentrations of ANE 
injections were shown to have increased dermal 
thickness as well as increased dermal collagen 
deposition compared to control group
ANE-induced fibrosis was shown to be produced 
in a dose-dependent manner, with mice receiving 
20mg/ml ANE showing 2.7-fold increase in 
collagen compared to the control
It was also confirmed that ANE could induce 
fibrotic marker genes α-SMA and CTGF gene 
expression

S: Rapid development of fibrosis
First study to show that ANE is 
capable of inducing fibrotic marker 
gene expression
L: Use of ANE injections does not 
exactly replicate the actual scenario 
that leads to the development of OSF 
in humans
Site differences may also hinder the 
interpretation of features expected to 
occur in OSF naturally

[13] Three groups of Sprague-
Dawley rats (10 in each 
group) received buccal 
mucosal injections of areca 
nut (33 mg/ml), pan masala 
(33 mg/ml), and 0.2 ml of 
sterile saline, respectively, on 
alternate days for 48 weeks. 
Rats were sacrificed at 6-week 
intervals. TGF-β expression 
was assessed using RT-PCR

Histopathological changes supportive of OSF such 
as atrophic epithelium, partial or complete loss of 
rete ridges, juxta-epithelial hyalinization, inflamma-
tion, and accumulation of dense bundles of 
collagen fibers in the lamina propria were observed 
in both areca nut- and pan masala-treated groups
Epithelial atrophy was reported to occur at an 
earlier time in mice receiving pan masala 
injections compared to mice receiving areca nut
In contrast, fibrosis started to develop at an earlier 
time point in the mice receiving areca nut 
injections compared to pan masala
Highest level of TGF-β expression was evident at 
18th week in areca nut-treated group while in pan 
masala-treated group it was at 24th week. This can 
be correlated with the time when maximum 
fibrosis was observed histopathologically. 
Thereafter, a downward trend of TGF-β 
expression was observed

S: Provides evidence implicating both 
areca nut and pan masala as the 
etiological agents in OSF
Correlates the histopathological change 
of fibrosis with fibrogenic cytokine 
expression pattern, indicating areca 
nut’s ability to stimulate TGF-β 
expression
L: Does not support the observation 
that commercial areca products have 
the ability to develop OSF at a faster 
rate compared to naturally occurring 
areca nut
Use of injection as a mode of delivery 
is not an exact replication of what 
takes place in humans

(continued)
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       . Table 11.1 (continued)

Refer-
ence

Methodology Findings Strengths (S)/limitations (L)

[14] Arecoline (1000 mg/L) was 
added to drinking water to 
develop OSF in 40 BALB/c 
mice in experimental group, 
while distilled water was given 
to 40 mice in the control 
group. Mice were sacrificed 
during a period of 20 weeks at 
8, 12, 16, and 20 weeks of 
treatment

By the 8th week, mice started to develop 
epithelial atrophy and accumulation of collagen 
in the lamina propria
By 20th week, hyaline degeneration of the 
connective tissues was observed on the tongue 
and palatal mucosa
Collagen I was found to gradually increase, and 
by 20th week it was the sole constituent of 
lamina propria. Collagen III was found to 
decrease over time

S: Arecoline without the other constitu-
ents was shown to produce OSF-like 
changes
L: The fact that arecoline was added to 
drinking water in a higher concentra-
tion than that observed in areca nut 
chewers’ saliva is different to the actual 
scenario that occurs in humans
Collagen III expression was found to 
be increased in a subsequent report (15)

[15] Arecoline (0, 0.5, 2.0, 8.0 mg/
ml) was used for 20 weeks to 
induce OSF in Sprague-Daw-
ley rats. Control group of 8 
rats each received mechanical 
stimulation with or without a 
brush
Expression pattern of TGF-β 
and collagen III was evaluated

Moderate and high concentrations of arecoline 
was shown to reduce mouth opening and 
produce typical OSF pathological features in the 
buccal mucosae.
The expression levels of collagen III and 
TGF-β1 were significantly increased in the test 
group compared to the control group. Mechani-
cal stimulation alone did not produce clinical or 
pathological features supportive of OSF

S: Convincingly shows that mechanical 
stimulation per se is not capable of 
inducing clinical/pathological features 
supportive of OSF
L: Collagen III expression was found to 
be reduced in another report (14)

[16] 1% arecoline hydrobromide 
mucoadhesive gel was applied 
with a cotton bud unilaterally 
on to the buccal mucosa of 
the experimental animals 
daily for 4 months. After 
application of the gel, the 
animals were fasted for a 
period of 6 h and then were 
fed with regular diet

By the 2nd month of treatment, epithelial 
atrophy and collagen accumulation were 
observed. A white mucosal patch, thin epithelial 
lining, and dense collagen at submucosa were 
observed with biopsy taken at the end of 4th 
month compared to no changes observed in the 
oral mucosa of rats in the control group 

S: Considering the fact that a gel 
containing arecoline initiating features 
of OSF gives a better model more 
closely resembling the actual situation 
encountered in the oral cavity in 
humans
This finding also allows us to speculate 
that arecoline plays a significant role in 
the pathogenesis of OSF

the biopsies. In addition, cytological atypia suggestive 
of leukoplakia was also described, which is a feature 
that has not been described in any other OSF animal 
models.

The first reproducible animal model for OSF was 
developed in 2007 by Perera et al. [11]. They developed 
the animal model by applying aqueous ANE (prepared 
by adding 265 g areca nut per liter of 0.9% normal 
saline) on the buccal mucosa of mice twice a day, 6 days 
per week. Mice were sacrificed at 300, 350, 450, and 600 
days of treatment. Their findings revealed significantly 
higher scores for epithelial atrophy, connective tissue 
fibrosis, and muscle atrophy characteristic of OSF, in 
the test group compared to the control group at 600 days 
of treatment. These changes were shown to gradually 
develop by comparing groups that received treatment 
for 300–450 days.

In order to avoid the long duration for the develop-
ment of OSF in the model developed by Perera et  al. 
[11], Chiang et al. [12] developed an alternative dermal 
model by subcutaneously injecting 100 μl of  ANE in 10 
mg/ml or 20 mg/ml concentrations on the shaved skin of 
mice. Animals were sacrificed at 3, 7, 14, and 30 days. 

Their results showed a significant increase in dermal 
thickness and collagen deposition in the groups receiv-
ing ANE compared to the control. ANE was also shown 
to induce the expression of fibrotic marker genes alpha 
smooth muscle actin (α-SMA) and connective tissue 
growth factor (CTGF) in the skin lesions. Chiang et al. 
[17] went on to successfully induce fibrosis of the buccal 
mucosa in a mouse model with pathological features 
similar to OSF in 4 weeks by submucosal injection of 
ANE at 20 mg/ml concentration once every 2 days.

Maria et al. [13] were also successful in developing 
OSF animal models by injecting 0.2 ml (33 mg/ml) of 
areca nut or pan masala extracts for 48 weeks on alter-
nate days. The histopathological findings were presented 
at 6-week intervals, and in the test group which received 
ANE, mice showed development of epithelial atrophy 
by the 24th week while in mice receiving pan masala epi-
thelial atrophy was evident from the 6th week. In con-
trast, increased collagen deposition was identified by the 
6th week in the pan masala group, while in ANE group, 
by the 12th week. In addition, corresponding to histo-
pathological findings, maximum upregulation of TGF- 
β1 gene was evident after 18 and 24 weeks of treatment, 
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in mice receiving ANE and pan masala, respectively. 
However, overall mice injected with pan masala did not 
show more significant rapid development of OSF com-
pared with those injected with ANE, in contrast to an 
observational study on humans by Babu et  al. [18], 
where chewing of pan masala/gutkha was associated 
with earlier presentation of OSF than betel quid use.

Wen et al. [14] developed their OSF model by giving 
mice in the experimental group arecoline diluted to a 
concentration of 1000 mg/L in drinking water for a 
period of 20 weeks. Mice were sacrificed at 8, 12, 16, or 
20 weeks. A significant reduction in mouth opening was 
observed in the experimental group compared to the 
control from the 16th week onwards, though fibrous 
bands were not observed. Pathological changes, epithe-
lial atrophy, and accumulation of collagen similar to 
that in OSF started to appear by the 8th week. With the 
advancement of the disease, a reduction in angiogenesis 
and significant increase in m-RNA type I collagen 
expression was  observed. The most significant finding 
of the study was that pure arecoline in the absence of 
polyphenols, physical stimulation, or lime was shown to 
be capable of inducing histopathological changes com-
patible with OSF in mice.

Yang et  al. [15] developed OSF in a rat model by 
using 0.5, 2, and 8 mg/ml of arecoline. In their study, 
rats who received moderate-to-high concentrations of 
arecoline showed features of OSF by 16 weeks, with sig-
nificant increase in TGF-β and type III collagen. 
Mechanical stimulation alone failed to develop 
OSF. Desai et al. (16) induced OSF in the experimental 
animals by applying 1% arecoline hydrobromide muco-
adhesive gel daily for 4 months. In their study, histo-
pathological changes similar to OSF started to appear 
by the 2nd month.

According to the findings of  the in vivo animal 
studies, ANE, commercial areca nut products such as 
pan masala, as well as arecoline alone have 
been shown to induce OSF-like changes confirming 
the fact that areca nut, especially the alkaloid areco-
line, is a significant chemical agent in the pathogen-
esis of  OSF.  OSF is a generalized condition that is 
not restricted only  to the  site where the etiological 
agent comes in contact in the oral mucosa. Experi-
mental evidence from Perera et al. [11] supports this 
observation as they show that when ANE is applied 
to buccal mucosa, OSF-like features also develop in 
the ventral surface of  the tongue (. Figs.  11.1 and 

       . Fig. 11.1 Photomicrograph taken from the ventral surface of  the 
tongue of  a mouse in the control group following NaCl application 
of  buccal mucosa for 600 days. The epithelium, is of  normal thick-

ness while connective tissue underneath the epithelium is vascular 
and contains plump fibroblasts

11 In Vivo and In Vitro Experimental Evidence
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11        . Fig. 11.2 Photomicrograph taken from the ventral surface of  the 
tongue of  a mouse in the experimental group following ANE applica-
tion to the buccal mucosa for 600 days. The epithelium is atrophic and 
contains a juxta-epithelial zone of  hyalinization and fibrosis, which is 
avascular and acellular indicating histopathological evidence of  OSF

Figure credits: Dr Sumeth Perera, Senior Lecturer in Biochemis-
try, Department of Biochemistry, Faculty of Medicine, University of 
Sabaragamuwa, Sri Lanka

11.2). Experimental evidence also shows  the ability 
of  ANE or arecoline to induce increased expression 
of  TGF-β, a fibrogenic cytokine and type I and III 
collagen m-RNA leading to increased collagen pro-
duction and fibrosis. Except for Khrime et  al. [10], 
other investigators do not show if  all animals exposed 
to ANE/arecoline developed OSF.  Thus, it is diffi-
cult  to draw conclusions  if  any factor other than 
ANE/arecoline contributes to the disease in animal 
models.

> Important
The role played by areca nut in OSF identified through 
in vivo animal studies

Experimental evidences show that arecoline is 
the main constituent of areca nut capable of produc-
ing features similar to OSF in mice/rats. Mechanical 
stimulation in the absence of areca nut constituents 
has not been able to produce OSF-like lesions in ani-
mal models. Fibrosis that occurs has been correlated 
with increased type I and/or III collagen production by 
evaluating its m-RNA expression.

11.2.2  In Vivo Experimental Evidence 
of Chili as a Risk Factor of OSF

In the early 1960s, Sirsat and Khanolka attempted to 
develop an in vivo animal model for OSF using capsa-
icin, the active ingredient of chili as the etiological agent 
[19]. Their results showed that capsaicin had some effect 
on connective tissues, but they were cautious in indicat-
ing chili as an etiological factor as any nonspecific irri-
tant could produce similar lesions. Considering the fact 
that OSF is completely absent in countries that have high 
chili consumption, there is insufficient experimental evi-
dence at present to implicate chili as an etiological factor 
in OSF, in spite of some epidemiological evidence [20, 
21] and early observational studies [22] to the contrary.

Tip

There is insufficient experimental evidence to impli-
cate chili as an etiological factor in OSF.
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11.2.3  In Vivo Human Experimental Studies 
Dealing with OSF Patients

11.2.3.1  Inflammatory Cytokine Production 
by Peripheral Blood Mononuclear 
Cells

Haque et al. [23] analyzed spontaneous and stimulated 
production of IL-1β, IL-6, IL-8, TNF-α, and interferon-
gamma (IFN-ɣ)  in peripheral blood monocytes in 
patients with OSF, relatives of OSF patients, and con-
trol group including both Indians and Caucasians with-
out the habit of betel quid chewing. Results revealed 
upregulation of pro-inflammatory cytokines in OSF 
patients, and  IFN-ɣ, the anti-fibrotic cytokine, was 
underexpressed  indicating  that the  imbalance between 
the two groups of cytokines may play a role in the patho-
genesis of OSF.

11.2.3.2  Elevated Levels of Copper from 
Areca Nut and Drinking Water 
Reduce Collagen Degradation

Areca nut products are a rich source of copper as shown 
by Trivedy et al. [24]. Their results showed that mean dry 
weight of copper in eight areca nut products was  302 
(±SD 92) nmol/g. Salivary copper levels were shown to 
be significantly higher with areca nut chewing than with-
out chewing in normal healthy individuals [24]. Trivedy 
et al. [25] also showed that both epithelium and connec-
tive tissue of OSF patients contained higher levels of 
copper compared to a control sample. They concluded 
that substantial amounts of copper released from areca 
products induce lysyl oxidase activity, upregulate colla-
gen synthesis by fibroblasts, and  facilitate its cross- 
linking, thereby, inhibiting its degradation. Arakeri 
et  al. [26] by comparing three groups, namely OSF 
patients who chewed gutkha, individuals who chewed 
gutkha without OSF, and individuals who did not chew 
gutkha, showed that OSF patients who chewed gutkha 
had the highest copper concentration in drinking water 
as well as in plasma and in saliva. Their conclusion was 
that copper does play a role in the pathogenesis, though 
it is not the only cause. Though not directly related to 
OSF, experimental evidence has shown that catechin in 
the presence of copper stimulates lysyl oxidase activity 
in chick aorta [27]. Thus, it can be speculated that 
 catechin present in areca nut may also contribute to the 
pathogenesis of OSF by stimulating lysyl oxidase 
enzyme activity.

11.2.3.3  Genetic Susceptibility in Individuals 
with OSF

Considering the fact that increased collagen synthesis 
and reduced collagen degradation play a role in the 
pathogenesis of OSF, polymorphisms in collagen-related 
genes have been investigated. Chiu et al. [28] compared 

the relationship between OSF and polymorphisms in col-
lagen 1A1 and 1A2 (COL1A1 and COL1A2), collage-
nase- 1 (COLase), transforming growth factor-β1 
(TGF-β1), lysyl oxidase (LOX), and cystatin C (CST3), 
between patients with low and high exposure to betel 
quid. PCR-based RFLP was performed in 166 OSF 
patients and 284 betel quid chewers without 
OSF.  In  COL1A1 gene, high-OSF-risk allele in low- 
exposure group was found to be CC, while it was TT in 
high-exposure group. For COL1A2 gene, high-OSF-risk 
allele was AA in low-exposure group and BB in high- 
exposure group. Risk of OSF was shown to increase with 
increasing number of high-risk alleles in both low and 
high exposure to betel quid groups. These results sug-
gested that susceptibility to OSF could involve multigenic 
mechanisms modified by the betel quid-exposure dose.

MMP-1 is the main enzyme that cleaves collagen 
including type I, the major collagen of OSF. Chaudhary 
et  al. [29] show that single nucleotide polymorphisms 
(SNPs) in MMP-1 promoter region (−1607) 2G allele 
are associated with susceptibility of Indian betel quid 
chewers to OSF, while another study did not show a 
similar relationship [30]. MMP-3 degrades basement 
membrane and collagen II, IV, IX, and X and activates 
MMP-1 and -9. Tu et al. investigated the effect of inser-
tion/deletion (−1171 5A–6A) polymorphisms in MMP-3 
promoter region by PCR in 71 OSF patients and 
revealed that 5A genotype of MMP-3 promoter was 
associated with the risk of OSF [31]. Chaudhary et al. 
[32] on the other hand showed that 5A allele was associ-
ated with the risk of OSF in Indian patients younger 
than 45 years while 6A allele was associated with the 
risk of OSF in all age groups.

TGF-β polymorphisms in OSF patients have been 
studied by Chiu [28] and Rajendran [33]. Chui et  al. 
showed that high OSF risk was associated with CC 
alleles in both high- and low-exposure groups [28], while 
Rajendran et al. [33] showed high frequency of C-to-T 
transition in the UTR region in OSF patients compared 
to control. Regarding the LOX gene, Chiu et  al. [28] 
showed that AA and GG were the high-risk allele for 
low and high exposure to betel chewing groups, respec-
tively. Sheih et al. [34] showed the presence of a G-to-A 
polymorphism at nucleotide 473, which caused a non-
conservative Arg158Gln change in the LOX amino acid 
sequence in OSF patients older than 50 years. Ray et al. 
[35] showed that with respect to LOX, G > A (473), a 
significantly higher number of individuals from 
Kolkotta  were found to carry the heterozygous GA 
allele in individuals aged <30 years. However, there were 
significant differences with respect to the carrier status 
of GA allele among people of different regions of India. 
Cystatin C (CST3) is a molecule that prevents ECM 
degradation, by inhibiting the action of cysteine pro-
teinases. High-OSF-risk allele in CST3 gene was found 
to be AA in both low- and high- exposure groups [28].
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MICA (major histocompatibility complex class I 
chain-related gene A) is expressed by keratinocytes, and its 
protein has been shown to interact with T cells localized in 
the submucosa. When MICA polymorphism was ana-
lyzed in 80 OSF patients and 351 unrelated controls using 
DNA sequencing, allele A6 in MICA was found to confer 
risk for OSF [36]. In a study by Agrawal et  al. [37] on 
allelic variants of polymorphic glutathione S- transferases 
(GSTs) that show impaired enzyme activity, they found 
that the frequency of both the GSTM1 and GSTT1 null 
genotypes was higher in OSF patients than in controls. 
They concluded that the GSTM1 and GSTT1 null geno-
types, separately or in combination, increase the risk of 
developing OSF in the North Indian population. Mukhar-
jee et  al. [38] showed that polymorphisms at N-acetyl-
transferase 2 locus, XRCC3 Thr 241 Met, and combination 
of SNPs XRCC3 Thr 241 Met - NAT2 A857G increase 
the risk of OSF in men exposed to areca nut or smokeless 
tobacco. The cytochrome P4501A1 (CYP1A1) enzyme is 
central to the metabolic activation of carcinogens released 
by betel quid (xenobiotics), whereas CYP2E1 metabolizes 
the nitrosamines and tannins. Chaudrari et al. [39] investi-
gated the polymorphisms at CYP1A1m1 (T3801C), m2 
(A2455G), and CYP2E1 PstI site (nucleotide 21259) in 75 
OSF patients and 150 controls from an eastern Indian 
population by the PCR-RFLP method. Results show that 
polymorphism in CYP1A1 and CYP2E1 may confer an 
increased risk for OSF.

A significant association of certain human leukocyte 
antigens (HLA) and haplotypic pairs with OSF has been 
reported [40, 41]. Chen et al. [40] reported that increased 
phenotypic frequency of HLA-B76 and higher frequen-
cies in haplotypes HLA-B76-Cw7 and HLA-B62/Cw7 
confer higher genetic susceptibility to OSF in Taiwanese 
smokers. In addition, HLA-DRB1*0301 and HLA- 
DQB1*0503 were shown to be associated with the suscep-
tibility to OSF and smoking behavior by Prohit et al. [41].

Considering the polymorphisms that have been 
detected in patients with OSF as well as in betel quid 
chewers without OSF [28–41], contribution from more 
than one polymorphism may make a person susceptible 
to develop OSF, confirming the multigenic nature of the 
disease.

Tip

The role of genetic polymorphisms in the development 
of OSF

Genetic polymorphisms in collagen, MMP, TGF-
β, lysyl oxidase, and cystatin genes have been identi-
fied in  individuals more susceptible to develop 
OSF.  Investigators also identified polymorphisms in 
MICA, GST, CYP, and HLA genes, which were sig-
nificantly associated with OSF patients compared to 
the control population.

11.2.4  In Vivo Experimental Evidence 
of Analysis of Areca Nut Alkaloids 
in Saliva

When  betel quid/commercial areca nut products are 
chewed, harmful components implicated in the patho-
genesis of  OSF should be transferred into saliva in 
order to diffuse into the oral mucosa,  to provide evi-
dence that areca nut plays a main etiological role in 
OSF. However, studies that analyze areca nut alkaloids 
and their metabolites in saliva are sparse [42–46]. Cox 
et al. [42] analyzed saliva in 32 habitual areca nut chew-
ers and 6 persons who denied areca nut use as the con-
trol group over a period of  50 min at 5-min intervals, 
after chewing 0.5 g of  areca nut by chewers and a rub-
ber-based material by the control group. The results 
were compared with respect to two critical arecoline 
concentrations: 0.1 μg/ml for collagen stimulation and 
more than 10 μg/ml for cytotoxicity [47, 48]. Results 
revealed that all chewers had salivary arecoline exceed-
ing either one of  the critical values during chewing. 
Critical  arecoline concentration, 0.1 μg/ml, was 
achieved by all subjects in 85% of  the time points, while 
>10 μg/ml arecoline concentration was achieved by 
approximately one-third of  subjects in 30% of  the time 
points studied.

Lee at al. [43] in a similar study analyzed salivary 
arecoline, arecaidine, and N-methylnipecotic acid over 
a period of  35 min in five subjects after chewing on 5 g 
of  areca nut. Results show that saliva of  all partici-
pants reached the critical arecoline concentration of 
>10 μg/ml during chewing, while the highest levels of 
arecoline and arecaidine were achieved 5  min after 
areca nut chewing, and then the alkaloid levels 
decreased gradually. Maximum  N-methylnipecotic 
acid level (which is the major metabolite of  arecoline 
and arecaidine [49]) was evident 10 min after areca nut 
chewing.

Venkatesh et al. [44] analyzed salivary arecoline lev-
els in 50 individuals, who used commercially available 
areca nut for more than 3 years. In contrast to other 
studies [42, 43], salivary arecoline concentrations during 
chewing were lower (0.06–0.1 μg/ml) than after chewing 
(0.1–0.3 μg/ml). The most significant finding of the study 
[44] was the fact that the group that chewed on the pla-
cebo also had high arecoline levels, which was attributed 
to re-secretion of arecoline that has been previously 
absorbed by the oral mucosa. In contrast to studies [42–
44] that analyzed short-term areca nut alkaloid concen-
trations in saliva, Franke et al. [45] in their pilot study 
involving four betel chewers found arecoline, guvacoline, 
arecaidine, and guvacine for up to 8 h following expo-
sure, both in saliva and urine. Further, they found that 
arecoline/arecaidine ratio in saliva was 4:1, while in urine 
it was 1:10 [45], which provides indirect evidence of con-
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version of arecoline into arecaidine as a requirement for 
detrimental effects of the areca nut alkaloids to take 
effect. The fact that the amount of arecaidine secreted 
by urine is more than the amount found in saliva indi-
cates that arecoline is converted to arecaidine most prob-
ably by esterases secreted by fibroblasts. If  this conversion 
takes place solely due to lime (calcium hydroxide) as pre-
viously indicated, experimental evidence should show 
higher salivary concentration of arecaidine.

Irrespective of the differences in methodologies and 
results, all studies [42–46] confirm that individual varia-
tions exist with respect to significant alkaloid concentra-
tions identified in saliva, which can be used to support 
the fact that not all individuals who chew areca nut 
develop OSF or malignancy. Lack of experimental evi-
dence regarding salivary areca nut alkaloid concentra-
tions of OSF patients is a limitation that was identified 
in the published literature.

Tip

How long do harmful concentrations of areca nut alka-
loids remain in saliva?

Experimental evidence shows that areca nut alka-
loids at harmful concentrations may remain in saliva 
as long as 8 h post-exposure to areca nut/betel quid. 
These alkaloids may also get re-secreted into saliva 
through oral mucosa; thus, the time which alkaloids 
remain in saliva may not solely depend on the fre-
quency of  chewing.

11.2.4.1  Pro-inflammatory Cytokines 
in Serum and Saliva in OSF Patients

Several in vivo human studies have confirmed that pro- 
inflammatory cytokine levels both in serum and saliva 
are elevated in OSF patients [23, 50, 51]. Kaur et  al. 
[50] analyzed serum and salivary TNF-α, IL-6, and 
IL-8 levels in 52 OSF patients using enzyme-linked 
immunoassay (ELISA) and found a progressive 
increase in all three cytokines when the grade of  dys-
plasia increased (which was correlated with advance-
ment of  the OSF). They also showed that the cytokine 
levels detected in saliva were higher than the levels 
detected in serum. These findings are similar to those 
reported by Dineshkumar et  al. [51]  that, IL-6 was 
three times higher in saliva compared to serum in 50 
OSF patients. In vitro experimental evidence by Wang 
et al. [52] and Jeng et al. [53] showed that the produc-
tion of  inflammatory cytokines by gingival fibroblasts 
and keratinocytes in the presence of  arecoline support 
the involvement of  arecoline in increased levels of  sali-
vary and serum pro-inflammatory cytokines detected 
in OSF patients [23, 50, 51] which provides further evi-

dence of  the role played by arecoline in the pathogen-
esis of  OSF.

11.2.4.2  Oxidative Stress Generated by ANE 
in OSF Patients

ROS generation by ANE may occur due to auto- 
oxidation in the oral cavity or metabolism involv-
ing intracellular enzymes such as cytochrome P450. In 
vivo experimental evidence related to oxidative stress 
[54–61] have been assessed  using lipid peroxidation 
products, malonaldehyde (MDA) [54, 58, 59] and 
8- isoprostane [57]; prooxidants such as lipid peroxide, 
conjugated dienes, hydroxyl radicals [60], hydrogen per-
oxide [62] and antioxidant levels [54–57, 59, 61] in the 
saliva and serum of OSF patients. In all reported stud-
ies, a general trend of elevated levels of prooxidants or 
their metabolites were  observed in OSF patients com-
pared to healthy individuals [54–56, 58, 59]. In contrast, 
a significant reduction in antioxidant levels was observed 
in OSF patients compared to healthy individuals [54–57, 
59, 61]. These findings indicate that oxidative stress gen-
erated by ANE is a mechanism that is important in the 
development of OSF.

Nair et al. [60] designed a series of experiments to 
assess hydroxyl radical (HO.) formation during chewing 
of betel quid by evaluating the formation of ortho- and 
meta-tyrosine from l-phenylalanine. Both forms of 
tyrosine were generated in  vitro in the presence of 
extracts of areca nut and/or catechu, metal ions such as 
Cu2+ and Fe2+, and lime (alkaline pH). Exclusion of any 
of these ingredients from the reaction mixture signifi-
cantly reduced the yield of tyrosine. Addition of 
hydroxyl radical scavengers was shown to inhibit phe-
nylalanine oxidation in a dose-dependent fashion. The 
in vivo component of the study was done by assessing 
the saliva of five volunteers who chewed betel quid con-
sisting of betel leaf, areca nut, catechu, slaked lime 
(without tobacco), and phenylalanine. Their saliva, col-
lected after chewing betel quid with phenylalanine, con-
tained high concentrations of o- and m-tyrosine. These 
studies demonstrate that the hydroxyl radical is formed 
during betel quid chewing which  may produce DNA 
damage in oral epithelial cells.

11.2.4.3  Involvement of Autoimmunity 
in the Etiology of OSF

Although studies that deal with direct identification of 
auto-antigens are sparse [63], a few studies that deal 
with the identification of  several autoantibodies 
including antinuclear (ANA), anti-smooth muscle 
(SMA), anti-gastric parietal cell (GPCA), anti-thyroid 
microsomal (TMA), and anti-reticulin antibodies are 
available in literature [64–66]. Immune complexes have 
also been investigated in order to ascertain an autoim-
mune basis for OSF [67]. Wang et al. [63], using a pro-
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teome microarray and ELISA, validated 8 
auto-antigens that were frequently found in the serum 
of  patients with OSF compared to healthy individuals. 
Out of  all validated auto-antigens, they selected 
PTMA which was found in high frequency in OSF 
patients for further investigations. PTMA overexpres-
sion was associated with TGF- β- induced fibrosis, while 
PTMA knockdown reversed fibrosis in human fibro-
blast cultures.

Chiang et al. [64] after analyzing 5 autoantibodies 
in 109 OSF patients revealed that the presence of 
serum GPCA and ANA in OSF patients was associ-
ated with daily consumption of  betel quid. They also 
speculated higher frequencies of  specific HLA-DR 
antigens in OSF patients as a contributing factor in 
autoantibody production. Gupta et  al. [65] investi-
gated ANA levels in three groups of  individuals (OSF 
patients; control with and without betel quid chewing) 
and reported that significantly higher ANA levels were 
identified in OSF patients compared to healthy indi-
viduals. In addition, ANA levels were significantly 
higher in females compared to males, and it correlated 
with reduced mouth opening. Shah et al. [67] investi-
gated ESR, and serum IgA, IgG, and IgM levels of  113 
OSF patients and 25 controls. Their results of  elevated 
serum immunoglobulin levels in OSF patients com-
pared to the control led to the postulation of  possible 
immunological basis for OSF.

Chen et al. [40], among others, have studied altera-
tions in cellular/humoral response and report on HLA 
antigen and  certain phenotypic and haplotypic altera-
tions that make  individuals susceptible to develop 
OSF. In contrast, Van Wyk et al. [68] could not identify 
HLA antigen phenotypes that make an individual more 
susceptible to develop the disease.

Although the data on various HLA types, elevated 
autoantibody levels, and detection of immune com-
plexes tend to support an autoimmune basis for OSF, 
the number of cases considered in these studies are 
insufficient to draw definitive conclusions. Further 
investigations are required to confirm the contribution 
of auto-antigen/autoantibody generation as an etiologi-
cal factor responsible for OSF.

11.2.4.4  Involvement of Micronutrients 
in the Etiology of OSF

Trace elements that have been investigated in the saliva/
plasma of OSF patients include Zn, Cu, Fe, and Se [24, 
69–72]. Zn is important for the activation of antioxidant 
enzymes and superoxide dismutase (SOD). In  OSF 
patients, levels of SOD were found to be reduced com-

pared to controls [60]. Together with copper [69], iron 
acts as a cofactor for prolyl hydroxylase and lysyl 
hydroxylase, which are enzymes involved in the hydrox-
ylation of collagen [70]. Excessive collagen synthesis in 
OSF is associated with a decline in the levels of serum 
and plasma Fe in OSF patients, while copper levels 
become elevated [70]. Deficiency of iron in OSF reduces 
levels of cytochrome oxidase, resulting in atrophy of the 
epithelium. Taken together, reduced and elevated levels 
of micronutrients in serum/plasma/saliva have been 
observed in OSF patients. However, there is insufficient 
evidence to indicate that these micronutrients are the 
sole cause of OSF.

11.3  In Vitro Experimental Evidence 
Supporting the Role Played by Areca 
Nut/Betel Quid in OSF

11.3.1  Collagen Synthesis

Literature reveals contradictory results on arecoline 
concentrations required for collagen synthesis by cul-
tured fibroblasts [47, 73–76]. In vitro studies involving 
human fibroblasts in culture show that arecoline con-
centrations above 0.1 μg/ml are required for cell stimu-
lation and collagen synthesis while concentrations 
above 10–50 μg/ml are  cytotoxic [47, 48, 73, 77, 78]. 
Most of  the in vitro studies that assess collagen synthe-
sis have measured radioactive collagen by incorporat-
ing 3H proline [47, 77–82] or 3H leucine [33], while a 
single  study each used biochemical measurement of 
hydroxyproline content in lieu of  total collagen [73] 
and photometric method [74]. RT-PCR-based m-RNA 
expression of  collagen genes has been used to assess 
patterns of  collagen synthesis induced by arecoline 
[75]. In addition, m-RNA levels of  heat-shock protein 
47 (HSP47), a molecular chaperone involved in the pro-
cessing and quality type I collagen, have also  been 
investigated [76].

Canniff  and Harvey in 1981 [47] used three crude 
extracts of  areca nut to stimulate collagen synthesis in 
cultures of  human fibroblasts, with a pulse of  3H pro-
line. When cultures were analyzed for radioactive col-
lagen, all three extracts at a concentration of  10 μg/ml 
were found to stimulate collagen synthesis by 150% 
supporting an etiological role of  areca nut in 
OSF. Harvery et al. [77] also showed that exposure of 
fibroblasts to arecoline and arecaidine was associated 
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with a concentration- dependent increase in collagen 
synthesis and cell proliferation. Cell proliferation was 
evaluated using methylene blue staining assay, and 
arecoline was found to stimulate fibroblast prolifera-
tion up to 10 μg/ml, while it was cytotoxic at 100 μg/
ml. However, arecaidine even at 100 μg/ml was capa-
ble of  maintaining cell proliferation. Based on these 
results, Harvey et  al. [77] concluded that arecaidine 
was the more potent stimulator of  collagen synthesis 
and cell proliferation. They also used evidence put 
forward by Nieschultz and Schmersahl [62] to suggest 
that fibroblasts possess an esterase capable of  hydro-
lyzing arecoline to arecaidine. In contrast to Harvey 
et al. [77], van Wyk et al. [81] reported that arecoline 
and arecaidine extracted from raw, baked, and boiled 
nuts at concentrations of  2.75 μg/ml and 10.6 μg/ml, 
respectively, inhibit fibroblast growth. Recent study 
[83] confirms that arecoline at a concentration of  <16 
μg/ml stimulates proliferation of  oral fibroblasts. This 
process was shown to be mediated via Egr-1, which is 
a typical immediate early gene by trans- activating 
Wnt5a.

Kuo et al. [80] compared biosynthesis of  collagen in 
fibroblast cultures established using biopsies of  ten 
OSF patients with tissue from age- and sex-matched 
controls undergoing third molar extractions. Collagen 
synthesis was assessed using the same technique 
described by Canniff  and Harvey [47, 77]. Results 
showed  that in four OSF fibroblast strains, there was 
a  1.5-fold increase in collagen synthesis compared to 
age-, sex-, and passage- matched controls. It was also 
found that OSF fibroblasts have higher procollagen 
m-RNA and produce type I collagen trimer, which is 
resistant to degradation. However, the fact that 6 out of 
10 OSF fibroblast cultures failed to show an increase in 
collagen synthesis was attributed to the fact that it is not 
only increased synthesis of  collagen that contributes to 
the pathogenesis of  OSF.  Though this in  vitro study 
does not directly deal with the effects of  areca nut alka-
loids, the fact that the experiment was performed using 
fibroblasts established from OSF patients who used 
areca nut supports its inclusion.

In contrast to early studies that show increased col-
lagen synthesis [47, 77, 80], several studies [78, 81, 82, 
84] show inhibition of collagen or protein synthesis at 
0.4–1.0 mM (62 μg/ml and 155 μg/ml) concentrations of 
arecoline, which are much higher concentrations than 
generally detected in saliva even in individuals who 
chew commercial areca products [44]. Xia et al. in 2009 
[73] investigated the influence of oral keratinocytes on 
collagen metabolism by establishing keratinocyte and 

fibroblast cultures from three healthy individuals. They 
assessed collagen metabolism in four study groups, 
namely fibroblast alone without stimulation by areco-
line, fibroblasts stimulated with 20 μg/ml arecoline, 
fibroblasts cocultured with keratinocytes without areco-
line pretreatment, and fibroblasts cocultured with kera-
tinocytes pretreated with 20 μg/ml arecoline. The 
hydroxyproline content was determined after alkaline 
hydrolysis using a commercial kit, which was considered 
as the amount of total collagen. According to their 
results, two study groups with only fibroblasts produced 
two times more soluble collagen than the fibroblasts 
that were cocultured with keratinocytes. On the other 
hand, the group that had fibroblasts cocultured with 
keratinocytes pretreated with arecoline had higher levels 
of  soluble collagen though it did not reach the amount 
of collagen secreted by study groups, which only had 
fibroblasts. This indicates that keratinocytes in the pres-
ence of arecoline participate in increasing collagen syn-
thesis. Further, they observed active MMP-9 in the 
coculture groups but not in groups that contained only 
fibroblasts. Xia et al. [73] suggested a possible interac-
tion of oral keratinocytes exposed to arecoline in stimu-
lating fibroblasts to increase collagen production in 
OSF.

Krishnakumar et al. [74] evaluated collagen synthe-
sis by a photometric method in fibroblast and keratino-
cyte mono- and cocultures exposed to ANE and 
commercially available smokeless tobacco products at 
concentrations ranging from 20 to 320 μg/ml. ANE at 20 
μg/ml concentrations in fibroblast monocultures 
had higher amount of collagen compared to fibroblasts 
exposed to 20 μg/ml of commercial smokeless tobacco 
products. Cocultures had less amount of secreted colla-
gen similar to that reported in previous studies [73, 75]. 
However, at higher concentrations, smokeless tobacco 
induced higher amount of collagen production, though 
it was less than the amount induced by ANE.  Thus, 
ANE was concluded to be the most potent inducer of 
collagen synthesis.

Thangjam et al. [75] demonstrated reduced expres-
sion of  m-RNA of  collagen genes 1A1 and 3A1, when 
gingival fibroblasts were exposed to 50 μg/ml of  are-
coline. However, when the gingival fibroblasts were 
cultured with human keratinocytes (Ha CaT) with 
and without arecoline exposure, both groups showed 
6- and 1.9-fold increase in m-RNA expression in 1A1 
and 3A1 genes, respectively. This observation was 
noted in both groups of  keratinocytes with and with-
out arecoline exposure. The results confirm the obser-
vations of  Xia et al. [73], who showed the contribution 
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of  keratinocytes in collagen synthesis. The factor 
secreted by keratinocytes was identified as TGF-β, 
and it was shown to be activated through muscarinic 
acetylcholine receptor pathway [75].

Yang et al. [76] investigated the m-RNA expression 
by RT-PCR of heat-shock protein 47 (HSP47), a molec-
ular chaperone of type I collagen in fibroblast cultures 
established from 20 OSF patients and tissue obtained 
during third molar extractions. Results revealed higher 
expression of HSP47 m-RNA in OSF fibroblasts com-
pared to normal fibroblasts. Exposure of normal fibro-
blasts to arecoline at 80 μg/ml resulted in threefold 
increase in HSP47 m-RNA. Thus, Yang et al. [76] con-
cluded that accumulation of collagen in OSF patients 
may occur due to increased HSP induced by arecoline.

> Important
Influence of areca nut on collagen synthesis by fibro-
blasts

In vitro studies have shown the ability of areca 
nut alkaloids to stimulate fibroblast proliferation and 
increase collagen synthesis in the presence of keratino-
cytes. However, not all fibroblast cultures established 
from OSF patients show significant increase in colla-
gen synthesis, which points towards the contribution 
of events other than increased collagen synthesis in the 
pathogenesis of OSF.

11.3.2  In Vitro Experimental Evidence 
Supportive of Inflammation Induced 
by Arecoline/ANE

11.3.2.1  Contribution of Pro-inflammatory 
Cytokines

Inflammatory cytokines secreted by fibroblasts are capa-
ble of inducing chronic inflammation and have been 
shown to play a role in the initiation and progression of 
fibrosis elsewhere in the body [85]. Wang et al. [52] using 
buccal mucosal fibroblast cultures established from 
healthy individuals show that exposure to arecoline at 80 
μg/ml concentration for four days increased IL-2, IL-6, 
and IL-21 production but decreased TGF-β production. 
When fibroblasts continued to grow further for  three 
days without arecoline, a significant increase in cytokine 
expression was still seen in the experimental group com-
pared to fibroblasts that were not exposed to arecoline. 
It shows that even in the absence of stimulation by ANE, 
cells that have been primed are capable of maintaining 
the inflammatory process. In addition, the cytokine 
supernatant in the presence of peripheral blood mono-
nuclear cells shows increase in T helper 17 cells (Th17), 

which induce inflammation and reduction in regulatory 
T cells (Treg) which suppress the immune response. It 
was confirmed using Q-PCR that there was a high level 
of RORγt expression characteristic of Th17, while 
Foxp3 expression which is characteristic of Treg was 
lower in the experimental group. Authors [52] showed 
that arecoline-induced IL-6 stimulated CD4+ T cells to 
differentiate into Th17 via STAT3 pathway, which has a 
pro-inflammatory effeact. However, as Th17 cells pro-
mote autoimmune response in tissues, whether autoim-
munity has any influence in the pathogenesis of OSF is 
yet to be confirmed with strong evidence.

In addition to gingival fibroblasts [52], gingival kera-
tinocytes were also found to be capable of  producing 
IL-6 and TNF-α [53]. Jeng et al. [53] have shown that 
ANE (100–400 μg/ml) induced IL-6 and TNF-α pro-
duction by gingival keratinocytes. It was also shown 
that IL-6 (5–100 ng/ml) suppressed gingival keratino-
cyte growth while enhancing oral fibroblast growth. In 
order to identify the interplay between epithelial cells 
and immune cells, PGE2, IL-6, and TNF-α secreted by 
epithelial cells were incubated with peripheral blood 
monocytes. Jeng et  al. [53] showed that the cytokine-
rich supernatant secreted by epithelial cells was incapa-
ble of  not only activating CD4+ and CD8+ cells but 
also suppressing T cell activation. In addition to the 
observation of suppressing T cell activation being 
inconsistent with the findings by Wang et al. [52], it is 
also difficult to explain the role played by T cells in 
inducing chronic inflammation, which is a well-
described phenomenon, on the basis of  results pre-
sented by Jeng et al. [53].

11.3.2.2  Contribution of Pro-inflammatory 
Enzymes and Molecules

Tsai et al. [86] exposed buccal mucosal fibroblasts to are-
coline at 20–160 μg/ml concentrations and evaluated 
cyclooxygenase 2 (COX-2) enzyme levels by RT- 
PCR.  Results revealed that resting fibroblasts did not 
produce COX-2 m-RNA, while the highest amount of 
COX-2 m-RNA was observed at 2 h following exposure 
to arecoline at 80 μg/ml concentration. Tsai et al. [86] by 
showing the presence of COX-2  in both in  vivo and 
in vitro experiments support the involvement of COX- 2- 
mediated inflammatory process in the pathogenesis of 
OSF and the importance of arecoline as an etiological 
factor. Jeng et al. [87] in a similar study showed that gin-
gival keratinocytes exposed to ANE (200–800 μg/ml) for 
24 hours  exhibited prostaglandin E (PGE) production. 
It was attributed to the induction of cyclooxygenase-2 
(COX-2) mRNA expression and protein production. 
They also confirmed that ANE at 800–1200 μg/ml 
induced cell death, which could not be inhibited by 
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indomethacin. It led Jeng et  al. [87] to confirm that 
ANE-induced cytotoxicity was not mediated by PGE2. 
These results suggest that areca nut alkaloids are capa-
ble of inducing inflammation via its stimulatory effects 
on the PGEs, COX-2 production, and associated tissue 
inflammatory responses. Chang et al. [88] also confirm 
the ability of ANE to induce the secretion of pro- 
inflammatory mediators by epithelial cells. They showed 
that auto-oxidation or metabolic activation of ANE 
components by cytochrome P450 1A1 may generate 
ROS. ANE was shown to upregulate the expression of 
cyclooxygenase-2 (COX-2), CYP1A1, and hemeoxygen-
ase- 1 (HO-1), but inhibit the expression of keratin 5/14, 
cyclin B1, and cdc25C in keratinocytes. Their  conclu-
sion was that ROS could activate multiple signaling 
pathways such as EGFR, Src, and Ras to affect cdc25C, 
cyclin B1, and keratin 14 expression to mediate MEK/
ERK signaling, COX-2 expression, and PGE produc-
tion. Interestingly, Piper betle leaf extract was found to 
inhibit the ANE-induced PGE2 production and COX 2 
m-RNA production.

These experimental evidences show that persistent 
inflammation of the oral mucosa which could be initi-
ated by chemical mediators of areca nut as well as by 
mechanical trauma from coarse fibers of areca nut 
induces chronic inflammation by activation of T lym-
phocytes. Some of the T lymphocytes which may differ-
entiate into Th17 cells exhibit  significant 
pro-inflammatory response through IL-17. Stimulation 
of these pro-inflammatory cytokines produced by epi-
thelial cells, fibroblasts, and lymphocytes contributes to 
a critical step in the pathogenesis of OSF.  Another 
important observation was that once primed by areco-
line, fibroblasts retain the ability to secrete cytokines for 
a few days, even without arecoline in the culture medium. 
Therefore, inflammation induced by arecoline may per-
sist for several days in areca nut chewers even when they 
are not chewing areca nut.

Tip

Areca nut-induced inflammation in OSF
Experimental evidence confirms the ability of 

areca nut alkaloids to induce inflammation through 
stimulating keratinocytes, fibroblasts, and lympho-
cytes to produce inflammatory cytokines (IL-2, IL-6, 
IL-21, and TNF-α). The cytokines in turn increase 
the T helper cells, which play a role in maintaining 
persistent inflammation together with inflammatory 
mediators COX and PGE. In vivo evidence confirms 
the presence of  high levels of  inflammatory cytokines 
in the saliva of  OSF patients compared to individuals 
without disease.

11.3.3  Experimental Evidence Supporting 
Arecoline/ANE in Stimulating 
Fibrogenic Cytokines

Experimental evidence supporting ANE in the induc-
tion and activation of TGF-β, CTGF, and early growth 
response-1 (Egr-1) molecules responsible for fibrosis has 
been established by several studies [89–91]. Khan et al. 
[89] exposed primary gingival fibroblasts (hGF) and 
human keratinocytes (HaCaT) to the water extract of 
areca nut, different alkaloids (arecoline 400 μM, arecai-
dine 1000 μM, guvacine 1000 μM), and polyphenols 
(catechin 170 μM, tannin 6 μM). Their results showed 
that in addition to arecoline, arecaidine, guvacine, and 
polyphenols, catechin and tannin were also potent 
inducers of pro-fibrogenic TGF-β signaling in keratino-
cytes. The spent medium of the epithelial cultures 
exposed to areca nut extract revealed TGF-β by 
ELISA.  Gene expression profiling of both water and 
alcohol extracts of areca nut revealed that 1331 genes 
were differently expressed, which involved genes con-
tributing to pathways in cancer, cell cycle, cytokine- 
cytokine receptor interaction, and Wnt signaling 
pathway. They showed that both water and alcohol 
extracts of areca nut induced p-SMAD2 and TGF-β 
downstream targets in HaCaT cells but not in hGF, sug-
gesting that epithelial cells could be the source of TGF-β 
in the development of OSF. However, it was also shown 
that TGF-β induced in the epithelium by areca nut acts 
on the fibroblasts in a pro-fibrogenic manner for  the 
induction of matrix components such as collagens.

Pant et al. [90] designed a series of experiments to 
identify how areca nut-induced TGF-β in epithelial cells 
acts on fibroblasts. Human gingival fibroblasts were 
treated with areca nut and/or TGF-β followed by tran-
scriptome profiling. The expressions of 413 genes in 
fibroblasts were increased by areca nut and TGF-β 
together. They also found that differentially expressed 
genes of OSF tissues compared to normal tissues over-
lapped significantly with areca nut- and TGF-β-induced 
genes in epithelial cells and fibroblasts. Several pathways 
were found to be common between OSF tissues and 
areca nut +TGF-β-treated gingival fibroblasts. Areca 
nut together with TGF-β enhanced fibroblast activation 
as demonstrated by increased αSMA, γSMA, and col-
lagen gel contraction by hGF cells. Furthermore, TGF-β 
secreted by areca nut-treated epithelial cells influenced 
fibroblast activation and other genes implicated in fibro-
sis. These data establish a role for areca nut through 
epithelial-mesenchymal interaction in OSF.  According 
to the results, Pant et al. [90] proposed a model on the 
role of areca nut and TGF-β in OSF progression as fol-
lows: areca nut exposure induces and activates TGF-β in 
epithelial cells. Both areca nut and TGF-β act on fibro-
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blasts to induce endothelin and CTGF, which are also 
pro-fibrogenic cytokines. These cytokines (including 
TGF-β through αvβ6) induce fibroblasts to convert into 
myofibroblasts expressing γSMA and αSMA markers 
with resultant overall increase in collagen production. 
Collagen maturation and stabilizing enzymes (BMP1 
and PLOD2, respectively) can also be induced by areca 
nut along with TGF-β, which increase the collagen, 
resulting in excessive deposition of extracellular matrix 
characteristic of OSF.

Early growth response-1 (Egr-1) is a zinc finger tran-
scription factor that is expressed in fibrotic diseases and 
is essential for the fibrotic response to TGF-β. Heish 
et al. [91] showed that fibroblasts treated with 0.1 mM 
arecoline for 2 h have fourfold increase in Egr-1 protein 
levels and sevenfold increase in Egr-1 m-RNA levels. 
With further investigations, ROS, JNK, and ERK were 
shown to be involved in the arecoline-induced Egr-1 
protein expression. In addition to Egr-1, arecoline has 
been shown to induce human buccal mucosal fibroblasts 
to produce CTGF, both of which are important media-
tors of fibrotic response [91]. Heish et  al. [91] also 
showed that TGF-β-neutralizing antibody inhibits Egr-1 
and CTGF production, which meant that arecoline 
induced Egr-1 and CTGF that was mediated through 
TGF-β signaling pathway.

Several mechanisms have been shown to activate 
TGF-β including αvβ6 integrin [92, 93], ROS [92], and 
c-Jun N-terminal kinase (JNK) via M receptor [93]. 
Moutasim et al. [94] investigated the functional role of 
αvβ6 using oral keratinocyte with high αvβ6 (VB6) 
expression. In the presence of arecoline, integrin avβ6 
expression was found to be upregulated resulting in sig-
nificant αvβ6-dependent activation of TGF-β1 through 
M4 muscarinic acetylcholine receptor. In addition, 
experimental evidence indicates that alkaloids and poly-
phenols present in ANE activate THBS1 (activator of 
latent TGF-β) in HeCaT [93, 94]. It has also been shown 
by Heish et  al. [92] that arecoline-induced mitochon-
drial ROS activates latent TGF-β1 to its active form, 
which in turn stimulates the synthesis of  other fibro-
genic cytokines such as CTGF.  Pant et  al. [93] have 
shown that arecoline activates JNK through M receptor 
and ROS, and after JNK phosphorylation, it activates 
activating transcription factor 2 (ATF2) and TGF-β. 
On the other hand, treatment of keratinocytes and oral 
fibroblasts with TGF-β resulted in downregulation of 
BMP7, which is a known negative modulator of fibrosis 
[89–95]. In addition, Chang et al. [95] report that throm-
bin-induced CTGF synthesis is mediated through 
TGF-β signaling.

TGF-β stimulates procollagen gene expression, 
which ultimately results in the increase in collagen 

synthesis and fibrosis. Taken together, upregulation 
of  fibrogenic TGF-β induced by areca nut and down-
regulation of  anti-fibrotic BMP7 have been experi-
mentally shown to contribute to the pathogenesis of 
OSF.

> Important
What components of areca nut induce TGF-β?

Experimental evidence reveals that in addition to 
the constituents of areca nut—arecoline, arecaidine, 
guvacine, and polyphenols—catechin and tannin are 
also potent inducers of pro-fibrogenic TGF-β signal-
ing in keratinocytes.
What is the role of TGF-β in OSF?

Once activated, TGF-β stimulates
 1. Increase collagen production through

Differentiation of  fibroblasts to myofibro-
blasts expressing SMA phenotype

Inducing production of  collagen maturation 
and stabilizing enzymes

Stimulating the expression of  other fibrotic 
genes such as Egr-1 and CTGF

 2. Inhibit collagen degradation through
Activation of  TIMP, TMG-2, and PAI genes

11.3.4  Experimental Evidence of Areca Nut 
Extract/Arecoline Contributing 
to Myofibroblast Activation

Persistent activation of myofibroblasts leads to patho-
logical fibrosis through its contraction [96, 97] and dys-
regulation of ECM synthesis (type 1 collagen and 
fibronectin). Myofibroblasts are also considered to pro-
duce more ECM than fibroblasts. In addition to the role 
played by TGF-β through SMAD signaling [94], trans- 
differentiation of myofibroblasts in the presence of are-
coline has been shown to be maintained by ZEB1 and 2, 
Snail, IL-6, and LINC00312 [98–101].

Twist is an epithelial-mesenchymal transcription fac-
tor implicated in the differentiation of myofibroblasts. 
Lee et al. [96] showed that arecoline could increase Twist 
m-RNA and protein in a dose-dependent manner in 
buccal mucosal fibroblasts. Myofibroblast activity 
including collagen gel contraction and migration was 
shown to be dependent on Twist. These experiments 
show that arecoline-induced upregulation of Twist is 
one factor that produces dysregulation of myofibroblas-
tic activity. A study by Chang et  al. [97] also revealed 
that ANE induced collagen gel contraction in buccal 
mucosal fibroblasts. With further series of experiments, 
it was shown that contraction was related to PLC/IP3/
Ca (2+)/calmodulin and Rho signaling pathway as well 
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as actin filament polymerization and was not purely 
dependent on ROS production. Chang et al. and Liao 
et al. [98, 99] showed that trans-differentiation of buccal 
mucosal fibroblast to myofibroblast with α-SMA and 
ZEB1 expression was induced by arecoline. Knockdown 
of ZEB1 was shown to inhibit arecoline-induced α-SMA 
promoter activity, protein expression, and collagen gel 
contraction in buccal mucosal fibroblasts. In addition, 
Liao et al. [99] showed arecoline-induced downregula-
tion of miR-200b as a mechanism that induced increased 
ZEB2 expression. Their results suggested that downreg-
ulation of miR-200b may contribute to the pathogenesis 
of areca quid-associated OSF through the expression of 
ZEB2 and myofibroblast hallmarks. Peng et  al. [100] 
showed that arecoline activated Snail-triggered myofi-
broblast trans-differentiation through increased expres-
sion of α-SMA, collagen I, and IL-6. Moreover, IL-6 in 
buccal mucosal fibroblasts was found to further increase 
the expression of Snail and mediate Snail-induced myo-
fibroblast activation. These findings suggested that Snail 
and IL-6 regulate the areca nut-associated myofibroblast 
trans-differentiation. Yu et  al. [101] showed that long 
noncoding RNA, LINC00312, was associated with 
fibrosis factors, such as α-SMA, type I collagen, and 
fibronectin. They showed that the inhibition of 
LINC00312 downregulated the myofibroblast activities, 
including collagen gel contractility and gene expression 
of myofibroblast markers.

Taking all the experimental evidence into consider-
ation, persistent activation of myofibroblasts by ANE/
arecoline results in pathological fibrosis due to dysregu-
lation of extracellular matrix (ECM) synthesis and deg-
radation.

11.3.5  Experimental Evidence of Decreased 
Collagen Degradation and Clearance 
by Areca Nut

A reduction in collagen degradation and clearance may 
occur due to changes in collagen stabilization, defective 
ECM dynamics, and defects in collagen phagocytosis. 
Studies that deal with the effect of areca nut products on 
TGF-β, TIMPs, PAI, lysyl oxidase/copper, cystatin, and 
KGF will be discussed, with respect to ECM turnover. 
TGF-β decreases the collagen degradation by activation 
of TIMPs, TMG-2, and PAI genes. Significance of tissue 
inhibitor of metalloproteinase (TIMP) 1 and 2 in colla-
gen turnover has been shown in several studies [102–
104]. Chang et al. [102] evaluated the levels of TIMP-1 
and -2 in fibroblasts established from OSF patients and 
healthy individuals. Their results indicated that OSF 
fibroblasts have higher TIMP expression than fibroblasts 

obtained from healthy individuals. Using Western blots 
and gelatin zymography, arecoline was shown to elevate 
TIMP-1 expression at concentration levels under 20 mg/
ml in a dose-dependent manner. In addition, arecoline 
was found to inhibit MMP-2 secretion and production 
at the concentration level of 40 mg/ml. Therefore, it was 
concluded that arecoline acts as an inhibitor of MMP-2 
while stimulating TIMP-1 activity, leading to the accu-
mulation of ECM components in areca quid-associated 
OSF. Similar results were observed by Sheih et al. [103] 
who showed that on exposure to arecoline and safrole, 
OSF fibroblasts produced more TIMP-1 protein and 
expressed higher levels of TIMP-1 m-RNA compared to 
normal buccal mucosal fibroblasts. Xia et al. [73] showed 
that the coculture group with arecoline-treated keratino-
cytes produced the highest amount of TIMP compared 
to other groups and concluded that TIMP together with 
keratinocytes plays a pivotal role in the pathogenesis of 
OSF.  Pitiyage et  al. [104] also demonstrated elevated 
TIMP-1 and -2 levels in OSF fibroblasts compared to 
normal fibroblasts, while TIMP levels were seen to 
increase in normal fibroblasts with the introduction of 
DNA double-strand breaks. Flavonoids in areca nut 
have been shown to inhibit the MMP activity [2].

S100A4, a calcium-binding protein, initiates the 
onset and progression of fibrosis in many organs [105]. 
Influence of S100A4 protein on the expression of 
TIMP-1/MMP was evaluated using S100A4 knockdown 
buccal mucosal fibroblasts in the presence of arecoline. 
Results indicate that there is significant downregulation 
of TIMP-1/MMP in the absence of S100A4, and thus it 
can be concluded that S100A4 regulates TIMP activity 
in OSF [105].

In addition to the action of TIMP, experimental evi-
dence by Scutt et al. [106] showed that reconstituted col-
lagen fibrils on rat dermis when treated by crude ANE 
or purified tannins/catechin are resistant to both human 
and bacterial collagenase. They concluded that tannin, 
which is a major component of areca nut, induces fibro-
sis in OSF patients which is resistant to degradation by 
collagenases. Transglutaminase-2 (TGM-2) is a Ca2+-
dependent enzyme that produces cross-linking to stabi-
lize proteins. Arecoline was shown to induce TGM-2 
mRNA and protein expression in human gingival fibro-
blast cells [107, 108]. The TGM-2 expression was 
hypothesised to be induced by ROS initiated by areco-
line or through TGF-β. These studies provide evidence 
to support the role played by arecoline in stabilizing col-
lagen through TGM-2 overexpression in OSF. The role 
of plasminogen activator inhibitor-1 (PAI-1) is to inhibit 
plasmin-dependent ECM degradation leading to its 
accumulation in various organs. Yang and Tsai [109, 
110] show  that OSF fibroblasts express significantly 
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higher PAI-1 m-RNA compared to normal buccal 
mucosal fibroblasts. In addition, when normal fibro-
blasts were exposed to arecoline (0–160 μg/ml), it 
increased PAI-1 expression in a dose-dependent manner. 
Tsai et al. [110] showed that PAI-1 expression depends 
on the activation of HIF1α and TGF-β, which are also 
dependent on activation by arecoline. It can be con-
cluded that PAI-1 may play a role in promoting fibro-
genesis in OSF patients by inhibiting the conversion of 
procollagenase to collagenase.

Lysyl oxidase is an extracellular enzyme that is 
secreted by fibroblasts. It requires copper as a cofactor 
and it initiates the cross-linking of collagen and elastin 
which is more resistant to digestion by mammalian col-
lagenase. Ma et al. [69] compared the lysyl oxidase activ-
ity of fibroblasts obtained from normal oral mucosa 
and OSF patients associated with areca  nut chewing. 
The results revealed that lysyl oxidase activity in OSF 
fibroblasts was greater than that in normal fibroblasts. 
They postulated that an increased lysyl oxidase level 
seen in OSF fibroblasts may give rise to collagen resis-
tant to digestion by collagenase. Trivedy et al. confirmed 
the importance of copper in collagen synthesis by show-
ing that the addition of copper to normal fibroblasts 
causes a significant increase in the synthesis of collagen, 
with a peak production observed at a concentration of 
50 mM copper chloride [111].

Cystatin C is a protein that inhibits cysteine protein-
ases and has been shown to be upregulated in fibrotic 
diseases elsewhere in the body. It has been shown to play 
a role in inhibiting the degradation of collagen. On eval-
uation of cystatin C by RT-PCR and ELISA, OSF 
fibroblasts demonstrated significantly higher cystatin C 
expression than normal buccal mucosal fibroblasts. In 
addition, arecoline was found to elevate cystatin C 
m-RNA and protein expression in a dose-dependent 
manner, leading to the stabilization of collagen fibrils in 
OSF [112].

Keratinocyte growth factor-1 (KGF-1) is a potent 
inhibitor of collagenase secreted by epithelial cells. Tsai 
et al. [113] showed that KGF-1 m-RNA was upregulated 
in fibroblasts obtained from OSF patients and buccal 
mucosal fibroblasts subjected to arecoline (0–80 μg/ml) 
in a dose-dependent manner compared to buccal muco-
sal fibroblasts without exposure to arecoline.

Experimental evidences on collagen phagocytosis of 
OSF fibroblasts and normal buccal mucosal fibroblasts 
with or without exposure to areca nut alkaloids have 
been presented by Tsai and Sheih [114, 115]. Tsai et al. 
[114] evaluated the degradation of collagen by fibroblast 
phagocytosis with collagen and fibronectin-coated fluo-
rescent latex beads in OSF and normal buccal mucosal 
fibroblast cultures. When fluorescence associated with 
internalized beads was measured by flow cytometry, 
results revealed that normal fibroblast cultures con-

tained 70 and 75% of fibronectin and collagen phago-
cytic cells in contrast to 10% and 15% of phagocytic 
cells in OSF cultures. In addition, when normal fibro-
blasts were incubated with areca nut alkaloids (areco-
line, arecaidine), dose-dependent reduction in phagocytic 
cells was observed, which confirmed the negative influ-
ence of areca nut alkaloids on collagen and fibronectin 
phagocytosis. Consistent with Tsai et  al. [114], Sheih 
et al. [115] showed that in addition to arecoline, safrole 
(which is a component of betel quid in some countries 
such as Taiwan and Papua New Guinea) and nicotine, 
which are released in saliva during betel quid chewing 
and smoking, can also inhibit collagen phagocytosis by 
fibroblasts in a dose-dependent manner contributing to 
the pathogenesis of OSF.

> Important
The role of areca nut and copper in decreasing collagen 
degradation

Experimental evidence shows that reduced extra-
cellular matrix degradation could be achieved in the 
following ways:
 1. Arecoline stimulates TIMP-1 expression in fibro-

blasts while reducing MMP-2 expression with the 
net effect of  reduced collagen degradation.

 2. TMG-2 (which is activated through TGF-β or 
ROS) produces cross-linking to stabilize collagen, 
which prevents its degradation.

 3. Arecoline stimulates PAI-1, which inhibits plas-
min-dependent ECM degradation.

 4. Arecoline elevates cystatin C m-RNA and protein 
expression in a dose-dependent manner, leading 
to stabilization of  collagen fibrils in OSF.

 5. Lysyl oxidase secreted by fibroblasts produces 
cross-linking in collagen in the presence of  cop-
per, which reduces its degradation. Areca nut is a 
rich source of  copper, while it was also shown that 
fibroblasts harvested from OSF patients secrete a 
higher amount of  lysyl oxidase.

 6. Arecoline stimulates TGF-β expression in kerati-
nocytes, which in turn activates TIMP-1, TMG-2, 
and PAI.

11.3.6  In Vitro Evidence of Oxidative Stress 
and ROS Generation by Betel Quid

Areca nut, lime, heavy metals (copper and ferrous ions), 
and inflorescence of Piper betle and betel leaves have 
been identified as components of betel quid contribut-
ing to ROS generation [116, 117]. Direct in  vitro evi-
dence of arecoline-induced ROS generation in human 
keratinocytes and fibroblasts was  shown in studies by 
Heish et  al. [92] and Lee et  al. [108], where ROS was 
shown to activate TGF-β from the latent complex [92] 
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and upregulate transglutaminase-2 [108]. Heish et  al. 
[92] showed that mitochondria-targeted antioxidant 
completely suppressed arecoline-induced latent TGF-β1 
activation and both mitochondrial and total cellular 
ROS. Lee et al. [108] showed that arecoline concentra-
tions greater than 20 μg/ml significantly upregulated 
intracellular ROS generation in buccal mucosal fibro-
blasts in a dose-dependent manner. Similarly, arecoline 
was found to increase transglutaminase-2 protein in a 
dose-dependent manner in buccal mucosal fibroblasts 
by Western blot analysis. Also, the production of both 
ROS and transglutaminase-2 was shown to be inhibited 
or reduced by antioxidants glutathione precursor 
N- acetyl-l-cysteine (NAC) and epigallocatechin-3- 
gallate (EGCG). Therefore, Lee et  al. [108] proposed 
that increased production of transglutaminase-2 by are-
coline stimulation in fibroblasts may be mediated by 
intracellular ROS.

Illeperuma et al. [118] designed a study to see whether 
the cytokines released from ANE-exposed fibroblasts 
were induced by ROS. Their results revealed that ROS 
induced IL-6 and IL-8 secretion in fibroblasts exposed 
to areca nut. Similarly, Chang et al. [119] showed that 
ANE increased the expression of cyclooxygenase-2, 
prostaglandin E2, and IL-1α in human immune cells 
through oxidative stress. Indirect evidence of the involve-
ment of oxidative stress/ROS as a pathological mecha-
nism in OSF can be found in studies by Yang [76], Tsai 
[51], Heish [91], and Deng [120], where antioxidant NAC 
was found to inhibit or reduce arecoline-induced HSP47, 
COX-2, Erg-1, and CTGF expression by fibroblasts/epi-
thelial cells in culture.

Cytotoxicity induced by arecoline has been shown to 
be mediated by ROS, which leads to suppression of cat-
alase activity in the epithelium. Therefore, Khan et al. 
[121] designed a study to identify the mechanisms that 
contribute to epithelial atrophy in OSF by exposing 
human gingival fibroblasts and keratinocytes to areca 
nut water extract (ANW) and ANE. ANE was shown to 
generate more ROS in epithelial cells compared to ANW 
in a dose-dependent manner. On the other hand, both 
AWE and ANE did not induce fibroblast to generate 
ROS.  Thus surprisingly, AWE was shown to be cyto-
toxic to keratinocytes, while it induced proliferation of 
fibroblasts through IGF. Their results showed that are-
coline enhances the oxidative reduction potential of 
copper resulting in the cleavage of DNA, which gener-
ates an apoptotic response in epithelium. Khan et  al. 
[121] theorized ROS-induced apoptosis as the mecha-
nism responsible for the atrophy of OSF epithelium.

In contrast to previous studies which showed genera-
tion of oxidative stress by ANE/arecoline, Paranagama 
et  al. [122] and Sazwi et  al. [123] among others have 
shown antioxidant activity of traditional betel quid 

(TBQ) which contained areca nut [122] and betel quid 
which contained areca nut with Uncaria gambir with or 
without calcium hydroxide [123], within the scope of 
their study design. Ethyl acetate extract of TBQ was 
shown to contain a high amount of polyphenols and 
demonstrated DPPH and ABTS radical scavenging 
activity and ability to reduce ferric, which conferred 
antioxidant ability. TBQ was also shown to protect 
human gingival fibroblasts from H2O2-induced oxidative 
stress. Sazwi et  al. [123] revealed that Uncaria gambir 
demonstrated the highest antioxidant activity (DPPH, 
FRAP, and Fe). It was also shown that betel quid with-
out calcium hydroxide had higher antioxidant activity. 
The molecule responsible for antioxidant activity was 
identified as quinic acid by Sazwi et al. [123]. In contrast 
to previous studies [122, 123] where antioxidant proper-
ties were attributed to polyphenols and quinic acid, Tsai 
et al. [124] assessed the m-RNA levels of HO-1 (hemo- 
oxygenase- 1), which is a stress-inducible protein that 
acts as an antioxidant in fibroblast cultures in the pres-
ence of arecoline. They demonstrated that OSF fibro-
blasts expressed significantly higher HO-1 mRNA 
expression than normal buccal mucosal fibroblasts, 
while arecoline was also found to elevate HO-1 mRNA 
and protein expression in a dose-dependent manner. 
From these studies, it can be concluded that betel quid 
as well as areca nut have both antioxidant and prooxi-
dant properties.

Experimental evidence shows that areca nut, lime, 
heavy metals (copper and ferrous ions), and inflores-
cence of Piper betle and betel leaves are components of 
betel quid contributing to ROS generation. Prooxidant 
properties/ROS has been shown to maintain inflamma-
tion, activate TGF-β, and increase the expression of 
other fibrogenic genes Egr-1 and CTGF, which promote 
fibrosis, while paradoxically also reducing collagen deg-
radation through activation of TMG-2. On the other 
hand, experimental evidence supporting betel quid’s 
antioxidant properties also exists [122, 123]. However, at 
present, there is insufficient evidence to indicate whether 
harmful effects of ROS get diminished by the antioxi-
dant properties of betel quid during the development of 
OSF.

11.3.7  The Role of Arecoline-Induced 
Autophagy in OSF

Autophagy is a process of self-digestion where damaged 
cell components are metabolized and released back into 
the cytoplasm. Three main categories of autophagy are 
micro-autophagy, macro-autophagy, and chaperone- 
mediated autophagy. HIF-1α has been implicated as a 
major regulator of autophagy under hypoxic conditions, 
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which led investigators to explore the role of autophagy 
in OSF [125]. Li et  al. [125] investigated the effect of 
TGF-β signaling on autophagy and revealed that TGF-β 
stimulated the expression of light chain 3(LC) m-RNA 
(commonly used as a marker of autophagy) as well as its 
protein in fibroblasts. On incubation of fibroblast with a 
known autophagy inhibitor, chloroquine leads to 
reduced expression of Col 1A2 gene. Though areca nut 
constituents have not been directly investigated in rela-
tion to autophagy by Li et al. [125], the fact that ANE 
has been shown to produce and activate TGF-β [89] sig-
nifies the importance of areca nut in the induction of 
autophagy.

Dai et al. [126] investigated whether arecoline could 
induce autophagy to affect  angiogenesis of human 
umbilical vein endothelial cells (HUVECs). Results 
revealed that HUVECs treated with arecoline exhibited 
increased autophagosomes and LC3 expression with 
reduced expression of p62. Incorporation of chloro-
quine had the opposite effect with a reduction in LC3 
expression and increased expression of p62. Authors 
theorized that high levels of autophagy induced by are-
coline could inhibit angiogenesis and thereby contribute 
to the pathogenesis of OSF.

Zhu et  al. [127] treated human oral keratinocytes 
with 15 μg/ml of arecoline and found a greater number 
of autophagic vacuoles after 6–24 h of arecoline treat-
ment compared to 0–3 h,  by transmission electron 
microscopy. They also showed that with chloroquine, 
apoptosis and caspase-3 was  reduced when  compared 
to  arecoline used alone. These findings confirmed 
autophagy and apoptosis as mechanisms that produce 
epithelial atrophy, which was shown to be directly medi-
ated by arecoline. In addition, Tseng et  al. [128] have 
shown that arecoline at 0.4 and 0.8 mM concentrations 
induces apoptosis of endothelial cells. This increase in 
apoptosis was correlated to an increase in the 
 subpopulation of G0/G1 endothelial cells, which is a 
hallmark of apoptosis. Thus, it can be concluded that 
arecoline- induced apoptosis of endothelial cells and 
induction of autophagy are the mechanisms by which 
reduced vascularity occurs in OSF.

11.4  Experimental Evidence-Based Outline 
of Mechanisms by Which Etiological 
Agents Contribute 
to the Development of OSF

Considering significant number of experimental evi-
dence related to etiology of OSF that exists in the litera-
ture, etiological contribution from areca nut, betel quid, 
micronutrients, and genetic polymorphisms is outlined 
by correlating the hallmarks of OSF:  aberrant  ECM 

metabolism -  initiating both increased synthesis and 
reduction in degradation of ECM, epithelial atrophy, 
and reduced vascularity. Betel quid/areca nut chewing 
releases alkaloids arecoline, arecaidine, guvacoline, and 
guvacine into saliva. The most significant alkaloids are-
coline and arecaidine in saliva reach a concentration 
that can stimulate collagen synthesis within 5 min and 
continue to induce collagen synthesis for approximately 
8 h. Both chemical trauma from areca nut alkaloids/fla-
vonoids and mechanical trauma from coarse fibers of 
areca nut allow the diffusion of detrimental substances 
into the oral mucosa.

Areca nut extract contributes to deranged ECM 
metabolism by initiating both increased synthesis and 
reduction in degradation of ECM including collagen 
and fibronectin. In the epithelium, arecoline has been 
shown to induce keratinocytes to produce TGF-β, which 
is activated by ROS, muscarinic acetylcholine and αvβ6 
receptors. TGF-β, through SMAD/non-SMAD path-
ways, induces Egr-1, CTGF, as well as myofibroblastic 
phenotype with α-SMA and vimentin expression, which 
ultimately leads to increase in collagen synthesis. Exper-
imental evidences supporting persistent inflammation 
are shown by increased levels of inflammatory cytokines 
in the saliva of OSF patients. The ability of arecoline to 
induce inflammatory mediators supports the chronic 
inflammatory nature of OSF.  Experimental evidence 
shows that arecoline plays a main role in inducing TGF- 
β, TIMPs, PAI, lysyl oxidase, cystatin, and KGF expres-
sion, which ultimately results in reduced collagen 
degradation. Tannins and catechins present in ANE 
have been shown to contribute to cross-linking and cre-
ating collagen that is resistant to collagenase (MMP), 
while safrole present in the inflorescence of Piper betle 
has been shown to increase TIMP-1 production and 
reduce collagen phagocytosis. Experimental evidence 
indicates that arecoline-induced apoptosis of endothe-
lial cells and induction of autophagy are the mecha-
nisms by which reduced vascularity occurs in 
OSF. Arecoline has been shown to enhance the oxidative 
reduction potential of copper resulting in cleavage of 
DNA, which generates an apoptotic response in epithe-
lium, leading to epithelial atrophy (. Table 11.2).

Ca (OH)2 or lime, a component present in betel quid 
and commercial areca nut products, and/or an esterase 
that is present in fibroblasts has been speculated to  convert 
arecoline to arecaidine, which is identified as the active 
alkaloid which initiates a cascade of events resulting in 
OSF.  Evidence indicating increased excretion of arecai-
dine in urine is the main observation that can be found to 
support its involvement in the pathogenesis of OSF.

The major etiological role played by areca nut in the 
development of OSF is confirmed by the ability of ANE 
to induce OSF-like lesions in mouse models. Highlighting 
the importance of arecoline in inducing OSF, arecoline 
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       . Table 11.2 In vitro experimental evidence supporting etiological contribution of  areca nut/betel quid and commercial smokeless 
tobacco products

Refer-
ence

Cell type/dose of constituents of areca 
nut/betel quid or commercial smokeless 
tobacco product

Effect

[47] Fibroblasts subjected to ANE at 10 μg/ml Stimulated and increased collagen synthesis by 150%

[77] Human fibroblasts subjected to 
arecoline and arecaidine at 0–100 μg/ml

In fibroblasts exposed to arecoline or arecaidine for 24 h, there was concentration- 
dependent stimulation of collagen synthesis; arecaidine consistently produced 
greater stimulation than arecoline
Arecoline and arecaidine stimulated the rate of proliferation of fibroblasts over a 
5-day culture period in a concentration- dependent manner

[73] Human fibroblasts monocultures and 
fibroblasts and keratinocyte cocultures 
were stimulated with arecoline at 20 μg/ml

Fibroblasts cocultured with keratinocytes pretreated with arecoline had higher 
levels of soluble collagen though it did not reach the amount of collagen secreted 
by study groups which only had fibroblasts
Active MMP-9 was observed in the coculture groups but not in groups that 
contained only fibroblasts
Coculture group produced higher amounts of TIMP

[74] Human fibroblasts monocultures and 
fibroblasts and keratinocyte cocultures 
were stimulated with ANE, commercial 
smokeless tobacco products (gutkha and 
Hans) at concentrations ranging from 20 
to 320 μg/ml and time intervals of 12, 
24, 48, and 72 h

ANE at 20 μg/ml showed increased collagen production compared to commercial 
tobacco products. Gutkha and Hans showed higher collagen synthesis at 160 and 
80–320 μg/ml, respectively
Monocultures showed increased collagen synthesis than cocultures

[75] HaCaT keratinocytes, were exposed to 
0–50 μg/ml arecoline

It induced expression of TGF-β, through muscarinic acetylcholine receptor-intra-
cellular Ca2+-PKC pathway
Gingival fibroblasts were induced to produce collagens 1A1 and 3A1 by arecoline 
in the presence of spent medium of cultured human keratinocytes, which was 
shown to contain TGF-β

[76] Buccal mucosal fibroblasts were exposed 
to 0–160 μg/ml arecoline

Arecoline upregulated HSP47 expression via P13K, Cox-2, MEK pathways

[52] Fibroblasts were stimulated by arecoline 
at 0–80 μg/ml concentrations

Arecoline at 80 μg/ml concentration for four days increased IL-2, IL-6, and IL-21 
production but decreased TGF-β production
When cytokine-containing medium was cocultured with PBMC, it increased T 
helper cells, which are also potent stimulators of inflammation

[53] Gingival keratinocytes were exposed to 
ANE at 100–400 μg/ml

ANE induced IL-6 and TNF-α production by gingival keratinocytes
IL-6 was found to stimulate gingival fibroblast growth

[86] Buccal mucosal fibroblasts were exposed 
to arecoline at 0–160 μg/ml

Arecoline at 80 μg/ml induced cyclooxygenase-2 expression within half  an hour, 
but subsequently expression subsided. COX expression was concluded to be an 
early response. Decreased thiol content was involved in the induction of COX

[87] Gingival keratinocytes exposed to 
200–800 μg/ml ANE for 24 h

ANE induced threefold increase of PGE and 1.7-fold increase of PGF. At higher 
concentration of 800–1200 μg/ml, cell death occurred

[89] Primary human gingival fibroblasts and 
HaCaT keratinocytes were exposed to 
water ANE and different alkaloids 
(arecoline 400 μM, arecaidine 1000 μM, 
guvacine 1000 μM), polyphenols 
(catechin 170 μM, tannin 6 μM)

Both water and alcohol extracts of ANE induced TGF-β signaling in epithelial 
cells by increased levels of p-SMAD2. It was also established that arecoline, 
arecaidine, guvacine, and polyphenols were capable of inducing TGF-β expression 
in HaCaT cells
Both polyphenols and alkaloids induced TGF-β2 and THBS1 (activator of latent 
TGF-β) in HaCaT cells suggesting that areca nut-mediated activation of 
p-SMAD2 involves upregulation and activation of TGF-β

[91] Buccal mucosal fibroblasts were exposed 
to arecoline at 0–0.4 mM concentration

Arecoline-induced upregulation of Egr-1 with the involvement of JNK and ERK 
pathways

[94] Keratinocytes were exposed to arecoline 
at 5–10 μg/ml

Arecoline-induced upregulation of αvβ6 integrin expression with the involvement 
of muscarinic acetylcholine receptors

(continued)
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       . Table 11.2 (continued)

Refer-
ence

Cell type/dose of constituents of areca 
nut/betel quid or commercial smokeless 
tobacco product

Effect

[93] HaCaT cells were subjected to areca nut 
treatment (5 μg/ml) at 0.5-, 1-, 2-, 4-, 6-, 
12-, and 24-h time points

Increase in TGF-β2 mRNA and protein was induced by areca nut after 2-h 
treatment with the activation of downstream effectors, SMAD2 and 3

[96] Buccal mucosal fibroblasts were exposed 
to arecoline at 0–20 μg/ml

Arecoline treatment was found to increase Twist protein expression in a dose-
dependent manner. Twist protein played a significant role in myofibroblast 
trans- differentiation

[98] Buccal mucosal fibroblast cultures were 
exposed to 0–20 μg/ml concentration of 
arecoline

Arecoline induced ZEB1, α SMA, and vimentin expression, indicating myofibro-
blast phenotype

[103] Buccal mucosal fibroblasts were exposed 
to 0–50 μg/ml concentrations of betel 
quid ingredients arecoline, arecaidine, 
and safrole. OSF fibroblasts were 
assessed for TIMP in the presence of 
betel quid ingredients

OSF fibroblasts secreted more TIMP compared to normal fibroblasts, with and 
without betel quid components
Both arecoline and safrole showed dose-dependent increase in TIMP-1 expression 
as well as protein synthesis

[105] Buccal mucosal fibroblasts were exposed 
to 0–20 μg/ml of arecoline

Arecoline upregulated S100A4 expression with NF-ƙB, ERK, and mTOR 
pathways being involved. It is involved in upregulating TIMP/MMP

[108] Buccal mucosal fibroblasts were exposed 
to 0–160 μg/ml of arecoline

Arecoline induced upregulation of transglutaminase- 2 expression, which was 
induced by ROS

[109] Buccal mucosal fibroblasts were exposed 
to 0–160 μg/ml of arecoline

Arecoline induced plasminogen activator inhibitor-1

[110] Buccal mucosal fibroblasts were exposed 
to 0–160 μg/ml of arecoline

Arecoline was found to upregulate HIF1α protein expression in a dose- dependent 
manner. It was also found to upregulate PAI-1 protein expression in a dose-
dependent manner under environmental hypoxia and normoxic conditions

[108] Normal oral fibroblasts and OSF 
fibroblasts were assessed for lysyl 
oxidase activity and proliferation rates

OSF fibroblasts showed a faster proliferative activity, increased protein content, 
and increased lysyl oxidase than normal fibroblasts

[111] Human oral fibroblasts were incubated 
with copper chloride at concentrations 
ranging from 0.01 to 500 μM for 24 h, 
and in vitro cell proliferation was 
evaluated

Copper chloride increased collagen synthesis by oral fibroblasts compared with 
growth without copper

[112] Buccal mucosal fibroblasts were 
subjected to 0–80 μg/ml of arecoline

Arecoline induced upregulation of cystatin C expression

[113] Buccal mucosal fibroblasts were 
subjected to 0–80 μg/ml of arecoline

Arecoline induced keratinocyte growth factor-1 expression

[115] Fibroblasts obtained from normal and 
diseased (OSF) were compared with 
respect to phagocytic activity. Normal 
fibroblast cultures were then exposed to 
10–50 μg/ml of arecoline, nicotine, and 
safrole

Collagen phagocytosis of fibroblast from normal region was higher than 
fibroblast obtained from diseased region
In the presence of arecoline, safrole, and nicotine, phagocytic activity of normal 
fibroblasts was significantly reduced

[120] Buccal mucosal fibroblasts were 
subjected to 0–0.4 mM of arecoline

Arecoline induced upregulation of CTGF expression via NF-ƙB, JNK, and p38. 
Decreased thiol content was involved in induction

[124] Buccal mucosal fibroblasts were 
subjected to 0–80 μg/ml of arecoline

Arecoline induced upregulation of hemo- oxygenase- 1 expression

[126] Human umbilical vein endothelial cells 
were subjected to 30 μg/ml of arecoline 
at 0-, 3-, 6-, 12-, and 24-h time points

Arecoline was shown to induce autophagy in HUVEC, which results in reduced 
angiogenesis
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alone without the other constituents of areca nut has 
been shown to be capable of producing OSF-like lesions 
in mice. However, in humans, the fact that not all betel/
areca nut chewers develop OSF supports the involvement 
of genetic polymorphisms in the pathogenesis of 
OSF.  Taken together, experimental evidence ultimately 
supports a polygenic nature, which involves both environ-
mental (areca nut) and genetic components in the devel-
opment of OSF.

11.5  Experimental Evidence That Is 
Required to Complete the Etiological 
Picture of OSF

 1. Is it arecoline or arecaidine which plays the main eti-
ological role in OSF?

 2. How do areca nut alkaloids and polyphenol concen-
trations differ in areca nut chewers with and without 
OSF?

 3. Does T helper cell-induced autoimmunity play a role 
in OSF?

 4. Do the concentrations of areca nut alkaloids produc-
ing increased collagen synthesis and reduced degra-
dation differ geographically among humans or 
depending on the type of areca nut?

 5. Would other constituents of areca nut in the absence 
of arecoline produce OSF?

 6. Why do  all mice subjected to ANE develop OSF 
while only a portion of humans who use areca nut 
develop OSF?

 7. Do antioxidant properties of betel quid play a pro-
tective role among areca nut chewers who do not 
develop OSF?

 8. Which genetic polymorphism combination/s makes 
an individual more susceptible to OSF?

 Summary
In summary, experimental evidence supports the major 
role played by areca nut alkaloids arecoline and/or are-
caidine in producing inflammation, increased collagen 
synthesis, collagen cross-linking, decreased collagen 
degradation, and autophagy, which ultimately leads 
to the development of OSF.  Experimental evidence 
also shows that the genetic makeup or polymorphisms 
could make an individual more susceptible to develop 
OSF.  Collectively, all evidence supports an essential 
contribution from environmental risk factors (areca 
nut use) and genetic polymorphisms, which confirms 
the multifactorial nature of OSF.
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12.1  Introduction

Fibrosis is defined as the progressive replacement of 
healthy parenchymal tissue with collagen-rich extracel-
lular matrix (ECM) that is deposited by activated fibro-
blasts, resulting in loss of tissue function [1]. Fibrosis is 
characterized by excess deposition of extracellular matrix 
components such as collagen and fibronectin, resulting 
in overgrowth, hardening, and/or scarring of various tis-
sues. Fibrosis occurs in response to a variety of stimuli 
including persistent infections, carcinogens (areca nut, 
alcohol), autoimmune reactions, allergic responses, 
chemical insults, radiation, and mechanical injury [2].

Most chronic fibrotic disorders are caused by a persis-
tent irritant that sustains the production of growth factors, 
proteolytic enzymes, angiogenic factors, and fibrogenic 
cytokines, which stimulate the deposition of connective 
tissue elements that progressively remodel and destroy 
normal tissue architecture. Chronic inflammation and pro-
longed damage to the tissue without repair culminate in 
fibrosis. The tissue repair process typically involves two dis-
tinct phases: a regenerative phase, in which injured cells are 
replaced by cells of the same type without any tissue dam-
age, and a phase known as fibroplasia or fibrosis, in which 
connective tissues replace normal parenchymal tissue [2].

Under chronic and persistent pathologic circum-
stances, such as fibrotic diseases, an uncontrolled fibrotic 
process results in excessive accumulation of extracellu-
lar matrix (ECM), including collagen, fibronectin, hyal-
uronic acid, and proteoglycans, that leads to fibrosis 
and ultimately organ failure. These fibrotic diseases may 
occur in multisystem diseases, such as systemic sclerosis 
(SSc), nephrogenic systemic fibrosis (NSF), and in specific 
organs like idiopathic pulmonary fibrosis (IPF), renal 
fibrosis, hepatic cirrhosis, cardiac fibrosis, oral submu-
cous fibrosis, and glaucoma.

Oral submucous fibrosis (OSF) is a chronic debilitating 
disease of the oral cavity characterized by inflammation 
and progressive fibrosis of the submucosal tissues (lamina 
propria and deeper connective tissues). Microscopically, it 
is characterized by a juxta-epithelial inflammatory reac-
tion followed by fibroelastic change of the lamina propria 
and epithelial atrophy that leads to stiffness of the oral 
mucosa, resulting in trismus and inability to eat [3]. This 
chapter discusses the cellular and molecular mechanisms 
involved in the pathogenesis of oral submucous fibrosis.

 n Learning Goals
 5 Understand the role of areca nut in fibrosis
 5 Learn the mechanisms and how areca nut induces 

fibrosis
 5 Discuss the biological factors involved in fibrosis
 5 Outline the inflammatory mediators involved dur-

ing fibrosis
 5 Explore the mechanisms of carcinogenesis in OSF

12.2  Areca Nut in the Molecular 
Pathogenesis of OSF

Areca nut has been classified as a Class I carcinogen 
by IARC [4]. The chemical composition of areca nut 
comprises alkaloids, flavonoids, and tannins, along with 
carbohydrates, proteins, fats, crude fiber, and elements. 
Of these, an important constituent is the alkaloid are-
coline [4, 5]. Tissue inflammation and reactive oxygen 
species produced by areca nut and its components cause 
the epithelial cells to activate the transforming growth 
factor- beta (TGF-β) signaling pathways. TGF-β and 
its downstream target proteins promote the fibroblast- 
mediated production of extracellular matrix deposition.

Oral submucous fibrosis (OSF) is a potentially malig-
nant condition that develops under continuous exposure to 
the components of the areca nut [6]. Arecoline causes inhi-
bition of elements involved in the degradation of extracellu-
lar matrix (ECM) and synthesis of matrix components that 
disturbs the homeostasis of ECM. Arecoline activates the 
oral tissue to express TNF-α, which stimulates cell inflam-
mation. Cell inflammation will activate “the wound-heal-
ing reaction,” which decreases MMP and increases TIMP 
expression. This TIMP and MMP expression profile is also 
found in the oral tissue of OSF patients. The function of 
MMP is to degrade the extracellular matrix protein, and 
TIMP inhibits this process. This contributes to the abnor-
mal collagen deposition in the lamina propria of the oral 
mucosa. Inflammation also stimulates the cell to express 
basic fibroblast growth factor (bFGF) and TGF-β1. The 
bFGF in oral cells contributes to the collagen deposition 
disorder in OSF. TGF-β1 stimulates fibroblasts to transform 
to myofibroblasts, which are mainly responsible for collagen 
production and tissue contraction. The physiological pro-
cess of myofibroblasts undergoing apoptosis after wound 
healing is disrupted in OSF.

The TGF-β signaling is responsible for ceasing the 
cell cycle and promoting apoptosis in the unrepaired 
damaged cells while the cells are damaged by stimulants. 
TGF-β also activates the downstream gene and connec-
tive tissue growth factor (CTGF) expression to promote 
the fibroblast-mediated production of extracellular 
matrix deposition [7]. It enhances the expression of sev-
eral inhibitors of proteinases, including tissue inhibitors 
of metalloproteinases (TIMPs), plasminogen activator 
inhibitors (PAI-1), and cysteine proteinase inhibitor 
cystatin C in fibroblasts [8–10] along with the induction 
of factors that enhance the stability of ECM, such as 
heat- shock protein-47 (Hsp-47) and transglutaminase-2 
(TGM-2) [11, 12]. Arecoline also decreases the phagocy-
tosis of collagen by fibroblasts [13].

Arecoline increases the level of reactive oxygen spe-
cies (ROS) in OSF patients’ serum. Serum ROS attacks 
the structure of the blood vessels in endothelial cells and 
induces cell senescence and DNA double-strand breaks. 
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The decrease in blood flow around the oral mucosa 
causes epithelial atrophy. The cell inflammation reaction 
and ROS stimulate the cell to activate the TGF-β signal-
ing pathways. The imbalance, between the synthesis of 
reactive oxygen species and cellular ability to detoxify 
the reactive intermediates, leads to oxidative stress. Such 
stress can result in the production of peroxides and free 
radicals that can damage cellular components, includ-
ing proteins, lipids, and DNA. Areca nut extract induces 
oxidative damage to isolated and cellular DNA, by the 
generation of hydrogen peroxide. Areca nut at concentra-
tions in the range of 800–1200 μg/mL cause cytotoxicity 
to oral epithelial cells by deregulation of cell cycle con-
trol specifically through G2/M cell cycle arrest, by reduc-
ing glutathione levels, and by intracellular production of 
hydrogen peroxide. Areca nut extract at a concentration 
of 100  μg/mL was cytotoxic to normal human buccal 
fibroblast cultures, and the addition of reduced gluta-
thione to these cultures produced a significant reduction 
in cytotoxicity. Various studies are conducted in vitro to 
assess the effect of arecoline on the expression of pro-
teins whose expression profile is perturbed in oral sub-
mucous fibrosis (OSF) [14] (. Table 12.1).

In addition, copper in the areca nut participates in 
the cross-linking of collagen. It enhances the stiffness 
of the oral submucous tissue and exacerbates the limita-
tion of mouth opening and trismus. Commercial areca 
nut contains a significantly higher level of copper than 
the raw areca nut. Higher serum copper found among 
OSF patients is considered to be one of the factors that 
induce OSF [7].

The majority of  areca nut-regulated genes are com-
promised by transforming growth factor-β pathway 
inhibitors, indicating the regulation of  this pathway 
and its significance in the pathogenesis of  oral submu-
cous fibrosis [15]. The transforming growth factor-β is 
the major factor that influences fibroblast activation, 
extracellular matrix production, and other aspects 
important in fibrosis [16]. The other genes regulated 
by areca nut during myofibroblast transdifferentiation 
include S100A4, Zeb1, and Twist [17–19]. The reactive 
oxygen species (ROS), transforming growth factor-β1 
(TGF- β1), and hypoxia-inducible factor-1α (HIF-1α) 
are the three key mediators of  the effects induced by 
arecoline in the pathogenesis of  OSF [20] (. Figs. 12.1 
and 12.2).

       . Table 12.1 A collective representation of  various studies conducted in vitro to assess the effect of  arecoline on the expression of 
proteins whose expression profile is perturbed in oral submucous fibrosis (OSF) cases

Serial 
no.

Cell type and 
dose of 
arecoline

Effects ROS/receptor/pathways 
involved

Expression in OSF specimen 
(compared to normal mucosal 
specimen)

Refer-
ence

1. Buccal mucosal 
fibroblasts 
(0–200 μg/mL)

Arecoline induced upregula-
tion of vimentin expression

– Moderately advanced/advanced 
OSF specimen showed higher 
expression of intermediate 
filament vimentin in the 
cytoplasm of fibroblasts in the 
connective tissue

Chang 
et al. 
(2002b)

2. Buccal mucosal 
fibroblasts 
(0–160 μg/mL)

Arecoline induced cyclooxy-
genase- 2 expression, the 
induction subsided after some 
time

Decreased thiol content 
involved in induction

Moderate cases of OSF showed 
higher expression of cyclooxy-
genase- 2 in epithelial cells, 
fibroblasts, and inflammatory 
cells, whereas advanced cases 
showed weak expression

Tsai 
et al. 
(2003)

3. Buccal mucosal 
fibroblasts 
(0–160 μg/mL)

Arecoline induced upregula-
tion of plasminogen activator 
inhibitor-1 (PAI-1) expression

– Moderately advanced/advanced 
OSF specimens showed higher 
expression of plasminogen 
activator inhibitor-1 in 
fibroblasts, endothelial cells, 
and inflammatory cells

Yang 
et al. 
(2003)

4. Buccal mucosal 
fibroblasts 
(0–80 μg/mL)

Arecoline induced upregula-
tion of insulin-like growth 
factor-1 expression

– Moderately advanced/advanced 
OSF specimens showed higher 
expression of insulin-like 
growth factor-1 in fibroblasts, 
endothelial cells, and inflamma-
tory cells of connective tissue

Tsai 
et al. 
(2005a)

(continued)
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       . Table 12.1 (continued)

Serial 
no.

Cell type and 
dose of 
arecoline

Effects ROS/receptor/pathways 
involved

Expression in OSF specimen 
(compared to normal mucosal 
specimen)

Refer-
ence

5. Buccal mucosal 
fibroblasts 
(0–80 μg/mL)

Arecoline induced upregula-
tion of keratinocyte growth 
factor-1 expression

– Moderately advanced/advanced 
OSF specimen showed higher 
expression of keratinocyte 
growth factor-1 in the epithelial 
cells and to a lesser degree in 
fibroblast and endothelial and 
inflammatory cells

Tsai 
et al. 
(2005b)

6. Buccal mucosal 
fibroblasts 
(0–80 μg/mL)

Arecoline induced upregula-
tion of cystatin C expression

– The connective tissue of 
moderately advanced/advanced 
OSF specimen showed higher 
expression of cystatin C in 
fibroblasts, endothelial cells, 
and inflammatory cells

Tsai 
et al. 
(2007)

7. Buccal mucosal 
fibroblasts 
(0–160 μg/mL)

Arecoline induced upregula-
tion of heat-shock protein 47 
(Hsp-47) expression

PI3K, Cox-2, and MEK 
pathways are involved. 
Decreased intracellular 
thiol content involved in 
induction

OSF specimen showed higher 
expression of heat-shock 
protein 47 mRNA

Yang 
et al. 
(2008)

8. Buccal mucosal 
fibroblasts 
(0–160 μg/mL)

Arecoline induced upregula-
tion of heme-oxygenase-1 
(HO-1) expression

– OSF specimen showed higher 
expression of heme- 
oxygenase- 1 in fibroblasts, 
epithelial cells, and inflamma-
tory cells

Tsai 
et al. 
(2009)

9. Buccal mucosal 
fibroblasts 
(0–0.4 mM)

Arecoline induced upregula-
tion of connective tissue 
growth factor (CTGF) 
expression

NF-κB, JNK, p38 
pathways involved. 
Decreased intracellular 
thiol content involved in 
induction

OSF specimen showed higher 
expression of connective tissue 
growth factor in fibroblasts, 
endothelial cells, and epithelial 
cells (in some cases)

Deng 
et al. 
(2009)

10. HaCaT 
keratinocyte 
(0–50 μg/mL)

Arecoline induced expression 
of transforming growth 
factor-β2

Muscarinic acetylcho-
line receptor- 
intracellular [Ca2+] 
rise-PKC activation 
pathway involved. 
Decreased intracellular 
thiol content involved in 
induction

OSF specimen showed higher 
expression of transforming 
growth factor β2 mRNA

Thang-
jam et al. 
(2009)

11. Keratinocyte 
(5–10 μg/mL)

Arecoline induced upregula-
tion of αvβ6 integrin 
expression

Muscarinic acetylcho-
line receptor involved

OSF specimen showed higher 
expression of αvβ6 integrin

Mouta-
sim et al. 
(2011)

12. Buccal mucosal 
fibroblasts 
(0–20 μg/mL)

Arecoline induced upregula-
tion of S100A4 expression

NF-κB, ERK, mTOR 
pathways are involved

OSF specimen showed higher 
expression of S100A4

Yu et al. 
(2013)

13. Buccal mucosal 
fibroblasts 
(0–160 μg/mL)

Arecoline induced upregula-
tion of protease-activated 
receptor-1 (PAR-1) expression

ERK, PI3K, Cox-2, TK 
pathways involved. 
Decreased intracellular 
thiol content involved in 
induction

Moderately advanced/advanced 
OSF specimen showed higher 
expression of protease- 
activated receptor-1 in 
fibroblasts and inflammatory 
cells

Tsai 
et al. 
(2013)

14. Buccal mucosal 
fibroblasts 
(0–20 μg/mL)

Arecoline induced ZEB1, 
α-smooth muscle actin 
(α-SMA), and vimentin 
expression

– OSF specimen showed higher 
expression of ZEB1 localized 
in the nucleus of fibroblast and 
α-SMA in fibroblast and blood 
vessel

Chang 
et al. 
(2014)
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       . Table 12.1 (continued)

Serial 
no.

Cell type and 
dose of 
arecoline

Effects ROS/receptor/pathways 
involved

Expression in OSF specimen 
(compared to normal mucosal 
specimen)

Refer-
ence

15. Buccal mucosal 
fibroblasts 
(0–160 μg/mL)

Arecoline induced upregula-
tion of hypoxia-inducible 
factor-1α expression

– Moderately advanced/advanced 
OSF specimen showed higher 
expression of hypoxia-inducible 
factor-1α in fibroblasts, epithelial 
cells, and inflammatory cells

Tsai 
et al. 
(2015)

16. Buccal mucosal 
fibroblasts 
(0–0.4 mM)

Arecoline induced upregula-
tion of early growth 
response-1 (Egr-1) expression

JNK, ERK pathways 
involved. Decreased 
intracellular thiol 
content involved in 
induction

OSF specimen showed higher 
expression of early growth 
response-1 in epithelial cells, 
fibroblasts, inflammatory cells

Hsieh 
et al. 
(2015)

17. HaCaT 
keratinocytes 
(0–0.16 mM)

Arecoline induced downregu-
lation of miR-203, downregu-
lation of cytokeratin CK 19 
and E-cadherin, upregulation 
of N-cadherin and vimentin, 
increased expression of 
SFRP4, and decreased 
expression of TM4SF1

– OSF specimen showed lower 
expression of miR-203 and 
transmembrane 4 L six family 
member 1 (TM4SF1) and 
higher expression of secreted 
frizzled related protein 4 
(SPRP4)

Zheng 
et al. 
(2015)

18. Buccal mucosal 
fibroblasts 
(0–20 μg/mL)

Arecoline induced upregula-
tion of Twist

– OSF specimen showed higher 
expression of Twist mRNA and 
protein

Lee et al. 
(2016)

19. Buccal mucosal 
fibroblasts 
(0–160 μg/mL)

Arecoline induced upregula-
tion of transglutaminase-2 
(TGM-2) expression

ROS reactive oxygen species, PI3K phosphatidylinositol 3-kinase, Cox-2 cyclooxygenase-2, MEK mitogen-activated protein kinase, 
JNK c-Jun NH2-terminal kinase

Arecoline

TIMP-1

MMP

CTGF

Vimentin

Collagen-1
Twist, Zeb1

Plasmin Egr-1

PAI-1

(SMAD non-SMAD pathway)

TGM-2

Hsp47

ROS
Cystatin C Hsp47, Hsp27, Hsp70

ROS

HIF-1α

MMPs

Cyr61

Zebl, Snail

CK19, TM4SF1

a b

miR-203

SFRP4, Vimentin

TGF-β

TGF-β1

HIF-1α

α-SMA

β-catenin (nuclear localization)

PAR-1

ανβ6

Muscarinic
acetylcoholine

receptor

ZO-1, Claudin-1

E-cadherin
N-cadherin

E-cadherin
N-cadherin

       . Fig. 12.1 Induction cascade induced by arecoline in fibroblasts a 
and epithelial cells b facilitating the development of  OSF

All abbreviations have been elaborated in text except: N- cadherin 
neural cadherin, CK 19 cytokeratin 19, TM4SF1 transmembrane 4 L 

six family member 1, SFRP4 secreted frizzled related protein 4. Both 
hard dashed arrows and dotted arrow indicate the same
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•Epithelial inflammation and
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•Decreases auto-renewal of
 epithelial cells, and incur
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•Decreases antioxidant
 enzymes
•DNA adducts and
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downstream
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       . Fig. 12.2 Possible mechanisms involved in the role of betel quid in 
oral squamous cell carcinoma and its malignant transformation [21]

(a, 1) Betel leaf and betel inflorescence increase ROS generation 
and contribute to DNA adducts

(a, 2) Areca nut alkaloids increase ROS generation, alkylate the 
DNA bases, and form DNA adducts. ROS can apparently activate 
TGF-β, NF-kB, JNK, and p38MAPK pathways. Areca nut induces 
αvβ6 integrin and mediates the migration and invasion of keratino-
cytes

(a, 3) Areca nut and slaked lime induce the generation of ROS 
through formation of nitrosamines, leading to epithelial inflamma-
tion. Excess calcium can alter macromolecules and contribute to oral 
mucosal inflammation

(a, 4) Tobacco and betel quid can form BSNAs and TSNAs, 
resulting in the induction of epigenetic silencing of tumor suppressor 
genes. Tobacco may alter oral bacterial microbiomes involved in carci-
nogenesis

(a, 5) Alcohol may damage epithelial cells and facilitate the pene-
tration of carcinogens by increasing the epithelial permeability of cell 

membranes. Additionally, alcohol might activate carcinogenic sub-
strates by increasing its metabolism. It can also induce the production 
of acetaldehyde, an oral carcinogen involved in oral cancer

(a, 6) Chronic inflammation and repeated trauma might be associ-
ated with immune suppression, which may facilitate viral infection at 
the buccal mucosa and induce changes in bacterial communities. 
These effects may be involved in carcinogenesis in the oral mucosa of 
betel quid chewers

(b, 1) TGF-β-, NF-kB-, JNK-, and p38MAPK-mediated down-
stream targets act on fibroblasts and lead to its proliferation, inducing 
collagen synthesis

(b, 2) Areca nut chemicals increase collagen synthesis, decrease its 
breakdown, and activate proliferative cascades in fibroblasts; these 
factors may be involved in the pathogenesis of OSF

(c, 1) Areca nut contents act on endothelial cells and inhibit their 
growth, survival, and proliferation. These effects may induce vascular 
impairment and lead to hypoxia. Hypoxia may further influence oral 
carcinogenesis by inducing hypoxia- mediated pathways

 P. Kondaiah



165 12

(DAMPs), either of  intracellular origin or released 
from the ECM, promote an inflammatory response 
that results in the recruitment of  neutrophils and mac-
rophages to phagocytose necrotic cells and cell debris. 
During this acute inflammatory response, cells release 
cytokines, chemokines, and growth factors, includ-
ing transforming growth factor-β (TGF-β), that facili-
tate the recruitment and proliferation of fibroblasts. 
Activated fibroblasts and myofibroblasts that provide 
cell and tissue contractility show an enhanced deposi-
tion of ECM proteins and stabilize the fibrotic tissue 
architecture [22].

The inflammation in submucous fibrosis decreases 
matrix metalloproteinases (MMPs) and increases tissue 
inhibitors of matrix metalloproteinase (TIMP) expres-
sion similar to wound healing. This contributes to the 
abnormal collagen deposition in OSF.  Inflammation 
also stimulates the cells to express basic fibroblast 
growth factor (bFGF) and transforming growth factor 
β-1 (TGF-β1), contributing to the collagen deposition 
disorder in OSF. Unlike in wound healing, where myo-
fibroblasts undergo apoptosis, in OSF, TGF-β1 stimu-
lates fibroblasts to transform into myofibroblasts, which 
results in collagen production and wound contraction 
[1, 2] (. Fig. 12.3).

> Important
Inflammatory mediators involved in OSF pathogenesis 
are:

 5 Interleukins (IL-1β, IL-6, IL-8, IL-15)
 5 Interferon-γ (IFN-γ)
 5 Monocyte chemoattractant protein-1 (chemokine 

(C-C motif) ligand 2 [CCL2])
 5 Tumor necrosis factor-α (TNF-α)
 5 Heat-shock proteins 70 (Hsp 70)
 5 Cyclooxygenase-2 (COX-2)

> Important
Biological factors involved in fibrosis and extracellu-
lar matrix (ECM) remodeling:

•  Transforming 
growth factor-β 
(TGF-β)

•  Matrix metalloproteinases 
(MMPs)

•  Epidermal growth 
factor (EGF)

•  Tissue inhibitors of 
matrix metalloproteinases 
(TIMPs)

•  Fibroblast growth 
factor (bFGF)

•  Nuclear factor-κB 
(NF-κB)

•  Connective tissue 
growth factor 
(CTGF)

•  JNK pathway

•  Platelet-derived 
growth factor 
(PDGF)

•  p38

•  Insulin-like growth 
factor (IGF)-1/2

•  MAPK pathway

•  NOTCH •  αv integrins (β1, β3, β5, 
β8)

12.3  Inflammation in Oral Submucous 
Fibrosis

Fibrosis is initiated by cellular injury that is presum-
ably sensed through impaired cell-cell or cell-ECM 
interactions (. Fig. 12.1). This damage at the cellular 
level promotes localized fibrin clot formation. The pro-
inflammatory factors released by damaged cells activate 
the innate immune response. The molecules, collectively 
known as “damage-associated molecular patterns” 
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Chemotactic agents
Activators (e.g. DAMPs)

Modulators (Th1 / Th2/ Th17)

Further damage
Tissue repair

Fibrosis development

Neutrophils Basophils

Monocytes ILCs

Eosinophils

T cells

Toxins Autoimmunity

Tissue damage

Allergy Infection

       . Fig. 12.3 Interdependence of  tissue damage and inflammation. Various types of  tissue damage lead to recruitment, activation, and polar-
ization of  immune cells. Inflammation can induce further tissue damage or trigger tissue repair and fibrosis

12.4  Regulation of Inflammatory 
Mediators in Oral Submucous Fibrosis

Cyclooxygenase-2 (COX-2): Prostaglandin-endoperoxide 
synthase, commonly called as cyclooxygenase (COX), is 
the key regulatory enzyme in tissue inflammation and is 
present in two isoforms COX-1 and COX-2. COX-2 is 
an inducible form of COX, and its overexpression has 
been shown to promote tumorigenesis by activation of 
carcinogens, cytokines, neoangiogenesis, stimulating pro-
gression and inhibiting apoptosis. There is a significant 
increase in COX-2 expression in OSF tissues compared 
to normal subjects [23].

Heat-shock protein-70 (Hsp-70): Heat-shock pro-
teins are a highly conserved group of protective cel-
lular proteins whose synthesis is increased in response 
to a variety of environmental or pathophysiological 
stresses, including anoxia, ischemia, heavy metal ions, 
ethanol, nicotine, surgical stress, viral agents, starva-
tion, inflammation, water deprivation, and nitrogen 
deficiency. These proteins play an important role in the 
maintenance of cellular homeostasis, both under nor-
mal conditions and during stress. Heat-shock proteins 
are overexpressed in a wide range of human cancers and 
are implicated in tumor cell proliferation, differentia-
tion, invasion, metastasis, death, and recognition by the 
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immune system. They are useful biomarkers for carci-
nogenesis in tissues and signal the degree of differentia-
tion and the aggressiveness of cancers. Thubashini et al. 
report a significant increase in the expression of Hsp-70 
(p < 0.001) as the tissue progressed from OSF towards 
OSCC [24].

In a study by Das et al., differentially expressed pro-
teins between oral submucous fibrosis tissue and nor-
mal tissues were recorded by proteomic analysis using 
two- dimensional electrophoresis (2DE) and MALDI-
TOF mass spectrometry. By proteomic analysis, 15 
proteins were found to be upregulated and 10 proteins 
were downregulated in the OSF tissues compared to 
the control tissues. Among these identified proteins, 
Hsp-70 1B, calreticulin, and lumican variant exhib-
ited higher expression in OSF tissues compared to the 
control  tissues. Immunohistochemical analysis also 
showed elevated expression of these proteins in OSF tis-
sues. Gene expression analysis by real-time quantitative 
RT-PCR showed that Hsp-70 1B, calreticulin, and lumi-
can variant significantly increased (6.2-, 3.3-, 2.8- fold, 
respectively), whereas enolase 1 decreased by 0.5-fold in 
the OSF tissues, which was consistent with proteomic 
results [25, 26].

Chemokine (C-C motif) ligand 2 [CCL2]: 
Chemokines are leukocyte chemoattractants that act 
with pro- fibrotic cytokines in the development of fibro-
sis by recruiting myofibroblasts, macrophages, and other 
cells in OSF. Among all the chemokines, monocyte che-
moattractant protein-1 (chemokine (C-C motif) ligand 
2 [CCL2]) is a major pro-fibrotic mediator with an 
established role in the fibrosis of different organs of the 
body. CCL2 expression has been identified in different 
inflammatory and fibrotic diseases such as atherosclero-
sis, hepatic cirrhosis, pulmonary fibrosis, or glomerulo-
sclerosis. It is expressed by a wide variety of cell types, 
including leukocytes and resident cells.

Sarode et  al. designed a study to investigate the 
expression of CCL2  in OSF and its correlation with 
myofibroblasts. CCL2 expression in basal cells (CCL2- B) 
and connective tissue (CCL2-CT), and α-SMA, showed 
significantly increased expression in advanced OSF as 
compared with early OSF and controls. Significant dif-
ferences were observed in the expression of CCL2-B 
between control and OSF (p  =  0.002), control and 
advanced OSF (p = 0.005), and early and advanced OSF 
(p = 0.0377). In OSF group, a significant correlation was 
observed between CCL2-B and CCL2-CT (p < 0.00001), 
CCL2-B and α-SMA (p < 0.00001), and CCL2-CT and 
α-SMA (p < 0.00001) [27].

Mast cell tryptase and mast cell chymase: Mast cells 
may be activated by a number of stimuli. Following acti-
vation by immunological or non-immunological stimuli, 
mast cells release a wide range of preformed mediators 

from their granules. Mast cell products degrade con-
nective tissue matrix to provide space for neovascular 
sprouts. Mast cells frequently accumulate at the site of 
fibrosis, such as the skin involved in scleroderma and 
fibrotic lung tissue, suggesting its contribution to the 
pathogenesis of various fibrotic conditions [28].

Betel quid components induce the production of 
various inflammatory mediators such as prostanoids, 
interleukin (IL)-6, tumor necrosis factor (TNF)-α, IL-8, 
and granulocyte-macrophage colony-stimulating factor 
(GMCSF), which stimulate the infiltration of inflamma-
tory cells like mast cells and facilitate their differentiation 
and activation in the oral mucosa. The inflammatory 
cells releasing cytokines may act as the stimulant for the 
increase in the number of mast cells in OSF [28].

Mast cells promote angiogenesis by secreting angio-
genic factors or enzymes that degrade extracellular 
matrix. Mast cell products, including histamine, basic 
fibroblast growth factor (bFGF), and heparin, directly 
affect endothelial cells by stimulating their migration 
or proliferation or indirectly affect them by degrad-
ing the connective tissue matrix, thereby providing 
space for the development of  neovascular sprouts. 
Angiogenic factors like vascular endothelial growth 
factor (VEGF), bFGF, and platelet-derived growth 
factor-AB stimulate mast cell migration. In the hypoxic 
areas, they produce angiogenic products that stimulate 
the infiltration of  more mast cells. Mast cell-derived 
heparin and TGF-β have shown to display chemotactic 
activity for endothelial cells and stimulate the growth 
of  fibrotic tissue.

Sabarinath et  al. observed statistically significant 
increase of intact mast cells from normal mucosa to dif-
ferent grades of OSF, but degranulated mast cells were 
significantly increased only in the very early and early 
stages of OSF. On the contrary, they were decreased in 
moderately advanced stage in which the functional con-
tribution of fibroblasts supersedes the demand for nutri-
tional supply [28].

Mast cells (MCs) produce and store various pro- 
fibrotic cytokines including transforming growth factor-β 
(TGF-β), fibroblast growth factor (FGF), platelet- 
derived growth factor (PDGF), interleukin-1 and -6 
(IL-1 and IL-6), and tumor necrosis factor-α (TNF-α). 
Human MCs also contain two types of serine protease, 
tryptase and chymase. Tryptase is a trypsin- like enzyme, 
and chymase is a chymotrypsin-like enzyme. Based on 
their protease content, human MCs are divided into two 
phenotypes: mast cells secreting both tryptase and chy-
mase are termed MCTC, while mast cells secreting only 
tryptase are termed MCT.  All human tissues contain 
both the mast cell phenotypes. However, the ratio is dif-
ferent in each anatomical site. MCTC predominates in 
the skin, heart, synovial fluid, and small intestinal sub-
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mucosa, and MCT predominates in the lungs and the 
small intestinal mucosa. MC tryptase and chymase, the 
most abundant pro-fibrotic cytokines of human MC, 
have been studied in various fibrotic disorders.

Yadav demonstrated the immunohistochemical 
expression of MC tryptase and chymase in 20 cases of 
OSF, 10 cases of oral squamous cell carcinoma (OSCC), 
and 10 cases of healthy controls. Subepithelial zone 
of stage 1 and 2 and deep zone of stage 3 and 4 OSF 
demonstrated increased tryptase-positive MCs. OSCC 
revealed a proportionate increase in tryptase- and 
chymase- positive MCs irrespective of the areas of dis-
tribution [29].

12.4.1  Pro-inflammatory Cytokines

Cytokines are low-molecular-weight polypeptides or 
glycoproteins which are secreted by immune cells (lym-
phocytes, macrophages, natural killer (NK) cells, mast 
cells, and stromal cells). They are ubiquitous, perform 
multiple biological activities, and are involved in many 
physiological processes. Cytokines are important for 
the normal functioning of the immune system, regula-
tion of growth, and development and activation of the 
inflammatory response. Cytokines have a pleiotropic 
effect on many different cell types. Cytokines usually act 
as intercellular (paracrine) and/or intracellular (auto-
crine) signals within local tissues. They can also serve 
as endocrine mediators. Many inflammatory mediators, 
such as interleukin-1 (IL-1), interleukin-6 (IL-6), inter-
leukin-15 (IL-15), and tumor necrosis factor-α (TNF-
α), are involved in the pathogenesis of inflammatory 
fibrotic diseases. Levels of cortisol and inflammatory 
cytokines, including IL-1β, IL-15, and TNF-α in inflam-
mation, are induced by the foreign materials, and there-
fore it is important to understand the changes in cortisol 
and cytokine levels among betel- chewing individuals 
[30, 31].

Haque et  al. have shown a higher expression of 
interleukin- 1 (IL-1) α and IL-1β, IL-6, basic fibroblast 
growth factor (bFGF), platelet-derived growth factor 
(PDGF), and transforming growth factor-β (TGF-β) 
and a lower expression of interferon (IFN)-β and IFN-γ 
in both the epithelium and underlying connective tissue 
of OSF specimens compared to normal oral mucosa 
specimens [32].

In addition, the peripheral blood mononuclear 
cells from OSF patients have been found to secrete an 
increased level of stimulated IL-1β, tumor necrosis 
factor-α (TNF-α), IL-6, and IL-8 and a decreased level 
of stimulated interferon-gamma (IFN-γ) compared to 
Caucasian and Indian controls. These two studies by 
Haque et al. suggest that a local and systemic upregu-

lation of fibrogenic cytokines together with systematic 
downregulation of anti-fibrotic cytokines underlies the 
pathogenesis of OSF [33, 34]. Chiu et al. have observed 
a link between TNF-α allelic polymorphism and occur-
rence of OSF [35].

Studies have suggested that the nuclear factor-κB 
(NF-κB) signaling pathway plays a critical role in car-
cinogenesis, protection from apoptosis, and chemoresis-
tance in a number of cancer types, including head and 
neck cancer, breast cancer, hepatocellular carcinoma, 
and gastric cancer 8–12. The NF-κB-dependent cyto-
kine levels are elevated in saliva and tissue specimens of 
patients with oral potentially malignant disorders [36].

Different cytokines are expressed by cancerous cells, 
the most common of which include tumor necrosis 
factor alpha (TNF-α), IL-1, IL-6, and IL-8. TNF-α, 
IL-6, and IL-8 are potent angiogenic meditators with 
significant effects on tumor growth and are associated 
with increased tumor vessel density and a poor clinical 
outcome. Thus, these cytokines might act as surrogate 
biomarkers of angiogenesis and prognosis. The exces-
sive cell proliferation and activation of cellular actions 
can be instigated by chronic inflammation, which leads 
to the induction of irreversible DNA damage. TNF-
α, IL-6, and IL-8 released through the inflammatory 
response promote tumor growth, which further stimu-
lates the inflammatory response, resulting in cyclic pro-
gression. Kaur et al. observed that serum and salivary 
TNF-α, IL-6, and IL-8 levels were upregulated in pre-
cancerous lesions and conditions. Pro-inflammatory 
cytokine levels are elevated in submucous fibrosis due to 
immunoregulatory activity. Increased levels of NF-κB 
mediators might be associated with the development 
of oral precancerous and cancerous lesions. In the nor-
mal cell, stimulation of cytokines causes growth inhibi-
tion, while in oral cancer cells, stimulation of cytokines 
leads to upregulation of positive cell cycle regulators 
including NF-κB, signal transducers, and activators of 
transcription and the mitogen-activated protein kinase/
extracellular signal-regulated pathway [37].

Upregulation of TNF-α, IL-6, and IL-8 might 
be protective in action. NF-κB activation leads to the 
upregulation of anti-apoptotic genes as a cell survival 
mechanism, by inducing physiological stress, which 
triggers an inflammatory response. In addition, NF-κB 
induces cytokines that regulate TNF-α, IL-6, and IL-8, 
which leads to the recruitment of leukocytes to the sites 
of inflammation. The levels of serum and salivary TNF- 
α, IL-6, and IL-8 were also statistically significantly 
increased in oral leukoplakia, submucous fibrosis, and 
lichen-planus in contrast to normal healthy subjects 
(p < 0.05) [37].

Interleukin-8 (IL-8) is a prototypical member of 
the CXC chemokine family, the chemokines in which 
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the first two amino-terminal cysteine residues are sepa-
rated by an intervening amino acid. The amino termi-
nus of the majority of the CXC chemokines contains 
three amino acid residues, glutamic acid–leucine–argi-
nine, the ELR motif. Members that contain the ELR 
motif  (ELR+) are potent promoters of angiogenesis, 
and those that lack the ELR motif  (ELR−) are potent 
inhibitors of angiogenesis. IL-8 is an ELR+ pluripotent 
cytokine that promotes angiogenesis in OSCC. Punyani 
et al. reported that the levels of salivary IL-8 were found 
to be significantly elevated in patients with OSCC as 
compared to the precancer group (p < 0.0001). However, 
the difference in salivary IL-8 concentrations among the 
precancer group and controls was statistically nonsig-
nificant (p = 0.738) [38].

The continuous contact of the alkaloids in the quid 
on the oral mucosa causes chronic inflammation leading 
to activation of macrophages and T cells and an increase 
in the level of cytokines such as interleukin 6 (IL-6), 
tumor necrosis factor (TNF), interferon-α (IFN-α), and 
transforming growth factor-beta. Further, microtrauma 
produced by the friction of coarse fibers of areca nut 
also facilitates diffusion of the alkaloids into the sub-
epithelial connective tissue resulting in juxta-epithelial 
inflammatory cell infiltration. Fibrogenic cytokines 
secreted by activated macrophages or T lymphocytes are 
very important in the development of fibrotic disorders. 
Circulating monocytes are attracted to tissues by chemo-
tactic factors and become macrophages under the influ-
ence of their microenvironment. Several studies suggest 
that local and systemic upregulation of fibrogenic cyto-
kines and downregulation of anti-fibrotic cytokines are 
central to the pathogenesis of OSF [38].

Macrophages have also been implicated in the patho-
genesis of OSF. Pereira et al. evaluated the presence of 
macrophages in various histological stages of OSMF 
using CD68 antigen, which has been suggested as the 
most reliable marker for macrophage differentiation. 
They found a significant increase in macrophage densi-
ties in the subepithelial connective tissue of OSF speci-
mens compared to those in control specimens suggesting 
that the cellular immune response plays an important 
role in the pathogenesis of OSF [39].

Haque et al. characterized the inflammatory cell infil-
trates in the biopsies of oral mucosa from OSF patients 
demonstrated by IHC. They found activated T lympho-
cytes as the major cell population and macrophages as 
the minor cell population [33].

In a Taiwanese study, IL-1β and TNF-α have been 
demonstrated to upregulate mRNA expression of col-
lagen types I and III. Intradermal injections of TNF-α 
stimulate the accumulation of fibroblasts and collagen. 
TNF-α is reported to inhibit adherence and phagocy-
tosis of collagen. On the contrary, IFN-γ is an anti-

fibrotic cytokine that can inhibit collagen synthesis. 
Improvement of keloids and hypertrophic scars by 
the intralesional IFN-γ treatment has been reported. 
Furthermore, local injections of IFN-γ reduce the con-
tracture formation and facilitate the mouth opening in 
OSF patients [40].

Haque et al. investigated the presence and distribu-
tion of inflammatory cells and MHC class II antigen 
expression by epithelial and immunocompetent cells 
using a three-stage immunoperoxidase method on 30 
frozen sections of OSMF. All tissues were investigated 
using antibodies to T cells (CD3), T helper/inducer 
cells (CD4), T suppressor/cytotoxic cells (CD8), B cells 
(CD20), naive T cells and monocytes (CD45RA), mac-
rophages, Langerhans cells (CD68), and human leuko-
cyte antigen-DR (HLA-DR)-positive cells (HLA-DR 
alpha). The predominant cell populations detected in 
normal tissues were CD3, CD4, and HLA-DR-positive 
cells. The cell population detected in OSF showed higher 
numbers of CD3- and HLADR-positive cells compared 
with those of the normal tissues. The pattern of staining 
for CD4-positive cells in OSF tissues was similar to that 
of CD3-positive cells both in the epithelium and con-
nective tissue and was higher than that in normal tissues. 
A few scattered CD8-positive cells and only occasional 
CD20- and CD68-positive cells were seen in OSF sec-
tions. The presence of these immunocompetent cells and 
high ratio of CD4 to CD8  in OSF tissues suggest an 
ongoing cellular immune response leading to a possible 
imbalance of immunoregulation and alteration in local 
tissue architecture [41].

Bôas et  al. compared the microvascular density 
(MVD) and infiltrating macrophage density (IMD) in 
oral OSCCs with different histological grades using 
antibodies such as von Willebrand factor and CD68. 
However, a significant correlation between MVD and 
IMD could not be obtained, suggesting that angiogen-
esis does not depend on the number of macrophages 
present in OSCC, but their predominant phenotype [42].

El-Rouby studied the association between tumor- 
associated macrophages (TAMs) and angiogenesis in 
formalin-fixed, paraffin-embedded archival material of 
OSCC and oral verrucous carcinoma. TAMs shown by 
IHC for CD68 and microvessels demonstrated by IHC 
for CD31 were quantified using an image analyzer com-
puter system. He observed an increased TAM density 
associated with angiogenesis in higher histopathological 
grades in oral cancer [43].

Wehrhan et  al. analyzed the macrophage polariza-
tion in cervical lymph nodes of OSCC patients. The 
study revealed an influence of OSCC on macrophage 
polarization in regional lymph nodes. Markers of malig-
nant behavior in the primary tumor were associated 
with a shift of macrophage polarization in lymph nodes 
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from the anti-tumoral M1 type to the tumor-promoting 
M2 type [44].

Pettersen et al. studied the activation state of TAMs 
in cutaneous SCC where CD163 was identified as a more 
abundant, sensitive, and accurate marker of TAMs when 
compared with CD68 [45].

12.4.2  Cortisol and Steroids

Arecoline is an alkaloid that can be purified from areca 
nut. Arecoline is a muscarinic cholinergic agonist that 
can cause cortisol escape from dexamethasone suppres-
sion among normal males and stimulate corticosterone 
release in rats [46, 47].

Risch et  al. found that there was an elevation of 
plasma cortisol and β-endorphin in human subjects who 
had majorly been treated with arecoline [48]. Hu et al. 
found that there was a significant increase in plasma cor-
tisol levels and a significant decrease in plasma IL-1β, 
IL-15, and TNF-α levels among males who chew areca 
nut and oral cancer patients compared to mid-aged and 
young control males. These elevations in plasma corti-
sol concentrations among areca nut chewers could be 
due to an increased oxygen consumption response by 
the adrenal gland or stimulation of the hypothalamic- 
pituitary- adrenal axis [34].

Furthermore, Hu et  al. demonstrated a significant 
reduction in plasma testosterone levels among areca nut-
chewing subjects compared to young control male sub-
jects. This result could be due to these areca nut chewers 
having consumed the nut for more than 8 years or might 
be an effect of their older age. On the contrary, increased 
testosterone secretion by dispersed mouse interstitial 
cells treated with arecoline (the major component in 
betel quid) or areca nut extract has been investigated. 
Yang et  al. showed that arecoline stimulates testoster-
one secretion from mouse interstitial cells that have been 
treated with ovine LH and that this is independent of the 
cyclic adenosine monophosphate (cAMP) pathway [49]. 
Stimulated testosterone production by purified Leydig 
cells treated with arecoline has also been observed [50].

This stimulatory effect exerted by arecoline would 
seem to be enhanced by adding human chorionic 15 
gonadotropin (hCG), forskolin (cAMP stimulator), or 
8-Br-cAMP (cAMP analogue). Calcium channel block-
ers such as nifedipine, nimodipine, or tetrandrine have 

been shown to decrease testosterone secretion that has 
been induced by arecoline. Moreover, enhanced expres-
sions of  steroidogenic acute regulatory (StAR) protein 
and 17β-hydroxysteroid dehydrogenase (17β-HSD) 
have been observed in Leydig cells treated with areco-
line [49, 50].

12.5  Fibrogenic Factors and Signaling 
Pathways

12.5.1  Transforming Growth Factor-Beta 
(TGF-β Family)

The TGF-β superfamily is composed of  a large group 
of  proteins, including the activin/inhibin family, bone 
morphogenetic proteins (BMPs), growth differen-
tiation factors (GDFs), TGF-β subfamily, and glial 
cell line-derived neurotrophic factor (GDNF) fam-
ily. TGF-β is a multifunctional peptide that controls 
various cellular processes, including differentiation, 
proliferation, migration, extracellular matrix (ECM) 
remodeling, and apoptosis, all of  which influence 
embryogenesis, wound healing, fibrosis, inflammation, 
and tumor progression.

Beta-type subfamily growth factors are homodimeric 
or heterodimeric polypeptides with multiple regulatory 
properties depending on cell type, growth conditions, 
and presence of other polypeptide growth factors. Since 
their expression is also controlled by distinct promoters, 
their secretion is temporal and tissue specific [51, 52].

TGF-β isoforms: There are three known isoforms 
of TGF-β (TGF-β1, TGF-β2, and TGF-β3) expressed 
in mammalian tissues; they contain highly conserved 
regions but diverge in several amino acid regions. All 
of them function through the same receptor signal-
ing pathways. TGF-β1, the most abundant and ubiqui-
tously expressed isoform, was cloned from human term 
placenta mRNA. TGF-β2 was first described in human 
glioblastoma cells. It was found that TGF-β2 is capable 
of suppressing interleukin-2-dependent growth of T lym-
phocytes. Hence, it is also called glioblastoma- derived T 
cell suppressor factor (G-TsF). The third isoform, TGF-
β3, was isolated from a cDNA library of human rhab-
domyosarcoma cell line. It shares 80% of amino acid 
sequence with TGF-β1 and TGF-β2 [1, 51, 53].
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12.5.1.1  TGF-β Synthesis and Activation
Mature dimeric form of TGF-β, composed of two 
monomers stabilized by hydrophobic interactions and 
disulfide bridge, initiates intracellular signaling. The 
three TGF-βs are synthesized as pro-proteins (pro- 
TGF- βs) with large amino-terminal pro-domains (called 
latency-associated proteins—LAPs), which are required 
for proper folding and dimerization of carboxy-terminal 
growth factor domain (mature peptide). This complex is 
called “small latent complex” (SLC) [51].

12.5.1.2  TGF-β Receptors
TβRI and TβRII mediate signal transduction. Both 
receptors are transmembrane serine/threonine kinases, 
which associate in a homo- or heteromeric complex and 
act as tetramers. They are organized sequentially into 
an N-terminal extracellular ligand-binding domain, a 
transmembrane region, and a C-terminal serine/threo-
nine kinase domain.

Bioactive forms of TGF-βs are dimers held together 
by hydrophobic interactions and, in most cases, by 
an inter- subunit disulfide bond as well. The dimeric 
structure of these ligands suggests that they function 
by bringing together pairs of type I and II receptors, 
forming hetero- tetrameric receptor complexes. Binding 
of TGF-β to extracellular domains of both receptors 
also induces proper conformation of the intracellular 
kinase domains. These receptors are subject to revers-
ible posttranslational modifications (phosphorylation, 
ubiquitylation, and sumoylation) that regulate stability 
and availability of receptors as well as SMAD and non- 
SMAD pathway activation [51].

TGF-β signaling pathways: In the canonical signal-
ing, after ligand binding, TGF-β receptors dimerize and 
phosphorylate intracellular SMAD proteins. Complex 
of SMAD2 and/or SMAD3 becomes phosphorylated 
by TβRI and forms a complex with SMAD4, which is 
subsequently transported into the nucleus where it binds 
with specific transcription factors (TF) and induces 
transcription of TGF-β-dependent genes.

Interestingly, in addition to the activation of SMAD 
transcription factors, several different branching signal-
ing pathways can be activated in many cell types, such 
as Notch signaling, MAP kinases, AKT/PKB pathway, 
GTP-binding protein pathway, PTK pathway, NF-κB, 
and Wnt/β-catenin pathway. The noncanonical mecha-
nisms are not clearly elucidated [1, 51].

12.5.1.3  TGF-β Signaling and Fibrotic 
Diseases

Several signaling pathways are involved in fibrosis, 
but TGF-β signaling is the master regulator of fibro-
sis. TGF-β activation induces fibroblasts to produce 
excessive ECM, causing fibrosis. Additionally, TGF-β 
signaling in non-fibroblast cells can also induce fibro-
sis through the production of fibrotic factors, such as 
endothelin 1 (ET-1), connective tissue growth factor 
(CTGF), interleukin (IL)-13, platelet-derived growth 
factor (PDGF), fibroblast growth factor (FGF-2), and 
insulin- like growth factor (IGF)-1/2.

TGF-β1 isoform is most implicated in fibrosis. This 
peptide plays a critical role not only in the synthesis and 
degradation of ECM but also in the response of cells 
to ECM mediated through integrin receptors; more-
over, specific components of the ECM, in turn, can 
both deliver TGF-β and regulate its activity. Isoforms of 
TGF-β, β1, and β2 have been linked to variations of pro-
tein expression or function. TGF-β1 is a key regulator 
of ECM assembly and remodeling. The cytokine TGF- 
β1 is considered to have a central role in inducing myo-
fibroblastic phenotype, and its expression is increased 
under numerous fibrotic conditions. Thus, TGF-β sig-
naling pathway might be critical for the pathogenesis of 
OSF. That TGF-β stimulates fibroblast proliferation and 
EM elaboration suggests the importance of these cyto-
kines in fibroelastic diseases.

TGF-β is increased in the microenvironment of 
chronic injury/inflammation and cancer. Once acti-
vated by TGF-β ligands, epithelial cells can secrete more 
fibrotic factors, such as CTGF, to increase fibroblast 
proliferation. Fibroblasts become activated and turn 
into myofibroblasts, FAFs, or CAFs, and these cells 
are important effector cells that can produce excessive 
ECM, leading to fibrosis and ultimately fibrotic diseases 
when organ function is hampered. Cytokine paracrine 
interaction results in the production of connective tis-
sue growth factor (CTGF), interleukin-1β (IL-1β), inter-
leukin- 6 (IL-6), interferon-γ (IFN-γ), tumor necrosis 
factor-α (TNF-α), fibrosis-associated fibroblast (FAF), 
cancer-associated fibroblast (CAF), and extracellular 
matrix (ECM) [1, 51] (. Fig. 12.4).

 > TGF-β signaling is the master regulator of  fibrosis. 
Of  the three isoforms, TGF-β1 isoform is most impli-
cated in fibrosis.
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       . Fig. 12.4 TGF-β pathway leading to tissue fibrosis
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12.5.2  Contribution of SMAD 
and Non-SMAD Signaling Pathways 
to Fibrosis at the Cellular Level

TGF-β-induced activation of TβRI by TβRII leads to 
the recruitment and C-terminal phosphorylation of 
SMAD2 and SMAD3, which then associate with a 
SMAD4. These activated heterotrimeric SMAD com-
plexes translocate into the nucleus, where they associate 
with high- affinity DNA-binding transcription factors 
and transcription cofactors to activate or repress gene 
transcription. For example, SMAD3/SMAD4 com-
plexes can cooperate with AP1 transcription complexes 
(Jun–Fos dimers) to promote pro-fibrotic gene transcrip-
tion. TGF-β also activates non-SMAD signaling, nota-
bly the MAPK pathways and Akt–mTOR signaling that 
also contribute to fibrogenic gene and cell differentia-
tion responses. COL1A2, CCN2 (CTGF), SERPINE1 
(PAI- 1), FN1, and IL11 encode collagen Iα2, connec-
tive tissue growth factor (CTGF), plasminogen activa-
tor inhibitor-1 (PAI-1), fibronectin, and interleukin-11, 
respectively. mTORC1 activation promotes protein 
translation and contributes to increased collagen syn-
thesis by transcription factor (TF) [1].

12.5.2.1  The Role of Areca Nut 
and Transforming Growth Factor-β 
in Oral Submucous Fibrosis 
Progression

Areca nut can induce and activate transforming growth 
factor-β in epithelial cells, which can act together on 
the fibroblast cells and induce the expression of other 
pro- fibrotic cytokines (endothelin and CTGF). These 
cytokines can further enhance the fibroid response and 
aid in the conversion of fibroblasts to myofibroblasts 
expressing γSMA and αSMA markers. Areca nut and 
 transforming growth factor-β can influence the expres-
sion of cytoskeletal reorganizing protein LIMK1. The 
overall collagen production also increases. Collagen 
maturation and stabilizing enzymes (BMP1 and PLOD2, 
respectively) can also be induced by areca nut along with 
transforming growth factor-β. All these changes may 
lead to excessive deposition of extracellular matrix char-
acteristic of OSF [54, 55].

12.5.2.2  Transforming Growth Factor-β 
Regulation by Areca Nut

Areca nut acts on muscarinic acid receptors to release 
calcium and activate Ca2+/calmodulin-activated kinase 
II (CAMKII). It also induces intracellular reactive oxy-
gen species (ROS). CAMKII and ROS together activate 
c-Jun N-terminal kinase (JNK), which subsequently 
phosphorylates activating transcription factor 2 (ATF2) 
and c-Jun transcription factors. The two transcription 

factors induce TGF-β promoter. The translated TGF-β 
protein can now activate the canonical SMAD signal-
ing pathway and autoinduce TGF-β and other targets in 
epithelial cells [54, 55].

12.5.2.3  TGF-β in Oral Submucous Fibrosis
Wang et  al. report a stronger immunohistochemical 
expression of TGF-β1  in OSF compared to normal 
mucosal tissue. There was a strong localized TGF-β1 
staining in chronic inflammatory cells. TGF-β1 was 
highly expressed in OSF tissues compared with normal 
oral mucosa. The protein expression of TGF-β1 was sig-
nificantly lower in OSF tissues in the early/intermediate 
(OSF1) stage than in those in the advanced (OSF2) stage. 
They also demonstrated that arecoline and TGF- β1 
increased the level of CD147 in human oral keratinocytes 
(HOKs). Transforming growth factor-β1 and β2 showed 
intense positivity for OSF and scar tissue, whereas mild-
to-moderate reactivity was seen in normal oral mucosal 
tissue. OSF stimulates keratinocytes to produce TGF-
β1 and β2. The subsequent passage of the cytokines to 
the connective tissue initiates changes that result in the 
pathognomonic fibrosis of the disorder [54–59].

12.5.2.4  Epidermal Growth Factor Receptor
Epidermal growth factor receptor (EGFR), one of the 
best studied biomarkers, plays an important role in the 
control of cellular proliferation, apoptosis, invasion, 
angiogenesis, and metastasis as it works through the 
tyrosine kinase cascade [60].

EGFR gene is located on chromosome 7p11.2. 
EGFR gene codes for 11 transcripts, which are splice 
variants—8 exons and 3 introns.

EGF receptor and its activation: EGFR is the first 
member of the RTK superfamily to be identified as 
the epidermal growth factor receptor (EGFR). EGFR 
(also known as ErbB1 or HER1) is a member of the 
ErbB/HER family of receptors, which are all single-pass 
RTKs that derive their name from the discovery that the 
erythroblastosis tumor virus encodes an aberrant form 
of the human EGF receptor (ErbB) and that they are a 
family of human EGF receptors (HER) [60, 61].

The epidermal growth factor receptor (EGFR) 
belongs to a family of receptor tyrosine kinases that 
includes three other members (erbB2/HER-2, erbB3/
HER-3, and erbB4/HER-4). These receptors are 
anchored in the cytoplasmic membrane and share a 
similar structure that is composed of an extracellular 
ligand-binding domain, a short hydrophobic transmem-
brane region, and an intracytoplasmic tyrosine kinase 
domain. EGFR becomes activated by receptor overex-
pression (frequent in cancer) as well as ligand-depen-
dent and ligand-independent mechanisms [60].

There are six known ligands that bind to the EGFR, 
including EGF itself  and transforming growth factor-α. 
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Ligand binding to the receptor induces a conforma-
tional change of the receptor ectodomain that allows 
for receptor dimerization and autophosphorylation of 
several tyrosine residues within the COOH-terminal tail 
of the receptors. Ligand-independent receptor activa-
tion occurs in some tumors that display forms of the 
EGFR and HER that have a deletion of the extracel-
lular domain that results in constitutive receptor activa-
tion. Overexpression of the urokinase-type plasminogen 
activator receptor also results in ligand-independent 
activation of the EFGR via the association of a5h1 
integrin. Finally, ligand-independent receptor activation 
occurs as a result of cellular stresses, such as radiation, 
which silence phosphatases that antagonize the receptor 
kinase activity, thereby shifting the equilibrium of basal 
phosphorylation towards the activated state. Activation 
of the receptor leads to the phosphorylation of key 
tyrosine residues within the COOH-terminal portion of 
EGFR and, as a result, provides specific docking sites 
for cytoplasmic proteins containing Src homology 2 and 
phosphor-tyrosine-binding domains. Once phosphory-
lated, the receptor initiates signal transduction through 
various signaling pathways—MAPK, Akt, ERK, and 
Jak/STAT pathways [60, 62].

EGFR signaling: In canonical EGFR signaling 
pathway, activation with ligand binding is a well- 
characterized function of EGFR. With ligand binding, 
trans- autophosphorylation takes place between tyro-
sine residues, which triggers the downstream signaling 
cascades. Conformational changes of C-terminal tail 
also trigger the components of endocytosis pathway 
and lead to EGFR internalization. EGFR, without 
ligand, can also be endocytosed with a rate tenfold 
lower than the ligand-induced ones. When EGFR is 
induced with ligand binding on plasma membrane, it 
is not only phosphorylated, but also ubiquitinated at 
lysine residues on the cytoplasmic kinase domain by 
E3 ubiquitin ligase Cbl complex including GRB2 adap-
tor protein. Concentration of EGF is the regulator of 
EGFR ubiquitination. At the beginning of internaliza-
tion of EGFR, ubiquitination drives the non-clathrin 
endocytosis pathway; at later stages, it steers EGFR 
to lysosomal degradation. The fate of EGFR depends 
also on the type of ligand. After internalization, some 
of its ligands, like TGFA and epiregulin (EREG), dis-
sociate from EGFR in the milder acidic environment 
of endosome and drive recycling of EGFR to plasma 
membrane. In contrast, ligands (like EGF) which are 
not affected by the acidity of endosome, favor the pas-
sage of majority of EGFR from early to late endosomes 
to be degraded by the lysosome. Additionally, heparin-
binding EGF-like growth factor (HBEGF) and beta-
cellulin (BTC) drive all EGF receptors to lysosomal 
degradation.

Ligand-induced EGFR activation in turn activates 
downstream signaling pathways, including RAS/MAPK 
pathway, PI3K/AKT pathway, and PLC/protein kinase 
C cascade. Activation of these pathways with canoni-
cal EGFR signaling controls the crucial functions of 
cells such as survival, proliferation, differentiation, and 
migration. In addition, activation of EGFR regulates 
other important metabolic functions such as autophagy 
in response to cellular or environmental stress via non-
canonical signaling. Dealing with stress conditions with 
the action of noncanonical EGFR signal is preferred in 
cancer cells to provide advantage for survival and drug 
resistance (. Fig. 12.5).

Following binding, a number of cytoplasmic tyrosine 
residues are autophosphorylated by the intrinsic recep-
tor kinase. Major pathways mediating EGFR actions 
include Ras/Raf/MAPK, Stat-1/Stat-3, PI3K/Akt, and 
Shc/ Grb2/Sos1/Rsk2, although other signaling mol-
ecules have also been reported to mediate EGFR’s 
actions [61–69].

12.5.2.5  EGFR Role in Fibrosis
While increased expression of EGFR was noted in 
the stratum spinosum of the epithelium, TGF-α was 
restricted to stratum germinativum, indicating an upreg-
ulation of TGF-α initially and then exerting a para-
crine effect of  the non-proliferative cells to increase the 
expression of cell surface receptor. There was an upreg-
ulation of both the TGF-α and EGF in oral submucous 
fibrosis, implying the activation of RTK pathways and 
activation of oncogenes such as c-fos and c-myc sub-
sequently. Areca nut extract (ANE) induces activation 
of RTK signaling by activating the upstream epidermal 
growth factor receptor (EGFR), Src, and Ras signal-
ing pathways. Increased expression of EGFR has been 
reported in OSCC and is usually associated with poor 
prognosis and outcome [70–74]. Meka et al. studied the 
expression of EGFR in 30 subjects, which included 10 
oral leukoplakia (OL), 10 oral submucous fibrosis, and 
10 normal oral mucosa as the control group. 40% of 
oral submucous fibrosis cases showed strong expression 
(3+), 40% of OL and 30% of OSF cases showed weak 
expression (2+), and 40% of OL and 30% of OSF cases 
showed poor expression (1+) compared to controls 
(p = 0.012) [75].

12.5.2.6  Fibroblast Growth Factor Receptor 
(FGF)

Fibroblast growth factors (FGFs) are broad-spectrum 
mitogens and regulate a wide range of cellular func-
tions, including migration, proliferation, differentiation, 
and survival. It is well documented that FGF signaling 
plays essential roles in the development, metabolism, 
and tissue homeostasis [76].
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       . Fig. 12.5 Potential EGFR signaling pathways activated by ligand binding

FGFR receptors and types: FGF family is one of 
the most diverse growth factor groups in vertebrates. 
In mice and humans, 22 FGF ligands have been iden-
tified. Based on sequence homology and phylogeny, 18 
canonical mammalian FGFs are divided into six sub-
families, including five paracrine subfamilies and one 
endocrine subfamily. Five paracrine subfamilies contain 
the FGF1 subfamily (FGF1 and FGF2), the FGF4 sub-
family (FGF4, FGF5, and FGF6), the FGF7 subfamily 
(FGF3, FGF7, FGF10, and FGF22), the FGF8 sub-
family (FGF8, FGF17, and FGF18), and the FGF9 
subfamily (FGF9, FGF16, and FGF20). The FGF19 
subfamily (FGF19, FGF21, and FGF23) signals in an 
endocrine manner [77].

FGFR gene and signaling: FGFR1 and FGFR2 
genes are located at chromosomes 8p11.23 and 

10q26.13, respectively, and code for 24 exons. FGFs 
exert their pleiotropic effects by binding and activating 
high- affinity tyrosine kinase receptors that are coded by 
four genes (FGFR1, FGFR2, FGFR3, and FGFR4) 
and FGFRL1, a truncated FGFR without intracellular 
domain 2  in mammals. FGFRs are single-pass trans-
membrane proteins containing an extracellular domain, 
a transmembrane domain (TMD), and an intracellular 
tyrosine kinase domain. Among them, the extracellular 
domain is composed of three immunoglobulin (Ig)-like 
domains (D1–D3), an acidic region, a heparin-binding 
motif  for FGFs, heparan cofactors, and partner pro-
teins. The TMD anchors the receptors in cell membrane 
and facilitate its dimerization. In the cytosol, the jux-
tamembrane region of FGFRs is involved in recep-
tor dimerization, while the split kinase domains are 
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       . Fig. 12.6 The classical FGF/FGFR pathways

required for the transmitting of FGF-related signaling 
[78] (. Fig. 12.6).

Binding of appropriate growth factors to receptors 
triggers the conformational changes of FGFRs, result-
ing in dimerization and activation of FGFRs. Activated 
FGFRs phosphorylate FRS2a and FRS2a that bind to 
SH2 domain-containing adaptor Grb2. Grb2 will sub-
sequently bind to SOS, GAB1, and Cbl through its SH3 
domain to activate Ras/Raf/MAPKs, including ERK 
MAPK, p38 MAPK, and JNK MAPK. The activated 
FGFRs also activate phosphatidylinositol (PI)-3 kinase 
and STAT.  FGFRs recruit and phosphorylate PLCγ. 
Among the members of the FGF synexpression group, 
SEF and XFLRT3 are transmembrane proteins and can 
interact directly with FGFRs. SEF functions as a nega-
tive regulator by affecting the phosphorylation of the 
MAPK ERK cascade. XFLRT3 forms a complex with 
FGF receptors and enhances FGF/FGFR signaling. 
Spry acts at the level of Grb2 and/or the level of Raf to 
attenuate FGF/FGFR signaling. MKP3 negatively reg-
ulates FGF/FGFR signaling by dephosphorylating the 
activated ERK, FGFR substrate 2α (FRS2α), GRB2- 
associated binding protein 1 (GAB1), growth factor 
receptor-bound 2 (GRB2), protein kinase C (PKC), and 
Son of Sevenless (SOS) [78].

12.5.2.7  Role of FGF in Fibrosis
Basic fibroblast growth factor-2 (bFGF2) induces 
EMT by decreasing the expression of  cytokeratin and 
E- cadherin and inducing the expression of  vimentin, 
FSP-1, and α-SMA. bFGF is upregulated in the early 
stages of  OSF, with increased expression in fibroblasts 
and endothelial cells. The expression in fibroblasts may 
be due to the heparan sulfate, which shows enrichment 
of  bFGF-binding domains in fibrotic lesions, and 
these regions may play an important role in the fibro-
genesis through their interaction with endogenous 
bFGF [79–86]. Pandiar et  al. reported a decrease in 
bFGF expression in OSF compared to normal sub-
jects [74, 87].

FGF2 induces angiogenesis, and its receptors may 
play a role in the synthesis of collagen. It is involved in 
the transmission of signals between the epithelium and 
connective tissue, and influences growth and differen-
tiation of a wide variety of tissues including epithelia. 
Studies have reported FGF2 overexpression in high- 
grade malignant tumors and malignant transformation 
of normal cells transfected with FGF2 gene. FGF2 is 
involved in the invasion of cancer cells and the prolifera-
tion of fibroblasts around cancer cells in an autocrine or 
paracrine fashion [88, 89].
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FGF2 is involved in the induction of angiogenesis 
in several cancers, pheochromocytoma, renal cell carci-
noma, astrocytoma, bladder carcinoma, hepatocellular 
carcinoma, and prostate cancer, and also in the signals 
between the epithelium and connective tissue, influenc-
ing growth and differentiation. Raimondi et  al. have 
reported FGF2 immunostaining in the cytoplasm of the 
basal layers of the epithelium in hamster cheek pouch 
model of oral cancer. Nayak et al. observed a decrease 
in the expression of FGF2, FGFR2, and FGFR3  in 
OSF compared to normal subjects [90].

12.5.2.8  Notch
Notch signaling is a highly conserved, ubiquitous, cell- 
cell communication pathway involved in cell fate, pro-
liferation, and tissue homeostasis both in embryonic 
development and in adult life. Notch gene is located 
on chromosome 9q34.3, and its transcript includes 34 
exons.

Notch activation requires binding between the Notch 
receptor exposed on the surface of a “signal-receiving 
cell” and the Notch ligand on a juxtaposed “signal- 
sending cell.” Receptor-ligand interactions commit 
Notch receptor to a two-step proteolytic cascade gen-
erating a transcriptionally active intracellular fragment.

Notch signaling network is an evolutionarily con-
served intercellular signaling pathway that regulates 
interactions between physically adjacent cells. Five 
ligands, namely Delta-like 1, Delta-like 3, Delta-like 
4, Jagged-1, and Jagged-2, were identified for the four 
notch receptor members Notch 1, Notch 2, Notch 3, 
and Notch 4  in mammals. The Notch receptors are 
single transmembrane polypeptides synthesized in the 
endoplasmic reticulum and transported to the cell sur-
face through the trans-Golgi network. They share struc-
tural elements containing an extracellular domain with 
multiple epidermal growth factor-like (EGF) repeats, 
transmembrane domain, and an intracellular domain 
with multiple subdomains [91, 92].

The Notch proteins are cleaved in the trans-Golgi 
network and presented on the cell surface as a heterodi-
mer. Binding of ligands from the surface of neighboring 
cells to the receptor on the adjacent cell induces the con-
formational change of Notch, leading to the exposure 
of S2 site, and triggers sequentially proteolytic cleav-
age by A disintegrin and metalloprotease (ADAM) and 
the γ-secretase complex. Cleavage by ADAM produces 
a substrate for the second cleavage by the presenilin- 
containing γ-secretase complex, releasing the Notch 
intracellular domain (NICD). The cleaved NICD is 
then translocated to the nucleus where it binds with the 
transcription factor CBF1/suppressor of hairless/Lag1 
(CSL) and modulates gene expression. Without NICD, 
CBF1 (also known as RBPJ) protein binds to the con-

sensus DNA sequence in association with SMART/
HDAC complex, acting as a transcriptional repressor. 
Interaction between NICD and CBF1 displaces the 
SMART/HDAC corepressor complex, which is replaced 
with a co-activator complex (MAML1–3, EP300, and 
SNW1). This results in the transcriptional activation 
of the target genes primarily involving two families 
of helix-loop-helix transcription factors Hes (hairy/
enhancer of split) and Hey (hairy/enhancer of spit 
related with YRPW motif). In addition to this canonical 
signaling pathway, noncanonical Notch signaling inde-
pendent of either CBF1 or γ-secretase cleavage or both 
has been identified.

Posttranslational modifications including O-fucosyl-
ation and O-glycosylation via fringe proteins (lunatic, 
radical, and manic) regulate the specificity of Notch 
receptor-ligand binding and are also critical for its func-
tion. Termination of Notch signaling in the cell can 
occur naturally at or downstream of the Notch recep-
tor. The Notch receptor can undergo lysosomal deg-
radation involving the ubiquitin ligase Itch/AIP4 or 
Nedd4, which acts together with Numb and Itch/AIP4. 
GSK3 controls NICD1 ubiquitination and proteasome- 
mediated degradation by phosphorylation of the NICD 
and regulates the NICD interaction with the E3 ubiqui-
tin ligase CDC4/FBW7 [91, 93] (. Fig. 12.7).

Before integration into the plasma membrane, Notch 
receptor is decorated with different glycans by a com-
plex series of enzymatic reactions occurring within the 
endoplasmic reticulum (ER) or the Golgi network. 
Posttranslational adducts determine a differential 
responsiveness of Notch-expressing cells to the ligands. 
Thereafter, Notch receptor is cleaved at the level of the 
S1 cleavage site (S1) by a furin-like convertase resid-
ing in the trans-Golgi network. The cleavage results 
in the formation of a heterodimeric receptor, consist-
ing of a Notch extracellular domain (NECD) and a 
Notch transmembrane domain (NTMD) held together 
by Ca2+-dependent ionic bonds. Similarly, also Notch 
ligand undergoes a “maturation process” consisting of 
its endocytosis, ubiquitination by the Neuralized and 
Mindbomb E3 ubiquitin ligases, and “recycling” to the 
plasma membrane. Notch ligands belong to the Delta/
Serrate/LAG2 (DSL) protein family. After ligand bind-
ing, the mature Notch receptor is subjected to two suc-
cessive proteolytic cleavages (S2 and S3 cleavage). The 
first cleavage is exerted by an ADAM metalloprotease 
(e.g., ADAM17) close to the transmembrane domain 
to generate the Notch extracellular truncation (NEXT) 
fragment (S2 cleavage). The second is operated by the 
γ-secretase complex within the transmembrane domain 
of the NEXT fragment (S3 cleavage) or in endosomes, to 
dump into the cytoplasm the biologically active Notch 
intracellular domain (NICD). In the cell nucleus, NICD 
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       . Fig. 12.7 An overview of  Notch maturation, activation, and processing

forms a trimeric complex with RBPJ and MAML1, 
which initiates transcription of Notch downstream tar-
get genes [91].

12.5.2.9  Notch and Myofibroblast 
Differentiation

Myofibroblasts are the major extracellular matrix- 
producing cells. They are enriched in injured tissue 
undergoing repair/remodeling and are thought to pro-
mote repair by contracting the edges of  the wound. 
Additionally, myofibroblasts produce matrix to facili-
tate the repair process. If  they do not undergo apopto-
sis upon successful repair, excessive matrix production 
by persistent myofibroblasts can result in exuberant 
scar formation and fibrosis. Thus, chronic fibrotic 
lesions in diverse tissues are characterized by the per-
sistence of  these myofibroblasts. Recent evidence fur-

ther indicates that the Notch signaling pathway is also 
involved in the regulation of  myofibroblast differentia-
tion in chronic fibrosis in the lung, kidney, liver, heart, 
and skin [94, 95].

12.5.2.10  Notch and Epithelial-Mesenchymal 
Transition (EMT)

The role of Notch signaling in the regulation of EMT is 
suggested by indirect and direct studies. Notch signaling 
molecules are reported to activate TGF-β in rat mesan-
gial cells under hyperglycemic conditions. Since EMT is 
associated with chronic fibrosis in the kidney, lung, liver, 
and heart, evidence for Notch signaling in EMT focused 
on epithelial cells derived in these tissues. In rat alveo-
lar epithelial cell line, ectopic expression of the NICD 
or by co-culture with Jagged1 expression cells induced 
the expression of mesenchymal marker genes includ-
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ing ACTA2, collagen I, and vimentin with concomitant 
reduction in the expression of epithelial marker genes 
such as E-cadherin, occludin, and zonula occludens-1. 
In addition to these direct effects mediated by its intra-
cellular domain, Notch can indirectly regulate EMT 
through other signaling pathways, including TGF-β, 
NF-κB, and β-catenin, and through the action of vari-
ous regulatory miRNAs [94].

Lunde et  al. explored the genome-wide profiles of 
chromosomal aberrations in samples of oral cancer 
(OC), oral submucous fibrosis (OSF), and their corre-
sponding normal oral mucosa and found that Notch 
4 was one among the 30 genes that showed significant 
amplifications in their genetic profile [96].

12.5.2.11  Integrins
Integrins, a family of transmembrane cell adhesion 
molecules, play a key role in mediating intercellular 
and cell- matrix interactions. Thus, integrins provide a 
major node of communication between the extracellu-
lar matrix, inflammatory cells, fibroblasts, and paren-
chymal cells and, as such, are intimately involved in the 
initiation, maintenance, and resolution of tissue fibrosis. 
Integrins are composed of non-covalent α/β heterodi-
mers of which there are 24 known members in humans 
and  comprise 18 different α subunits and 8 β subunits. 
They can translate extracellular signals, resulting in 

a wide range of downstream effects on cell adhesion, 
migration, proliferation, differentiation, and apoptosis. 
Of particular note is the αv subunit, which forms het-
erodimers with the β1, β3, β5, β6, or β8 subunits [97, 98].

12.5.2.12  Role of Integrins in Fibrosis
αv integrins (β1, β3, β5, β8) expressed on fibroblasts and 
αvβ6 expressed on epithelia activate transforming growth 
factor-beta (TGF-β) through their interaction with a lin-
ear arginine-glycine-aspartic acid (RGD)-binding motif  
present on the latency-associated peptide (LAP) in the 
extracellular matrix (ECM). TGF-β released from the 
ECM by injured epithelia might directly signal to the 
myofibroblast to promote further ECM production. 
Furthermore, αv integrins on myofibroblasts can release 
active TGF-β from the ECM, which further drives the 
production by myofibroblasts [99, 100] (. Fig. 12.8).

One cell type intrinsically involved in organ scar-
ring is the myofibroblast that provides a major source 
of ECM proteins during fibrogenesis. Being highly con-
tractile cells, myofibroblasts express several αv integrins 
that transmit the force generated by the actin cytoskel-
eton to the ECM. αv integrins (β1, β3, β5, β8) expressed 
on fibroblasts and αvβ6 expressed on epithelia activate 
transforming growth factor-beta (TGF-β) through their 
interaction with a linear arginine-glycine-aspartic acid 
(RGD)-binding motif  present on the latency-associ-

       . Fig. 12.8 Complex interplay of  αv integrin-mediated regulation of  tissue fibrosis
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ated peptide (LAP) in the extracellular matrix (ECM). 
TGF-β released from the ECM by injured epithelia 
might directly signal to the myofibroblast to promote 
further ECM production. Furthermore, αv integrins on 
myofibroblasts can release active TGF-β from the ECM; 
this TGF-β then signals in an autocrine manner to drive 
further ECM production by myofibroblasts [97].

Myofibroblast αv integrins are able to liberate and 
thereby activate TGF-β1 deposits in the ECM via 
mechanical force. Further insights into this process have 
been provided by Klingberg et  al. (2014) who demon-
strated, through a series of in  vitro experiments, that 
latent ECM-bound TGF-β1 is primed by the stiffening 
of the surrounding ECM, such that greater amounts 
are released compared with a relaxed ECM. Therefore, 
prior to force-mediated activation of TGF-β1, myofi-
broblasts actively reorganize the ECM, increasing the 
bioavailability of the bound latent TGF-β1 complex.

Myofibroblasts express αvβ1 integrin, which can 
activate (release) TGF-β1 (and presumably TGF-β3) by 
virtue of αvβ1 interaction with the RGD sequence in the 
LAP component of the small and large latent TGF-β 
complexes (SLC and LLC, respectively). Such activation 
may involve mechanical traction exerted by connections 
between αvβ1 integrin and contractile cytoskeleton and 

between latent TGF-β (LTBP) component of the LLC 
and matrix proteins such as fibrillins and fibronectin. 
Free TGF-β induces collagen gene transcription and 
translation by myofibroblasts in a SMAD-dependent 
fashion and also induces the differentiation of myofi-
broblasts from a variety of potential progenitors [99] 
(. Fig. 12.9).

A subset of the integrin family (αv integrins) plays a 
key role in the activation of latent TGF-β1. Specifically, 
the integrins αvβ3, αvβ5, αvβ6, and αvβ8 have been 
shown to bind the RGD sequence in the latency- 
associated peptide (LAP) of TGF-β1 and -β3 and have 
the potential to activate latent TGF-β6, 7, 8, 9, and 10.

There is evidence to prove that the cells with increased 
β1 integrin expression are stem cell populations of the 
epithelium. β1 integrin regulates keratinocyte prolifera-
tion, and it is also responsible for the maintenance of 
skin stem cells. Loss of β1 integrin reduces the prolifera-
tion of keratinocytes. Depending on the environmental 
cues, integrins take part both in the survival as well as in 
the apoptosis mechanisms. Ligated integrin relays sur-
vival signals, whereas unligated integrins can promote 
pro-apoptotic cascades. The epithelial atrophy in mod-
erate and advanced OSF without epithelial dysplasia 
may be attributed to the lower percentage of β1 integrin- 

       . Fig. 12.9 Integrin-activated TGF-β inducing fibrosis
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positive cells, which indicates the decrease in the stem 
cell population in the basal layer. The OSF with pro-
nounced atrophy showed marked reduction in the thick-
ness of the spinous layer. The reduction in the number 
of stem cells and its influence on proliferation could be 
considered as one major event involved in such altera-
tion [101–103]. Veeravarmal et  al. have demonstrated 
that the non-dysplastic epithelium of OSF with severe 
atrophy showed lowest percentage of β-integrin expres-
sion. It is inferred that the absence of stem cells and pro-
liferation may attribute to the atrophy [104].

 > Upregulated expression of  αvβ6 integrin of  keratino-
cytes under arecoline’s effect supports the activation 
of  latent TGF-β1 present in ECM that in turn triggers 
the myofibroblastic transformation of  fibroblasts.

12.6  Extracellular Matrix, 
and Epithelial-to-Mesenchymal 
Transition

12.6.1  Molecular 
Characterization/Molecular 
Pathogenesis of Oral Submucous 
Fibrosis

Oral submucous fibrosis pathogenesis is characterized by 
an imbalance between collagen deposition and degrada-
tion, leading to fibrosis, and both these processes have 
been postulated to contribute to pathogenesis. Type I col-
lagen, which has been found to be the predominant iso-
form, is composed of two α1 (I) and one α2 (I) polypeptide 
chains, produced by the COL1A1 and COL1A2 genes. 
One other important observation relates to the expres-
sion of pro-fibrotic cytokines in oral submucous fibrosis 
tissues. Earlier reports suggested increased expression of 
transforming growth factor-β by immunohistochemical 
staining of oral submucous fibrosis tissues. The impor-
tance of transforming growth factor-β in the regulation 
of extracellular matrix synthesis has been known for sev-
eral decades. Since then, several fibrotic conditions that 
affect mankind have been found to involve transforming 
growth factor-β, and the mechanisms involved in tissue 
fibrosis are increasingly understood. Fibroblasts in oral 
submucous fibrosis tissues have been shown to synthesize 
higher levels of collagen than normal fibroblasts do. This 
could be due to an irreversible transformation of these 
into activated fibroblasts similar to those described in the 
stroma of epithelial malignancies: so-called cancer-asso-
ciated fibroblasts. Immunohistochemical analysis shows 
a significant association between the increased expres-
sion of type I collagen and its chaperone colligin/heat-
shock protein 47  in oral submucous fibrosis lesions. As 
colligin plays a vital role in the folding and assembling of 

collagen, it could be possible that the increased level of 
collagen in oral submucous fibrosis tissues is because of 
its overstabilization by colligin. The other major mecha-
nism that can promote fibrosis is by reducing collagen 
degradation, leading to stabilization of collagen bundles. 
Collagenases are zinc endopeptidases and are consid-
ered as the major matrix-degrading enzymes in collagen 
homeostasis. There are three mammalian collagenases: 
matrix metalloproteinases, 1, 8, and 13, belonging to the 
family of matrix metalloproteinases, which are the prin-
cipal secreted endopeptidases capable of cleaving collag-
enous extracellular matrix. Collagenase activity in oral 
submucous fibrosis tissue fibroblast cells was found to 
be lower than that in normal fibroblasts. Also, areca nut 
polyphenols (catechin and tannin) are known to reduce 
collagenase activity and increase cross-linking of colla-
gen fibrils, making them less susceptible to collagenase 
degradation. This imbalance between collagen synthesis 
and degradation may lead to excessive pro-collagen 1α1 
chains, relative to 1α2, resulting in the alteration of the 
tri-helical structure of collagen molecules, from 2:1 to 
3:1. Although the biological significance of this changed 
composition of collagen 1 is not clear, this form of col-
lagen is more resistant to degradation by proteases than 
the normal collagen molecule is. Collagen production 
and degradation are also finely controlled by the bal-
ance of the pro- fibrogenic and anti-fibrogenic cytokines. 
A change in the expression of pro-fibrogenic and anti-
fibrogenic cytokines can change the homeostasis of col-
lagen production, leading to pathological conditions like 
the various forms of fibrotic disease [54].

12.6.1.1  Factors Regulating Extracellular 
Matrix (ECM) Remodeling

Equilibrium between two enzyme groups, matrix metallo-
proteinases (MMPs) and TIMPs, is mandatory to achieve 
accurate and balanced collagen metabolism and thereby 
maintain the normal integrity of connective tissue. In OSF, 
the equilibrium between MMPs and TIMPs is disturbed 
in such a manner that it ultimately results in increased 
deposition of ECM. Arecoline influences the deposition 
of extracellular matrix (ECM) by increasing the produc-
tion of tissue inhibitor of metalloproteinase- 1 (TIMP-1) 
and decreasing matrix metalloproteinases (MMPs).

Involvement of the connective tissue growth factor 
(CTGF) in fibrosis in many human tissues is well estab-
lished. CTGF is only produced by hepatic stellate and 
kidney mesangial cells in adults under normal condi-
tions. Deng et  al. showed the expression of CTGF in 
OSF fibroblasts and endothelial cells in all of the OSF 
cases included in their study. In vitro, arecoline stimu-
lated CTGF production in buccal mucosal fibroblasts 
through the generation of reactive oxygen species (ROS) 
and by the activation of NFekB, JNK, and p38 MAPK 
pathways. It is also known that NFekB, JNK, and p38 
are strongly activated by ROS.
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In the early stages of OSF, overexpression of tenas-
cin, perlecan, fibronectin, and collagen type III may be 
found in the lamina propria and submucosa, and exten-
sive and irregular deposits of elastin have been found 
around muscle fibers in the intermediate stage, together 
with these molecules. In the advanced stage of OSF, col-
lagen type I appears to dominate the ECM. The gene 
expression levels of the molecules varied with the pro-
gression of fibrosis. This pattern of ECM remodeling 
steps in OSF is similar to the normal granulation tissue 
formation and maturation process. Difficulty in open-
ing the mouth may be related to loss of various ECM 
molecules, such as elastin, and replacement of muscle by 
collagen type I [105, 106].

12.6.1.2  Matrix Metalloproteinases 
and Tissue Inhibitors of Matrix 
Metalloproteinases (MMPs 
and TIMPs)

Matrix metalloproteinases (MMPs) are zinc-dependent 
endopeptidases that are capable of degrading extracel-
lular matrix proteins. MMPs are a family of zinc- and 
calcium-dependent proteolytic enzymes, which are 
involved in a wide variety of biological processes rang-
ing from physiological role such as cell proliferation and 
differentiation, normal development, and wound heal-
ing to pathological states associated with inflammation, 
degeneration, tumor metastasis, and growth. MMPs and 
TIMPs play a pivotal role in maintaining the balance 
in remodeling of the ECM, and disruption of this bal-
ance may result in diseases associated with uncontrolled 
turnover of matrix. The major subgroups are interstitial 
collagenases, gelatinases, stromelysin, and membrane-
bound MMPs. They are produced by several cell types, 
including fibroblasts, macrophages, neutrophils, and 
some epithelial cells. Their secretion is induced by cer-
tain stimuli, including growth factors, cytokines, and 
physical stress.

Collagenase, a member of the MMP family, is 
secreted as a latent precursor (procollagenase) and is 
activated by chemicals such as free radicals produced 
during the oxidative burst of leukocytes and protein-
ases. Members of the collagenase subgroup of MMPs, 
that is, collagenase 1 (MMP-1), collagenase 2 (MMP-8), 
and collagenase 3 (MMP-13), are the principal neutral 
proteinases capable of degrading native fibrillar colla-
gens in the extracellular space. Collagenase-1 (MMP-1) 
is produced by a wide variety of normal cells such as 
stromal fibroblasts, macrophages, endothelial cells, and 
epithelial cells, as well as by numerous tumors, suggest-
ing a broad-based role for this collagenase in biology.

MMP-13 is a member of the collagenase family, 
which degrades fibrillar collagens of types I, II, III, IV, 
X, and XIV, tenascin, fibronectin, aggrecan, vesicant, 

and fibrillin-I. It also plays a key role in the activation 
cascade, both activating and being activated by several 
MMPs. Elevated MMP-13 levels have been reported in 
a number of malignancies and have also been associ-
ated with tumor behavior and prognosis. The imbalance 
between the activities of MMPs and TIMPs is associated 
with pathological conditions, namely proliferative scar-
ing, keloid, submucosal fibrosis, gingival overgrowth, 
and plantar fibromatosis [107].

Mishra et al. and Shrestha et al. report an increase in 
MMP-1 and MMP-2 expression, respectively, by immu-
nohistochemical analysis in OSF, whereas Illeperuma 
et al. demonstrate a decrease in MMP-1 expression [108].

Illeperuma et al. showed that MMP-1 expression was 
attenuated in OSF, while TGF-β1 expression was upreg-
ulated compared to normal oral mucosa. No significant 
relationship was found between epithelial dysplasia 
and expressions of TGF-β1, MMP-1, and TIMP-1  in 
OSF.  This study provides further evidence that the 
fibrotic process in OSF is not only due to excessive col-
lagen deposition but also due to disequilibrium in the 
ECM remodeling process. Neither the ECM remodeling 
process nor the tissue fibrosis of OSF directly shows any 
significant effect on epithelial dysplasia. TIMP-1 expres-
sion was reduced, and TIMP-2 expression was increased 
in the studies done by Illeperuma et  al. and Shrestha 
et al., respectively [59].

12.6.1.3  Alpha-Smooth Muscle Actin (α-SMA)
α-SMA is involved in wound healing and tissue repair. 
Less generally appreciated is the notion that the trans-
formation of fibroblast to myofibroblasts is a key, 
perhaps essential, event for the cells to perform these 
functions. α-SMA is significantly increased in oral sub-
mucous fibrosis.

Myofibroblasts are a unique group of cells pheno-
typically intermediate between smooth muscle cells and 
fibroblasts. They can be identified by certain charac-
teristic features of the cytoskeleton, particularly by the 
expression of α-smooth muscle actin, and are believed 
to be primary producers of extracellular matrix. 
Myofibroblasts appear to be major effector cells in many 
fibrotic disorders like scleroderma, hepatic and pancre-
atic fibrosis, and pulmonary fibrosis. Myofibroblasts may 
stimulate tumor progression by increasing the growth of 
cancer cells, inducing blood vessel formation and lym-
phangiogenesis, after injury. In addition to their normal 
role in tissue homeostasis and repair, altered number 
and function of myofibroblasts have been implicated 
in diseases with increased extracellular matrix (ECM) 
deposition and resultant fibrosis. These cells attenuate 
cancer cell death and stimulate invasion and metastasis 
by activating proteolysis. The arrangement of myofibro-
blasts is confined to the stroma immediately adjacent to 
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the tumor islands, and tumor- free stroma is devoid of 
myofibroblasts. The presence of myofibroblasts in close 
proximity to tumor cells is supported by two hypoth-
eses: Myofibroblasts can possibly be derived from the 
epithelial mesenchymal transition of the tumor cells, 
and myofibroblasts form tunnels that lead the invasive 
tumor cells in vitro. Therefore, myofibroblasts act as key 
players in collective tumor invasion as they are capable 
of remodeling the extracellular matrix and providing 
the mechanical propulsive force that facilitates invasion 
[109–112].

12.6.1.4  Epithelial-Mesenchymal Transition 
in Oral Submucous Fibrosis

An alarming complication associated with OSF is the 
higher risk of transforming to oral squamous cell car-
cinoma (OSCC). It has been described that the patho-
logical changes in the connective tissue of OSF are 
likely to affect the overlying epithelium and induce 
EMT. Epithelial- to-mesenchymal transition (EMT) is a 
biological process involving the transition of a polarized 
epithelial cell into a cell that has the characteristics of 
a mesenchymal phenotype. EMT is crucial for develop-
mental milestones such as gastrulation of the metazo-
ans, neural crest formation, and heart morphogenesis. 
EMT is shown to be elicited following chronic inflam-
mation and during wound healing. The role of EMT has 
increasingly gained significance as an essential process 
in fibrosis and carcinogenesis.

EMT is a process in which there is a reduced expres-
sion of epithelial genes (E-cadherin) and an increase in 
the expression of mesenchymal genes (N-cadherin) and 
EMT transcription factors. Together with an altered 
localization of the β-catenin, the epithelial cells lose 
their phenotype and intercellular adhesions. Besides, 
there is an increased expression of vimentin, signifying 
a mesenchymal change in the cytoskeleton. An increase 
in tenascin implies that the matrix deposition enables 
the migration of cells. Significantly, the matrix metal-
loproteinase 9 (MMP-9) overexpression demonstrates 
the disruption of the basement membrane and the 
proneness of cells to infiltrate the underlying stroma 
[113–115].

The inflammatory reaction antecedent to fibrosis 
and the role of EMT in fibrogenesis and malignant 
transformation in other organs point to the involvement 
of EMT in the pathogenesis of OSF and its malignant 
transformation. The inflammatory cytokines produced 
in response to the inflammation may mediate the pro-
gression of OSF via various EMT pathways. The mem-
branous loss of E-cadherin, β-catenin, cytokeratin 5 
(CK 5), and cytokeratin 14 (CK 14) with an overwhelm-
ing expression of vimentin, N-cadherin, and α-smooth 
muscle actin (α-SMA) seen in OSF further confirms the 
role of EMT in OSF [116–119].

12.7  Epithelial Factors

12.7.1  E-cadherin

The cell adhesion molecule, E-cadherin (E-cad), is a 
tumor suppressor that is expressed in epithelial tissues. 
E-cad, 120  kDa glycoprotein, is a calcium-dependent 
cell-surface adhesion molecule that works as an intercel-
lular adhesion molecule between epithelial cells and is 
also involved in the transduction of signals controlling 
various cellular events, including polarity, differentia-
tion, growth, and cell migration. In addition, E-cad has 
the ability to inhibit cell proliferation by upregulating 
the p27 via epidermal growth factor receptor. Therefore, 
E-cad is described as a major growth or proliferation 
suppressor biomarker. The loss in E-cad expression has 
been correlated with cancer progression. E-cadherin is 
also known to express in various carcinomas of head 
and neck, esophagus, prostrate, pancreas, stomach, and 
uterine cervix, and its reduced expression has been cor-
related with aggressive behavior, high proliferation, inva-
sion, metastasis, and poor prognosis of cancer [120, 121].

A decrease in E-cadherin levels in OSF compared 
to normal has been reported. E-cad was decreased in 
OSF compared to normal and habit group without 
OSF.  E-cad expression was similar in OSF without 
dysplasia and with mild dysplasia. A significant loss 
of membranous E-cadherin was observed in OSF with 
moderate and severe dysplasia. Increased cytoplasmic 
E-cad with marked loss of membranous E-cad was seen 
in OSF with severe dysplasia. E-cadherin expression was 
reduced with increasing grades of OSCC [120, 121].

DCs CD303, CD1a, and CD207—Distribution of 
immature dendritic cells (DCs), Langerhans cells, and 
plasmacytoid cells.

Dendritic cells (DCs) are antigen-presenting cells 
responsible for starting the immune response mediated 
by B and T lymphocytes. An adequate immune response 
protects the mucosa from malignant transformation.

CD303 is used to identify plasmacytoid DCs, which 
are resident in lymphoid or nonlymphoid organs and 
are responsible for the production of type I interferon. 
CD303 or blood dendritic cell antigen (BDCA) is a type 
II lectin used to identify plasmacytoid DC. Plasmacytoid 
DCs reside in lymphoid and nonlymphoid organs and 
produce large amounts of type I interferon (IFN). 
CD303+ cells have been associated with organism 
defense [122, 123].

CD207/Langerin are effective in identifying imma-
ture DCs and Langerhans cells. The expression of the 
CD207 receptor in DCs evidences that the antigen is 
effectively coupled with MHC-I and MHC-II, a condi-
tion that activates the CD8+ and CD4+ T cells; there-
fore, the downregulation of this receptor in DCs might 
indicate a suppression of the T-cell response [122, 124].

Fibrogenic Factors and Molecular Mechanisms



184

12

CD1a is effective in identifying immature DCs and 
Langerhans cells. Langerhans cells (LCs), dendritic, 
non-keratinocytic clear cells of the oral epithelium pres-
ent in the suprabasal layer, are derived from myeloid 
stem cells of bone marrow. They are antigen-presenting 
cells (APCs) that aid to provoke a specific T cell reaction 
by the interaction of the MHC class II with the CD4+ 
cells They belong to the family of dendritic cell system 
(DCS), among which LCs can be differentiated from 
others by the presence of Birbeck granules [125].

CD1a and CD207 is effective in identifying imma-
ture DCs and Langerhans cells. Silva et al. reported an 
increase in CD303-positive cells and decrease in CD207 
and CD1a cells in oral submucous fibrosis compared to 
the normal subjects [122, 124–126].

12.7.2  CD147

CD147, a highly glycosylated transmembrane protein 
and a member of the immunoglobulin (Ig) superfam-
ily, is extensively expressed on the surface of a myriad 
of cells, including tumor, epithelial, endothelial, and 
immune cells. CD147 plays a prominent role in organ 
fibrosis, which includes liver, renal interstitium, and 
lung. Upregulation of CD147 is stimulated by TGF-
β1, a crucial pro-fibrogenic cytokine, and contributes 
to pathological angiogenesis by inducing the VEGF-A/
VEGFR2 signaling pathway in the liver, which aggra-
vates liver fibrosis.

CD147/Emmprin, a highly glycosylated transmem-
brane protein and a member of the immunoglobulin 
(Ig) superfamily, is extensively expressed on the sur-
face of a myriad of cells, including tumor, epithelial, 
endothelial, and immune cells. Wang et  al. observed 
that CD147 was highly expressed in both human oral 
keratinocytes (HOKs) and fibrotic oral mucosa and that 
this expression was correlated with TGF-β1 expression. 
Additionally, CD147 levels were significantly associated 
with the fibrosis stage. The TGF-β1 signaling pathway 
was found to be mainly responsible for CD147 upregu-
lation after arecoline treatment, whereas inhibition of 
TGF-β1 downregulated CD147 expression [56, 127].

12.7.3  Cytokeratin

Cytokeratins (CKs) are major intermediate filaments in 
squamous epithelium and are critical in cell stabiliza-
tion, shape, intracellular signaling, and transport. They 
contribute to the maintenance of the cytoskeletal frame-
work of these cells and are specifically expressed by epi-
thelial tissues. Cytokeratin intermediate filaments are 
present in essentially all epithelial cells and in neoplasms 
derived from them. Cytokeratins are divided into more 
than 20 subtypes. This subdivision is based on their iso-

elective pH as well as their molecular weight. Type I is 
acidic group with low molecular weight (40–64  kDa), 
CKs 9–23, and tends to be of lower molecular weight. 
The basic group (1–8) is of higher molecular weight. 
Type II is basic or neutral with high molecular weight 
(52–68 kDa), CKs 1–8 [128, 129].

CK 5/6 is present at the level of the basal layer of 
the keratinized and non-keratinized stratified squamous 
epithelia. CK5 expression is decreased at the level of the 
spinosum stratum of the normal oral mucosa, and in 
the dysplastic epithelium, CK5 is positive in the basal, 
parabasal, and stratum spinosum cells [130].

CK 10 expression in keratinized epithelium is a 
marker for terminal differentiation and maturation of 
epithelial cells. CK 8 and CK 18 are the most common 
and characteristic members of the large intermediate 
filament gene family and are expressed in “simple” or 
single-layer epithelial tissues, associated with dysplasia 
grades of tumor precursor lesions and an unfavorable 
prognosis for patients with SCCs. Loss of CK 8 phos-
phorylation initiated an increased cell migration and 
tumor spread in SCCs, whereas loss of CKs 8 and 18 led 
to alterations in CK 8 and 18 α6β4 integrin-mediated 
signaling and decreased neoplastic progression [131].

The combined overexpression of CK5 and CK14 was 
demonstrated in tumors of the oral cavity, in the oropha-
ryngeal, hypopharyngeal, and laryngeal areas, and in the 
basal actively mitotic cells of the squamous stratified epi-
thelium. The expression of CK5 and CK14 remains high 
even if  the malignant grading decreases. Bag et al. and 
Nanda et al. have shown an increase in CK 5/6, CK 10, 
CK 8, and CK 18 in OSF tissue. However, Malik et al. 
observed a decrease in CK 14 in OSF tissues [129, 132].

12.7.4  Annexin and Filamin

The annexins, a multigene family of calcium-dependent 
phospholipid-binding proteins, have some special func-
tions that include the aggregation of vesicles and regula-
tion of ion channels as well as roles in the regulation of 
cell cycle, cell signal, and cell differentiation. ANXA4 
is related to the loss of cell adhesion and plays impor-
tant roles in apoptosis, carcinogenesis, chemoresistance, 
migration, and invasion of cancer cells.

Filamin (FLNA) is a type of actin filament cross- 
linking protein that participates in cytoskeletal rear-
rangement. By its scaffolding function, FLNA can 
interact with more than 90 functionally diverse binding 
partners to regulate cellular functions and processes. 
FLNA could be regarded as a novel biomarker for the 
diagnosis and outcome prediction of cancer because of 
its ability to control cell mobility, cell-ECM interactions, 
cell signaling, and DNA damage response. Annexin and 
filamin are significantly increased in oral submucous 
fibrosis [133].
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12.7.5  Loricrin

Loricrin is a major component of the cornified cell enve-
lope (CE) keratins. These keratins are structural proteins 
and constitute about 85% of a fully differentiated kerati-
nocyte. They belong to a multigene family coded by more 
than 30 intermediate filament genes and form the cytoskel-
eton of the vertebrate epithelial cells. It is introduced into 
the scaffold of the cornified envelope because of its cross-
linking and binding property. Interaction of loricrin with 
the keratin intermediate filaments provides flexibility to the 
CE. Loricrin also protects against mechanical stress by its 
association with nectin and calcium induction levels [134].

Chewing hard areca causes both mechanical and 
chemical stress and creates an environment similar to that 
of a dry epithelium, leading to expression of loricrin and 
formation of a CE. Areca nut is usually taken along with 
lime (calcium hydroxide), and increased calcium con-
centration aids the barrier recovery process with loricrin 
being expressed. Variation in the different stages of oral 
submucous fibrosis could be due to the adapting capac-
ity of the epithelia towards a new stimulus as shown by 
altered loricrin expression and can be useful in early iden-
tification of any transformation potential [134].

Nithya et  al. demonstrated significant increase in 
loricrin expression in OSF in the stratum granulosum 
and also reported significant association of the marker 
expression with habits (chewing, alcohol, and smoking) 
in OSF patients [135].

12.8  Receptor Tyrosine Kinase Pathway

RTK signaling pathway can be activated by various 
growth factors such as epidermal growth factor (EGF), 
vascular endothelial growth factor (VEGF), platelet- 
derived growth factor (PDGF), fibroblast growth fac-
tor (FGF), and insulin-like growth factor (IGF). These 
growth factors bind to the external domain of RTK, 
inducing the dimerization and subsequent autophos-
phorylation of the tyrosine residue in the receptor, hence 
activating the downstream signaling pathways such as 
PI3K/Akt/mTOR and ERK/MAPK pathways [136, 137].

12.9  Transcription Factors

The transcription factors bind to the promoter region of 
the CDH1 gene encoding E-cadherin and thus initiate 
EMT. An important attribute of EMT is the loss of expres-
sion of cell-cell adhesion molecule, E-cadherin. Among 
the transcription factors directly contributing to this pro-
cess include snail superfamily of zinc-finger transcription 
factors, Snail1 and Snail2 (also known as Slug) and zinc-
finger E-box-binding homeobox (ZEB) family with the ZF 

(zinc finger) class of homeodomain transcription factors 
ZEB1, ZEB2, and TWIST1 gene, which encodes a basic 
helix-loop-helix (bHLH) transcription factor [4] and lym-
phoid enhancer-binding factor- 1 (LEF-1) [74, 138].

12.10  Wnt Signaling Pathway

Wnt signals are transduced through the binding of Wnt 
proteins to the extracellular domain of frizzled (Fz) pro-
tein, in the presence of cofactors such as low-density lipo-
protein-related protein5/6 (LRP5/6), which is required to 
mediate the canonical Wnt signal. In the absence of sig-
naling, β-catenin is degraded by the β-catenin destruction 
complex, which includes Axin, tumor suppressor adeno-
matosis polyposis coli (APC), glycogen synthase kinase 3β 
(GSK-3β), and casein kinase 1α (CK1α). Phosphorylation 
of β-catenin by this complex drives it for ubiquitination and 
subsequent proteolytic degradation. In case of Wnt signal-
ing, the binding of Wnt protein to the receptor complex will 
result in the phosphorylation of LRP5/6 by glycogen syn-
thase kinase 3β and recruitment of cytoplasmic phospho-
protein Dishevelled (Dsh/Dvl) and Axin, which prevents 
the formation of destruction complex unable to phosphor-
ylate β-catenin, thereby leading to its accumulation in the 
cytoplasm and translocation into the nucleus. The nuclear 
β-catenin interacts with transcription factors T cell factor/
lymphocyte enhancer factor (TCF/LEF) and inhibits the 
transcription of E-cadherin to bring about EMT.

A group of secreted Wnt antagonists have been impli-
cated in the regulation of the Wnt/β-catenin-signaling 
pathway, including Wnt inhibitory factor 1, secreted friz-
zled-related protein (SFRP), and the dickkopf families. 
The expression of SERP1 and SERP5 was seen to reduce 
in OSF undergoing malignant change and was associ-
ated with the loss of membranous β-catenin expression. 
The loss of SERP1 and SERP5 expression was due to 
promoter methylation. Dickkopf Wnt signaling pathway 
inhibitor 3 (DKK3) showed upregulation in OSF pro-
gressing to OSCC, and a rare mutation of DKK3 was 
observed in OSCC, along with increased copy numbers. 
However, in OSF, there was decrease in DKK3 expres-
sion seen with further decline with progression in dis-
ease. The expression of Wnt inhibitory factor (WIF1), 
an antagonist of the Wnt signaling, is downregulated in 
OSF and OSCC due to methylation [139, 140].

12.11  Tissue Injury in Oral Submucous 
Fibrosis

The pathogenesis in OSF is often explained as an over-
healing wound because of chronic physical, chemical, 
and mechanical injury to the oral mucosa. The abrasive 
character of areca nut inflicts localized microtrauma to 
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the oral mucosa. Betel quid (BQ) constituents released 
during chewing cause chemical trauma to the oral 
mucosa. Slaked lime or aqueous calcium hydroxide, one 
of the BQ constituents, due to its strong alkaline nature 
(pH = 11) cause chemical irritation to the oral mucosa. 
The mechanical stress is a direct result of BQ chewing, 
while the slaked lime component of BQ supplies Ca2+ 
ions. Loricrin, a component of cornified cell envelope, is 
upregulated by mechanical stress, and there is increased 
exposure to Ca2+ in OSF. The stages of progression of 
OSF correspond to the stages of maturation of granu-
lation tissue. Immunolocalization patterns of matricel-
lular proteins perlecan and fibronectin explain their 
role in the maturation of this granulation tissue into 
fibrosis. Additionally, monocyte chemoattractant pro-
tein-1 (MCP-1)/chemokine (C-C motif) ligand 2 (CCL-
2)-based recruitment of myofibroblast to the site of 
epithelial injury in OSF adds credibility to this hypoth-
esis. The upregulation of CCL-2 consequent to chronic 
epithelial microtrauma neutralizes epithelially derived 
anti- fibrotic prostaglandin E-2 (PGE-2) through C-C 
chemokine receptor type 2 (CCR2) or cluster of differ-
entiation 192 (CD192), promoting fibrosis. Filamin-A 
(FLNA) is one of the two most consistently upregu-
lated biomarkers of squamous cell carcinoma arising 
in the background of OSF. FLNA is known to shield 
cells from shear stress, and its upregulation indicates the 
protective response of oral mucosa towards areca nut 
chewing- induced mechanical shear stresses [141].

Wound healing versus fibrosis following tissue injury: 
In normal wound healing, the activation of myofibro-
blast is transient, and these cells then undergo apop-
tosis or quiescence as the provisional ECM degrades 
and is replaced by parenchymal tissue architecture. 
However, in fibrosis, chronic injury prevents such reso-
lution of the wound healing cascade, leaving a mixed 
cell population with pro-inflammatory and pro-fibrotic 
properties, largely consisting of perpetually activated 
fibroblasts and myofibroblasts that excessively deposit 
ECM proteins, including collagens. The fibrotic micro-
environment further amplifies the fibrotic response by 
inducing additional cell damage and oxidative stress 
due to hypoxia and mechano-transductive signaling in 
response to dysregulated and enhanced tissue stiffness 
(. Fig. 12.9).

Normal wound healing includes a series of ordered 
processes: injury, immune cell recruitment and acute 
inflammation, myofibroblasts’ limited activation, 
and proliferation and ECM homeostasis, leading to 
wound closure after injury. In pro-fibrotic conditions 
as observed in OSF, pathological processes including 
chronic inflammation, myofibroblasts’ persistent activa-
tion, proliferation, and ECM deposition lead to fibro-
sis. Fibrosis itself  could result in a secondary assault. 
Extracellular and intracellular factors interact with each 
other. Their abnormalities contribute to the fibrosis 
progression and in return are affected by pathological 
changes [142] (. Fig. 12.10).
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       . Fig. 12.10 The cascade of  events leading to fibrosis following tissue injury
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12.12  Anti-fibrotic Factors: Therapeutic 
Targets for Oral Submucous Fibrosis

Imatinib: Imatinib interferes with TGF-β signaling 
pathways and exerts its anti-fibrotic action. It has shown 
successful results as an anti-fibrotic drug in preclinical 
models for treatment of scleroderma. Therefore, it can 
play an effective role in OSF treatment [143–145].

Pirfenidone (PFD): Pirfenidone (5(1H)-pyridone) 
is a novel anti-fibrotic agent with anti-inflammatory 
properties used in treating idiopathic lung fibrosis 
(ILF). ILF is also an inflammatory condition medi-
ated through transforming growth factor-beta (TGF-β). 
PFD is hypothesized as a novel anti-fibrotic agent ben-
eficial in treating early stages of OSF as both the condi-
tions are mediated through TGF-β. PFD decreases the 
levels of mRNA encoding type I and III collagen and 
also inhibits TGF-β1-induced collagen production from 
fibroblasts. PFD acts by inhibiting tissue inhibitor of 
metalloproteinase-1 (TIMP-1), pro-inflammatory cyto-
kines TNF-α and fibroblast growth factor (bFGF), and 
plasminogen activator inhibitor-1 (PAI-1), which are 
upregulated in OSF.  Future randomized clinical trials 
should be conducted on PFD to understand its efficacy 
in OSF [143, 146] (. Fig. 12.11).

Nintedanib: It is used as a second-line drug for lung 
cancer of the adenocarcinoma subtype. It prevents the 
phosphorylation of TGF-β1 receptor and reduces exces-
sive ECM production, which is a hallmark of OSF. By 
inhibiting the platelet-derived growth factor (PDGF) 

receptor-α and -β, it reduces the level of PDGF, which is 
upregulated in OSF. It also targets the fibroblast growth 
factor receptor (FGFR)-1, -2, and -3 and reduces the 
level of FGF, which is considered a potential biomarker 
for malignant transformation of OSF. Therefore, ninte-
danib can be a potential targeted therapy for OSF [147].

Collagenases: Clostridium histolyticum collagenases 
(Xiapex) has recently been approved in the manage-
ment of Dupuytren’s contracture, which is character-
ized by fibrosis. Xiapex contains collagenase which is 
obtained from the bacterium “Clostridium histolyticum.” 
Collagenase is highly potent and efficaciously digests 
collagen and its triple helix. Hurst et al. have proven the 
efficacy of collagenase in the treatment of Dupuytren’s 
contracture in their clinical trial. However, it is not cost 
effective [147, 148].

Simtuzumab: Lysyl oxidase-like 2 (LOXL2) cata-
lyzes collagen cross-linking and is upregulated in 
OSF. Simtuzumab is a humanized monoclonal antibody 
targeting the human LOXL2. A phase 2 trial was con-
ducted in idiopathic pulmonary fibrosis (IPF) with sim-
tuzumab, but it was not efficacious in its treatment [149].

Hyperbaric oxygen therapy (HBO): HBO acts by 
decreasing TNF-α and IL-1, -6, and -8 and enhances 
wound healing and reduces fibrosis. In vitro studies have 
demonstrated increased fibroblast proliferation and 
collagenase synthesis by IL-1 and TNF-α. TNF-α may 
aggravate fibrosis by inhibition of the collagen phago-
cytes. The vascular function is impaired in OSF. HBO 
facilitates angiogenesis through a two-way process: 
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       . Fig. 12.11 Targeted drug therapies
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       . Fig. 12.12 Stepwise protocol for the management of  OSF

by reducing the levels of hypoxia-inducible factor-1α 
(HIF-1α) and concurrently amplifying the expression of 
VEGF. These findings suggest that HBO can be used in 
the management of OSF [150].

Personalized precision medicine (PPM): PPM is an 
upcoming strategy in immunotherapy where the meta-
bolic, proteomic, and genomic analysis is done. Based 
on PPM, targeted therapies with a systematic and step-
wise protocol are tailored for the treatment of OSF [143] 
(. Fig. 12.12).

Arctigenin, a lignan extracted from Arctium lappa, 
has been reported to have a variety of pharmacological 
activities, including anti-fibrosis. Arctigenin was able to 
abolish the arecoline-induced collagen gel contractility, 
migration, invasion, and wound-healing capacities of 
buccal mucosal fibroblasts (BMFs) and downregulate 
the myofibroblast characteristics of BMFs in a dose- 
dependent manner. Most importantly, the production 
of TGF-β in fibrotic BMFs was reduced after exposure 
to arctigenin, along with the suppression of p-SMAD2, 
α-smooth muscle actin, and type I collagen A1. In addi-
tion, arctigenin was shown to diminish the expression of 
LINC00974, which has been proven to activate TGF-β/
SMAD signaling for oral fibrogenesis. These findings 
suggest that arctigenin may act as a suitable adjunct 
therapy for OSF [151].

Curcumin is a yellow substance extracted from the 
roots of the plant Curcuma longa (commonly known as 
turmeric), which belongs to ginger family. Curcumin has 
been widely used for the management of several medi-
cal conditions, such as inflammatory bowel syndrome, 
rheumatoid arthritis, and pancreatitis. The medicinal 
benefits of curcumin are attributed to its analgesic, 
anti- inflammatory, antioxidant, antifibrinolytic, and 
anticancer properties. An experimental study found that 
curcumin inhibits the proliferation of fibroblasts and 
myofibroblasts, disturbs the cell cycle, induces apopto-
sis by downregulating the Bcl-2/Bax ratio, and decreases 
the generation of collagen type I and III in myofibro-
blasts, substantiating its potential preventive and thera-
peutic benefits in patients with OSF [152, 153].

 Summary
This chapter describes the role of areca nut in fibrosis. 
Constituents of areca nut involved in fibrosis are poly-
phenols (flavonoids and tannins), alkaloids (arecoline, 
arecaidine, guvacine, and guvacoline), macromolecules 
(carbohydrates, fats, proteins), mineral matter, and 
crude fiber. Areca nut induces fibrosis by the activa-
tion of reactive oxygen species, fibroblast proliferation, 
myofibroblast transdifferentiation, increased collagen 
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synthesis, decreased collagen breakdown, and increased 
deposition of collagen. Biomolecules involved in fibro-
genesis are transforming growth factor-β (TGF-β), 
epidermal growth factor (EGF), fibroblast growth fac-
tor (bFGF), connective tissue growth factor (CTGF), 
platelet-derived growth factor (PDGF), insulin-like 
growth factor (IGF)-1/2, and Notch. The inflammatory 
mediators participating in disease evolution are inter-
leukins (IL-1β, IL-6, IL-8, IL-15), interferon-γ (IFN-
γ), monocyte chemoattractant protein-1 (chemokine 
(C-C motif) ligand 2 [CCL2]), tumor necrosis factor-α 
(TNF-α), heat-shock proteins 70 (Hsp-70), and cyclo-
oxygenase-2 (COX-2). During malignant transforma-
tion, carcinogenic agents in areca nut increase reactive 
oxygen species generation, promote DNA hypermeth-
ylation of tumor suppressor genes, induce nitrosamine 
formation, form DNA adducts, and cause epigenetic 
alterations. Alterations in oral microbiome may also 
promote oral carcinogenesis.
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13.1  Introduction

The clinical diagnosis of oral submucous fibrosis (OSF) 
is relatively simple and based on presenting signs and 
symptoms. The potential utility of noninvasive diag-
nostic techniques in OSF includes early detection of 
OSF, assessment and monitoring of OSF severity (and 
response to treatment), and risk stratification or moni-
toring of OSF patients for malignant transformation 
(i.e., to oral squamous cell carcinoma (OSCC)). The 
detection of early-stage OSF before irreversible fibrosis 
or malignant transformation has occurred may provide 
opportunities to intervene (such as areca nut cessation) 
and prevent worsening of the disease and associated 
morbidity and mortality. Noninvasive diagnostic tech-
niques that offer frontline clinicians in primary care set-
tings more efficient ways to identify patients with early 
OSF may facilitate earlier interventions. In secondary 
care settings, such techniques might help expert clini-
cians to assess disease severity or monitor patients dur-
ing treatment. The most important parameter is the 
OSF patient’s propensity for malignant transformation 
necessitating long-term surveillance. OSF patients are 
reluctant to undergo serial invasive tissue biopsies, and 
therefore the use of noninvasive diagnostic adjunctive 
techniques to facilitate the risk stratification for malig-
nant progression would seem reasonable.

This chapter will report on the utility of several non-
invasive diagnostic adjunctive techniques and their util-
ity in patients with OSF.

 n Learning Goals
Readers will be able to:

 5 Appreciate the different noninvasive diagnostic 
aids that have been tested on patients with oral sub-
mucous fibrosis (OSF)

 5 Identify the utility and limitations of such aids for 
screening (primary care setting), determination of 
disease severity, or assessment of risk for malig-
nant transformation of OSF

13.2  Measurement of Mouth Opening

The interincisal distance, measured from the maxillary 
central incisor to the corresponding mandibular central 
incisor, is simple, reproduceable, and widely employed to 
assess disease severity in patients with OSF. The mean 
value of the interincisal distance in normal Nepalese 
population was 46.8  mm for males and 47.3  mm for 
females [1], and for Indian population, it was 47.5 mm 
for males and 44.6 mm for females [2]. A study inves-
tigated the maximal mouth opening (MMO) measured 
by paraclinical workers in patients with OSF compared 

with normal subjects in Nepal [1]. In this study, the 
minimum limit for a normal oral opening was deter-
mined to be 34 mm among healthy Nepalese adults, and 
10 of 13 patients with OSF (histologically confirmed) 
had a maximum oral opening of less than 34 mm. The 
authors concluded that reduction of the oral opening as 
a single screening test for OSF has a sensitivity of 77% 
and detected only advanced cases. In Taiwan, a study 
was conducted to develop a scoring system for the early 
detection of OSF (betel quid users) based on clinical 
symptoms collected by a self-administered question-
naire [3]. The results showed that a scoring system that 
included MMO measurement (>35 mm of cutoff  value) 
achieved 82% sensitivity and 85.8% specificity to detect 
OSF (histologically confirmed).

Measurements of MMO are correlated to the degree 
of fibrosis, but it is an indirect procedure. Therefore, it 
does not provide information about the actual condi-
tion of oral mucosa [4]. However, measuring MMO may 
be useful as a screening method in countries where the 
prevalence of OSF is high, medical resources are scarce, 
access to care is limited, and a detailed visual and tactile 
oral examination is not otherwise performed. In such 
situations, a community worker could simply measure 
mouth opening with the exclusion of other oral and 
maxillofacial diseases associated with trismus (i.e., tem-
poromandibular joint disorders, injury to the mastica-
tory muscle, arthritis, and chronic dental infections).

13.3  Optical Instruments

13.3.1  Tissue Autofluorescence

Evaluating tissue autofluorescence (AF) of oral muco-
sal sites can inform architectural and metabolic pertur-
bations associated with the presence of oral dysplasia 
and neoplasia [5]. In vivo adjunctive techniques, both 
fiber-optic spectroscopic systems measuring the specific 
spectral signatures of fluorophores and direct visual-
ization devices revealing changes in AF (i.e., retained 
versus loss of fluorescence visualization (FVR: fluo-
rescence visualization retention vs. FVL: fluorescence 
visualization loss)), have been tested in patients with 
OSF. Spectroscopy using a 330 nm light wavelength for 
excitation demonstrated an AF pattern with two distinct 
spectral emission bands in patients with OSF compared 
to those with normal mucosa: at 380 nm (an increased 
fluorescence compared to normal oral mucosa) dictated 
by the increased collagen deposition associated with 
OSF, and at 460  nm (a reduced fluorescence) related 
to lower epithelial NADH content associated with an 
atrophic mucosa [6, 7]. This pattern was not deemed 
sensitive enough to predict the severity of OSF and 
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was attenuated in OSF patients with both concomitant 
leukoplakia (with or without dysplasia) and benign 
keratoses. 76% of 88 OSF patients were correctly diag-
nosed using this pattern from a mixed patient cohort 
with OSF, leukoplakia, lichen planus, OSCC, and oth-
erwise normal mucosa [8]. However, AF spectroscopy 
alone has not convincingly been demonstrated to help 
distinguish between OSF with and without dysplasia 
or malignancy. Low-level evidence from one study on 
40 patients with OSF undergoing AF spectroscopy, 
coupled with a pre- rinsing with 5-aminolevulinic acid 
(ALA) to harness PpIX fluorescence, showed that OSF 
patients with epithelial hyperplasia or dysplasia may 
be discriminated from OSF patients without epithelial 
changes [9]. AF spectroscopy requires expensive equip-
ment and therefore has limited applicability in a primary 
care setting. There is only one study reporting the use 
of a direct visualization device (VELscope, LED Inc., 
Vancouver, Canada) in 12 patients with OSF, 11 testing 
“positive” (i.e., loss of fluorescence) of which 10 dem-
onstrated mild dysplasia, and one OSF patient without 
dysplasia tested “negative” [10]. Overall, the utility of 
AF as a noninvasive diagnostic adjunctive technique is 
limited.

13.3.2  Ultrasonography

13.3.2.1  Colored Doppler Ultrasonography
Ultrasonography (USG) is a noninvasive, reproducible, 
and time-saving examination test method that offers 
high cost-benefit in medical diagnosis. Ultrasound, a 
sound energy, is in the form of waves with frequencies 
of >20  KHz. In medical diagnostics, ultrasound uses 
frequencies of 2–10  MHz and only the longitudinal 
mode of ultrasonic vibration. Colored Doppler, com-
bining USG and the Doppler system, is a color-coded 
representation of blood flow velocity of the reflecting 
tissue. USG quantitatively provides information about 
the nature of the lesion and the adjacent normal struc-
ture and quantitatively assesses the lesion size, distance 
from the skin or mucosal surface, and relative proximity 
to the skin or mucosal surfaces [11].

Clinical applications of USG as diagnostic aids or 
for evaluation of the treatment for OSF have been car-
ried out exclusively in India [12–23]. Studies measured 
the submucosal thickness of the buccal and labial muco-
sal sites and reported that as the severity of the disease 
increased, the submucosal tissue thickness increased 
and the vascularity of OSF lesions decreased compared 
to controls. . Figure 13.1 shows the submucosal thick-
ness of buccal mucosa on USG.  A systematic review 
of 12 studies [12–23] investigated the role of USG in 
evaluating OSF [24]. Although the results did not pro-
vide clear evidence of the clinical value of USG for the 

early diagnosis of  OSF, USG is a safe and conventional 
modality to assess muscular and submucosal tissue 
thickness, especially in terms of availability and cost 
factors. The authors indicated that to precisely evalu-
ate OSF using USG, a highly accurate intraoral probe 
should be used.

These findings were also useful for examining masse-
teric hypertrophy in OSF during the initial diagnosis or 
evaluation of treatment. Kamala et al. conducted a pre-
liminary study to measure the masseter muscle thickness 
both at rest and at maximum clenching state by USG in 
patients with OSF and showed that the masseter muscle 
thickness increased as the duration and frequency of 
areca nut use increased and as the disease progressed 
clinically and histologically [12].

Peak systolic velocity (PSV) is measured by col-
ored Doppler USG to assess vascular distribution of 
subcutaneous or submucosal tissues (. Fig.  13.2). 
Manjunath et  al. conducted a study to elucidate the 
usefulness of  USG (two-dimensional [2D] and duplex 
Doppler including color flow imaging) in the buccal 
mucosa for patients with OSF.  This was assessed by 
measuring the PSV ratio before and after the medi-
cal treatment [13]. The study indicated that OSF tis-
sues showed increased hyperechoic areas representing 
fibrous bands or diffuse fibrosis and reduced vascular-
ity and PSV.

Dupare and Dhole [20] conducted a study to evalu-
ate the role of USG in OSF patients (grades I–IV). 
They examined submucosal thickness and vascularity 
by PSV, bilaterally on buccal and labial mucosae. The 
results showed a decrease in PSV with the progression 
of OSF severity, and in ultrasonographic diagnosis of 
OSF, the reported submucosal thickness had a sensitiv-
ity, specificity, PPV, NPV, and accuracy of 80%, 100%, 
100%, 71.4%, and 87%, respectively, but PSV was unable 
to classify lesions.

A biopsy of an OSF patient is not 100%  representative 
of OSF disease severity because OSF is a diffuse dis-
ease and may vary in severity across oral subsites in the 
same patient [14]. Multiple or serial biopsies to detect 
dysplastic or malignant changes are difficult for patients. 
USG may facilitate both diagnosis and monitoring of 
OSF patients chairside and may also be used to evalu-
ate treatment outcomes without patient discomfort. For 
clear evidence of USG efficacy in patients with OSF, 
the correlation of USG assessment to clinical grading 
and histopathological findings should be examined [21]. 
More well-designed clinical trials are needed to eluci-
date the effectiveness of USG on OSF.

Overall, the utility of ultrasonography as a noninva-
sive diagnostic adjunctive technique is limited in patients 
with OSF. Diagnostic performance varies depending on 
the objectives and needs standardized image interpreta-
tion skills.

Noninvasive Diagnostic Techniques in Oral Submucous Fibrosis
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a b

c

e

d

a: Normal mucosa
b: Stage I OSF
c: Stage II OSF
d: Stage II OSF
e: Stage IV OSF

       . Fig. 13.1 Submucosal thickness of  buccal mucosa on ultraso-
nography (By courtesy of  Dr. Aditya Dupare)
Submucosal thickness measurements in millimeters (mm) are taken at 
three points: the anterior (D1), middle (D2), and posterior (D3) for 
buccal mucosa

As the severity of the disease increased from grade I bB to IV e the 
thickness of the submucosal tissue increased compared to the normal 
control a point D1 (a–e 0.6 mm, followed by 1.2, 1.3, 1.9, and 2.6 mm, 
respectively), point D2 (a–e 0.7  mm, followed by 1.3, 1.5, 2.1, and 
2.4 mm, respectively), and point D3 (a–e 0.6 mm, followed by 1.3, 1.4, 
1.6, and 2.1 mm, respectively)

13.3.3  ATR-FTIR Spectroscopy

Fourier transform infrared (FTIR) spectroscopic 
imaging is used for the analysis of  biochemical compo-
nents (e.g., proteins, carbohydrates, and nucleic acids) 
and has been proposed as an adjunct to current histo-
pathological techniques [25]. FTIR imaging provides 
a nondestructive image of  the sample and does not 

require staining. Attenuated total reflection-Fourier 
transform infrared spectroscopy (ATR-FTIR) has 
been used to diagnose cancer in biofluids, such as the 
serum, plasma, urine, and saliva; however, its clinical 
translation is still under development [26, 27]. Shaikh 
et al. used ATR- FTIR spectroscopy to measure total 
protein estimation in saliva to discriminate patients 
with OSF from healthy controls [28] (. Table  13.1). 
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a b

c

e

d

a: Normal mucosa
b: Stage I OSF
c: Stage II OSF
d: Stage II OSF
e: Stage IV OSF

       . Fig. 13.2 Peak systolic velocity (PSV) on colored Doppler ultra-
sonography (By courtesy of  Dr. Aditya Dupare)
Vascular distribution by peak systolic velocity (PSV) measured on col-
ored Doppler USG of right buccal mucosa shows a decrease as the 

severity of OSF progresses from grade I b to IV E e-compared to nor-
mal control a (a–e 28.9  cm/s, followed by 28.9, 22.0, 21.5, and 
14.0 cm/s, respectively)

The study showed that the specific infrared spectrum 
of  patients with OSF could be distinguished from the 
healthy controls based on the spectral shift of  proteins/
amide II, carbohydrates, and nucleic acids using a prin-
cipal component analysis and hierarchical cluster anal-

ysis. However, there were study limitations due to the 
small sample size. Therefore, further studies should be 
conducted to assess the ATR- FTIR using saliva for the 
assessment as a screening tool to support early diag-
nostic aid of  OSF.

Noninvasive Diagnostic Techniques in Oral Submucous Fibrosis
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13.3.4  Optical Coherence Tomography

Optical coherence tomography (OCT) is a high- 
resolution cross-sectional imaging modality analogous 
to ultrasound imaging except that it uses light instead 
of sound [29]. In OCT, distance and microstructure 
measurements are performed by backscattering and 
backscattering light waves from various microstructure 
features within a material or tissue [30]. Imaging depths 
are not as deep as ultrasound, up to 2–3 mm deep; how-
ever, the OCT resolution is >10–100 times finer than 
ultrasound [31]. A study was conducted to elucidate the 
possibility of using OCT to identify differences in oral 
and oropharyngeal mucosal and submucosal tissue in 
patients with benign and malignant processes in the oral 
cavity and oropharynx [32], and the results showed that 
disruption of tissue structure was observed as the patho-
logical tissues invade healthy areas, clearly demonstrat-
ing the transition from normal epithelium with an intact 
basement membrane to invasive tumors. Tsai et al. [33] 
developed a handheld OCT system for in vivo oral cav-
ity imaging, enabling the identification of the different 
structures, epithelium, lamina propria layers, fungiform 
papilla, and salivary gland, and the observation of the 
microcirculation patterns across various oral mucosal 
types, including non-keratinized, keratinized (mastica-
tory), and specialized mucosae.

According to clinical scans of a swept source OCT 
(SS-OCT) system, the following parameters were iden-
tified to facilitate the clinical diagnosis of oral lesions 
[34]: epithelial (EP) thickness, standard deviation (SD) 
of A-mode scan intensity profile of the EP layer, and 
decay constants of the spatial domain spectrum of the 
A-mode scan profile. Lee et  al. conducted a study in 
Taiwan to elucidate the effectiveness of the SS-OCT 
system for clinical diagnosis of OSF [4]. The results of 
the study showed that the EP layer was thinner and the 
SD of the A-mode scan intensity in the lamina propria 
(LP) layer was reduced in OSF compared to healthy 
controls (. Fig. 13.3, . Table 13.1). The EP thickness 
cutoff values of 350 and 400 μm achieved 100% sensitiv-
ity and specificity, and the SD value of 0.21  in the LP 
layer achieved 90.9% sensitivity and 84.1% specificity for 
OSF. On the other hand, as the lesion begins to prog-
ress from epithelial hyperplasia to dysplasia, the EP layer 
thickens if  the EP/LP boundary is still identified. When 
early OSCC coexists with OSF, the surface features are 
unclear, and variable EP thickness can make distinguish-
ing between healthy tissues, other OPMDs, OSCC, and 
OSF difficult. The researchers categorized OSF patients 
into three groups based on the maximum mouth opening 
(MMO) and showed that EP thickness and average LP 
SD in the LP layer may be a more effective OSF diag-
nostic method than measuring MMO [4] (. Fig. 13.4).

Some limitations of OCT include the following: (1) 
pathologists should interpret and evaluate the acquired 

live histology images; (2) images do not provide quantita-
tive information and require subjective visual assessment; 
and (3) due to the small size of the OCT probe, only a 
very small area can be inspected at a time [35]. Overall, 
although OCT is good at diagnosing OSF, clinical appli-
cation of OCT remains challenging in patients with OSF 
in terms of early detection of malignant changes.

13.3.5  Contact Endoscopy

Contact endoscopy (CE) is a noninvasive optical detec-
tion technique first used in minimally invasive gyneco-
logic surgery [36] and has subsequently been applied in 
urology, bronchoscopy, arthroscopy, and otolaryngol-

a

b

       . Fig. 13.3 Swept source OCT (SS-OCT) scanning images: a 
healthy mucosa, b OSF mucosa
In healthy mucosa, glands or blood vessels can be observed as black 
spots as indicated by arrows. EP epithelial, LP lamina propria (Repro-
duced from Lee et al. Diagnosis of oral submucous fibrosis with opti-
cal coherence tomography. J Biomed Opt. 2009; 14:054008 [4])

360

320

280

240

200

160

120

80

40

0 2 4 6 8 10

MMO:3~4cm

MMO:2~3cm

MMO:0~2cm

Number

EP
 th

ic
kn

es
s 

(µ
m

)

12 14 16 18 20 22

       . Fig. 13.4 EP thickness data points of  OSF samples grouped 
according to different MMO ranges
EP thickness is related to MMO. (Reproduced from Lee et al. Diagno-
sis of oral submucous fibrosis with optical coherence tomography. J 
Biomed Opt. 2009; 14:054008 [4])
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ogy. This technique enables real-time evaluation of the 
superficial cell layers of the epithelium and magnifies 
the images. Mishra et al. examined the diagnostic accu-
racy of CE in the detection of oral mucosal lesions and 
OSCC, including OSF [37] (. Table 13.1). CE showed 
84.2% sensitivity and 94.4% specificity for the diagno-
sis of malignancies of oral mucosal lesions compared 
to histopathological diagnosis; however, no malignancy 
was detected in OSF due to the small sample size (n = 7). 
The results did not include CE images indicating OSF.

One of the types of contact endoscopy, colposcopy, is 
designed as a gynecological diagnostic technique to eval-
uate changes in mucosal surface topography and vascular 
patterns of the cervix. Parameters include vascular pat-
tern, intercapillary distance, surface pattern, color tone, 
opacity, and clarity of the mucosal lesion demarcation 
[38]. This technique has been applied to patients with 
OPMDs and OSCC to distinguish between benign, dys-
plastic, and malignant diagnoses and to assist in biopsy 
site selection [39–42]. Ujwara et al. used this technique 
to diagnose OSCC in 90 cases of OPMDs, including 30 
patients with OSF, following the application of acetic 
acid and Lugol’s iodine, and showed that colposcopy was 
useful in outlining the most suspicious lesion for histo-
pathological diagnosis by biopsy [42] (. Table  13.1). 
However, colposcopy did not help reveal clinical pat-
terns of dysplastic or malignant changes in OSF, and the 
iodine application did not show uniform uptake even in 
dysplastic lesions. Overall, colposcopy may not be useful 
in defining early-stage malignancy in patients with OSF.

13.4  Biomarkers in Saliva

Saliva contains a wide range of  proteins/peptides, 
nucleic acids, electrolytes, and hormones from multiple 
local and systemic sources [43] and may be useful for 
multiplexed assays developed as point-of-care devices 
[44]. Saliva may be reflective of  the serum or contain 
biomarkers that are shed from the surface of  the oral 
mucosa. Several studies have been conducted using 
unstimulated saliva for OSF diagnosis, monitoring of 
treatment, and surveillance of  patients for progression 
and malignant transformation [45–62] (. Table 13.2).

13.4.1  Lactate Dehydrogenase

Lactate dehydrogenase (LDH) is an enzyme found in 
the cytoplasm of a number of body tissues [58, 63], 
which converts lactate to pyruvate. It is also a non-
specific marker of tissue turnover, a normal metabolic 
process. It’s increase can serve as a prognostic marker 
for the progression of different types of cancer [63]. In 
a meta- analysis [64], 2 out of 13 studies [58, 59] evalu-

ated salivary LDH in patients with OSF and showed 
that standardized mean difference (SMD) of salivary 
LDH levels was higher in the OSF group than in healthy 
control, but this was not statistically significant (SMD 
25.83; 95% CI: −1.74 to 53.40).

13.4.2  Trace Elements

Among trace elements, tissue copper levels were deter-
mined to be elevated in patients with OSF [65–67]. 
Copper acts as an initiating factor for OSF and plays 
a role in stimulating fibrosis by upregulating lysyl oxi-
dase activity [65]. A meta-analysis showed a significant 
increase in the copper levels and a significant decrease in 
zinc and iron levels in patients with OSF [68]. A signifi-
cant difference was observed in the mean salivary cop-
per [45, 46, 48], zinc [46, 47], iron [45–47], and copper/
zinc levels [46, 47] of OSF patients when compared to 
the normal controls (. Table 13.2). However, there is a 
limitation in that the influence of dietary intake was not 
investigated in most studies.

13.4.3  Oxidative Stress/Micronutrients

Saliva serves as the primary defense against free radicals 
generated in the oral cavity during various physiological 
processes, and several oxidative markers have been ana-
lyzed in unstimulated saliva from both OSF and con-
trol groups (. Table  13.2). Serum and saliva ascorbic 
acid (vitamin C) levels consistently decreased with the 
increased severity of OSF [49, 53, 69]. A case-control 
study was conducted in India to determine the correlation 
between oxidative stress marker levels and OSF severity 
as defined according to the mouth-opening grade, fibrotic 
bands, and histopathological grades [53]. The results 
showed that vitamins A, C, and E levels and salivary 
superoxide dismutase (SOD) and glutathione peroxidase 
(GPx) activities were significantly lower in OSF patients 
than in controls. These changes were significantly corre-
lated with increased histopathological grades of OSF and 
clinical staging of mouth opening, reflecting increased 
oxidative stress as the disease progressed.

Salivary malondialdehyde, one of the final by- 
products of lipid peroxidation, levels were significantly 
higher in OSF patients than in controls and increased 
as the clinical stage [54] as well as the histopathological 
grade of OSF worsened [56].

The level of salivary 8-hydroxy-2-deoxyguanosine 
(8-OHdG), one of the reactive oxygen species and a poten-
tial DNA damage biomarker, is significantly higher in 
patients with OSCC or OSF than that in the control group 
[55, 57]. Salivary lipid peroxide, conjugated diene, hydroxyl 
radicals, and superoxide dismutase levels were higher, and 
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hydrogen peroxide and sodium levels were lower in patients 
with OSF than those in normal healthy controls [45]. 
Measuring these markers may help predict the severity of 
oral diseases, but it is not specific to OSF patients.

13.4.4  Predictive Tumor Markers

S100A7 (Psoriasin) is a signaling molecule that regulates 
cell function and is highly expressed in hyperproliferative 
skin conditions [70]. High S100A7, which expresses in 
the oral mucosa, is found in dysplasia associated with a 
high risk of cancer development among OPMDs includ-
ing OSF patients [71]. Salivary S100A7  in OSF was 
examined in Pakistan and showed a significant positive 
association between salivary S100A7 levels and dura-
tion of gutkha use and mouth opening [50]. However, 
no sensitivity and specificity were calculated because no 
histological examination was performed, and the thresh-
old for diagnostic S100A7 levels in OSF remains unclear.

Matrix metalloproteinases-12 (MMP-12) has been 
shown to have important sensitivity and specificity 
to qualify as a diagnostic biomarker for OSCC [72]. 
Salleem et al. showed that salivary MMP-12 expression 
was higher in patients with OSF or OSCC than that in 
the healthy controls [51] (. Tables 13.1 and 13.2). They 
also showed that salivary MMP-12 in OSF was signifi-
cantly lower than that of OSCC, explaining that MMP-
12 increases as OSF progresses to OSCC.

Salivary microRNAs have been explored as possible 
predictive biomarkers for malignant transformation of 
OPMDs [73]. miRNA-21 overexpression in OSF has 

been suggested to be due to areca nut stimulation medi-
ated by the TGF-β pathway [74]. A recent study ana-
lyzed the salivary miRNA-21  in areca nut users with 
OSF compared to areca nut users without OSF.  They 
showed that miRNA-21 was overexpressed in the OSF 
patients; however, expression levels were not signifi-
cantly associated with disease severity [52].

Although salivary biomarkers can be used as 
 sensitive diagnostic and disease progression markers 
for OSF, it should be noted that they are not OSF spe-
cific. Furthermore, analyte concentration in saliva can 
be affected by stimulating or non-stimulating sampling 
procedures, fluid intake, and ingestion of some drugs 
[75]. Overall, evidence on the utility of biomarkers in 
saliva was insufficient for the diagnosis of OSF. In the 
future, saliva tests hold promise both as a screening tool 
and as a marker for predicting the progression of malig-
nant transformation in OSF.

13.5  X-Ray (Lateral Cephalometric 
Analysis)

OSF can also cause changes in the morphology and 
function of the soft palate. The morphology of the soft 
palate in normal individuals according to digital cepha-
lometric studies falls into six types [76]. Studies evaluat-
ing the morphology of soft palate in patients with OSF 
using a digital lateral cephalogram showed that the soft 
palate in areca nut users changes from an elongated to 
a short and thick morphology as the disease progresses 
[77–80] (. Fig.  13.5). These changes are due to fibro-

a b c

       . Fig. 13.5 Lateral 7 cephalogram for morphology of the soft pal-
ate of OSF
a: type 1 (leaf-shaped), b: type 3 (butt shaped), and c: type 6 (crook 
shaped) soft palates (Reproduced from Shankar et al. Morphometric 

evaluation of soft palate in oral submucous fibrosis--a digital cephalo-
metric study. J Craniomaxillofac Surg. 2014; 42:48–52 [77])

 T. Nagao and A. R. Kerr

https://www.sciencedirect.com/topics/medicine-and-dentistry/cephalogram


209 13

sis in the soft palate and uvula [81], which functionally 
impairs speech, respiratory, and auditory function. The 
uvula shrinks and hooks up, exhibiting a shape known 
as the “hockey-stick uvula” [82], which is confirmed not 
only by visual examination but also by lateral cepha-
logram (as type 6 by Shankar et  al. [77]). Verification 
of soft palate cephalometric findings helps identify the 
likelihood of developing comorbidities in patients with 
OSF, including obstructive sleep apnea syndrome, dys-
phagia, and other disorders. The X-ray examinations 
by lateral cephalometric analysis of OSF patients may 
be morphologically and functionally useful in the late 
stages, but not in the early stages. X-ray interpretation 
skills and standardization of the tests are needed for this 
analysis. Radiation exposure is a limitation of repeated 
examinations.

13.6  Discussion

The key objectives of using noninvasive diagnostic tech-
niques for patients with OSF include early detection of 
OSF, assessment and monitoring of OSF severity (and 
response to treatment), and risk stratification or moni-
toring of OSF patients for malignant transformation 
(i.e., OSCC). Point-of-care diagnostic techniques for 
OSF must demonstrate utility, accuracy, and ease to 
deploy in both primary and secondary settings (i.e., in 
rural areas).

Most studies have evaluated the effectiveness of 
adjunctive diagnostic aids in patients with OSF in 
cohort studies with heterogeneous populations includ-
ing OSCC and other OPMDs rather than specifically 
addressing OSF patients alone. The diagnostic adjunc-
tive techniques presented in this chapter are based on 
the results of non-randomized controlled trials (mostly 
case- control) with small sample size, suggesting that 
the evidence of their effectiveness is low (i.e., due to 
the high risk of biases, such as selection bias in normal 
control, and the case group (diagnosis of OSF) itself). 
Nevertheless, some promising adjunctive diagnostic 
methods have been reported for OSF.

Early diagnosis of OSF is challenging but critical 
given that some children use areca nut (Chap. 5). Change 
in clinical features of the oral mucosa is an important 
sign of early exposure to areca nut products. A simple 
history and clinical examination with standardized mea-
suring MMO remain the most important way to detect 
OSF.  There is insufficient evidence that other nonin-
vasive adjunctive diagnostic techniques can play a role 
here.

Optical instruments and X-rays used chairside can 
help patients visually understand the nature of the dis-
ease without harm or adverse events, although these 

diagnostic techniques add little overall value to the cur-
rent assessment, risk stratification, and monitoring of 
patients with OSF.  Perturbations in various salivary 
markers have been identified from patients with OSF; 
however, cutoff  values are not well defined, and the 
current body of evidence to support their use is low. In 
addition, the use of time-consuming and costly diag-
nostic techniques is also unsupported by the evidence, 
particularly in lower resource countries where betel quid 
and areca nut use are a social problem and the preva-
lence of OSF is high.

 Summary
The potential utility of noninvasive diagnostic tech-
niques in oral submucous fibrosis (OSF) includes early 
detection, assessment of OSF severity (and response 
to treatment), and monitoring of OSF patients for 
malignant transformation. Numerous adjunct tech-
niques, including optical techniques, ultrasonography, 
and salivary biomarkers, have been evaluated but have 
demonstrated limited utility in primary and secondary 
settings. Many adjunctive techniques require expensive 
equipment or laboratory testing. The development of 
low-cost point-of-care testing for monitoring patients 
with OSF is needed in low- and middle-income coun-
tries where the use of areca nut is widespread.
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14.1  Introduction

Biopsy and histopathological examination, along with 
clinical features, not only confirm the clinical diagnosis 
in the early stages of the disease but are also important 
to assess the stage of oral submucous fibrosis (OSF), 
degree of epithelial dysplasia, and risk of malignant 
transformation. Hematoxylin and eosin-stained sections 
are routinely used to assess OSF. Special stains such as 
Masson’s trichrome, reticulin, van Gieson’s, and picro-
sirius red can be used to study changes in the connective 
tissue.

 n Learning Goals
 5 To understand both the classic and less commonly 

seen histopathological changes in OSF

14.1.1  General Aspects

OSF is a collagen metabolic disorder characterised by 
increased deposition of collagen in the oral mucosa, 
that results from exposure to areca nut alkaloids. 
Histopathological changes in OSF include inflamma-
tion, progressive fibrosis of the lamina propria and 
deeper connective tissue, loss of fibroelasticity with epi-
thelial hyperplasia or atrophy, and varying degrees of 
keratinization and dysplasia [1]. This chapter discusses 
the spectrum of mucosal histopathological changes seen 
in OSF.

Histopathological features of oral submucous fibrosis (OSF)
Classic OSF Variations in OSF

Epithelium Hyperkeratosis Subepithelial 
vesicles

Atrophy Hyperplasia

Flattened epithelium- 
connective tissue interface

Epithelial 
dysplasia

Intracellular 
edema
Signet ring 
appearance

Connec-
tive tissue

“Juxta-epithelial” 
hyalinization

Lichenoid 
reaction

Fibrosis (Dense collagen 
fibre bundles)

Mast Cells

Reduced blood vessels Oral squamous 
cell carcinoma

Minimal inflammatory 
cell infiltrate
Muscle degeneration 
(Advanced stages)

14.2  Epithelial Changes

Epithelial changes include variations in epithelial thick-
ness and keratinization patterns, surface erosions and 
ulcerations, dysplasia, and alterations of epithelium- 
connective tissue interface [1–3].

14.2.1  Epithelial Thickness

Epithelial atrophy is a common feature of OSF [4–7] as 
illustrated in . Fig. 14.1. There is a gradual decrease in 
epithelial thickness with increasing clinical severity [8, 
9]. In the early stages, there is epithelial hyperplasia with 
shortening of rete ridges (. Fig. 14.2). This is followed 

       . Fig. 14.1 OSF exhibiting epithelial atrophy (H and E; 20× mag-
nification)

       . Fig. 14.2 OSF with epithelial hyperplasia (H and E; 10× magni-
fication)
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by loss of rete ridges progressing to marked atrophy in 
the advanced stages [2, 3, 10].

The thickness of the epithelium in OSF may vary 
from 3 to 12 cell layers compared with 26  ±  4.39 cell 
layers for normal epithelium [10]. Various reasons have 
been postulated to explain the epithelial atrophy in 
OSF. The most common hypothesis is that of ischemic 
atrophy, which is due to the decreased vascularity result-
ing from the fibrosis.

Other reasons for epithelial atrophy include
 5 Direct effect of the areca nut alkaloids, such as are-

coline, on the epithelium [1, 2]
 5 Reduced proliferation of the oral epithelium due to 

cytotoxic and genotoxic effect of inducible nitric 
oxide synthase (iNOS), which is released by areca 
nut constituents [11]

 5 Reduction in salivary mucous secretion by minor sal-
ivary glands, leading to decreased lubrication of the 
surface epithelial cells resulting in rapid exfoliation, 
which contributes to atrophy of oral epithelium [12]

 5 Atrophy secondary to subepithelial inflammation, 
fibrosis, tissue ischemia, and hypoxia in the connec-
tive tissue [1, 2, 12]

 5 Atrophy secondary to nutritional deficiency, malnu-
trition, and anemia, which occurs because of the 
restricted mouth opening and difficulty in chewing 
and swallowing food [13, 14]

The epithelium may also show hyperplasia, with or 
without dysplasia [1, 2, 15–20]. Epithelial hyperplasia 
may occur as an adaptive response to local irritants 
from abrasive effects of  areca products [21]. In a study 
of  104 OSF cases, it was shown that 82% of  those who 
also used tobacco exhibited hyperplastic epithelium 
[17]. Hyperplastic changes include hyperkeratosis, 
acanthosis, basal cell hyperplasia, papillomatosis, and 
less commonly pseudoepitheliomatous hyperplasia 
[22].

14.2.2  Vesicles and Erosions

Blisters (subepithelial vesicles) may precede the onset 
or occasionally occur in the early stages of OSF 
(. Fig. 14.3). The vesicles occur on the buccal mucosa 
or palate, vesicles rupture resulting in surface erosion 
and ulcerations which heal by formation of granulation 
tissue and fibrosis [2, 15, 23–26], and rarely there may be 
necrosis and suppuration [22]. Vesicles could indicate an 
allergic response to the contents of the areca nut prod-
ucts [2]. Microbiologic culture studies of the vesicular 
fluid have shown no microorganisms [15, 24].

14.2.3  Keratinization

The affected buccal mucosa may exhibit hyperkeratosis, 
orthokeratosis, or parakeratosis [5, 6, 22] (. Fig. 14.4). 
The epithelial cells respond to the local irritation due to 
the areca nut product with faster turnover rate and kera-
tinization [12]. The keratinization pattern is influenced 
by the site of the lesion and the type of the areca nut 
used. Changes involving the palate predominantly show 
orthokeratosis (42%) and those of the buccal mucosa, 
parakeratosis (45%) [17]. It has been reported that epi-
thelial atrophy in OSF is associated with hyperorthoker-
atosis (69%), whereas cases with hyperplastic epithelium 
are associated with hyperparakeratosis (89%) [12, 27]. 

       . Fig. 14.3 OSF with subepithelial vesiculation (H and E; 20× 
magnification)

       . Fig. 14.4 Epithelial atrophy with hyperkeratosis in OSF (H and 
E; 10× magnification)
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Parakeratosis manifesting with clinical leukoplakia has 
been suggested to predispose to carcinoma [2, 28].

14.2.4  Epithelial Dysplasia

Identification of oral epithelial dysplasia (OED) by light 
microscopy is the current gold standard for the predic-
tion of malignant transformation [29–31]. Epithelial 
dysplasia has been reported to occur in 7–43% of OSF in 
different studies (. Figs. 14.5 and 14.6). Tissue hypoxia, 
as evidenced by significant expression of hypoxia induc-
ible factor-alpha (HIF-alpha), is an important factor for 
initiating epithelial dysplasia in OSF [32].

The high mitotic count in the parakeratotic epi-
thelium in OSF suggests a predisposition to carci-

noma [2, 28]. In a study from the Tata Institute of 
Fundamental Research, Mumbai, in 1970, epithelial 
atypia was diagnosed in 22.6% (12 out of 53 biopsies) of 
clinically diagnosed OSF patients and one case had oral 
squamous cell carcinoma. Epithelial dysplastic features 
included irregular epithelial stratification, increased 
number of mitotic figures, nuclear pleomorphism and 
hyperchromatism, loss of polarity of cells, and pres-
ence of signet ring cells in the basal layers (. Fig. 14.7). 
Spongiosis was seen in 75% of the cases with atypia 
in the basal cell layers and in 52.5% of cases without 
atypia [28]. Other reported dysplastic changes in OSF 
are variation in cell size and shape, large nuclei, promi-
nent nucleoli, and increased mitotic activity [22].

It has been suggested that OSF lesions that have 
greater fibrosis are also more likely to present with epi-
thelial dysplasia. In one study from Sri Lanka, OSF 
cases with moderate dysplasia exhibited thicker fibrosis 
compared to the cases which showed mild dysplasia. 
The mean thicknesses of fibrosis of the non-dysplastic 
lesions and dysplastic lesions were 0.91 ± 0.41 mm and 
1.17  ±  0.52  mm (mean  ±  standard deviation [SD]), 
respectively. Focal budding rete morphology is con-
spicuous in OSF with epithelial dysplasia as opposed 
to cases without dysplasia which present with epithelial 
atrophy. Increasing degree of collagen cross-linking and 
connective tissue hyalinization increases the risk of epi-
thelial dysplasia in OSF [12, 33].

Applying the WHO criteria for grading OED in 
OSF tissue specimens is difficult because of the epithe-
lial atrophy. Reduced epithelial thickness and absence of 
clear demarcation between different strata of epithelium 
in OSF, especially in the advanced stages (III and IV), 
make grading of OED challenging [8, 34]. This further 
raises the dilemma of interpreting whether malignancy 
in OSF arises subsequent to OED or without any dys-
plastic changes [34].

       . Fig. 14.5 Mild epithelial dysplasia in OSF (H and E; 20× magni-
fication)

       . Fig. 14.6 Mild epithelial dysplasia in OSF (H and E; 40× magni-
fication)

       . Fig. 14.7 Loss of  epithelial stratification in OSF (H and E; 20× 
magnification)
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14.2.5  Cellular Changes in Keratinocytes 
and Non-keratinocyte Cells

14.2.5.1  Keratinocytes and Keratinization
The direct contact of the oral mucosa with areca nut con-
tents including alkaloids disrupts the proteolytic equilib-
rium in collagen synthesis and degradation leading to 
fibrosis [12]. Cytomorphometric analysis of keratino-
cytes shows a decrease in cytoplasmic area and increase 
in nuclear area, ratio of nuclear area to cytoplasmic area, 
and nuclear dimension to cytoplasmic dimension in 
OSF compared to normal mucosa. These morphometric 
changes in advanced OSF are similar to those seen in 
OSCC (Oral Squamous Cell Carcinoma) [35].

Normal oral keratinocytes express matched pairs 
of type I and type II keratin (K) polypeptides that are 
site specific [36–38]. Immunohistochemical studies have 
shown an increase in K1, K10, and K17 and complete 
loss of K19 in the epithelium of OSF patients [39], and 
aberrant expression of K8 with decrease in K5, K14, 
and high-molecular-weight cytokeratin, a marker of 
keratinized surface epithelium [40].

Signet ring cells: “Signet ring” cells are cells that 
present with a large cytoplasmic vacuole, which com-
presses the nucleus in the form of a crescent, with vari-
able contents within the vacuole (e.g., mucin, lipid, or 
glycogen) (. Fig.  14.8). The vacuoles could represent 
cytoplasmic lumen, cytoplasmic pseudoinclusion, intra-
cellular edema, or hydropic swelling of mitochondria 
[41, 42].

Early studies on OSF done in 1963 and 1964 by 
Pindborg and Sirsat have shown atrophic epithelium 
exhibiting signet cells in 13% of cases [43]. A study done 

on 53 biopsies of suspected OSF cases in 51 Indian vil-
lagers revealed signet cells, mostly in the basal layer 
in 19.2% biopsies of OSF [28]. In another study from 
India, signet cell degeneration has been reported in the 
spinous cell layer associated with liquefaction in the 
basal cell layer [27].

14.2.5.2  Non-keratinocytes
Oral Melanocytes
Melanocytes are the melanin-producing dendritic cells 
found in the basal layers of the epithelium. These cells 
decrease in number with advancing stages of OSF [3]. 
There is marked loss of melanin from the basal epithe-
lial cell layers and increase in melanin accumulation in 
the subepithelial lamina propria, a process described 
as melanin fallout [44], as illustrated in . Fig.  14.9. 
Depigmentation of oral mucosa has been reported as 
an early manifestation of oral submucous fibrosis in 
Sri Lankan preschool children with areca nut-chewing 
habit [45] (see also 7 Chap. 10).

Langerhans Cells
Langerhans cells (LCs) are dendritic cells present in 
the suprabasal layers of the oral epithelium. LCs are 
antigen- presenting cells that induce specific T cell reac-
tion by the interaction of the MHC class II with the 
CD4+ cells. It has been suggested that tissue changes in 
OSF are either due to direct stimulation from exogenous 
antigens like areca alkaloids or by changes in tissue anti-
genicity leading to an autoimmune response [46].

Persistent antigenic challenge in this process leads to 
significant increases in LCs. Alterations in the number 
of LCs have been reported to play a role in OSF progres-
sion and malignant transformation [47–49].

       . Fig. 14.8 Intracellular edema with signet ring appearance of 
cells in OSF (H and E; 10× magnification)

       . Fig. 14.9 Melanin pigmentation and incontinence in OSF (H 
and E; 40× magnification)
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14.3  Connective Tissue Changes

Connective tissue changes in OSF include fibrosis, 
extracellular matrix remodeling, changes in fibroblasts, 
myofibroblasts, connective tissue thickness, and juxta-
epithelial inflammation.

14.3.1  Fibrosis and Hyalinization

OSF is a collagen metabolic disorder where areca alka-
loids cause a disequilibrium in the collagen metabolism 
leading to fibrosis and extracellular matrix remodeling 
(see 7 Chap. 12). Fibrosis causes vascular rarefaction 
(vessel compression or obliteration), nutrient depletion, 
and tissue hypoxia leading to mucosal atrophy [50].

There is deposition of type I collagen in all stages 
of OSF [2, 6]. Fibrosis increases with increasing sever-
ity of OSF. Fibrosis starts in the submucosa and sub-
sequently involves the lamina propria as the disease 
advances [51–53]. In early OSF, there is fibrosis imme-
diately beneath the subepithelial zone (. Fig. 14.10). In 
the intermediate stage, fibrosis extends up to the mus-
cle layer, compressing blood vessels, and hyalinization 
is seen as a subepithelial band. In the advanced stage, 
there is marked fibrosis and hyalinization that extends 
between muscle fibers causing muscle atrophy [6, 43] 
(. Fig. 14.11).

Subepithelial hyalinization is a characteristic fea-
ture of OSF. Hyalinization starts initially in the juxta- 
epithelial zone and spreads downwards with increasing 
intensity [6] (. Fig.  14.12). As the disease progresses, 
the connective tissue loses its fibrillar staining pattern 
and becomes amorphous. Hyalinization occurs due to 
increase in cross-linking of collagen, which leads to 
changes in the birefringence of the fibers [54–56].

The persistence of fibrin matrix due to reduced fibri-
nolytic activity, increased myofibroblastic activity, and 
reduced fibronectin phagocytosis contributes to fibrosis. 
The fibrosis in OSF has been compared to exuberant 
wound healing due to the chronic physical, chemical, 
or mechanical injury to the oral mucosa, as evidenced 
by the immunolocalization of matricellular proteins, 
 perlecan, and fibronectin [56–59].

Remodeling of ECM shows enhancement of per-
lecan, tenascin, fibronectin, and collagen type III in the 
early stages of OSF.  With the progression of OSF to 
advanced stages, all ECM molecules show degradation 
and complete replacement with type I collagen [1, 60]. 
There is a reduction in the levels of matrix metallopro-
teinases (MMPs) secreted by buccal mucosal fibroblasts, 
particularly MMP-2 and MMP-9, and an increase in the 
levels of tissue inhibitor of MMP-1 [50].

       . Fig. 14.10 Collagen fiber bundles—early stages of  OSF (H and 
E; 40× magnification)

       . Fig. 14.11 Collagen fiber bundles—advanced stages of  OSF (H 
and E; 40× magnification)

       . Fig. 14.12 Subepithelial hyalinization in OSF (H and E; 20× 
magnification)
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       . Fig. 14.13 Reduced vascularity in OSF (H and E; 20× magnifica-
tion)

       . Fig. 14.14 Subepithelial inflammatory infiltrate associated with 
OSF (H and E; 10× magnification)

14.3.2  Vascularity

Vascularity increases in the early stage of OSF and 
decreases in the advanced stages [16, 61–65] as illus-
trated in . Fig. 14.13. As fibrosis progresses, there is a 
decrease in microvessel density [16, 61]. Mast cells which 
are actively involved in angiogenesis rise in number dur-
ing the early stages of OSF and eventually decrease in 
number in the advanced stages.

Interestingly, it has been shown that as connective 
tissue gets denser, due to fibrosis, the resultant physi-
cal and biochemical restriction to blood vessel growth 
can paradoxically induce angiogenic activity. This phe-
nomenon explains the neo-angiogenesis seen during the 
malignant transformation of OSF [1, 2].

14.3.3  Inflammation

The coarse granules of areca nut and associated sub-
stances injure the oral mucosa causing microtrauma. 
This facilitates ingression of chemical irritants leading 
to inflammation and activation of macrophages and 
influx of cytokines. There is enhanced expression of 
pro-inflammatory cytokines, interleukin-1 and -6, and 
tumor necrosis factor-alpha, along with a decrease in 
antifibrotic interferons in OSF.  Transforming growth 
factor-β (TGF-β) is a major cytokine involved in OSF 
progression (vide 7 Chap. 12). It regulates the expres-
sion of α-SMA and deposition of type 1 collagen [12, 
66]. The inflammatory cells seen are predominantly lym-
phocytes and plasma cells [2] (. Fig. 14.14).

The continuous contact of the oral mucosa with 
areca alkaloids results in a state of chronic inflamma-
tion leading to activation of macrophages and T cells 
and an increase in the level of cytokines such as inter-

leukin- 6, tumor necrosis factor-alpha, interferon-alpha, 
and TGF-β [67]. Macrophages are cells of the mono-
nuclear phagocyte system that function to remove cel-
lular debris, protect the body against foreign antigens, 
and provide innate immunity [68].

There is an increase in the number of macrophages in 
the intermediate and advanced stages of OSF compared 
to normal tissues [69]. Fibrogenic cytokines secreted by 
activated macrophages and T lymphocytes are impor-
tant in the development of fibrosis [70] (see 7 Chap. 12).

14.3.4  Myofibroblast

Myofibroblasts are a unique group of cells phenotypi-
cally intermediate between smooth muscle cells and 
fibroblasts. They display prominent cytoplasmic actin 
microfilaments (stress fibers) and are connected to each 
other by adherens and gap junction. Myofibroblasts 
originate from three sources: local recruitment from the 
surrounding connective tissue during wound healing, 
from pericytes or vascular smooth muscle cells around 
blood vessels, and in epithelial-mesenchymal transi-
tion (EMT) [71]. Myofibroblasts in wounds of normal 
mucosa originate from local recruitment of fibroblasts 
from the surrounding tissue [50], and as healing occurs, 
the myofibroblasts undergo apoptosis. In OSF, however, 
there is persistence of myofibroblasts.

In OSF, myofibroblasts are recruited in response to 
the tissue injury caused by areca alkaloids. Loss of rete 
ridges due to atrophy decreases the surface area of epi-
thelial connective tissue interface, changing and concen-
trating force vectors on fibroblasts and stimulating their 
differentiation into myofibroblasts [58].

Persistence of myofibroblast in OSF and production 
of TGF-β stimulate proto-myofibroblasts in the con-
nective tissue to express α-SMA, which in turn creates 
larger surface adhesion with ECM and formation of 
the myofibroblasts that can withstand higher contractile 
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forces [71, 72]. Myofibroblasts increase the production 
of collagen (COL 1A1, 1A2) and modulate ECM turn-
over favoring the progression of OSF [72].

14.3.5  Mast Cells

Mast cells have a significant role in mitogenesis, extra-
cellular matrix degradation, angiogenesis, and aug-
mentation of microvascular hyperpermeability and 
recruitment of inflammatory cells including macro-
phages [68, 73] (. Fig. 14.15).

Areca alkaloids cause mast cell accumulation, acti-
vation, and degranulation [74]. They release proteases 
(tryptase, chymase, and cathepsin G), histamine, sero-
tonin, acid hydrolases, and cytokines like TNF-α and 
IL-16, which cause the initial inflammatory signs of 
burning sensation, stomatitis, and glossitis in OSF, with 
occasional vesicle formation [73]. Mast cell mediators 
like prostaglandins and leukotrienes are potent secreta-
gogues for serous and mucous cells, which contribute to 
the increased salivation that may occur in OSF.

The densities of mast cells are higher in OSF than in 
normal buccal mucosa and increase with disease sever-
ity suggesting a role in the initiation and progression of 
OSF [73]. Mild, moderate, and severe inflammation in 
OSF shows increased number of typical (TMCs), atypi-
cal (AMCs), and granular mast cells (GMCs), respec-
tively [75–77].

The angiogenic factors secreted by mast cells, includ-
ing histamine, heparin, VEGF, β-FGF, and tryptase, 
promote the migration and/or proliferation of endothe-
lial cells. These may have a role in the angiogenesis seen 
during the neoplastic transformation of OSF.

14.3.6  Muscles

There is histological evidence of fibrosis and degener-
ation of muscle fibers in OSF [78, 79] (. Fig.  14.16). 
Palatal and paratubal muscles show evidence of muscle 
damage in the form of edema, loss of striations, and 
atrophy, causing Eustachian tube dysfunction and hear-
ing impairment in some.

Histological changes indicative of muscle damage 
include loss of striations, muscle fiber fragmentation, 
nucleus internalization, and multiple nuclei. The dam-
age is more severe in advanced OSF. Reduction in the 
muscle-epithelial distance is a significant predictor of 
OSF progression [80, 81].

14.4  Electron Microscopic (EM) Features 
in OSF

EM studies of oral mucosa in areca nut chewers show 
cytoplasmic projections of the basal cells into the sub-
epithelial stroma with frequent gaps in the basal mem-
brane. Other findings are encroachment of the blood 
vessels by collagen fibers, compression of blood vessels 
by excessive fibrosis, and thinner collagen fiber bundles 
in the superficial part of lamina propria compared to 
those deeper [82].

Ultrastructural study of muscle fibers found evi-
dence of damage to the muscle fibers, such as muscle 
atrophy, necrosis, sarcolemmal folding, reduplicated 
basement membrane, hypercontraction of muscle fibers, 
and autophagic vacuoles [81]. Findings suggest that 
restricted mouth opening in OSF is also due to muscle 
degeneration, in addition to submucosal fibrosis [83, 84].       . Fig. 14.15 Mast cells in OSF (H and E; 20× magnification)

       . Fig. 14.16 Muscle degeneration in advanced OSF (H and E; 40× 
magnification)
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Scanning electron microscopic (SEM) studies 
show that the interepithelial spaces are widened and 
unusual microvilli are present on epithelial cell surfaces. 
Intercellularly, crystalloid material of unknown origin 
has been reported [85]. A 3D assessment of OSF by SEM 
revealed progressive patchy degenerative connective tis-
sue cores with advancing grades of the condition [86]. 
The normal pattern of uniformly sized collagen fibrils, 
gathered in bundles, is replaced by many fine (immature) 
fibrils in an interfibrillar matrix [87, 88]. Destruction and 
necrosis of muscle were seen in OSF cases with limited 
mouth opening [83, 84]. Studies have also shown colla-
gen fibers with frayed ends and degenerated cores [53].

14.5  Special Stains

Collagen assessment using Mallory and Weigert 
resorcin- fuchsin stains demonstrates thickened col-
lagen bundles and uneven staining pattern [88]. With 
van Gieson’s stain, the juxta-epithelial connective tis-
sue band in OSF is amorphous and hyalinized and 
stains faint grayish pink, rather than the normal deep 
red [24]. Though traditional stains such as van Gieson 
and trichrome are used to study collagen fibers, polariz-
ing microscopy using picrosirius red demonstrates both 
thin and thick collagen fibers. Picrosirius red stains the 
thin fibers intensely and increases their birefringence. 
Mixed birefringence indicates an increase in both type I 
and type III collagen, while yellowish orange to reddish 
orange indicates type I collagen that is arranged in thick 
bundles. Collagen fibers showed mixed birefringence 
with a shift in polarization from yellow to red-orange 
in lamina propria, around muscle and blood vessels [55, 
89–91]. Parallel arrangement of fibers is observed with 
van Gieson, but picrosirius red-stained sections reveal 
predominantly parallel type I fibers along with some 
perpendicular type III fibers [92]. Unidirectional colla-
gen fibers have been demonstrated in OSF by polarizing 
microscopy [54, 93, 94].

The thickness and degree of  keratinization and sub-
epithelial changes are best demonstrated with Mallory’s 
stain. The changes in blood vessels can be seen with 
van Gieson’s and Mallory’s staining. Areas of  muscle 
degeneration, especially in deeper connective tissue, 
are better seen with Mallory’s and Masson’s stain as 
compared to van Gieson’s stain [78, 95]. Verhoeff-van 
Gieson stain is used to demonstrate very fine elastic 
fibers [96].

Tissue copper content can be assessed by the rho-
damine staining technique. Tissue copper is higher in 
OSF than leukoplakia and OSCC and can be used as a 
 prognostic indicator for the assessment of disease pro-
gression [97].

Box 14.1 Histological Staging Systems: Described 
in 7 Chap. 6

Commonly used histological staging systems in oral submucous 
fibrosis

Pindborg and Sirsat (1966 [43]; 
based on the connective tissue 
changes)

Very early stage
Early stage
Moderately advanced 
stage
Advanced stage

Khanna and Andrade (1995 [3]; 
based on both clinical and 
histopathological features)

Group I very early 
cases
Group II early cases
Group III moderately 
advanced cases
Group IV advanced 
cases
–  IVA: advanced 

cases
–  IVB: advanced 

cases with 
premalignant/
malignant changes

Utsunomiya, Tilakaratne, Oshiro 
et al. (2005 [60]; based on the gain or 
loss of extracellular matrix molecules 
using immunohistochemistry)

Early stage
Intermediate stage
Advanced stage

14.6  Lesions Associated with OSF

14.6.1  Leukoplakia and OSF

Leukoplakia occurs in around 25% of cases with OSF 
in the advanced stages [98]. There has been one report 
of  oral proliferative verrucous leukoplakia with oral 
submucous fibrosis. Studies have shown a higher risk 
of  malignant transformation of OSF with oral leuko-
plakia [99].

14.6.2  Verrucous Hyperplasia and OSF

Exophytic growth in the background of OSF ranges 
from simple benign hyperplastic lesions to oral verru-
cous hyperplasia (OVH) to verrucous carcinoma and 
exophytic OSCC [100, 101]. The fibrosis of connective 
tissue stroma offers resistance to the process of down-
ward proliferation of dysplastic/transformed epithelium 
leading to exophytic proliferation. Jayasinghe and col-
leagues [100] reported, for the first time, five cases of 
exophytic verrucous hyperplasia in OSF with features of 
mild-to-moderate dysplasia. Shah et  al. [101] reported 
a case series of six patients who presented with verru-
copapillary exophytic lesions mimicking frank malig-
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       . Fig. 14.17 Lichenoid reaction coexistent with OSF (H and E; 
10× magnification)

       . Fig. 14.18 Malignant transformation of  OSF to OSCC (H and 
E; 10× magnification)

nancy in the background of OSF without any dysplasia. 
In a Taiwanese study, out of 60 OVH lesions, 51 were 
reported to be areca chewers (91%) [102].

7 Chapter 4 provides a detailed description of these 
associated conditions.

14.6.3  Coexistence of Lichenoid Features 
and Fibrosis

Prolonged contact of  areca nut/tobacco quid with the 
mucosa of  patients leads to the development of  con-
tact oral lichenoid lesion, referred to as quid-associ-
ated oral lichenoid lesion (. Fig.  14.17). Clinically, 
these lesions appear as white, linear, wavy parallel 
non-elevated streaks, which may radiate from a cen-
tral erythematous area [103, 104]. Histologically, in 
addition to fibrosis, there is a subepithelial diffuse 
dense inflammatory cell infiltrate along with degen-
eration of  the basal cells. Quid-associated oral lichen-
oid lesions are known to regress after the stoppage of 
habit, though it may not be the case for OSF patients 
[105].

14.7  Oral Cancer and OSF

In addition to the morbidity associated with fibrosis, 
OSF is a potentially malignant condition (. Fig. 14.18). 
Numerous reports have highlighted the progression of 
OSF to oral cancer (squamous cell carcinoma). The 
malignant transformation rate of  OSF ranges from 
7% to 13% [106]. In 1956, Paymaster first described the 
development of  a slow-growing OSCC in one-third of 
the cases of  OSF seen among patients in Bombay [107]. 
Murti et al. (1985) in a follow-up study of OSF for a 
period of 17 years recorded a malignant transformation 

rate of  7.6% [108]. Betel leaf  with areca nut (pan) chew-
ing accounts for 31% of oral cancers in a study from 
Madras (Chennai), South India [109].

Some of the proposed mechanisms of malignant 
transformation in OSF are the following:
 (a) The atrophic epithelium first becomes hyperkera-

totic (clinically leukoplakic); basal cell hyperplasia 
then develops, followed by epithelial atypia and 
OSCC [6].

 (b) Alkaloids in betel quid cause fibrosis and tissue 
ischemia. Reduced blood flow leads to hypoxia and 
lack of nutrition, which augments the permeability 
of the epithelium to carcinogens in areca products 
[1, 32].

 (c) Arecoline is a desiccating agent that causes shrink-
age of cells and enlargement of intercellular spaces, 
which permits the percolation of chemical mutagens 
through the epithelium to basal layer inducing epi-
thelial dysplasia and neoplastic cellular transforma-
tion [1, 32].

 (d) Epithelial changes (epithelial atrophy, hyperplasia 
or hyperkeratosis, and dysplasia) and connective tis-
sue changes (excessive collagenization, which fur-
ther leads to hyalinization, angiogenesis, and 
inflammatory infiltration) favor the progression of 
OSF to OSCC [1, 12].

 (e) The epithelial and connective tissue changes mutu-
ally contribute to events in epithelial- mesenchymal 
transition [1, 12] and malignant transformation.

OSCC arising in a background of OSF has a better grade 
of differentiation than OSCC occurring without OSF 
[110] and hence has a better prognosis with low postop-
erative recurrence and better survival rate. It has been 
suggested that this is because the molecular mechanisms 
involving cell cycle regulation, hypoxia, DNA double-
strand breaks, and cell senescence in areca nut- induced 
malignant transformation are different from those due 
to tobacco and other causes of oral cancer [106].
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14.7.1  Histological Markers for Genetic 
Damage and Malignant 
Transformation in OSF

14.7.1.1  Micronucleus
Micronuclei (MNs) are extranuclear cytoplasmic DNA 
bodies formed by genotoxic agents that damage chro-
mosomes. They are formed by the exclusion of chro-
mosome fragments or whole chromosomes lagging 
at mitosis. MN assay in exfoliated buccal cells in OSF 
has been used as a biomarker for genotoxicity. Studies 
have shown that OSF has more MN compared to leu-
koplakia [111–119]. A study where comet assay was 
used to assess tissue micronucleus content showed that 
the mean micronucleus tail length was the highest in 
OSCC (25 ± 4.5) followed by OSF (14 ± 1.8) and normal 
mucosa (7.0 ± 2.2) [120].

14.7.1.2  Silver Staining Nucleolar Organizing 
Region (AgNOR)

Nucleolar organizer regions (NORs) are loops of DNA 
that encode ribosomal RNA and are vital for the syn-
thesis of proteins. The NORs are morphological sites 
around which the nucleolus develops at the end of 
mitosis and AgNOR staining reflects the rapidity of 
cell replication. NORs are located on the short arms of 
acrocentric chromosomes, 13, 14, 15, 21, and 22. The 
mean number and size of AgNORs gradually increase 
from normal to oral leukoplakia to oral submucous 
fibrosis to oral squamous cell carcinoma [121].

As the grade of dysplasia increases, the mean AgNOR 
count also increases [121]. High AgNOR counts in OSF 
are indicative of an increased risk of malignant trans-
formation [123–130].

 Summary
Epithelial atrophy and collagen deposition in the sub-
mucosa are the key histopathologic features in OSF. A 
thorough understanding of the histopathological 
changes, both epithelial and connective tissue, is essen-
tial for the classification and assessment of the disease 
progression that will aid in the diagnosis and help in 
appropriate clinical management and follow-up of the 
patient.
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15.1  Introduction

A biomarker is “a biological molecule found in blood, 
other body fluids, or tissues that is a sign of a normal 
or abnormal process, or of a condition or disease”. 
Biomarkers differentiate an affected patient from a 

person without the disease [1]. Biomarkers can poten-
tially predict response to specific therapeutic interven-
tions (predictive), inform clinicians regarding the risk of 
clinical outcomes such as cancer recurrence or disease 
progression in the future (prognostic), and identify the 
disease as early as possible (diagnostic) [2].

.       Table 15.1 Biomarkers in oral submucous fibrosis

Epithelial 
markers

Connective tissue markers Proliferative 
markers

Stemness markers Markers of 
cell signaling

Other markers 
(transcription 
factors, enzymes, 
glycoproteins, and 
metabolic markers)

Annexin A4 
(ANXN A4)
Beta-catenin
CD1a, CD207, 
CD303
Cytokeratins 
(CK-5/6, CK-10, 
CK8, CK18, 
CK14)
E-cadherin 
(E-cad)
Epidermal 
growth factor 
receptor 
(EGFR)
Filamin A 
(FLMN A)
Loricrin

Alpha-smooth muscle actin 
(α-SMA)
Bone morphogenetic protein-7 
(BMP-7)
CD34, CD68, CD105, CD147
Collagen (Col 1, Col 3, collagen 
IV)
Connective tissue growth factor 
(CTGF)
Decorin
Fibroblast growth factor 
(bFGR, FGF2, and its 
receptors FGFR2 and FGFR3)
Fibronectin
Hypoxia-inducing factors 
(HIF-1α, HIF-2α)
Mast cell chymase, mast cell 
tryptase
Matrix metalloproteinases 
(MMP-1, MMP-2)
N-cadherin (N-cad)
Osteopontin
Podoplanin
S100A4
STRO1
Syndecan-1
Tenascin-C
Transforming growth factor-β 
(TGF-β, TGF-β1, TGF-β2)
Tissue inhibitors of matrix 
metalloproteinases (TIMPs; 
TIMP-1, TIMP-2)
Transglutaminase-2
TWIST
Vascular endothelial growth 
factor (VEGF)
Vimentin

Bax
Bmi1
Budding 
uninhibited by 
benzimidazole- 
related 1 
(BUBR1)
Caspase 3
c-Jun
c-met
c-Myc
Cyclin D1
Fragile histidine 
triad protein 
(FHIT)
Human 
telomerase 
reverse 
transcriptase 
(hTERT)
Insulin-like 
growth factor II 
mRNA- binding 
protein 3 (IMP3)
Ki67
Microtubule- 
associated 
protein light 
chain 3 (LC3)
Mouse 
double-minute 2 
homolog 
(MDM2)
p16, p53, p62, 
p63
Proliferating cell 
nuclear antigen 
(PCNA)
Polo-like kinase 
(PLK)
Phosphatase and 
tensin homolog 
deleted on 
chromosome 10 
(PTEN)
Survivin

Aldehyde 
dehydrogenase 1 
(ALDH1)
CD133
Stage-specific 
embryonic antigen 
(SSEA-4)
SRY (sex- 
determining 
region on Y 
chromosome) 
type homeobox 
genes (SOX2)

Dickkopf 
WNT 
signaling 
pathway 
inhibitor 3 
(DKK3)
Phosphory-
lated extracel-
lular 
signal- 
regulated 
kinases 
(pERK)
Glioma- 
associated 
oncogene 
homolog 1 
(GLI1)
Sonic 
hedgehog 
(Shh)
WNT 
inhibitory 
factor 1 
(WIF1)

Alpha enolase 
(ENO1)
Beta-integrin
Calreticulin
C–C motif  
chemokine ligand 2 
(CCL2)
Cyclooxygenase-2 
(COX-2)
Cyclophilin A
Fatty acid synthase 
(FASN)
Fibrinogen 
alpha-chain 
precursor (FGA)
Glucose transporter 
1 (GLUT1)
Heat-shock protein 
(Hsp70)
Hexokinase-2
4-Hydroxynonenal 
(4-HNE)
Mucin 1 (MUC1)
Organic cation 
transporter-3 
(OCT3)
Secreted frizzled- 
related proteins 
(SFRPs)
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Immunohistochemistry (IHC) is a versatile tool used 
to identify cell or tissue antigens, ranging from amino 
acids and proteins to infectious agents and specific cellu-
lar populations [3]. IHC helps in classifying the cellular 
origin of tumors, identifying tumor subtypes, determin-
ing treatment efficacy, predicting prognosis, and ascer-
taining the malignant transformation potential of oral 
potentially malignant disorders (OPMDs), such as OSF 
[4]. OSF has a malignant transformation rate of 1.2–
23% [5]. Here, we discuss our current understanding of 
the use of immunohistochemical biomarkers in under-
standing the pathogenesis, progression, and malignant 
transformation of OSF.

 n Learning Goals
 5 To have an understanding of the biomarkers and 

their role in OSF
 5 An overview of the different types of biomarkers 

are categorized as (. Table 15.1)

The biomarkers discussed are listed in . Table 15.1.

15.2  Epithelial Markers

15.2.1  Annexin A4 (ANXN A4)

Annexins are calcium-dependent phospholipid-binding 
proteins located in the nucleus, cytoplasm, or cell mem-
brane. It helps in vesicle aggregation, regulation of ion 
channels, cell cycle, and cell differentiation [6]. ANXN 
A4 is associated with loss of cell adhesion and plays an 
important role in the apoptosis, cell migration, carcino-
genesis, chemoresistance, and invasion of cancer cells. It 
also facilitates the repair of cell membrane damage and 
influences cell shape in wound healing.

ANXN A4 expression is upregulated in epithelial 
tumors such as cancer of kidneys, breast, larynx, pancreas, 
and OSCC. Its overexpression is associated with advanced 
tumor stage and poor prognosis. ANXN A4 with protein 
kinase C plays an important role in buccal squamous 
cell carcinoma (BSCC) pathogenesis [6]. Liu et al. show 
an increased expression of ANXN A4 in OSF (72.34%; 
68/94), with localization of expression in the spinous and 
corneal layer of the epithelium. Annexin A4 expression 
levels are greater in OSCC compared to OSF [6].

15.2.2  Beta-Catenin (β-Catenin)

β-Catenin is a pivotal component of the cadherin com-
plex and is a key mediator of canonical Wnt signal-
ing. Its activation is important in tumor development 

and progression. β-Catenin binds to the T cell factor/
lymphoid enhancer factor (TCF/LEF-1) family of tran-
scription factors and activates target genes involved in 
the Wnt signaling pathway [7, 8]. β-Catenin is involved 
in the stabilization of the adherens junction along with 
E-cadherin and also functions as a nuclear oncogenic 
transcription factor. In OSCC, aberrant expression of 
β-catenin is associated with epithelial-mesenchymal 
transition (EMT), poor survival, and nodal metastases 
[8]. Bag et al. observed downregulation of β-catenin in 
OSF with dysplasia (52.8%; 19/36), but no significant 
difference in expression was observed in OSF without 
dysplasia (47.2%; 17/36). A similar downregulation of 
β-catenin was observed in OSCC cases; this downregula-
tion was associated with decreases in epithelial matura-
tion [7].

15.2.3  CD1a, CD303, and CD207

These markers are expressed by dendritic cells. Dendritic 
cells (DCs) are of three types: Langerhans (CD1a, 
CD207), myeloid (CD1c, CD141), and plasmacytoid 
(CD303, CD304) type. They have an important role in 
the stimulation or suppression of immune response.

Langerhans cells (LCs) are clear cells present in the 
suprabasal layer of the oral mucosa. They are antigen- 
presenting cells (APCs) that trigger T cell activation. 
These cells are essential for immune surveillance func-
tion against antigens involved in allergic reactions and 
the antigens expressed during malignant transformation 
[9, 10]. LCs are derived from myeloid stem cells of bone 
marrow. They are APCs that interact with the major 
histocompatibility complex (MHC) class II and CD4+ 
cells to provoke a specific T cell reaction [11, 12]. CD1a 
is a specific marker for immature DCs and LCs.

CD207, also called Langerin, is the hallmark of 
active epidermal Langerhans cells (LCs). The expres-
sion of the CD207 receptor in DCs is suggestive of 
effective coupling of antigen with MHC-I and MHC-II, 
a process that activates the CD8+ and CD4+ T cells. 
Downregulation of CD207 might indicate a suppression 
of the T cell response [12, 13].

CD303 or blood dendritic cell antigen (BDCA) is a 
type II lectin used in the identification of plasmacytoid 
DC. Plasmacytoid DC resides in lymphoid and nonlym-
phoid organs and is involved in the production of large 
amounts of type I interferon (IFN) [12, 14].

In OSF, the genotoxic components of betel quid 
alter the structure of DNA, proteins, and lipids result-
ing in the production of antigens. This stimulus triggers 
LCs which are responsible for antigen processing and 
induction of T cell-mediated immune response [12, 15].
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Increased activation of LCs in the dysplastic epithe-
lium has also been reported in leukoplakia [16]. This 
may indicate the presence of acquired antigens from 
dysplastic cells. An increase in the number of CD303+ 
cells is associated with OSCC and poor prognosis of 
melanoma [14]. CD1a, CD303, and CD207 expres-
sions are altered in OSF and OSCC. da Silva et  al. 
reported a decrease in CD1a+ (57 ± 42.9) and CD207+ 
(35.7 ± 25.7) cells in OSF compared to normal epithe-
lium (CD1a+: 101.3 ± 58.2; C207+: 71.1 ± 47.9). In con-
trast, a gradual increase in CD303+ cells was observed 
for OSF (0.2 ± 0.6), OSF-OSCC (2.2 ± 2.5), and OSCC 
(2.7 ± 4.8), respectively, when compared to the control 
(0.1 ± 0.4). The Langerhans-type DCs are decreased in 
OSCC and OSCC-OSF, while the plasmacytoid-type 
DCs are increased in OSCC compared to OSF. This dif-
ference reflects a shift in the type of immune response in 
the progression to OSCC.

15.2.4  Cytokeratins (CKs)

Cytokeratins (CKs) are the major intermediate filaments 
in squamous epithelium, which have a role in cell stabili-
zation, cell shape, intracellular signaling, and cell trans-
port. CKs are present in all epithelial cells and neoplasms 
derived from them [17, 18]. They are broadly divided into 
types I and II, with more than 20 subtypes [19].

Type I: (CKs 9 through 23) acidic and low molecular 
weight (40–64 kDa) [17–19]

Type II: (CKs 1 through 8) basic or neutral with high 
molecular weight (52–68 kDa) [17–19]

CKs are sensitive markers for carcinoma. The low- 
molecular- weight (LMW) CKs are seen in simple non- 
stratified epithelia, and the high-molecular-weight 
(HMW) CKs are seen in complex stratified squamous 
epithelia and in the tumors arising from the correspond-
ing epithelium. Alteration in CK patterns has been 
reported in dysplastic lesions, OSF, and OSCC [17, 18].

CK10 expression in the keratinized epithelium is a 
marker for terminal differentiation and maturation of 
epithelial cells [20]. The combined overexpression of 
CK5 and CK14 is seen in the basal cells of stratified 
squamous epithelium and squamous cell carcinomas of 
the head and neck. The expression of CK5 and CK14 
persists even in lower grades of malignancy [21].

CK8 and CK18 are the most common members of 
the large intermediate filament expressed in “simple” 
epithelial tissues. They are associated with dysplasia and 
are indicative of an unfavorable prognosis for patients 
with OSCC. Loss of CK8 phosphorylation increases cell 
migration and tumor spread in OSCC, and loss of CK8 
and 18 leads to alterations in α6β4-integrin-mediated 
signaling and alteration in tumor progression [21]. CK8 
and CK18 are increased in OSCC compared to OSF 

indicating a shift to low-molecular-weight CK expres-
sion, with malignant transformation [22]. This shift is 
associated with a poor prognosis in cancer.

Increased intensity of staining for PanCK and 
HMWCK, aberrant expression of CK8, and decreased 
expression of CKs 5 and 14 occur in OSF [18]. A signifi-
cant association has been reported between the expres-
sion of low-molecular-weight CK8/18 and 19 and a 
high tumor grade. HMWCKs, CK1, 5/6, 10, and 14 are 
significantly associated with the expression of p21 and 
Hsp70 in OSF [21].

Vaidya et al. reported that out of 7 OSF cases, posi-
tive expression of CK5, CK14, and CK8 was seen in 
2 (28.57%), 5 (71.43%), and 3 (42.86%) cases, respec-
tively [23]. Ranganathan et  al. reported on panCK, 
CK8, CK18, CK4, and CK1 in 50 cases of OSF. Their 
findings were as follows: 35 (70%) exhibited mild, 11 
(22%) moderate, and 4 (8%) intense staining of PanCK-
cytokeratin. In OSF, 26 (52%) cases showed mild, while 
19 (38%) and 3 (6%) showed moderate and intense stain-
ing of HMWCK.  In OSF, all the six (12%) cases that 
stained positive exhibited only mild staining of CK18. 
One case of OSF showed mild staining of CK14. Five 
(10%) of OSF exhibited CK8 staining. Intense, moder-
ate, and mild staining of CK5 was exhibited in 8 (16%), 
25 (50%), and 15 (30%) of OSF cases. In OSF, 37 (74%) 
and 2 (4%) cases exhibited mild and moderate staining 
of CK4, respectively. In OSF, 13 (26%) showed mild 
staining of CK1 [18].

Lalli et  al. reported cytokeratin profile in 28 OSF 
patients. CK16 staining was entirely suprabasal with 
similar expression in all OSF. In OSF, CK6 was detect-
able in both the basal and the suprabasal layers. This 
increase in expression in the basal layer of OSF epithe-
lium was highly significant (p < 0.001), while the supra-
basal CK6 expression was unaffected. There was no 
expression of CK19 in any OSF samples whether from 
keratinized or non-keratinized sites, suggesting a highly 
significant reduction in site-matched non-keratinized 
epithelia (p < 0.001) compared with the normal controls. 
CK14 staining was present homogenously through-
out the basal and suprabasal layers, while CK15 was 
detected in the entire basal layer of both normal and 
OSF samples implying that the disease did not influence 
these two keratins. No staining for CK7, CK8, CK18, 
or CK8/CK18 complex was observed in normal or OSF 
samples [24].

15.2.5  E-Cadherin (E-Cad)

E-cad is a calcium-dependent cell surface adhesion mol-
ecule involved in the transduction of signals controlling 
various cellular events, including polarity, differen-
tiation, growth, and cell migration. It can inhibit cell 
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proliferation by upregulating p27 through epidermal 
growth factor receptors. Loss of E-cad expression has 
been correlated with cancer progression, and its reduced 
expression in cancer correlates with aggressive behavior, 
high proliferation, invasion, metastasis, and poor prog-
nosis. The epithelial-mesenchymal transition (EMT) 
signature of low E-cad and high vimentin is associated 
with greater metastasis in primary head and neck squa-
mous cell carcinomas [25, 26]. E-cad expression levels 
are decreased in OSF and OSCC, and a significant loss 
of E-cad is seen with increasing grades of dysplasia in 
OSF [25, 26].

Das et al. and Sridevi et al. show a gradual decrease in 
E-cadherin from normal to OSF to OSCC. E- cadherin 
exhibited membranous staining in basilar cells, para-
basal cells, superficial cells (intermediate cells), and cor-
neal cells [18, 27, 28].

15.2.6  Epidermal Growth Factor Receptor 
(EGFR)

Epidermal growth factor receptor (EGFR) belongs to 
the ErbB family of receptor tyrosine kinases. EGFR 
is a 170 kDa transmembrane glycoprotein on chromo-
some 7p11.2. Overexpression of EGFR indicates high 
intrinsic proliferative activity [29]. Meka et  al. studied 
EGFR expression in 10 cases of OSF and reported that 
4/10 (40%) cases showed strong expression, while 3/10 
(30%) cases showed mild and moderate expression of 
EGFR. An overexpression of EGFR has been reported 
in the membrane and cytoplasm of basal and suprabasal 
cells and keratin layer of epithelium in OSF.  EGFR 
expression levels help to predict the malignant trans-
formation potential of dysplastic tissues [29]. Aberrant 
EGFR expression is linked to oncogenic transforma-
tion, autonomous cell growth, invasion, angiogenesis, 
and metastases in several cancers. EGFR overexpres-
sion is also predictive of disease-free survival indepen-
dent of cervical lymph node status in cancer [29].

15.2.7  Filamin A (FLNA)

FLNA is an actin filament cross-linking protein involved 
in cytoskeletal rearrangement. FLNA interacts with 
more than 90 functionally diverse binding partners to 
regulate cellular functions and processes by its scaffold-
ing action [6].

Persistent mechanical shear stress caused by areca 
nut chewing in OSF leads to upregulation of FLNA 
as a defensive mechanism to prevent cellular damage. 
Dysregulation of FLNA results in mutagenic DNA 
double- strand breaks [6]. It is also known to suppress 

ribosomal gene transcription. FLNA has a role in cell 
mobility, cell-extracellular matrix (ECM) interactions, 
cell signaling, and DNA damage response. Its cyto-
plasmic overexpression promotes tumor invasion and 
metastasis. Liu et al. report an overexpression of FLNA 
in 62/94 (65.96%) cases of OSF, with localization in the 
lower spinous and basal layer of the epithelium. FLNA 
is increased in OSF and OSCC, with higher expression 
in OSCC [6].

15.2.8  Loricrin

Loricrin is a major component of the cornified cell enve-
lope (CE) keratins, which belongs to a multigene fam-
ily coded by more than 30 intermediate filament genes. 
Interaction of loricrin with keratin intermediate fila-
ments provides flexibility to the CE. Loricrin also pro-
tects against mechanical stress by its association with 
nectin and calcium [30].

Chewing areca causes both mechanical and chemi-
cal stress that leads to increased expression of loricrin. 
Areca nut is usually taken along with lime (calcium 
hydroxide), and the increased calcium concentration 
influences loricrin expression. Variation in loricrin 
expression in the different stages of OSF is attributed 
to the adapting capacity of the epithelium towards a 
new stimulus. Nithya et al. report positive expression of 
loricrin in 20/30 (66.7%) cases of OSF, with localization 
in the granular and corneal layer of epithelium. Increase 
in loricrin levels in OSF has been suggested to be useful 
in the early identification of malignant transformation 
[30, 31].

15.3  Connective Tissue Markers

15.3.1  Alpha-Smooth Muscle Actin (α-SMA)

α-SMA is an actin isoform of smooth muscle actin pro-
tein that plays an important role in fibrogenesis, wound 
healing, and tissue repair. It is expressed in smooth mus-
cle cells and myofibroblasts. Its expression indicates the 
transformation of fibroblast to myofibroblast [32].

Myofibroblasts (MFs) are a unique group of phe-
notypically intermediate cells: between smooth muscle 
cells and fibroblasts. They are identified by the expres-
sion of α-SMA and are essential for the production of 
extracellular matrix (ECM) after injury, tissue homeo-
stasis, and repair. Altered myofibroblasts have been 
implicated in disease with increased extracellular matrix 
(ECM) deposition and fibrosis [32]. MFs are major 
effector cells in many fibrotic disorders like scleroderma, 
hepatic and pancreatic fibrosis, and pulmonary fibrosis 
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[32]. They are prominent in scarring and fibrosis [33]. 
Transdifferentiation of fibroblasts to MFs is a crucial 
event in tumorigenesis. MFs stimulate tumor progres-
sion by stimulating the growth of cancer cells, sustain-
ing angiogenesis, and attenuating cancer cell death. MFs 
also promote invasion and metastasis by proteolysis and 
mechanical propulsive force [34]. MFs are present in the 
stroma of cancers of the breast, kidney, liver, bladder, 
colon, and prostate, and OSCC [35].

Fibroblasts in close proximity to cancer cells are 
called cancer-associated fibroblasts (CAFs). α-SMA- 
expressing myofibroblasts are activated CAFs. Activated 
CAFs can express several molecular markers, includ-
ing α-smooth muscle actin (α-SMA), fibroblast activa-
tion protein-α (FAPα), and fibroblast-specific protein-1 
(FSP-1). CAFs not only produce type I collagen fibers 
but also release lysyl oxidase (LOX) for the cross-link-
ing of fibers that cause matrix stiffness that influences 
 cancer invasion [36].

In OSF, chronic mechanical and chemical irritation 
caused by the areca nut and the alkaloids, respectively, 
induces the production of inflammatory mediators and 
transdifferentiation of mucosal fibroblast to myofibro-
blast [37]. OSF is considered by some to be an exuber-
ant healing process [38]. Transforming growth factor 
(TGF)-β1 stimulates proto-myofibroblasts to express 
α-SMA [39].

There is a significant increase in the intensity of 
α-SMA expression in OSCC compared to normal and 
OSF [34, 35, 40, 41]. Angadi et al., Sarode et al., Gupta 
et al., and Anura et al. report significantly high α-SMA 
in OSF and OSCC compared to normal oral mucosal 
tissues [32–35]. In subjects with OSCC arising in OSF, 
α-SMA is significantly higher in the advanced clinical 
TNM stage and correlates inversely with 3-year patient 
survival. α-SMA expression increases with increasing 
severity of dysplasia and advancing grades of OSF and 
OSCC [41, 42].

15.3.2  Bone Morphogenetic Protein-7 
(BMP7)

Bone morphogenetic protein (BMP) is a member of the 
family of transforming growth factor-β (TGF-β). BMP 
plays an important role in regulating cell proliferation, 
apoptosis, cell differentiation, migration, and invasion 
[43]. BMP7 is a negative modulator of ECM, collagen 
production, and fibrosis induced by TGF-β. BMP7 pre-
vents or reverses fibrosis by reducing pSMAD2 accumu-
lation in the nucleus. Upregulation of profibrotic TGF-β 
and downregulation of antifibrotic BMP7 are important 
events in the pathogenesis of OSF. Khan et al. reported 

this inverse relation in 70% (11/16) of OSF cases and 
found that BMP7 is predominantly localized in the cyto-
plasm and extracellular matrix [43].

15.3.3  CD34

CD34 (human hematopoietic progenitor cell antigen) 
is a 110  kDa transmembrane surface glycoprotein. It 
is expressed on hematopoietic stem cells, endothelium, 
interstitial cells of Cajal, and dendritic cells present in 
the dermis, around blood vessels, and in nerve sheath. 
CD34 is an important marker of tissue vascularization 
and microvascular density in the tissue [44, 45]. CD34 
expression is increased in angiogenesis seen in OSCC 
and during malignant transformation of OSF [45, 46].

Sharma et  al. report that the mean microvascu-
lar density was more in OSF (12.5  ±  4.5) compared 
to normal subjects (3.8  ±  0.5). Mean vascular density 
(MVD) represented by CD34 expression increases in 
the early stage and decreases in the advanced stages of 
OSF [44, 47]. This indicates that there is an increase in 
the number of vessels in the early stage of OSF, which 
decreases in later stages as the severity of fibrosis esca-
lates [48]. CD105 expression increases gradually from 
mild, moderate, and severe dysplasia to OSCC [35].

15.3.4  CD68

CD68 is a pan-macrophage marker. Macrophages 
are derived from circulating monocytes and play an 
important role in innate and adaptive immunity [49]. 
Fibrogenic cytokines secreted by activated macrophages 
are important in fibrotic disorders. In OSF, the continu-
ous contact of areca and its components with the oral 
mucosa causes chronic inflammation and induces macro-
phages and T cells to produce cytokines such as interleu-
kin- 6 (IL-6), tumor necrosis factor (TNF), interferon-α 
(IFN-α), and transforming growth factor- beta (TGF-β). 
Pereira et  al. observed that the mean macrophage cell 
density in the epithelium (13.4 ± 2.9) and subepithelial 
connective tissue (60.9 ± 2.1) of OSF cases was signifi-
cantly higher than that of normal control group (epi-
thelium: 0.1 ± 0.2; connective tissue: 17.3 ± 19.1) [50]. 
An increase in CD68-positive macrophages in OSF may 
be involved in local and systemic upregulation of fibro-
genic cytokines and downregulation of antifibrotic cyto-
kine in the pathogenesis of OSF [49, 50].

The presence of CD68-positive tumor-associated 
macrophages (TAMs) is associated with decreased 
5-year survival rates in several malignancies including 
those of thyroid, lung, liver, and esophagus [51, 52].
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15.3.5  CD105

CD105 (endoglin) is encoded by the gene located on 
chromosome 9q34. It is a hypoxia-induced protein and 
a potential marker for activated endothelial cells. It pro-
motes angiogenesis via TGF-β1 signaling by binding to 
its specific receptor and initiating the Smad pathways. 
CD105 is strongly expressed in the blood vessels of OSF 
and OSCC, with a higher expression in OSCC [35, 41, 
46, 52]. Pammar et al. reported that 12 out of 30 OSF 
cases (40%) showed CD105 positivity, whereas in nor-
mal oral mucosa, only 1 out of 15 cases (6.67%) showed 
positivity for CD105 [46].

15.3.6  CD147

CD147, also termed as extracellular matrix metallopro-
teinase inducer (EMMPRIN), is a highly glycosylated 
transmembrane protein and a member of the immuno-
globulin (Ig) superfamily. It is expressed on the surface 
of epithelial, endothelial, and immune cells. CD147 plays 
a significant role in organ fibrosis of the liver, kidney, 
and lungs. CD147 stimulates matrix metalloproteinase 
production in stromal cells. CD147 expression positively 
correlates with TGF-β1 expression involved in the patho-
genesis of OSF. Wang et al. showed that CD147 staining 
is cytoplasmic and membranous. It is predominantly 
restricted to the lower spinous layer in OSF compared to 
the normal tissue, where it is confined to the basal layer. 
CD147 is upregulated in OSF and is a potential predic-
tor of OSCC progression [53, 54]. The mean levels of 
CD147 and TGF-β1 are significantly lower in early OSF 
than in intermediate/advanced OSF [54].

15.3.7  Collagen

Collagen is a major component of  the extracellular 
matrix that provides tensile strength to the tissue [35, 
55]. In OSF, tissue changes include an increase in insol-
uble collagen deposition and a decrease in collagen 
degradation. Anura et  al. studied the ultrastructural 
features of  collagen in OSF using atomic force micros-
copy (AFM) and showed that the papillary layer of 
OSF had concentrated extracellular matrix with dense 
collagen deposition. The collagen fibrils were closely 
packed in the form of  bundles with collagen hyalin-
ization which was absent in normal tissues. A similar 
change was also observed in the reticular layer of  OSF 
where the thin and thick bundles of  collagen fibrils 
were more tightly packed and arranged in a single pla-
nar direction. The number of  fibroblasts in OSF was 
diminished, and the blood vessels were constricted and 

pushed towards the juxta-epithelial area of  the connec-
tive tissue [35].

Collagen degradation and its decreased synthe-
sis allow invasion of tumor cells through the stroma 
[56]. ECM proteomics reveal that dormant cancer 
cells assemble a type III collagen-enriched ECM niche. 
Tumor-derived type III collagen is required to sustain 
tumor dormancy, as its disruption restores tumor cell 
proliferation through DDR1-mediated STAT1 signal-
ing. Type III collagen levels are increased in tumors 
from patients with lymph node-negative head and neck 
squamous cell carcinoma compared to those with posi-
tive lymph nodes [57].

15.3.8  Connective Tissue Growth Factor 
(CTGF)

Connective tissue growth factor (CTGF) is an extracel-
lular matrix protein of the CCN (Cyr61: cysteine-rich 
protein 61) family of extracellular matrix-associated 
heparin-binding proteins. CTGF is a key regulatory 
molecule involved in cell proliferation, angiogenesis, 
wound healing, and tissue fibrosis [58]. CTGF can sus-
tain fibrotic response even in the absence of the profi-
brogenic TGF-β. CTGF expression in fibrosis has been 
reported in the skin, lung, cardiac, liver, kidney, peri-
toneum, muscle, conjunctiva, and gingiva. It is highly 
upregulated during tissue remodeling such as in wound 
healing, fibrotic disorders, angiogenesis, and EMT [59]. 
Shah et al. report that in their study all the cases of OSF 
(100%; 40/40) overexpressed CTGF with no expression 
in normal mucosa. A gradual increase in expression was 
observed in the epithelium from stage 1 OSF to stage 
4 OSF. CTGF expression showed an increase in CTGF 
expression from normal to OSF to OSCC in OSF. There 
was a statistically significant difference in CTGF con-
nective tissue expression when normal and OSF were 
compared with all well differentiated squamous cell car-
cinoma with or without OSF (p < 0.05) [59].

15.3.9  Decorin

Decorin plays a pivotal role in the extracellular matrix 
assembly and cell cycle regulation [60]. Decorin prevents 
cell proliferation and metastasis of tumor cells by down-
regulating the epidermal growth factor receptor tyro-
sine kinase. Decorin is expressed predominantly in the 
tumor stroma but may be expressed in the cancer cells. 
Cytoplasmic localization of decorin is indicative of neg-
ative regulation of cell proliferation and angiogenesis. 
Its expression is downregulated from OPMDs (OSF and 
leukoplakia) to OSCC [60]. Cytoplasmic decorin func-
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tions as a natural inhibitor of angiogenesis, which may 
have clinical application in the development of antian-
giogenic therapy. Nayak et al. report that in their study, 
expression of decorin in the epithelium was greater in 
OSF (69%; 20/29) compared to OSCC (5.6%; 6/108) 
and normal controls (38.5%; 20/52). The connective tis-
sue associated with the dysplastic epithelium showed 
lower expression in OSF (65.5%; 19/29) cases compared 
to OSCC (56.5%; 61/108) and normal subjects (98.1%; 
51/52) [60].

15.3.10  Fibroblast Growth Factor (FGF) 
and Its Receptors (bFGF, FGF2, 
FGFR2, and FGFR3)

Fibroblast growth factors (FGFs) are heparin-binding 
proteins that interact with cell surface-associated hepa-
ran sulfate proteoglycans. They promote epithelium- 
connective tissue signaling and regulate the growth and 
differentiation of a wide variety of tissues including epi-
thelium [61]. The FGF receptor family constitutes four 
members, which include FGFR-1, FGFR-2, FGFR-
3, and FGFR-4. FGF-2 induces angiogenesis, and its 
receptors influence collagen formation, and it is involved 
in the invasion of cancer cells and the proliferation of 
fibroblasts around cancer cells. Nayak et  al. observed 
that FGF-2, FGFR-2, and FGFR-3 were upregulated in 
OSF (FGF-2: 3%, 9/29; FGFR-2: 24%, 7/29; FGFR- 3: 
38%; 11/29), leukoplakia (FGF-2: 32.6%, 14/43; FGFR-
2: 39.5%, 17/43; FGFR-3: 41.9%; 18/43), and OSCC 
(FGF-2: 5.1%, 53/108; FGFR-2: 57.4%, 62/108; FGFR-
3: 8%; 81/108) [61]. Pandiar et al. studied mean vascular 
density (MVD) using bFGF and observed that MVD 
in controls, stage 2 OSF, stage 3 OSF, stage 4 OSF, OSF 
with dysplasia, and OSF turning malignant was 32.5, 
15.6, 14, 14.5, 11, and 34, respectively. The difference in 
MVD between cases and controls was statistically sig-
nificant (P-value 0.000) [45].

15.3.11  Fibronectin

Fibronectin is a multifunctional glycoprotein expressed 
by fibroblasts during development and wound healing. 
It is an extracellular matrix (ECM) component that is 
organized in a fibrillary network. It exists in a soluble 
form produced by the hepatocytes, which is a major 
component of blood plasma and a less soluble cellu-
lar form synthesized by the fibroblasts, as a component 
of ECM [62, 63]. Fibronectin regulates cell adhesion, 
migration, growth, and differentiation [59]. It binds to 
integrin receptors of the cell surface and is a key player 
in the communication between the intra- and the extra-
cellular environment [63].

Remodeling of ECM is associated with increased 
production of perlecan, tenascin, fibronectin, and col-
lagen type III in early stages of OSF [64]. Fibronectin 
in tumor stroma correlates with poor prognosis or 
aggressive phenotypes of colorectal cancer, urothelial 
carcinoma, breast cancer, and OSCC. Anura et al. have 
reported that in normal mucosa, fibronectin was pres-
ent throughout the subepithelium with high intensity 
near blood vessels and below the basement membrane. 
However, their expression was diminished in OSF [35].

15.3.12  Hypoxia-Inducible Factor (HIF)

HIFs are transcription factors that mediate the adaptive 
responses to hypoxia. HIFs are involved in carcinogen-
esis through regulation of genes involved in angiogen-
esis and glycolytic metabolism. HIFs are involved in the 
malignant transformation of epithelia in the breast and 
prostate and show marked upregulation in OSF [65, 66].

HIF-1α is a transcription factor that binds specifi-
cally to a 5-RCGTG-3 hypoxia response element on the 
promoter region of various hypoxia-inducible genes. It is 
involved in angiogenesis, oxygen transport, iron metabo-
lism, glycolysis, glucose uptake, growth factor signaling, 
apoptosis, invasion, and metastasis. Increased fibrosis 
and reduction of vascularity result in hypoxia and over-
expression of HIF-1α in OSF [66, 67]. HIF-1α is associ-
ated with the upregulation of various growth factors that 
promote tumor progression such as vascular endothelial 
growth factor (VEGF), TGF-β, fibroblast growth fac-
tor (FGF), platelet-derived growth factor (PDGF), and 
epidermal growth factor receptor (EGFR). [66] HIF-1α 
expression is significantly increased in OSF and OSCC 
with OSCC showing a greater expression than OSF [68].

Tilakaratne report that in their study, 17 of 48 cases 
(35.4%) of OSF cases with dysplasia showed positive 
expression of HIF-1α. Twenty-two (45.8%) cases of 
OSF without dysplasia did not express HIF-1α in the 
epithelium, while nine cases (18.8%) without dysplasia 
showed mild positivity [66].

HIF-2α (also called EPAS1/HRF/HLF/MOP2) is 
a mammalian basic helix-loop-helix per-aryl hydro-
carbon receptor nuclear translocator (ARNT)-Sim 
(bHLH- PAS) protein similar to HIF-1α. Both HIF-1α 
and HIF-2α are related structurally, sharing 48% of 
overall amino acid identity. HIF-2α is expressed promi-
nently in vascular endothelial cells during embryonic 
development, liver hepatocytes, kidney fibroblasts, epi-
thelial cells of intestinal lumen, pancreatic interstitial 
cells, interstitial cells of heart myocytes, and lung type II 
pneumocytes. Further, it has been shown to be expressed 
in vascular cells, parenchymal cells, and infiltrating 
macrophages in the tumor microenvironment. HIF-2α 
binds to ARNT, and its function is to transactivate the 
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hypoxia-responsive genes, that target erythropoietin and 
VEGF and may have an important role in tumorigen-
esis [65]. Joseph et al. reported varying intensities in the 
expression of HIF-2α in OSF. Mild and moderate inten-
sities of HIF-2α were observed in 45% (5 of 11) and 
55% (6 of 11) of cases. The mean labeling index in OSF 
(11 ± 19.2) was lesser than normal mucosa (12.2 ± 24.1), 
but not statistically significant [65].

15.3.13  Mast Cell Tryptase and Mast Cell 
Chymase

Mast cells (MCs) are immune cells of myeloid lineage 
found in the connective tissue throughout the body. In 
response to immunological/non-immunological stimuli, 
they release inflammatory mediators, which degrade 
the connective tissue matrix and facilitate neovascular 
sprouts and tumor angiogenesis [27, 69].

MCs when activated secrete profibrotic cytokines 
such as TGF-β, FGF, PDGF, interleukin-1 and -6, and 
TNF-α, which are known to cause fibrosis of lungs, 
liver, skin, and kidney. Yadav et  al. showed that early 
OSF shows a significant increase in the number of 
tryptase-positive MCs subepithelially and deeper distri-
bution of tryptase- positive MCs in OSCC and advanced 
stages of OSF. Sabarinath et al. have shown an increase 
in mean mast cell density from normal mucosa to dif-
ferent grades of OSF [69]. However, the total mast cell 
count was found to be lesser in OSF (8.10) compared to 
normal oral mucosa (11.68). The mean mast cell trypt-
ase- and chymase-positive cells in OSF were 4.9 and 
3.7 in subepithelial and deeper OSF tissues, respectively, 
which was less than that in normal mucosa (subepithe-
lial 9.8 and deep 6.2) [27].

15.3.14  Matrix Metalloproteinase (MMP; 
MMP-1, MMP-13)

Matrix metalloproteinases (MMPs) are zinc- and 
calcium- dependent endopeptidases that degrade extra-
cellular matrix [55] and along with tissue inhibitors of 
MMPs (TIMPs) play an essential role in the remodeling 
of the extracellular matrix [70]. MMPs are involved in 
wound healing, tissue inflammation and degeneration, 
tumor growth, and metastasis.

MMPs are produced by fibroblasts, macrophages, 
and neutrophils. MMPs include interstitial collagenases, 
gelatinases, stromelysin, and membrane-bound MMPs. 
An imbalance between MMPs and TIMPs results in 
conditions with abnormal matrix turnover, such as 
keloid, OSF, gingival overgrowth, and plantar fibroma-
tosis. Elevated MMP-13 levels have been reported in sev-

eral malignancies and correlate with the clinical course 
of cancer and its prognosis [55]. Mishra et al. reported 
an increase in staining intensity of MMP-1 in the epi-
thelium (40%; 12 of 30) and connective tissue (43.3%; 
13 of 30) of OSF patients compared to the normal sub-
jects (epithelium: 20%, 2 of 10; connective tissue: 10%, 
1 of 10) [71]. Illeperuma et al. found that only 21.1% (9 
of 42) OSF cases showed over 70% MMP-1 expression 
compared to the 77.8% (6 of 8) normal cases [72].

15.3.15  Tissue Inhibitors of Matrix 
Metalloproteinases  
(TIMPs; TIMP-1, TIMP-2)

Tissue inhibitors of metalloproteinases (TIMPs), a 
multigene family, regulate MMPs that degrade the 
extracellular matrix. The balance between MMPs and 
TIMPs is important for the maintenance of extracellu-
lar matrix organization [72]. MMP-2 and TIMP-2 levels 
increase with progressing stages of OSF [70]. Shrestha 
et al. observed a heterogeneous pattern of staining of 
MMP-2 and TIMP-2  in OSF.  Out of 14 early-stage 
cases of OSF, MMP-2-positive expression was seen in 
64.2% (9 of 14) and TIMP-2 in 78.5% (11 of 14), both in 
the epithelium and connective tissue. All 16 moderately 
advanced-stage OSF expressed positive immunostain-
ing to MMP-2 and TIMP-2, both in the epithelium and 
connective tissue [70].

15.3.16  N-Cadherin (N-Cad)

N-Cad is a member of  the calcium-dependent adhe-
sion molecule family of  classical cadherins. They are 
expressed in neural cells, endothelial cells, stromal cells, 
and osteoblasts. They mediate homotypic and hetero-
typic cell-cell adhesion and play a significant role in cell 
motility. The hallmark of  EMT is the upregulation of 
N-Cad followed by the downregulation of  E-cadherin. 
Das et al. studied EMT markers in 55 OSF cases (25 
OSF without dysplasia and 30 OSF with dysplasia) 
and in normal oral mucosa and reported that in OSF, 
N-Cad along with TWIST was overexpressed in the 
basal layer of  epithelium and has a role in facilitating 
EMT [73].

15.3.17  Osteopontin

Osteopontin, a major sialoprotein of the extracellular 
matrix, binds to calcium and functions in the early-stage 
mineralization of bone and dentin. It is an important 
component of type 1 immunity, and it mediates angio-
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genesis and inhibits apoptosis in soft tissues. It contains 
Arg-Gly-Asp (RGD) sequence, which binds certain 
integrins (αvβ1, αvβ3, αvβ5) and influences cell migra-
tion. Expression of osteopontin has been reported in 
lung, esophagus, breast, and salivary gland tumors and 
their metastasis. Routray et al. report that, osteopontin 
expression was decreased in OSF with positive expres-
sion in 35% (14 of 40) cases and increased in OSCC 
compared to normal oral mucosa with positive expres-
sion in 60% (12 of 20) cases [74].

15.3.18  Podoplanin

Human podoplanin is a 38 kDa type 1 transmembrane 
sialomucin-like glycoprotein consisting of  162 amino 
acids. It is an IHC biomarker for lymphatic endothelial 
cells [75]. Podoplanin is expressed in a wide variety of 
normal as well as tumor cells. It remodels actin in the 
cytoskeleton of  tumor cells, causing increased motil-
ity of  tumor cells, facilitating invasion. Podoplanin is 
also expressed in the epithelial cells of  oral dysplas-
tic and hyperplastic lesions, which have an increased 
risk of  malignant transformation [76]. Its expression 
gradually increases with increasing grades of  dysplasia 
in OSF [75]. Deepa et al. reported that 90% (18 of  20) 
cases of  OSF had positive expression of  podoplanin 
[76].

15.3.19  S100A4

S100A4 is a member of the S100 calcium-binding protein 
family, also termed metastasin (Mts1), pEL-98, 18A2, 
42A, p9Ka, CAPL, calvasculin, and fibroblast- specific 
protein. It is involved in the regulation of cell prolifera-
tion and differentiation, apoptosis, calcium homeosta-
sis, and energy metabolism. S100A4 is involved in liver 
fibrosis, kidney fibrosis, pulmonary fibrosis, and cardiac 
fibrosis. S100A4 is found to be increased in OSF.  Yu 
et al. reported that 83% (25 of 30) of OSF cases showed 
a strong positive expression of S100A4 compared to 
normal buccal mucosa, which exhibited weak positivity 
in 80% (8 of 10) cases [77]. Tumor cells acquire inva-
sive phenotype following downregulation of E- cadherin 
by S100A4. S100A4 protein also contributes to tumor 
angiogenesis by stimulating the motility of endothelial 
cells [78].

15.3.20  Syndecan-1

Syndecan-1 is a transmembrane proteoglycan with three 
extracellular attachment sites. The primary core pro-
tein consists of four different syndecans: syndecan-1, 

-2, -3, and -4. It participates in cell-to-cell and cell-to-
matrix interaction. Aberrant expression or function of 
syndecan- 1 has been implicated in tumor development, 
tumor cell differentiation, invasion, and metastasis. 
Syndecan- 1 expression is mild in basal layer, strong in 
spinous and granular layer, and almost absent in the 
uppermost layer. Kamat et  al. showed that 70% (7 of 
10) of OSF tissue showed strong immunostaining and 
30% (3 of 10) showed intermediate immunostaining for 
syndecan-1 [79].

15.3.21  Tenascin-C

The principal extracellular matrix glycoproteins are 
fibronectin, tenascin, and undulin. Tenascin is syn-
thesized by fibroblasts, muscle cells, and epithelial 
cells. Several isomers of tenascin are differentially 
expressed during embryogenesis and tumorigenesis [80]. 
Tenascin is upregulated in inflammation, tissue repair, 
and OSF.  Immunohistochemical staining intensity of 
tenascin- C decreases from early to advanced stages of 
OSF [80]. Tak et al. report that among early OSF cases, 
90% exhibited both bright and continuous deposition 
of tenascin as a band at the epithelial-connective tissue 
junction (ECJ). In moderate OSF cases, the tenascin 
band at ECJ was bright in 80% and continuous in 70% 
of the sections. In OSF sections of advanced grade, 90% 
sections showed weak, discontinuous tenascin deposi-
tion at ECJ [80].

Secretion of tenascin is induced by TGF-β. Tenascin 
is present in the blood vessel walls in moderate and 
advanced stages of OSF and around the plump endo-
thelial cells (new vascular channels) in the early phase 
of OSF [80–82]. Increased deposition of tenascin has 
been reported in the tumor stroma of epithelial malig-
nancies including those arising from the breast, uterus 
(both the cervix and body), ovary, prostate, pancreas, 
colon, stomach, oral cavity, larynx, lung, urinary tract, 
and skin [83].

15.3.22  Transforming Growth Factor-Beta 
(TGF-β; TGF-β1, TGF-β2)

TGF-β is a profibrotic growth factor that increases 
the synthesis of  collagen and decreases the degra-
dation of  collagen. It has a pivotal role in extracel-
lular matrix organization [69, 81]. TGF-β stimulates 
fibroblast proliferation, fibrosis, and scar formation. 
TGF-β is an important factor in chronic fibrosis of 
many organs, including lung, kidney, liver, or skin. 
A significant increase in TGF-β expression is seen in 
OSF [50, 69, 84, 85]. Ileperuma reported increased 
TGF-β1 expression in 71% of  OSF cases (30 of  42) 
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[72]. TGF-β1 expression increases as OSF progresses 
showing more than 70% connective tissue expres-
sion in intermediate and advanced stages [72]. TGF-β 
controls several  functions of  the cells involved in the 
fibrotic tissue and tumor microenvironment. It pro-
motes myofibroblast differentiation, favors recruit-
ment of  immune cells, inhibits the anti-tumor immune 
responses, and regulates epithelial and endothelial 
cell differentiation [72].

15.3.23  Transglutaminase-2 (TGM-2)

Tissue transglutaminases include a family of  calcium- 
dependent enzymes that catalyze the formation of 
γ-glutamyl cross-links. These proteins serve as tis-
sue scaffolds, maintain membrane integrity, regulate 
cell adhesion, and modulate signal transduction [86, 
87]. TGM-2 cross-links extracellular collagen and 
fibronectin, making them more resistant to degrada-
tion, and promotes fibrosis in kidney, liver, lung, and 
cyclosporine A-induced gingival overgrowth [84]. In 
a Taiwanese study of  40 OSF and 10 normal muco-
sal tissues, transglutaminase expression was signifi-
cantly higher in OSF specimens compared to normal 
specimens (p  <  0.005). TGM-2 is observed mainly 
in the cytoplasm of  fibroblasts in OSF specimens. 
Fibroblasts derived from OSF exhibit higher TGM-2 
expression than Buccal mucosal fibroblasts in protein 
levels (p < 0.05) [88].

15.3.24  TWIST

The TWIST1 gene encodes for a transcription factor 
containing a basic helix-loop-helix (bHLH) domain 
that binds the Nde1 E-box element that activates 
or represses multiple genes. It is important in early 
embryogenesis for mesoderm specification and dif-
ferentiation [73, 89]. TWIST1 promotes EMT by 
repressing E-cadherin expression. It is associated 
with aggressive breast cancer, hepatocellular carci-
noma, and cancer of  prostate, stomach, esophagus, 
bladder, and pancreas. TWIST1 can override onco-
gene-induced cell senescence and apoptosis, augment 
cancer cell resistance to chemotherapy, enhance can-
cer stem cell (CSC) population, and promote cancer 
cell invasion and metastasis. Das et al. reported that 
TWIST gene expression was upregulated in OSF with 
dysplasia (n = 30) compared to OSF without dyspla-
sia (n = 25) and normal subjects (n = 16) (p < 0.0001) 
[73, 89].

15.3.25  Vascular Endothelial Growth Factor 
(VEGF)

Vascular endothelial growth factor (VEGF), also known 
as vascular permeability factor (VPF), plays a vital role 
in the regulation of blood and lymphatic vessel develop-
ment and homeostasis. They promote vascular develop-
ment by endothelial cell proliferation. VEGFs and their 
receptors, VEGFR 1 and VEGFR 2, are essential mol-
ecules in the development of vasculature [46].

VEGF expression is significantly increased in OSF 
and OSCC [28, 46]. VEGF significantly increases with 
increasing grades of dysplasia in OSF. It has been sug-
gested that serum VEGF levels may be a surrogate 
marker for tissue expression of VEGF [28]. There is a 
positive correlation between deregulated expression of 
E-cadherin and increased VEGF expression in OSF, 
and this increases with increasing grades of dysplasia 
[90]. Tumor angiogenesis and expression of VEGF are 
important prognostic factors in OPMDs and OSCC 
[91]. Nirmal et  al. observed a statistically significant 
increase in MVD from OSF without any epithelial dys-
plasia (23.2  ±  9.4) to OSF with evidence of epithelial 
dysplasia (24.0 ± 8.3) and OSF cases with either micro-
invasion or invasion (38.9 ± 5.1) [91].

15.3.26  Vimentin

Vimentin is a type III intermediate filament protein of 
mesenchymal cells with a molecular weight of 54 kDa. 
It is involved in the regulation of cell attachment, migra-
tion, cell signaling, and tumor metastases [92]. Nayak 
et  al. and Sharma et  al. reported an upregulation of 
vimentin expression in OSF and an increase in OSCC 
compared to OSF [43, 89]. A significant increase in 
vimentin expression is seen in mild and severe dysplasia 
in OSF [93]. The tissue localization of vimentin espe-
cially in the invasive fronts of the tumor stroma has bet-
ter prognostic value rather than their cellular expression 
levels [93].

15.4  Proliferative, Apoptosis, 
and Senescence Markers

15.4.1  Bax

The pro-apoptotic protein, Bax, plays an important 
role in defense against oncogenic events as it medi-
ates  apoptosis in response to genotoxic stress. Bax is 
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expressed in normal epithelium. It has been shown that 
Bax can bind to Bcl-2, resulting in the inactivation of 
the anti- apoptotic action of Bcl-2. Bax expression is 
reported to increase in OSF and OSCC compared to 
normal subjects. OSCC has a greater expression of Bax 
compared to OSF. Ranganathan et al. reported that the 
staining intensity for Bax in the suprabasal layer showed 
significant difference between normal, OSF, and cancer. 
56% (28 of  50) of  OSF cases showed no suprabasal Bax 
immunoreactivity compared to no expression in 20% (2 
of  10) of  normal cases. The absence of  Bax in the supra-
basal region in OSF may be an indicator of  abnormal 
proliferation, predisposing to malignant transforma-
tion [94, 95].

15.4.2  Budding Uninhibited by 
Benzimidazole-Related 1 (BUBR1)

BUBR1 protein is a key component of the spindle 
assembly checkpoint (SAC) machinery, which restrains 
cells from entering anaphase until all chromosomes are 
attached to bipolar spindles. BUBR1 gene expression is 
usually undetectable in normal tissue [96]. Hseigh et al. 
reported an overexpression of BUBR1 in OPMDs com-
pared to normal oral mucosa. BUBR1 staining was not 
detected in any samples of normal oral mucosa (9 of 
9); in contrast, cytoplasmic BUBR1 staining with occa-
sional nuclear staining was detected at suprabasal layer 
of 63% (12 of 19) of OSF cases. Upregulation of BUBR1 
expression has been reported in OSF and OSCC. OSCC 
cases show a greater expression of BUBR1 compared 
to OSF [93]. Overexpression of BUBR1 in OSCC cells 
results in chromosome mis-segregation during mitosis, 
contributing to genomic instability. Overexpression of 
BUBR1 is also associated with loss of heterozygosity 
(LOH) and aneuploidy due to weakened SAC activity, 
which is implicated in tumor initiation in the colorectum, 
urinary bladder, breast, lung, and head and neck [97].

15.4.3  Caspases

Cell apoptosis is initiated by the stimulation of one of 
the two distinct pathways: the intrinsic death receptor- 
independent pathway and the extrinsic death receptor- 
dependent pathway. Both the pathways require the 
sequential functioning of cysteine proteases known as 
caspases [98].

Caspases cleave many vital cellular proteins and 
degrade the nuclear scaffold and cytoskeleton. Activated 
caspase-3 is the main executor of apoptosis. A difference 
in the localization pattern of caspase-3 was reported 
by Zhu et al. In normal oral mucosal tissues, caspase- 

3- positive cells were mainly present in the spinous and 
granular layers and were minimally expressed in the 
basal layer. However, caspase-3 expression levels were 
expressed in the basal layer in OSF epithelial tissues [99]. 
Caspase-3 expression in OSF epithelial tissues is signifi-
cantly higher than that of normal oral mucosal tissues, 
and its expression increases with advancing stages of 
OSF [99, 100].

15.4.4  C-Jun

Human c-Jun is a 3.1  kb intron-less proto-oncogene 
localized on chromosome region 1p31–32. c-Jun is 
essential for the progression of cells through the G1 
phase of the cell cycle. It exerts direct transcriptional 
control on the cyclin D1 gene, which provides a molecu-
lar link between growth factor signaling and cell cycle 
proteins regulating G1 progression [101, 102].

In OSF, there is persistent induction of the c-Jun 
proto-oncogene by areca nut alkaloids leading to an 
increase in its expression [103]. Dysregulated activation 
and aberrant expression of c-Jun have been observed in 
several human neoplasms including the malignant trans-
formation of OPMDs. In a study by Shraddha et  al., 
the average nuclear labeling index (LI) of c-Jun expres-
sion in normal, OSF, epithelial dysplasia, and OSCC 
was 35.0%, 35.6%, 89.1%, and 83.3%, respectively. The 
nuclear positivity for c-Jun was expressed in all the cases 
of OSF (15 of 15). Nuclear staining was predominantly 
in basal and parabasal layers [102].

15.4.5  Mesenchymal-Epithelial Transition 
Factor (c-Met)

c-Met plays a crucial role in morphogenic organization 
during embryogenesis. It controls cell migration and 
proliferation necessary for tissue repair [104, 105]. c-Met 
is the only known high-affinity receptor for hepatocyte 
growth factor (HGF) [103]. Bazarsad et  al. demon-
strated a significant increase in the expression of c-Met 
in OSF and OSCC arising from OSF and in the trans-
formation of normal mucosa to epithelial dysplasia and 
OSCC (p = 0.03). c-Met expression was undetectable in 
the normal mucosa. Sixteen (51.6%) of 31 OSF samples 
without transformation exhibited the same expression 
pattern as that of the normal mucosa. In contrast, all 
cases of OSF with transformation showed a definite cyto-
plasmic staining in the basal and suprabasal layers [105]. 
The HGF/c-Met signaling pathway promotes prolifera-
tion, migration, survival, angiogenesis, and  invasion in a 
broad range of human solid tumors, including ovarian, 
stomach, lung, breast, liver, and brain tumors [103].
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15.4.6  C-Myc

c-Myc is a helix-loop-helix motif-containing transcrip-
tion factor that regulates cellular proliferation, dif-
ferentiation, cellular metabolism, and apoptosis [106, 
107]. c-Myc and p53 function together to maintain tis-
sue homeostasis by balancing cell proliferation, apop-
tosis, and differentiation [107]. c-Myc expression has 
been reported in the epithelium of OSF with dysplasia. 
Anura et al. observed that deregulated c-Myc expression 
in the dysplastic epithelium in OSF indicates impaired 
epithelial differentiation, improved proliferative poten-
tial, and potential for oncogenic transformation. They 
also showed that in normal oral mucosa, c-Myc was 
faintly expressed in the nucleus of basal and parabasal 
layers of epithelium, whereas the proliferative layer of 
OSF showed c-Myc positivity in nuclei with high inten-
sity. c-Myc-positive nuclei were detected diffusely in 
OSF with hyperplastic epithelium and OSF with dys-
plasia [107]. c-Myc also mediates activation of TGF-β1, 
MMP- 9, insulin receptor, and insulin-like growth factor 
1 receptor, which is essential for cell proliferation, anti- 
apoptosis, and invasion of oral cancer cells [108].

15.4.7  Cyclin D1

Cyclins are a group of proteins responsible for the 
activation of cell division transitional points. Protein 
kinases called cyclin-dependent kinases (CDKs) exert 
their enzymatic activity in the presence of cyclins. The 
activation of specific cyclin-CDK complex results in a 
cascade of protein phosphorylation that is required for 
cell cycle progression [109]. Cyclin D1, expressed in the 
G1-S phase of the cell cycle, plays an important role in 
apoptosis. Cyclin D1 along with its CDK partners, CDK 
4 and 6, acts on the E2F transcription factor enabling the 
cells to enter the S phase [93]. Bazarsad et al. reported 
that proliferating index of cyclin D1 was 4–9% in nor-
mal mucosa and most cases of OSF showed no positive 
expression of cyclin D1 [105]. There is increasing evi-
dence that aberrant activity of cell cycle proteins, cyclins, 
plays a critical role in head and neck neoplasms [105].

15.4.8  Fragile Histidine Triad Protein (FHIT)

The human fragile histidine triad (FHIT) gene is a puta-
tive tumor suppressor gene located at chromosome 
3p14.2. FHIT is a member of histidine triad (HIT) 
proteins, which includes a small family of nucleotide- 
binding and hydrolyzing proteins [110]. It acts as a 
genome caretaker by regulating cellular DNA repair. 
FHIT loss leads to replicative stress and accumulation 
of double-strand breaks in DNA [111]. The deletion or 

loss of its transcription has been observed in head and 
neck, gastrointestinal, cervical, lung, breast, kidney, and 
hematopoietic tumors [110]. Xiaomin et al. found that 
the FHIT expression significantly decreases in OSF and 
OSCC arising in a background of OSF (p < 0.05), sug-
gesting that downregulation of FHIT in OSF may have 
a role in malignant transformation [112].

15.4.9  Human Telomerase Reverse 
Transcriptase (hTERT)

Telomeres are nucleoprotein complexes present at 
the ends of the chromosome, consisting of multiple 
TTAGGG repeats. Normal cells have limited replicative 
potential due to the shortening of the telomeres during 
successive replication. Telomerase is a specific enzyme 
that prevents the shortening of telomeres. Telomerases 
have a catalytic subunit hTERT (human telomerase 
reverse transcriptase) and an RNA unit (hTR). hTR 
expression is found to be positive in most of the cells, 
rendering it nonspecific for assessing telomerase activ-
ity. Higher expression of hTERT has been observed 
in germ cells, embryonic cells, as well as cancer cells. 
Upregulation of telomerase activity is reported in OSCC 
as well as OPMDs [113].

Raju et  al. observed that the mean labeling score 
of hTERT in OSF was 6.2 ± 1.9, which increased with 
advancing histologic grade. Thirty percent (6 of 20) cases 
of OSF displayed a mild staining intensity, and 70% (14 of 
20) cases showed moderate staining intensity. Combined 
nuclear and cytoplasmic hTERT staining was observed in 
85% (17/20) cases, and the remaining 3 cases showed cyto-
plasm staining. Eighty-five percent of the cases showed 
expression throughout the thickness of the epithelium, 
and the rest displayed expression restricted to basal and 
suprabasal layers. Early OSF shows a weak-to-moder-
ate positive hTERT expression restricted to the basal 
and suprabasal layers. Moderately advanced OSF and 
advanced OSF show moderate nuclear and cytoplasmic 
expression throughout the  epithelium [113]. OSCC shows 
a significant increase in hTERT expression compared 
to OSF and normal oral mucosa [113, 114]. Increased 
hTERT expression is associated with E-cadherin reduc-
tion and upregulation of vimentin and EMT transcrip-
tion factors such as Slug and TWIST1 [115, 116].

15.4.10  Insulin-Like Growth Factor II mRNA-
Binding Protein 3 (IMP3)

IMP3 is an oncofetal protein that promotes tumor cell 
proliferation, invasion, and metastasis [117]. In a Sri 
Lankan study including 36 OSF tissue specimens, IMP3 
is found to be significantly increased in OSF compared 
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to normal mucosa (p < 0.05) [105]. IMP3 is specific for 
malignant and potentially malignant conditions and is 
not found in benign pathologies [118].

15.4.11  Ki67

Ki67 is a specific and sensitive biomarker of  cell pro-
liferation, active in all phases of  the cell cycle (G1, S, 
G2, M phase only) [94]. Ki67 expression is increased 
in OSF with and without dysplasia [41, 94, 119]. 
Ranganathan et  al. observed a progressive increase 
in the mean labeling index of  Ki67 from normal 
(5.3 ± 3.6) to OSF (19.1 ± 7.6) to OSCC (29.1 ± 8.8) 
tissues [94]. Gadbail et al. reported an increase in the 
expression of  Ki67 from healthy mucosa to oral epi-
thelial dysplasia and OSCC. In OSCC arising in OSF, 
Ki67, CD105, and α-SMA are significantly higher in 
the advanced clinical TNM stage and are associated 
with poor prognosis [41].

15.4.12  Microtubule-Associated Protein 
Light Chain 3 (LC3)

LC3, a human homolog of yeast Atg8, is an essential 
component of autophagy. LC3 plays an important 
role in degradation pathways in which components 
of autophagy are coupled with phagocytosis by LC3- 
associated phagocytosis (LAP) [120]. There is increase 
in LC3 expression with increasing severity of OSF. Zhu 
et  al. found a difference in the localization pattern of 
LC3 in OSF and normal subjects. In normal oral muco-
sal tissues, LC3 was mainly present in the spinous and 
granular layers and was minimally expressed in the basal 
layer. However, in OSF, its expression was elevated in 
the basal layer [99, 121]. High expression of LC3 has 
also been reported in esophageal, gastric, and pancreatic 
cancers [122].

15.4.13  Mouse Double-Minute 2 Homolog 
(MDM2)

MDM2 protein is the primary negative regulator of p53 
protein. MDM2 maintains the stability of the p53 sig-
naling pathway by ligating the p53 protein through its E3 
ubiquitin ligase. Ubiquitinated p53 is transferred to the 
cytoplasm and degraded by proteasomes [123]. Xiaomin 
et al. reported an overexpression of MDM2 expression 
in OSF and OSCC-OSF compared to healthy mucosa 
(p  <  0.05) [112]. MDM2 amplification is observed in 
many human malignancies, including lung cancer and 
colon cancer [124].

15.4.14  p16

p16 is a tumor suppressor gene that inhibits cyclin- 
dependent kinase 4A. In normal conditions, it serves to 
regulate the cells passing through G1 to S phase of the 
cell cycle [125]. An increase in p16 protein expression has 
been reported in OSF and OSF with dysplasia. Bazarsad 
et al. studied p16 expression in OSF undergoing malig-
nant transformation. High expression was detected in 
40% (2 of 5) OSF samples with transformation compared 
to normal mucosa [105]. A similar finding was reported 
by Sudhakaran et al. where an overexpression of p16 was 
seen in OSCC arising in OSF compared to normal mucosa 
and OSF without malignant transformation [125].

15.4.15  p53

p53 is a tumor suppressor encoded by the gene TP53 
located on the short arm (p) of chromosome 17. p53 
protein prevents the accumulation of genetic damage in 
cells, either by allowing for repair of the damage before 
cell division or by causing the death of the cell [126].

Mutations in p53 impair the ability of the cells to 
repair and undergo apoptosis in response to DNA dam-
age, which leads to uncontrolled cell growth in OPMD 
and malignancies [105]. Ranganathan et al., Varun et al. 
and Humanyun et  al. report a significant increase in 
mutated p53 expression in OSF, OSF with dysplasia, 
and OSCC, suggesting that p53 in the malignant trans-
formation of OSF to OSCC [94, 105, 126, 127].

15.4.16  p62

p62, an autophagy marker protein, is associated with 
different ubiquitin-tagged cargos which are degraded 
by autophagosome/lysosome fusions [128]. As p62 is 
constantly degraded in autolysosomes, it is a reliable 
marker to monitor autophagic flux. A decrease in p62 is 
observed as OSF progresses in severity. A difference in 
the localization of p62 was observed between the OSF 
tissue and normal mucosa. p62-positive cells were found 
in the entire epithelial layer of the normal oral mucosa, 
but were restricted to the basal layer in advanced stage 
of OSF [99]. Cytoplasmic p62 is higher in OSCC cells 
than normal oral mucosa [128].

15.4.17  p63

p63 gene, a member of the p53 family, is located on 
chromosome 3q27–29. It has a transactivation domain 
at N-terminal, a core DNA-binding domain, and an 

 K. Ranganathan and K. Loganathan



243 15

oligomerization domain at the carboxy-terminal. p63 
protein is essential for maintaining the turnover and 
regulation of epithelial cell maturation [129]. p63 along 
with its promoter variants/isoforms (TA and ΔN p63) 
and splice variants (i.e., α, β, and γ) plays a vital role in 
the development and maintenance of the stratified epi-
thelia [51, 73, 90, 127]. The p63 gene is frequently altered 
in epithelial dysplasia and OSCC [94]. Upregulation of 
p63 has been reported in OSF and OSCC with OSCC 
showing a greater expression compared to OSF [48, 51, 
73, 127, 128]. p63 expression is seen in basal and supra-
basal layers of all cases of OSF. Sinha et al. and Varun 
et al. found a significant increase in mean labeling index 
of p63 in OSF compared to normal subjects [124, 126]. 
Das et  al. also demonstrated that p63 expression pro-
gressively increases in OSF with advancing grades of 
dysplasia (% of p63-positive nuclei: normal: 80.8 ± 64.2, 
OSF with mild: 80.8 ± 64.2, moderate: 93.5 ± 69.9, and 
severe dysplasia: 99.2 ± 62) [7, 27, 48].

15.4.18  Proliferating Cell Nuclear Antigen 
(PCNA)

PCNA, a 36 kDa acidic nuclear protein, and cofactor 
of DNA polymerase, plays an important role in DNA 
synthesis, DNA repair, cell cycle progression, and cell 
proliferation. An increase in PCNA expression occurs 
during the S phase and declines during the G2/M phase 
of the cell cycle. It is found in the nucleus of both nor-
mal and proliferating cells undergoing transformation, 
but not in resting cells [130].

PCNA is involved in DNA excision repair, and its 
expression increases following DNA damage induced 
by areca quid components [130]. PCNA expression is 
elevated in OSF and OSCC. Kaur et al. and Illeperuma 
et al. observed an increase in PCNA expression in OSF 
compared to normal oral mucosa [72, 131]. PCNA 
expression correlates with prognosis and survival in 
several malignancies including colorectal cancer, breast 
cancer, and OSCC [131].

15.4.19  Polo-Like Kinase (PLK)

PLK1, a member of the serine/threonine protein kinase 
family, is a pivotal regulator of the cell cycle and is 
involved in centrosome maturation, regulation of 
anaphase- promoting complex, and bipolar spindle for-
mation. PLK1 is expressed in highly proliferative tissues 
such as developing embryos, testis, thymus, and spleen 
[132, 133].

Aberrant PLK1 function in human cells leads to pro-
metaphase/metaphase-like arrest. PLK inhibitors induce 

mitotic chaos and severely disrupt cell cycle progression, 
resulting in cancer cell death [114]. The overexpression 
of PLKs is observed in human tumors but is seldom 
seen in healthy, non-dividing cells. Vittal et al. reported 
that 10% (3 of 30) cases of OSF showed positive expres-
sion of PLK1 and about 90% (27 of 30) OSCC cases 
showed positive PLK1 expression [133]. Dysregulation 
of PLK1 is reported in various types of human cancers 
such as glioma, thyroid carcinoma, head and neck squa-
mous cell carcinoma (HNSCC), melanoma, colorectal 
cancers, esophageal carcinoma, ovarian carcinoma, 
breast cancer, and prostate cancer [134].

15.4.20  Phosphatase and Tensin Homolog 
Deleted on Chromosome 10 (PTEN)

PTEN is a tumor suppressor gene and a negative regula-
tor of the PI3K/AKT (phosphatidyl inositol-3-kinase/
AKT) pathway. PTEN controls cell proliferation, apop-
tosis (cell death), cell cycle regulation, and cell adhesion 
and migration [135]. Angadi et al. report a decrease in 
PTEN immunohistochemical expression in OSF and 
OSCC. A progressive loss of PTEN was observed from 
normal to OSF to OSCC. Loss of PTEN expression was 
observed in 20% (6 of 30) cases of OSF. PTEN exhib-
its a strong nuclear expression in the epithelium [135]. 
Inactivation of PTEN results in the proliferation and 
reduction in apoptosis, predisposing to malignant trans-
formation.

Germline mutations of PTEN are reported in 
patients with multiple hamartoma syndrome. Somatic 
mutations or deletion resulting in loss of PTEN is seen 
in several potentially malignant conditions and malig-
nancies, including glioblastomas, melanoma, breast, 
prostate, endometrial carcinomas and HNSCC. PTEN 
has also been implicated in the pathogenesis of several 
fibrotic disorders, including scleroderma, hepatic fibro-
sis, and kidney, pulmonary, and cardiac fibrosis [132]. 
Total suppression of the PTEN gene expression is lethal 
to embryonic cells, and partial suppression leads to car-
cinogenesis [136].

15.4.21  Survivin

Survivin is the smallest member of the inhibitor of 
apoptosis protein (IAP) family that suppresses caspase 
activity. Survivin is a multifunctional protein involved 
in the regulation of cytokinesis and cell cycle progres-
sion. It participates in p53, Wnt, hypoxia, TGF-beta, 
and Notch signaling pathways. In embryonic tissues, 
survivin is highly expressed during the G2-M phase of 
the cell cycle [137]. Survivin expression is significantly 
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increased in OSF and OSCC with greater expression 
in OSCC compared to OSF. Zhou et al. observed that 
survivin expression was localized in the basal/parabasal 
and prickle cell layers in OSF.  Twenty-four out of 50 
OSF cases (48%) showed cytoplasmic survivin positivity 
[138]. Survivin is one of the few proteins that are overex-
pressed in virtually every human cancer. It is a potential 
early predictor of malignant transformation in oral epi-
thelial dysplasia and oral leukoplakia [137–139].

15.5  Stemness Markers

15.5.1  Aldehyde Dehydrogenase (ALDH1)

ALDH1 is an isoform of aldehyde dehydrogenase 
(ALDH). It is a cytosolic, detoxifying isoenzyme that 
oxidizes intracellular aldehydes and contributes to the 
oxidation of retinol to retinoic acid in early stem cell dif-
ferentiation [140]. Chatterjee et al. studied the correlative 
network of hypoxia-associated oxidative stress and EMT 
in OSF (n = 12) and OSCC (n = 14) and normal subjects 
(n = 10). A negative expression of ALDH1 was seen in 
OSF and normal tissues and a positive expression in 
metastatic OSCC (p < 0.05) [68]. An increase in ALDH 
expression has been reported in various tumors of stom-
ach, lung, breast, pancreas, and HNSCC. Tumors with 
high ALDH1 expression have high invasive potential 
and carry the risk of lymph node metastasis [141].

15.5.2  B-Cell-Specific Moloney Murine 
Leukemia Virus Insertion Site 1 
(Bmi1)

Bmi1 is a member of the polycomb group of chromatin- 
modifier proteins. Bmi1 is involved in the transcriptional 
repression of Hox genes. Bmi1 mediates gene silencing 
by regulating chromatin structure and plays a central 
role in cell cycle regulation, cell immortalization, cell 
senescence, and EMT [142]. Bmi1 is a stem cell marker 
that plays a key role in the functioning of endogenous 
stem cells and cancer stem cells (CSCs) [143]. Bmi1 
expression correlates with several cancer stem cell mark-
ers, including ALDH1, CD44, Oct4, SOX2, Nanog, and 
ABCG2 [79].

In human cancers, Bmi1 overexpression drives stem- 
like properties associated with the induction of the 
epithelial- mesenchymal transition that promotes inva-
sion, metastasis, and poor prognosis. Overexpression 
of Bmi1 is related to tumor cell proliferation and sur-
vival in HNSCC [141]. Increased expression of Bmi-1 
is observed in oral leukoplakia and OSF.  Xie et  al. 
reported that Bmi1 was highly expressed during every 

stage of OSF, and as the pathological changes in fibrosis 
progress, the expression level of Bmi1 in the epithelium 
is dramatically upregulated, especially in the middle 
(p < 0.0001) and late stages (p < 0.0001) [119, 142].

15.5.3  CD133

CD133, a 5-transmembrane domain glycoprotein, is 
a hematopoietic stem cell and endothelial progeni-
tor marker involved in angiogenesis [142, 143]. CD133 
expression serves as a prognostic signature for various 
tumor stages in leukemia, brain tumors, retinoblastoma, 
renal tumors, pancreatic tumors, colon carcinoma, pros-
tate carcinoma, hepatocellular carcinoma, thyroid carci-
noma, melanoma, and OSCC. Its expression positively 
correlates with tumor progression and recurrence and 
negatively correlates with the prognosis of patients with 
OSCC [144].

CD133-positive cells in dysplastic cells of  OPMD 
are three times more likely to undergo malignant trans-
formation than CD133-negative cells [145]. Chatterjee 
et al. observed a negative expression of CD133 in OSF 
and normal tissues, whereas a positive expression was 
observed in OSCC metastatic knots (p < 0.05) [68]. The 
expression of CD133 in oral epithelium increases from 
normal epithelium, through dysplasia, to carcinoma 
[68, 146].

15.5.4  Stage-Specific Embryonic Antigen 
(SSEA4)

Stage-specific embryonic antigen 4 (SSEA4), a sialyl- 
glycolipid, is a well-known cell surface marker for 
embryonic stem cells and pluripotent stem cells. Yu et al. 
found that SSEA4 was overexpressed in 88.8% (31 of 
35) of OSF cases. Increased SSEA4 expressions are also 
observed in keloid and cancer stem cells [147].

15.5.5  STRO1 (in Fibroblasts 
and Myofibroblasts)

STRO1, a mesenchymal stem cell (MSC) marker, was 
the first antibody used to prospectively select a popu-
lation of immune cells from human bone marrow that 
included the entire clonogenic colony-forming fibro-
blastic population. In the oral cavity, STRO1 has been 
utilized for the selection of stem cells from periodon-
tium, dental pulp, and periapical regions. STRO1 is sig-
nificantly higher in OSF compared with buccal mucosal 
fibroblasts. Yu et  al. observed that STRO1 staining in 
OSF was stronger than normal buccal mucosa, which 
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exhibited only a faint expression. In normal tissues, 
there was almost no expression in the epithelial cells, 
endothelial cells, and lamina propria. In OSF, increased 
staining for STRO1 expression was observed in the epi-
thelial cells (60%; 18 of 30), endothelial cells (30%; 3 of 
30), inflammatory cells (60%; 18 of 30), and fibroblasts 
(70%; 21 of 30). STRO1 plays an important role in the 
pathogenesis of fibrotic changes [148].

15.5.6  SRY (Sex-Determining Region on Y 
Chromosome) Type Homeobox 
Genes (SOX2)

The SOX2 protein is a high-mobility SRY-related HMG 
box transcription factor. SOX2 is involved in multiple 
signal transduction pathways that regulate cell prolif-
eration, migration, invasion, stemness, tumorigenesis, 
anti- apoptosis, and chemoresistance. SOX2 confers 
self-renewal capability to cancer stem cells. It facilitates 
tumor growth and treatment resistance. Upregulation 
of  SOX-2 expression is observed in OSF, with a 
higher expression in OSF tissue with dysplasia. Xie 
et al. report that the expression of  SOX2 was slightly 
upregulated in the early-stage (n = 27, p = 0.0553) and 
mid-stage (n  =  28, p  =  0.0356) OSF epithelium, and 
the expression level of  SOX2 protein was significantly 
upregulated in the late-stage OSF epithelium (n = 26, 
p  =  0 0.0019). A positive correlation among SOX2, 
Bmi1, and Ki67 expression in the OSF epithelium has 
been reported [119].

15.6  Markers of Signaling Pathway 
Alterations

15.6.1  Dickkopf WNT Signaling Pathway 
Inhibitor 3 (DKK3)

The dickkopf (DKK) family includes Wnt antagonists, 
comprising five members, DKK1, DKK2, DKK3, 
DKK4, and DKKL1, which act as inhibitors of the 
canonical Wnt pathway [149]. DKK3 is a putative Wnt 
signaling inhibitor. DKK3 is localized on 11p15, a locus 
often deleted in cancerous cells [150]. Hypermethylation 
of its promoter correlates with the occurrence of can-
cers. Zhou et al. report that 33% (6 of 15) of normal oral 
mucousa cases showed DKK3 positivity in the cytoplasm 
compared to 77.8% (35 of 45) of OSF, and 96.4% (53 of 
55) of OSCC. The average values of DKK3 expression 
varied in the different tissue samples, with a mean score 
of 1.73 in normal oral mucosal tissues, 3.73 in OSF tis-
sues, and 4.45 in OSCC tissues. DKK3 expression level 

gradually increased from normal oral mucosa to OSF to 
OSCC [ 150].

15.6.2  Phosphorylated Extracellular 
Signal-Regulated Kinases (pERK)

Extracellular signal-regulated kinases (ERK) are mem-
bers of the mitogen-activated protein kinase (MAPK) 
family [151]. Phosphorylation of ERK occurs during 
oxidative stress that drives EMT. ERK signaling path-
way plays a critical role in regulating cell proliferation, 
differentiation, survival, and apoptosis in malignant 
tumors. Chatterjee et al. observed an increase of p-ERK 
in the epithelial cells of buccal mucosa in OSF (n = 12; 
p < 0.01) and OSCC (n = 14; p < 0.001) as compared to 
that of normal oral mucosal tissues (n = 10) [68].

15.6.3  Glioma-Associated Oncogene 
Homolog 1 (GLI1)

GLI1, a protein-coding gene, is a transcriptional effector 
at the terminal end of the hedgehog signaling (Hh) path-
way. It regulates embryogenesis and tissue patterning/dif-
ferentiation. GLI1 induced by Hh signaling is necessary 
for cellular proliferation, stemness, and cellular survival 
in various organs [152]. GLI1 regulates cell cycle, DNA 
replication, and DNA damage repair  processes. The 
consequences of GLI1 oncogenic activity surrounding 
DNA damage repair proteins, such as NBS1, and cell 
cycle proteins, such as CDK1, correlate with tumorigen-
esis and chemoresistance [152]. Chatterjee et al. studied 
10 normal, 12 OSF, and 14 OSCC tissue specimen and 
reported a sequential increase of nuclear expression of 
GLI1 from normal to OSF to OSCC [68].

15.6.4  Sonic Hedgehog (Shh)

The hedgehog (Hh) pathway is one of the principal sig-
nal transduction pathways in embryonal development. 
The Hh ligands that initiate signal transduction of the 
hedgehog pathway include Sonic, Indian, and Desert 
Hh in vertebrates [153]. Interaction of Shh with specific 
receptors, namely, Smo and Patched, leads to the acti-
vation and nuclear translocation of GLI1 for transcrip-
tional regulation. Shh-GLI1 signaling axis plays a vital 
role in promoting the process of EMT during carcino-
genesis. Shh-GLI1 signaling facilitates the acquisition 
of stemness as well as the maintenance of CSC popula-
tion. Chatterjee et al. report an increase in Shh in OSF 
(p < 0.001) and OSCC (p < 0.01), with higher expression 
in OSCC [68].
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15.6.5  WNT Inhibitory Factor 1 (WIF1)

Wnt inhibitory factor 1 (WIF1), a secreted Wnt antago-
nist, inhibits Wnt/β-catenin signaling by directly binding 
to Wnt proteins. The Wnt signaling pathway plays an 
important role in embryonic development, tissue regen-
eration, cell proliferation, and cell differentiation. The 
Wnt/β-catenin signaling pathway plays a vital role in 
human malignancies including OSCC. Abnormal acti-
vation of Wnt results in many types of cancers, such as 
colon cancer, liver cancer, lung cancer, breast cancer, and 
childhood T cell acute lymphoblastic leukemia [154].

WIF1 silencing may be an early event in tumori-
genesis. WIF1, either at the protein or mRNA level, 
is seen in normal oral mucosal tissues and gradually 
decreases in the progressive stages of OSF and OSCC 
tissues. Also, WIF1 is frequently methylated in OSCC 
tissues. In the study by Zhou et al., normal oral mucosa 
exhibited strongly positive WIF1 protein expression in 
the nucleus. OSF tissues from early-stage and moder-
ately advanced- stage showed WIF1-positive expression 
in the cytoplasm and nucleus. OSF in advanced-stage 
showed a weak WIF1 expression in cytoplasm. Primary 
OSCC showed very weak cytoplasmic immunoreaction 
for WIF1. Ninety-three percent (14 of 15) normal oral 
mucosa showed nuclear WIF1 positivity, compared 
to 73.3% (33 of 45) in OSF and 36.4% (20 of 55) in 
OSCC. The average values of WIF1 expression gradu-
ally reduced from normal oral mucosa to OSF to OSCC 
tissues with mean scores of 5.37, 3.29, and 1.27, respec-
tively [157].

15.7  Inflammatory Markers, Glycoproteins, 
and Enzymes

15.7.1  Alpha-Enolase (ENO1)

Alpha-enolase or enolase-1 (ENO1) is a multifunctional 
protein and a glycolytic enzyme, which acts as a plas-
minogen receptor on the cell surface [154, 157]. The 
differential expression of ENO1 is related to several 
pathologies including cancer, Alzheimer’s disease, and 
rheumatoid arthritis. ENO1 promotes many oncogenic 
events involving protein-protein interactions, glycoly-
sis, and signaling pathways leading to chemoresistance 
[154]. ENO1 is highly expressed in OSF and OSCC 
compared to normal tissues [159]. Bag et  al. reported 
that ENO1 has a higher expression in OSF with dys-
plasia (86.2 ± 2.9) and OSCC (94.7 ± 3.3) compared to 
OSF without dysplasia (24.3  ±  1.9) and normal sub-
jects (33.6 ± 3.4). Among the total OSF with dysplasia 
(n = 23) patients, 11 patients (47.82%) showed high level 
(positive cell count >85%) of α-enolase expression, indi-

cating its potential as a biomarker in predicting malig-
nant transformation of OSF [137].

15.7.2  Beta-Integrin (β-Integrin)

Integrins are transmembrane proteins that link the cell 
cytoskeleton to the extracellular matrix. They play an 
important role in cell signaling. β1-Integrin acts along 
with growth factors in the regulation of the cell cycle 
through transmembrane proteins called tetraspanins 
[68]. Beta-integrin controls the S-phase progression in 
the epithelium, which parallels Jak/Stat and EGFR sig-
naling pathways. It mediates signal transduction and 
adhesion following the phosphorylation of focal adhe-
sion kinase [160]. β1-Integrin is downregulated in OSF 
and OSCC arising in OSF. Veeravarmal et al. observed 
that the percentage of β1-integrin-positive cells in nor-
mal epithelium ranged from 14% to 30%. The staining 
intensity was mild in all normal mucosal tissues (15 of 
15; 100%) and was observed in the rete pegs and rete 
ridge areas. In OSF, the β1-integrin-positive cells were 
present in the basal and suprabasal layers. The percent-
age of β1-integrin-positive cells ranged from 8% to 70% 
in early OSF, 2% to 71% in moderate OSF, and 2% to 
66% in advanced OSF [160].

15.7.3  Calreticulin

Calreticulin is a calcium-binding chaperone protein, 
which participates in many cellular processes [161]. 
Upregulation of calreticulin is observed in various 
malignancies such as OSCC, ductal carcinoma, colorec-
tal cancer, and prostate and vaginal carcinoma. High 
calreticulin expression is associated with a poor survival 
rate in pancreatic cancer and esophageal squamous cell 
carcinoma [161]. A proteomic analysis study by Das 
et al. demonstrated that 15 proteins were upregulated in 
the OSF tissues. Among the 15 overexpressed proteins, 
calreticulin was significantly upregulated in OSF com-
pared to normal tissues (p < 0.001). Higher expression 
level of calreticulin was localized in the epithelial layer 
of the OSF tissue [161].

15.7.4  C–C Motif Chemokine Ligand 2 
(CCL2)

Chemokines are leukocyte chemo-attractants that act 
with profibrotic cytokines in the development of fibrosis 
by recruiting myofibroblasts, macrophages, and other 
cells. Epithelial cells and fibroblasts are a major source 
of proinflammatory and profibrotic factors includ-
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ing CCL2 [33]. CCL2 expression has been identified in 
inflammatory and fibrotic diseases such as atherosclero-
sis, hepatic cirrhosis, pulmonary fibrosis, and glomeru-
losclerosis. Its neutralization reduces TGF-beta and 
procollagen synthesis that leads to fibrosis. CCL2 plays 
a key role in the recruitment of myofibroblasts, and it 
shows a higher expression in OSF.  Sarode et  al. stud-
ied 30 OSF and 10 normal mucosal tissues and reported 
that CCL2 expression in basal cells (CCL2-B) and con-
nective tissue (CCL2-CT) was significantly greater in 
advanced OSF (p = 0.0075) [33].

15.7.5  Cyclooxygenase 2 (COX-2)

Prostaglandin-endoperoxide synthase or cyclooxygen-
ase (COX) is a key regulatory enzyme in tissue inflamma-
tion and is present in two isoforms COX-1 and COX-2 
[162]. COX-1 is found in blood vessels, interstitial cells, 
smooth muscle cells, platelets, and mesothelial cells. In 
contrast, COX-2 is predominantly seen in the parenchy-
mal cells of many tissues [163]. COX-2 overexpression is 
associated with tumor promotion, activation of carcin-
ogens, neoangiogenesis, tumor progression, and inhibi-
tion of apoptosis. OPMDs are preceded by alteration in 
COX gene expression. Upregulation of COX-2 is asso-
ciated with increased angiogenesis and cancer stem cell 
proliferation. Rangaswamy et  al. observed overexpres-
sion of COX-2  in OSF (66.67%) compared to normal 
tissues (17.5%), underlining the role of inflammation in 
tissue fibrosis [162].

15.7.6  Cyclophilin A

Cyclophilin A, a member of the peptidylprolyl cis-trans- 
isomerase (PPIse) family, is an 18  kDa protein with a 
broad range of functions in cell proliferation and apop-
tosis. CypA is a key regulator of fibroblast viability 
and contributes to OSF development probably through 
promoting fibroblast cell proliferation. Oxidative stress 
induces the upregulation of cyclophilin A. Upregulation 
of cyclophilin A is seen in lung cancer, cholangiocarci-
noma, pancreatic cancer, myeloma, gastric carcinoma, 
and human oral cancer cell lines. An increase in the 
expression of cyclophilin A is seen in OSF. Hou et al. 
reported that 12% (3 of 25) of normal mucosa tissues 
were negative and 88% (22 of 25) weakly positive. In 
OSF, 16% (4 of 25) were weakly positive, 44% (11 of 
25) were positive, and 40% (10 of 25) were strongly posi-
tive. The mRNA level of cyclophilin A was significantly 
greater in OSF tissues compared to normal mucosa 
[155, 163]. The CypA expression was higher in later OSF 
stages than early stages. OSCC tissues showed an even 

higher average CypA expression level than that in OSF 
tissues. A relatively weak CypA signal was detected in 
both epithelial and submucosa areas from normal and 
early-stage OSF tissues, while an intense CypA immu-
noreactivity was observed in both epithelial and submu-
cosa areas from those OSF tissues from mid- and late 
stages [173].

15.7.7  Fatty Acid Synthase (FASN)

Fatty acid synthase (FASN) is an enzyme that initiates 
the synthesis of long-chain fatty acids from acetyl-CoA 
and malonyl-CoA.  Lipid metabolism is an important 
cellular process of membrane biosynthesis [155]. There 
is increased expression of FASN in OSF. FASN provides 
lipids for membrane formation in fast-developing can-
cer cells and acts as a key enzyme in the progression to 
malignancy. Upregulation of FASN is reported in many 
cancers, including breast, prostate, ovarian, tongue, 
esophageal, and OSCC. Rai et al. observed an increase 
in FASN expression in OSF with dysplasia compared to 
normal mucosa. Higher expression of FASN was cyto-
plasmic in the basal layer and membranous in the upper 
layers of epithelium in OSF with  dysplasia, compared to 
the normal mucosa [164].

15.7.8  Fibrinogen Alpha-Chain  
Precursor (FGA)

FGA is a protein encoded by the FGA gene in humans. 
FGA is a component of fibrinogen (FG), an important 
blood protein, regulated by calcium ions. FGA is con-
sistently downregulated from normal buccal mucosal to 
OSF to OSCC [6].

15.7.9  Glucose Transporter 1

Glucose transporter 1 (GLUT1) is a protein that medi-
ates glucose transport through the plasma membrane 
and is a key component in cellular metabolism. It 
facilitates diffusion of soluble ions, nutrients, and other 
metabolites across the hydrophobic cell membrane 
[165]. Cancer cells reprogram their metabolic activity to 
meet nutritional demands. This metabolic reprogram-
ming initiates the production of metabolic intermedi-
ates, which results in the rapid proliferation of cancer 
cells. The important metabolic alterations in cancer cells 
include the Warburg effect, which is an increase in glu-
cose uptake by aerobic glycolysis and lipid biosynthe-
sis. GLUT1 transports the glucose required for aerobic 
glycolysis promoting Warburg effect in carcinogenesis. 
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As OSF progresses towards carcinogenesis, a complex 
metabolic ecosystem develops which consists of altered 
glycolytic pathways and lipid biosynthesis. A significant 
increase of GLUT1 in OSF with dysplasia compared to 
normal tissues was reported by Rai et  al. The expres-
sion of GLUT1 was cytoplasmic in the basal layer and 
membranous in the upper layers, with membranous 
expression being continuous in OSF with dysplasia 
[164]. GLUT1 is commonly expressed in OSCC, and its 
expression positively correlates to tumor stage, treat-
ment resistance, and poor prognosis [164, 165].

15.7.10  Heat-Shock Protein 70 (Hsp70)

Heat-shock proteins (Hsp) are a large and heterogeneous 
group of chaperon molecules, whose synthesis is induced 
by both physiological and pathological conditions, such 
as heat shock, oxidative stress, inflammation, infection, 
and neoplastic transformation. They play an important 
role in cellular homeostasis. The absence of Hsp70 leads 
to cell apoptosis [161, 166]. Hsp70 is overexpressed in a 
wide range of human cancers and is implicated in tumor 
cell proliferation, differentiation, and metastasis. A sig-
nificant increase in the expression of Hsp70 is observed 
in tissues progressing from OSF to OSCC, suggesting a 
role for Hsp70 in malignant transformation of OSF. The 
high copper content of areca nut generates reactive 
oxygen species, which upregulates Hsp70 in OSF [161]. 
There is a positive correlation between Hsp70 and sever-
ity of oral epithelial dysplasia [166].

15.7.11  Hexokinase 2 (HK2)

Hexokinases catalyze the intake of glucose into glucose- 
6- phosphate in the first step of glycolysis. HK1, HK2, 
HK3, and HK4 are the isoforms of hexokinase. Among 
them, HK1 is ubiquitously expressed in most mamma-
lian tissues, and HK2 is detected in adipose, skeletal, and 
cardiac muscles, whereas HK3 and HK4 show relatively 
low expression in mammalian tissues. HK2 is rarely 
expressed in normal tissues. A high level of HK2 expres-
sion has been reported in OSF and many solid tumors 
and is associated with tumor progression, poor overall 
survival, and treatment resistance. HK2 expression has 
been reported in various types of cancers, including 
esophageal, lung, uterine, breast, pancreatic, glioblas-
toma, and OSCC [164, 167]. Rai et al. report a significant 
overexpression of HK2 in OSF with dysplasia compared 
to normal subjects, suggesting the role of glycolysis in 
malignant transformation of OSF. Hexokinase showed 
both cytoplasmic and membranous expression in the 
upper layers of the epithelium [164].

15.7.12  Hydroxynonenal (4-HNE)

4-Hydroxy-2-nonenal (4-HNE) is a lipid peroxidation 
product that represents one of the most bioactive lipid 
alkenals. 4-HNE modulates several signaling processes 
through the formation of covalent adducts with nucleo-
philic functional groups in proteins, nucleic acids, and 
membrane lipids [166]. 4-HNE alterations in carcino-
genesis reduce membrane integrity, affect cytosol pro-
tein function, cause nuclear and mitochondrial DNA 
damage, inhibit electron transport chain activity, acti-
vate mitochondrial uncoupling, reduce tricarboxylic 
acid cycle activity, and inhibit ALDH2. Chatterjee et al. 
studied the expression of oxidative stress markers in 12 
OSF tissues. They found an increase in the expression of 
4-HNE in OSF (p < 0.01) and OSCC (p < 0.001), with 
a significant escalation of 4-HNE expression in OSCC 
compared to OSF and normal subjects [68, 168]. Strong 
correlation (r  =  0.9837) between 4-HNE and HIF-1α 
expressions depicted the association of oxidative stress 
and hypoxia during OSF and OSCC [68].

15.7.13  Mucin-1 (MUC1)

Mucins are highly glycosylated proteins that act as 
molecular surface barriers. They are involved in mor-
phogenetic signal transduction pathways at the epithelial 
surface. Mucin glycosylation determines the biochemi-
cal and biophysical properties of viscoelastic secretions 
and plays an important role in diverse biological func-
tions, such as cell differentiation, cell adhesion, immune 
response, and cell signaling [169, 170]. Alterations in 
mucin expression and its glycosylation are associated 
with the development and progression of malignancies. 
Kumar et al. reported a steady increase in mucin expres-
sion from normal to OPMDs including OSF and leu-
koplakia to OSCC. Of 10 cases of OSF, 9 (90%) cases 
showed immunoreactivity in the basal, parabasal, and 
spinous layer cells [169].

15.7.14  Organic Cation Transporter 3 
(OCT3)

Organic cation transporter 3 (OCT3) is a membrane 
transporter, which regulates cellular metabolic homeo-
stasis by transporting endogenous and exogenous cat-
ion compounds across the membrane. They belong to 
the SLC22 family, which includes OCT1 (SLC22 A1), 
OCT2 (SLC22 A2), and OCT3 (SLC22 A3). OCT1 and 
OCT2 are highly expressed in the liver and kidneys, and 
OCT3 is widely expressed in a variety of tissues. An 
increase in OCT3 is seen in OSF and OSCC with greater 
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expression in OSCC compared to OSF. OCT3 is upregu-
lated in oral, liver, rectal, and cervical cancers but down-
regulated in prostate cancer. In a study from Central 
South University of Changsha, Hunan, China, the 
staining index scores of OCT3 were studied in 13 nor-
mal mucosal specimen, 13 OSF, and 30 OSCC tissues. 
They observed a gradual increase in expression from 
the normal to OSF to OSCC-OSF groups (p < 0.0001) 
[171]. OCT3 expression is positively associated with the 
grade of malignancy and its prognosis [171].

15.7.15  Secreted Frizzled-Related Proteins 
(SFRPs)

SFRPs contain around 300 amino acids, including an 
N-terminal cysteine-rich domain (CRD) and a hydro-
philic heparin-binding region in the C-terminal domain. 
SFRPs include SFRP1, 2, 3, 4, and 5 that inhibit the Wnt 
signaling pathway through binding to the Wnt ligand and 
competing with frizzled (Fz) receptors [170]. The mRNA 
levels of SFRPs are in a reduced state in many malignan-
cies including OSCC. Deregulation of SFRPs by promoter 

CpG methylation has been reported in oral, nasopharyn-
geal, esophageal, lung, gastric, colorectal, hepatocellular, 
breast, ovarian, endometrial, cervical, renal, and bladder 
carcinomas. Methylated SFRPs mediate tumor cell pro-
liferation, differentiation, apoptosis, and progression. 
Deregulation of SFRPs that act as Wnt antagonists is 
considered a primary step in the multiple-step tumorigen-
esis of OSCC. Zhou et al. reported that 80% (12 of 15) of 
normal oral mucosa showed SFRP1 positivity, which was 
nuclear. In OSF, 66.7% (30 of 45) showed SFRP1 expres-
sion, which was cytoplasmic. SFRP5 nuclear expression 
was seen in 86.7% (13 of 15) of normal oral mucous tis-
sues, whereas cytoplasmic SFRP5 was detected in 73.3% 
(33 of 45) of OSF tissues. SFRP expression decreases 
from normal to OSF to OSCC [172].

 Summary
The markers discussed above are summarized in 
. Table 15.2. Our understanding of these changes and 
their clinical implication is evolving, and this chapter 
gives an overview of the current state of our under-
standing of IHC markers in OSF and OSCC.

(continued)

.       Table 15.2 Summary of  biomarkers in oral submucous fibrosis (OSF)

S. No. Biomarkers in OSF Reference Expression levels (IHC) Localization in tissue
Epithelium/connective tissue

Epithelial markers

1 Annexin A4 (ANXN 
A4)

Liu et al. [6] Upregulated Epithelium (spinous layer of epithelial 
cells)

2 Beta-catenin (β-catenin) Bag et al. [7] Downregulated Epithelium (a component of cadherin 
complex)

Chatterjee et al. [68] Upregulated

3 CD1a da Silva et al. [12] Downregulated Epithelium (Langerhans cells)

4 CD207 da Silva et al. [12] Downregulated Epithelium (Langerhans cells)

5 CD303 Narayanan et al. [11]
da Silva et al. [12]

Upregulated Plasmacytoid dendritic cells

6 Cytokeratins (CK) Epithelium

CK-5/6 Bag et al. [7] Upregulated

CK10 Bag et al. [7] Upregulated

CK8 Nanda et al. [22] Upregulated

CK18 Nanda et al. [22] Upregulated

7 E-cadherin (E-cad) Sharada et al. [25]
Sridevi et al. [26]
Das et al. [52]
Chatterjee et al. [68]
Das et al. [73]
Anura et al. [90]

Downregulated Epithelium
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S. No. Biomarkers in OSF Reference Expression levels (IHC) Localization in tissue
Epithelium/connective tissue

8 Epidermal growth factor 
receptor (EGFR)

Meka et al. [29] Upregulated Epithelium

9 Filamin A (FLNA) Liu et al. [6] Upregulated Epithelium (lower spinous layer and 
basal cell layer)

10 Loricrin Nithya et al. [30] Upregulated Stratum corneum and stratum granulo-
sum of the keratinized epithelium; absent 
in non-keratinized epithelium

Connective tissue markers

1 Alpha-smooth muscle 
actin (α-SMA)

Angadi et al. [32]
Sarode et al. [33]
Gupta et al. [34]
Anura et al. [35]
Jayaraj et al. [36]
Gadbail et al. [41]
Gandhi et al. [42]

Upregulated Connective tissue (myofibroblasts and 
blood vessels)

2 Bone morphogenetic 
protein 7 (BMP7)

Khan et al. [43] Downregulated Connective tissue (extracellular matrix)

3 CD34 Desai et al. [44]
Sharma et al. [47]
Tekade et al. [48]

Upregulated Connective tissue (endothelial cells/blood 
vessels)

Pandiar et al. [45]
Pammar et al. [46]
Madhavan Nirmal et al. 
[91]

Downregulated

4 CD105 Anura et al. [35]
Gadbail et al. [41]
Pammar et al. [46]
Das et al. [52]

Upregulated Connective tissue (endothelial cells/blood 
vessels)

5 CD68 Pereira et al. [50] Upregulated Connective tissue (macrophages)

6 CD147 Wang et al. [54] Upregulated Epithelium (basal layer and lower parts 
of stratum spinosum)

7 Collagen Connective tissue (collagen is present 
throughout the lamina propria)

• Col 1 Anura et al. [35] Upregulated

• Col 3 Anura et al. [35] Upregulated

8 Connective tissue growth 
factor (CTGF)

Shah et al. [59] Upregulated Epithelium and connective tissue 
(stromal fibroblasts; around blood 
vessels and in skeletal muscles)

9 Decorin Nayak et al. [60] Upregulated Predominantly in connective tissue 
(endothelial cells and stroma); also found 
in epithelial nests of tumor

       . Table 15.2 (continued)
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       . Table 15.2 (continued)

(continued)

S. No. Biomarkers in OSF Reference Expression levels (IHC) Localization in tissue
Epithelium/connective tissue

10 Fibroblast growth factor (FGF) and its receptors

•  FGF2, FGFR2, and 
FGFR3

Nayak et al. [61] Downregulated FGF-2: Basal, parabasal layers in tissues 
with lining epithelium, tumor cells and 
also in the stroma
FGF2R: Full thickness of the epithe-
lium, tumor cells, and stromal cells; 
FGFR-3: upper and midstratum layer of 
lining epithelium, stromal fibroblast cells, 
tumor cells, and seldom in endothelium 
of tumor stroma

• bFGF Pandiar et al. [45] Downregulated Connective tissue

11 Fibronectin Anura et al. [35] Upregulated Connective tissue (fibroblasts, extracel-
lular matrix)

12 Hypoxia-inducible 
factor-2α (HIF-2α)

Joseph et al. [65] Downregulated Epithelium (basal and suprabasal layers) 
and connective tissue

Hypoxia inducible 
factor-1α (HIF-1α)

Tilakaratne et al. [66]
Ekanayaka et al. [67]
Chatterjee et al. [68]

Upregulated Epithelium

13 Mast cell chymase Sabarinath et al. [69] Upregulated

Yadav et al. [27] Downregulated Connective tissue

14 Matrix metalloprotein-
ase (MMP)

Predominantly in connective tissue 
(stromal fibroblasts, macrophages, 
endothelial cells); some epithelial cells

• MMP-1 Mishra et al. [71] Upregulated

• MMP-1 Illeperuma et al. [72] Downregulated

• MMP-2 Shrestha et al. [70] Upregulated

15 N-cadherin Das et al. [73] Upregulated Epithelium (basal layer)

16 Osteopontin Routray et al. [74] Downregulated Connective tissue (extracellular matrix)

17 Podoplanin Karunagaran et al. [75] Upregulated Connective tissue (lymphatics and 
endothelial cells) and epithelium

Deepa et al. [76] Upregulated

18 S100A4 Yu et al. [77] Upregulated Connective tissue

19 Syndecan-1 Kamat et al. [79] Downregulated Epithelium (modest in basal layer, strong 
in spinous and granular layer)

20 Tenascin-C Tak et al. [80] Downregulated Weak expression at the epithelial 
connective tissue junction; diffusely in 
deeper connective tissue

21 Transforming growth 
factor-beta (TGF-β)

Connective tissue (fibroblasts, inflamma-
tory cells) and epithelium

• TGF-β Khan et al. [43] Upregulated

• TGF-β1 Wang et al. [54]
Illeperuma et al. [72]
Kamath et al. [84]

Upregulated

• TGF-β2 Kamath et al. [84] Upregulated
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       . Table 15.2 (continued)

S. No. Biomarkers in OSF Reference Expression levels (IHC) Localization in tissue
Epithelium/connective tissue

22 Tissue inhibitors of 
matrix metalloprotein-
ases (TIMPs)

Connective tissue (fibroblasts, endothe-
lial cells) and epithelium

• TIMP-1 Illeperuma et al. [72] Downregulated

• TIMP-2 Shrestha et al. [70] Upregulated

23 Transglutaminase-2 Lim et al. [88] Upregulated Connective tissue (fibroblasts)

24 TWIST Das et al. [73] Upregulated Epithelium (basal layer)

25 Vascular endothelial 
growth factor (VEGF)

Sharada et al. [25]
Nayak et al. [28]
Sharma et al. [47]
Anura et al. [90]
Madhavan Nirmal et al. 
[91]

Upregulated Connective tissue (stromal components 
such as fibroblasts, inflammatory cells, 
and muscles) and epithelium

26 Vimentin Chatterjee et al. [68]
Nayak et al. [92]
Sawant et al. [93]

Upregulated Epithelium (suprabasal layers)

Proliferative markers

1 Bax Ranganathan et al. [94] Upregulated Epithelium

2 BUBR1 Hsieh et al. [96] Upregulated Epithelium

3 Caspase 3 Zhu et al. [99] Upregulated Epithelium

Veeravarmal et al. [100] Downregulated

4 c-Jun Shraddha et al. [102] Upregulated Epithelium

5 c-met Bazarsad et al. [105] Upregulated Epithelium

6 Cyclin D1 Bazarsad et al. [105] Downregulated Epithelium

7 c-Myc Anura et al. [107] Upregulated Epithelium

8 Fragile histidine triad 
protein (FHIT)

Yin et al. [112] Downregulated Epithelium

9 Human telomerase 
reverse transcriptase 
(hTERT)

Raju et al. [113] Upregulated

Mishra et al. [114] Downregulated

10 Insulin-like growth 
factor II mRNA-binding 
protein 3 (IMP3)

Bazarsad et al. [105] Upregulated Epithelium

11 Ki67 Gadbail et al. [41]
Ranganathan et al. [94]
Xie et al. [119]

Upregulated Epithelium (basal and suprabasal layers)

Bazarsad et al. [105]
Humayun et al. [126]

Downregulated

12 Microtubule-associated 
protein light chain 3 
(LC3)

Zhu et al. [99] Upregulated Epithelium (spinous and granular layers 
were minimally expressed in the basal 
layer)

13 Mouse double-minute 2 
homolog (MDM2)

Yin et al. [112] Upregulated Epithelium

14 p16 Bazarsad et al. [105]
Sudhakaran et al. [125]

Upregulated Epithelium
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       . Table 15.2 (continued)

S. No. Biomarkers in OSF Reference Expression levels (IHC) Localization in tissue
Epithelium/connective tissue

15 p53 Ranganathan et al. [94]
Bazarsad et al. [105]
Humayun et al. [126]
Varun et al. [127]

Upregulated Epithelium (in this study only basal and 
suprabasal layers were evaluated—Ran-
ganathan et al.)

16 p62 Zhu et al. [99] Downregulated Epithelium

17 P63 Das et al. [52]
Das et al. [73]
Anura et al. [90]
Varun et al. [127]
Sinha et al. [129]

Upregulated Epithelium

18 Proliferating cell nuclear 
antigen (PCNA)

Kaur et al. [130]
Sheelam et al. [131]

Upregulated Epithelium

19 Polo-like kinase (PLK) Vittal et al. [133] Upregulated Epithelium

20 Phosphatase and tensin 
homolog deleted on 
chromosome 10 (PTEN)

Angadi et al. [135] Downregulated Epithelium

21 Survivin Chatterjee et al. [68]
Zhou et al. [138]

Upregulated Epithelium

Stemness markers

1 Aldehyde dehydrogenase 
1 (ALDH1)

Chatterjee et al. [68] Not expressed Metastatic islands of OSCC

2 Bmi1 Xie et al. [119] Upregulated Epithelium

3 CD133 Chatterjee et al. [68] Not expressed Metastatic islands of OSCC

4 Stage-specific embryonic 
antigen (SSEA4)

Yu et al. [147] Upregulated Connective tissue (fibroblasts)

5 SRY (sex-determining 
region on Y chromo-
some) type homeobox 
genes (SOX2)

Xie et al. [119] Upregulated Epithelium

6 STRO1 (in fibroblasts 
and myofibroblasts)

Yu et al. [148] Upregulated Connective tissue (mesenchymal stem 
cells)

Markers involved in cell signaling

1 Dickkopf WNT 
signaling pathway inhibi-
tor 3 (DKK3)

Zhou et al. [150] Upregulated Epithelium

2 Glioma associated 
oncogene homolog 1 
(GLI1)

Chatterjee et al. [68] Upregulated Epithelium

3 Phosphorylated 
extracellular signal-
regulated kinase (pERK)

Chatterjee et al. [68] Upregulated Epithelium

4 Sonic hedgehog (Shh) Chatterjee et al. [68] Upregulated Epithelium

5 WNT inhibitory factor 1 
(WIF1)

Zhou et al. [157] Downregulated Epithelium

Other markers (transcription factors, enzymes, glycoproteins, and metabolic markers)

1 Alpha enolase 
(α-enolase)

Bag et al. [159] Upregulated Data not available

(continued)
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S. No. Biomarkers in OSF Reference Expression levels (IHC) Localization in tissue
Epithelium/connective tissue

2 Beta-integrin (β-integrin) Veeravarmal et al. [160] Downregulated Epithelium (basal and suprabasal layers)

3 Calreticulin Das et al. [161] Upregulated Epithelium

4 C–C motif  chemokine 
ligand 2 (CCL2)

Sarode et al. [33] Upregulated Connective tissue (subepithelial layer)

5 Cyclooxygenase 2 Rangaswamy et al. [162] Upregulated Epithelium and connective tissue

6 Cyclophilin A Hou et al. [155]
Yuan et al. [173]

Upregulated Epithelium and connective tissue

7 Fatty acid synthase 
(FASN)

Rai et al. [164] Upregulated Epithelium

9 Glucose transporter 1 
(GLUT1)

Rai et al. [164] Upregulated Epithelium

10 Heat shock protein 70 
(Hsp70)

Das et al. [161] Upregulated Epithelium

11 Hexokinase-2 Rai et al. [164] Upregulated Epithelium

12 4-Hydroxynonenal 
(4-HNE)

Chatterjee et al. [68] Upregulated Epithelium

13 Mucin-1 (MUC1) Kumar et al. [169] Upregulated Epithelium

14 Organic cation 
transporter 3 (OCT3)

Hu et al. [171] Upregulated Epithelium and tumor nest within the 
connective tissue

15 Secreted frizzled-related 
proteins (SFRPs)

Zhou et al. [172] Downregulated Epithelium

       . Table 15.2 (continued)
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 n Learning Goals
 5 Medical treatment has been shown to be of some 

benefit in the early stages of oral submucous fibro-
sis, while surgical treatment is reserved for advanced 
cases. The various medical therapeutic agents, their 
route of administration, and the current under-
standing of their effectiveness are discussed in this 
chapter.

16.1  Introduction

Oral submucous fibrosis (OSF) is an insidious, chronic, 
progressive, and debilitating disease characterized by 
fibrotic changes in the oral mucosa. The pathogenesis of 
oral submucous fibrosis (OSF) involves areca nut alka-
loids causing disequilibrium in the regulation of matrix 
metalloproteinase and tissue inhibitors of matrix metal-
loproteinase resulting in the deposition of abnormal 
extracellular matrix (ECM) [1]. The cessation of areca 
nut habit is the most significant step in the management 
of OSF in areca nut users. In addition to habit cessation 
activities, various medical treatment modalities have 
been researched. These include dietary supplements 
(micronutrients, vitamins, and antioxidants), immuno-
modulatory/anti-inflammatory agents (corticosteroids), 
proteolytic agents (such as hyaluronidase and placental 
extracts), vasodilators, immunomodulators, and anti-
cytokines. They have been administered orally, topically, 
or through submucosal injection. Herbal preparations 
containing substances like aloe vera, tulsi/basil, tur-
meric, and spirulina have also been used in the medical 
management of OSF [2–4]. Research related to oral sub-
mucous fibrosis that have been undertaken using these 
various agents are presented in . Table 16.1.

The objectives of medical treatment are to eliminate 
the symptoms of burning sensation, to stabilize and 
improve mouth opening, and in the long term to prevent 
malignant transformation.

Surgery is reserved for patients in the advanced 
stages of the disease. Physical therapy acts synergisti-
cally with other treatment modalities. The complex 
nature of diseases and the lack of a universal treatment 
protocol makes the management of OSF a challenging 
process. We discuss here the results of different agents 
reported in the literature for the treatment of OSF and 
their limitations.

This chapter aims
 1. To comprehensively present and discuss the medical 

interventions reported in the literature in the man-
agement of OSF.

 2. To understand the mechanism of action of medici-
nal agents used.

 3. To emphasize the applications and side effects of 
each of the medicinal regimens used to alleviate the 
signs and symptoms in OSF.

16.1.1 Medical Management of OSF

16.1.1.1 Pharmaceutical Agents
1. Systemic agents

 5 Levamisole (capsules; Immunomodulator).
 5 Antioxidant (capsules; Immunomodulator).
 5 Betamethasone (intralesional injections; corticoste-

roids).
 5 Hydrocortisone (intralesional injections; corticoste-

roids).
 5 Triamcinolone (intralesional injections; corticoste-

roids).
 5 Methylprednisolone (intralesional injections; corti-

costeroids).
 5 Hyaluronidase (intralesional injections; fibrinolytic 

enzyme).
 5 Placental extract (intralesional injections; biogenic 

stimulation).
 5 Vitamin E (capsules; Vitamins).
 5 Micronutrient supplements (capsules; vitamins, min-

erals, and omega-3 fatty acids).
 5 Pentoxifylline (tablets; vasodilator).
 5 Isoxsuprine (tablets; vasodilator).
 5 Lycopene (capsules; antioxidant).

2. Topical agents
 5 Triamcinolone acetonide (oromucosal pastes; corti-

costeroids).
 5 Clobetasol propionate (oromucosal pastes; cortico-

steroids).

16.1.1.2 Herbal Remedies
1. Systemic agents

 5 Curcumin (tablets/lozenges; anti-inflammatory and 
antioxidant).

 5 Oxitard (capsules; immunomodulation, anti-inflam-
matory, anti-anxiety, anti- convulsive, and anti-
arthritic properties).

 5 Spirulina (tablets; antioxidant).
 5 Colchicine (tablets; anti-inflammatory).

2. Topical agents
 5 Aloe vera (gel; antioxidant, antibacterial, and pro-

vides hydration).
 5 Curcumin (gel; anti-inflammatory and antioxidant).

Medical Management of Oral Submucous Fibrosis
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16.2  Anti-inflammatory Agents

16.2.1  Corticosteroids

OSF is characterized by an initial phase of  inflamma-
tion that progresses to fibrosis in the advanced stages. 
A systematic review of  the medical interventions of 
OSF conducted by More et al. [4] shows that among 
all the interventions, corticosteroids have been widely 
used to reduce the burning sensation and pain symp-
toms. Kerr et al. [2] reviewed a total of  21 studies that 
used immunomodulatory agents to reduce the inflam-
matory component: 16 of  these used injectable corti-
costeroids and 19 studies included the use of 
proteolytic enzymes to reduce fibrosis of  which seven 
studies used hyaluronidases [2]. In Indian studies, 
steroids are the most commonly adopted medical 
treatment for OSF. Steroids have immunosuppressive 
and anti-inflammatory properties. They inhibit the 
action of  soluble factors released by sensitized lym-
phocytes following activation by specific antigens 
and facilitate apoptosis of  inflammatory cells. They 
reduce profibrotic inflammation and enhance profi-
brolytic immune-mediated pathways.

Several corticosteroids such as short-acting (hydro-
cortisone), intermediate- acting (triamcinolone), and 
long-acting (betamethasone and dexamethasone) have 
been utilized for the treatment of oral submucous fibro-
sis [5]. Most authors report their use in the early stages 
when a patient presents with a burning sensation. The 
topical corticosteroids commonly used are triamcino-
lone acetonide (0.1%), or Betamethasone (0.5%) applied 
locally for 3 months. In the advanced stage of the dis-
ease when palpable fibrous bands appear, submucosal 
injection of dexamethasone—4 mg/ml or triamcinolone 
diacetate—10  mg/ml, is given at multiple sites of the 
fibrosis, twice a week for 3 months. Hydrocortisone and 
methylprednisolone (20 mg/0.5 ml) have also been used 
as submucosal injections [3, 6].

Hyaluronidase degrades hyaluronic acid and lowers 
the thickness of intercellular cemental substances. 
Combination of corticosteroid and hyaluronidase shows 
better results in OSF due to deeper penetration of the 
steroid [3, 7]. Veedu et al. compared the effects of two 
conventional therapies, namely, submucosal injections 
of hyaluronidase (1500 I.U), dexamethasone (8 mg), or 
a combination of both (750 I.U and 4 mg), for a dura-
tion of 5 weeks. The authors concluded that hyaluroni-
dase provided relief  of the symptoms more rapidly [8]. 
Panigrahi et  al. in their prospective study found that 
submucosal injection of a combination of triamcino-
lone acetonide and hyaluronidase is superior to triam-
cinolone alone, with respect to improvement in 
symptoms and patient convenience [9]. Goel et al. per-

formed a hospital-based longitudinal study, on 270 OSF 
patients for a duration of 2 years. They proposed that 
both submucosal betamethasone and oral lycopene 
resulted in a significant enhancement in mouth opening. 
In stage II OSF patients, they found that the betametha-
sone group showed greater improvement in mouth 
opening of 9.47  ±  2.47  mm than the lycopene group 
where the average improvement of mouth opening was 
6.07 ± 2.00 mm (p < 0.0001). In stage III, the lycopene 
group had a significant average improvement of mouth 
opening of 6.53 ± 1.45 mm compared to injection beta-
methasone group patients who showed an average 
improvement in mouth opening of 3.27  ±  1.36  mm 
(p  <  0.0001). In both test groups capsule lycopene 
showed better results compared to injection betametha-
sone [10]. Intralesional injections of dexamethasone, 
hyaluronidase, and chymotrypsin independently or in 
combinations show better outcomes than using a single 
drug regimen [5].

The limitation of injecting corticosteroids include 
pain, scar formation due to needle prick, and greater 
chances of relapse once the treatment is withdrawn. 
Topical formulations are not effective in the long-term. 
One study reported hypertrichosis from repeated triam-
cinolone injection [11].

16.3  Immunomodulators

16.3.1  Levamisole

Levamisole is an anthelmintic drug with a wide range of 
immunomodulatory actions which influence both 
humoral and cellular immunity. It has been reported to 
be beneficial in the early stages of OSF.

A randomized, single-blind clinical trial conducted 
by Jirge et al. compared 50 mg of oral levamisole, three 
times daily, for 3 consecutive days a week for 3 alternate 
weeks with an oral antioxidant [ANTOXID—contain-
ing beta carotene, selenium oxide, zinc sulfate, manga-
nese, and copper]. The 45 participants included in this 
study were divided equally between three study groups: 
oral levamisole (group I), ANTOXID (group II), or a 
combination of oral levamisole with ANTOXID (group 
III). At the end of the intervention period of 15 weeks, 
there was an improvement in mouth opening by 7.1%, 
6.7%, and 8.0% in groups I, II, and III, respectively. 
These gains were maintained on further evaluation 
2 months later. There was also a significant reduction in 
burning sensations in all study groups. The levamisole 
group showed a significant reduction in burning sensa-
tion and improvement in mouth opening and also an 
improvement in serum IgA, IgM, and IgG levels [12]. 
Shinge et  al. evaluated the efficacy of levamisole and 
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antioxidants in 60 OSF patients as single and combined 
regimens. They found that the combined use of levami-
sole and antioxidant was more effective than use of 
levamisole or antioxidant alone [13].

16.3.2  Probiotic Agents

The use of probiotic agents, such as immunized cow’s 
milk prepared by immunization of cows with human 
intestinal bacteria, has been proposed as a method of 
immunomodulation. Immunized milk contains vitamins 
such as vitamins A, C, B1, B2, B6, B12, nicotinic acid, 
pantothenic acid, folic acid, and elements iron, copper, 
and zinc. It suppresses inflammation and modulates 
cytokine production. 45  g of immunized milk powder 
twice a day for 3  months resulted in a significant 
improvement in the symptoms of OSF patients. The 
authors reported an increase of greater than 3  mm in 
mouth opening in 69% of their treated patients [6, 14–
16].

16.4  Proteolytic/Fibrolytic Enzymes

Proteolytic enzymes are known to break down the cross-
linking of collagen, which contributes to connective tis-
sue fibrosis.

16.4.1  Hyaluronidase

Hyaluronidase degrades ECM hyaluronic acid, pro-
motes the lysis of fibrin-formed coagulum, decreases the 
viscosity of intercellular cement substances, and 
decreases collagen synthesis. It is effective in reducing 
OSF symptoms and is often used in combination with 
steroids. It has been used as the first-line medical treat-
ment in moderate grade of OSF [17, 18].

Krishnamoorthy et al. enrolled 50 patients and ran-
domized them into two groups. Group 1 received intral-
esional injections of 1500  IU hyaluronidase mixed in 
1 ml lignocaine (0.5 ml) injected submucosally into the 
buccal mucosa along with colchicine 0.5 mg twice daily 
and group 2 was given intralesional 0.5 ml of hydrocor-
tisone acetate 25 mg/ml in addition to the hyaluronidase 
once a week for 12  weeks. Both groups received habit 
intervention. Thirty-three percent of patients in Group 
1 had relief  from the burning sensation in the second 
week. Group 1 patients responded better than Group 2 
with an increase in mouth opening and improvement of 
histological parameters [19].

Cox and Zoellner compared the efficacy of  physio-
therapy and submucosal injections of  a combination 

of  hyaluronidase and corticosteroids in 54 Nepalese 
subjects. After 4  months, subjective and objective 
measures were compared with baseline. The physio-
therapy group showed a significant increase in mouth 
opening but had no superior effect on subjective mea-
sures [20].

James et  al. administered intralesional injection of 
dexamethasone 1.5 ml and hyaluronidase 1500 IU with 
0.5  ml lignocaine biweekly for 4  weeks, to 27 OSF 
patients, with an average follow-up of 9  months. 
Improvement in mouth opening was observed with a net 
gain of 6 ± 2 mm (92%). There was a reduction in the 
burning sensation, pain, ulceration, and blanching of 
the oral mucosa. The authors concluded that submuco-
sal injection of hyaluronidase with dexamethasone was 
an effective method of treating Grade III OSF [21].

16.4.2  Chymotrypsin

Chymotrypsin is a proteolytic enzyme (serine protease) 
found in the digestive systems of many organisms. It 
facilitates the cleavage of peptide bonds. Chymotrypsin 
is an end peptidase that hydrolyzes ester and peptide 
bonds. It has proteolytic and anti-inflammatory proper-
ties and has shown to provide some improvement in 
OSF symptoms [16, 22].

Ayub et al. compared the effectiveness of combined 
chymotrypsin and dexamethasone versus dexametha-
sone alone in patients with OSF. Their study included 
146 OSF patients who were equally divided into two 
groups by a lottery method. Group A had 73 patients, 
treated with submucosal injection of a combination of 
chymotrypsin and dexamethasone, and group B, 73 
patients treated with only dexamethasone, once a week 
for 1 month. Mouth opening was recorded on monthly 
follow-up without any other therapy for 3 months. Inter-
incisal opening significantly increased by 3–5  mm in 
group A compared to group B suggesting that the com-
bined regimen of chymotrypsin and dexamethasone was 
more effective than dexamethasone alone (74% vs. 
57.5%) (p = 0.036) [23].

16.4.3  Collagenase

Collagenase is an enzyme capable of degrading various 
esters that are involved in the cross-linking of collagen. 
Clostridium histolyticum collagenase (Xiapex™) has 
been licensed for the treatment of fibrotic conditions, 
such as Dupuytren’s contracture. It is highly potent in 
digesting collagen. Efficacy of collagenase in the treat-
ment of Dupuytren’s contracture was proven by Hurst 
et al. in their double-blind randomised control trial [24]. 

Medical Management of Oral Submucous Fibrosis



284

16

However, it is expensive, and the cost may preclude its 
availability in low-income countries.

Lin et al. studied the effect of collagenase treatment 
given as submucosal injections in 27 patients with well-
developed OSF.  They divided the patients into three 
groups (A, B, and C) with nine patients in each group: 
patients in group A, received phosphate-buffered saline 
(PBS) injection as a control; patients in group B were 
injected with 1 ml of triamcinolone diacetate (Ledercort) 
plus 1  ml of xylocaine and group C patients received 
1 ml of collagenase (1% solution) mixed with 1 ml of 
xylocaine. All patients received their injections once a 
week for 6  weeks. The collagenase treatment not only 
resulted in a significant improvement of mouth opening, 
but also a striking reduction in hypersensitivity to spices, 
sour, cold and heat that helped restore normal eating in 
the study subjects. The mouth opening of patients who 
received PBS decreased approximately by 13–15% 
6 weeks after the initial measurement. The OSF patients 
treated with triamcinolone diacetate or collagenase 
showed 9–13% and 64–82% increase in mouth opening, 
respectively. These results indicated that collagenase 
treatment was approximately fivefold more effective 
than triamcinolone diacetate alone [25].

16.5  Antioxidants in OSF

Constituents of betel quid generate substantial amounts 
of reactive oxygen species (ROS), which may create a 
biological imbalance between oxidants and antioxi-
dants. OSF pathogenesis involves the accumulation of 
free radicals and production of lipid peroxides (LPO) 
[25]. On the basis of this hypothesis, several authors 
have used naturally occurring or synthetic antioxidants 
to treat OSF. Some of the agents that have been used 
include beta carotene, lycopene, tea pigments, aloe vera, 
curcumin, and spirulina.

16.5.1  Lycopene

Lycopene is a red carotenoid predominantly present in 
tomatoes and other pigment- containing vegetables and 
fruits [2–4]. It is a potent antioxidant and its antioxidant 
property is attributed to its high singlet oxygen quench-
ing capacity with an increased propensity for quenching 
other free radicals in  vitro. Experimental studies have 
established the role of lycopene in inhibiting cancer cell 
growth both in vivo and in vitro [27]. Lycopene has also 
been reported to be beneficial in the management of 

other potentially malignant oral disorders (e.g., oral leu-
koplakia and lichen planus) [16, 28, 29].

Kumar et al. recruited 83 participants who received 
either oral lycopene (n  =  21; group A), oral lycopene 
with submucosal corticosteroids (n = 19; group B), or 
oral placebo tablets (n  =  18; group C). The 2-month 
intervention period was completed by 58 people. 
Objective measurement of mouth opening improved 
with an average increase of 3.4 mm, 4.6 mm, and 0 mm 
for groups A, B, and C, respectively. The increases were 
maintained at 3- and 6-months follow-up. All patients 
who took lycopene reported relief  of burning sensation 
within 2 weeks, whereas only one patient from the pla-
cebo group reported a similar improvement [30].

A randomized single-blind trial testing the effective-
ness of lycopene was conducted in Maharashtra, India. 
Of the 92 participants enrolled, 46 were given 8 mg oral 
lycopene daily, and the rest were given a placebo tablet 
for 3  months and followed up for further 2  months. 
Significant improvement was reported with increase in 
mouth opening of 4.48 (±3.65) mm in the lycopene 
group compared with 1.13 (±1.6) mm in the control 
group, and 31% taking lycopene experienced a complete 
improvement in burning sensation compared with 7% in 
the control group [31].

A study by Beena et al. reported the effectiveness of 
dexamethasone and hyaluronidase to be superior to 
lycopene among 60 OSF patients [32]. However, as the 
lycopene group also showed improvement in mouth 
opening and reduction of burning sensation it may be 
used when dexamethasone is contraindicated due to 
medical comorbidities. Johny et  al. evaluated the effi-
cacy of lycopene and lycopene-hyaluronidase combina-
tion with placebo in the treatment of 45 OSF patients. 
There was a statistically significant improvement in 
mouth opening and burning sensation for lycopene and 
lycopene and hyaluronidase combination than in the 
placebo group in the treatment of OSF. The lycopene–
hyaluronidase combination did not yield any statisti-
cally significant improvement when compared with 
lycopene alone [33]. Saran et al. compared the efficacy 
of oral lycopene with curcumin in 60 OSF patients. 
Lycopene showed better results than curcumin in 
improving mouth opening and both were equally effec-
tive in decreasing burning sensation in OSF patients 
[34]. Selvam et  al. divided their cohort of 45 OSF 
patients into three groups: group A received oral lyco-
pene with corticosteroid injections (dexamethasone + 
hyaluronidase), group B received oral antioxidant with 
corticosteroids, and group C received intralesional injec-
tions of dexamethasone and hyaluronidase. Lycopene 
used along with intralesional steroids was more effective 
in improving mouth opening compared to antioxidants 
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with steroids [35]. Similarly, Elizabeth et  al., in their 
study comparing the efficacy of lycopene with intrale-
sional corticosteroids, found that lycopene in combina-
tion with intralesional steroids was more effective in 
improving mouth opening compared to intralesional 
steroid and hyaluronidase injections alone [36]. In a 
RCT of 30 OSF patients, Subramaniyam et  al. found 
that the mean improvement in tongue protrusion 
(3.53 mm) and burning sensation (2.73 using VAS) was 
significantly better in patients who received lycopene 
compared to those who underwent ultrasound therapy 
(tongue protrusion: 1.46  mm; burning sensation: 1.4 
using VAS). The mouth opening was better in the ultra-
sound group (6.20 mm) compared to lycopene groups 
(5.10 mm), but the results were not statistically signifi-
cant [37]. Singh et al. demonstrated that lycopene cap-
sules were better than intralesional betamethasone 
injections in improving mouth opening and decreasing 
burning sensation in their cohort of 44 OSF patients 
[38]. Arshad et  al. compared the efficacy of lycopene 
with methyl predinisolone as single drug regimen and in 
combination and found that combination of lycopene 
and methyl prednisolone yielded favorable results than 
corticosteroid or antioxidant alone [39]. Bhowmick 
et al. and Kumar et al. compared the clinical response in 
patients receiving lycopene and lycopene with intrale-
sional corticosteroids. Combination therapy of lyco-
pene with intralesional corticosteroids was more 
effective in relieving the clinical symptoms [30, 40].

16.5.2  Curcumin (Turmeric)

Curcumin (diferuloylmethane) is a component of tur-
meric, a rhizomatous plant—Curcuma longa, which is 
widely used in Asian cooking. It exhibits antioxidant, 
anti- inflammatory, proapoptotic, and anticancer prop-
erties [41, 42]. It suppresses the action of nicotinamide 
adenine dinucleotide phosphate oxidase, which is 
responsible for the generation of reactive oxygen species 
(ROS). Curcumin modulates inflammatory response by 
reduction of cyclooxygenase-2 (COX-2), lipoxygenase, 
and inducible nitric oxide synthase (iNOS) enzymes. It 
also inhibits the synthesis of the inflammatory cyto-
kines, tumor necrosis factor-alpha (TNF-alpha), IL-1, 
2, 6, 8, 12, monocyte chemoattractant protein (MCP), 
and migration inhibitory protein [43]. A comprehensive 
description of the properties of curcumin is given by 
Girisa and Kunnumakkara in Chap. 17.

Kopuri et al. compared submucosal layer thickness 
using ultrasonography in 30 OSF patients treated with 
oral lycopene and curcumin for 3 months. At the end 
of  3 months, all patients in both groups showed signifi-
cant improvement in mouth opening, burning sensa-

tion and blanching. The submucosal fibrous bands 
were reduced in thickness on ultrasonographic exami-
nation in both groups. The authors proposed that 
Lycopene was better than curcumin in the treatment of 
OSF [44].

Lanjekar et al. compared the efficacy of topical cur-
cumin mucoadhesive semisolid gel, triamcinolone ace-
tonide/hyaluronidase mucoadhesive semisolid gel, and a 
combination of both in the treatment of 120 OSF 
patients. The use of three drug combinations showed 
better improvement in mouth opening (mean increase 
of 4.05 mm) and change in mucosal color as compared 
to the other two groups. The triamcinolone and hyal-
uronidase group reported a better reduction in burning 
sensation as compared to the other two groups. 
Curcumin had a synergistic effect when combined with 
triamcinolone and hyaluronidase [45].

The safety of the administration of turmeric oil was 
established using nine healthy volunteers [46]. The same 
group reported a pilot trial in patients with OSF [47]. 
Rai et al. also reported an increase in local and systemic 
antioxidative status in OSF by curcumin [48].

The effect of curcumin was compared with submuco-
sal steroid injections in an RCT [49]. The experimental 
arm (n = 20) received curcumin orally: two tablets of a 
proprietary preparation film-coated tablet containing 
300 mg Curcuma longa and 5 mg piperine) once daily for 
a period of 3 months. The control group received weekly 
submucosal injections of 4  mg dexamethasone and 
1500 IU of hyaluronidase. Mouth opening improved by 
3 mm in the curcumin group compared to control group 
(1.25 mm), and the burning sensation was significantly 
reduced in the curcumin group.

In another RCT, a combination of curcumin and 
turmeric oil was tested by Das et al. [50] Curcumin 1 g 
per day was given in two divided oral doses in one group, 
and a second group was given 12 drops of turmeric solu-
tion to hold in the mouth and then swallow twice daily. 
A control group received multivitamins 500  mg twice 
daily. Patients were followed up monthly for 6 months. 
Complete relief  of pain was reported in both experi-
mental groups after 1  month’s treatment. A mean 
increase in mouth opening of 8.7 mm was noted in both 
test groups compared to a mean increase of 1.8 mm in 
the control group.

Pipaliya et al. compared the efficacy of turmeric and 
black pepper (Piper nigrum) together with black cumin 
(Nigella sativa) in 40 OSF patients. Turmeric with black 
pepper formulation showed better improvement than 
Nigella sativa. There was an improvement in the super-
oxide dismutase levels post-treatment in both groups 
[51].

Piyush et al. compared the efficacy of lycopene and 
curcumin with placebo in 90 OSF patients. Statistically 
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significant improvement in clinical symptoms was 
observed in both curcumin and lycopene treatment 
groups in comparison with placebo [51].

Hazarey et  al. compared the efficacy of curcumin 
lozenges with topical clobetasol propionate in 30 OSF 
patients. The curcumin group showed better improve-
ment in mouth opening and reduction in burning sensa-
tion on follow-up of the patients 6  months after 
treatment [53].

However, Rajbhoj et  al. compared the clinical 
response of 60 OSF patients to aloe vera and curcumin 
(30 in each group) and found that reduction in burning 
sensation was statistically significant in the aloe vera 
group when compared to the curcumin group [54].

16.5.3  Tulsi/Holy Basil (Ocimum 
tenuiflorum/Ocimum sanctum Linn)

Synergistic effects of Tulsi and turmeric paste was 
reported by Srivastav et  al. in 41 OSF patients [55]. 
Madhulatha et al. evaluated the efficacy of 500 mg of 
herbal Tulsi paste, twice daily for a duration of 1 month 
among a cohort of twenty OSF patients [56]. Promising 
results of tulsi were demonstrated in both studies.

16.5.4  Aloe Vera (AV)

Aloe vera is an adaptogen, that helps in enhancing the 
immune system and is a rich source of vitamins, enzymes, 
minerals, sugars, lignin, saponins, salicylic acids, and 
amino acids. The vitamins A, C, and E in AV act as anti-
oxidants and help to neutralize free radicals. AV also 
contains enzymes: alkaline phosphatase, amylase, brady-
kinase, carboxypeptidase, catalase, cellulase, lipase, and 
peroxidase [57, 58]. Bradykinase decreases inflammation 
on topical application. The gel of the leaves also has 
polysaccharides that promote wound healing and exhibit 
anti- inflammatory, anticancer, immunomodulatory, and 
gastroprotective properties. The anti- inflammatory 
action of aloe vera is due to the reduction of chemical 
mediators of inflammation like bradykinin, histamine, 
leukocyte adhesion, and TNF-α. It stimulates the pro-
duction of hyaluronic acid and dermatan sulfate in the 
granulation tissue of a healing wound and imparts elas-
ticity to the skin and mucosa [58].

Anuradha et  al. evaluated the efficacy of systemic 
and topical AV to submucosal injection of hydrocorti-
sone and hyaluronidase in 74 OSF patients for a dura-
tion of 6  weeks [59]. A statistically significant 
improvement in inter-incisal mouth opening was 
observed in both groups. The improvement in the VAS 
scale for burning sensation, tongue protrusion, and 

cheek flexibility were more significant in the AV group. 
Similar results were obtained by Sudarshan et  al. and 
Singh et al. [60, 61].

Sudarshan et al. compared the effect of topical AV 
with an oral antioxidant capsule (beta-carotene, Vitamin 
E, C, zinc, copper, mixed carotenoids, chromium, man-
ganese, selenium). Ten patients with OSF received topi-
cal application of aloe vera gel (5 mg applied three times 
daily to the buccal mucosa for 3 months) and 10 patients 
received antioxidant capsules twice daily. In the AV 
group, a 55–65% reduction in burning sensation and an 
improvement in mouth opening (4.3–7  mm) was 
observed [61].

Alam et al. studied the effectiveness of aloe vera gel 
as an adjunct to injection of a mixture of hyaluronidase 
and dexamethasone and surgical approaches in the treat-
ment of OSF. Sixty patients were randomized to medici-
nal and surgical groups, and within each group (n = 30), 
half received the gel treatment. Improvements in both 
mouth opening and burning sensation were found in 
those treated with aloe vera [62]. However, when Patil 
et al., compared the efficacy of AV with lycopene in a 
cohort of 120 OSF patients, lycopene showed better 
improvement in mouth opening and reduction in burn-
ing sensation compared to AV [63].

16.5.5  Spirulina

Spirulina is a blue-green alga, with abundant vitamins 
(A and B12), minerals, carotenoids, and phycocyanin. 
Spirulina is known to reduce serum cholesterol levels. 
Spirulina increases IL-2 and decreases IL-6. It has che-
mopreventive properties due to the abundance of beta 
carotene and superoxide dismutase [58, 64–66]. Kanjani 
et  al. in their study reported that the patients using a 
combination of physical exercise (mouth stretching) and 
spirulina 500 mg fared better than patients using spiru-
lina alone in terms of burning sensation, mouth open-
ing, tongue protrusion, and cheek flexibility [67]. Studies 
have shown that spirulina significantly improves the 
mouth opening, ulcers, erosions, and vesicles compared 
with those receiving topical aloe vera [64]; Spirulina also 
reduces the burning sensation compared with pentoxi-
fylline [65]; and is more effective in improving both 
mouth opening and reducing burning sensation com-
pared with a biweekly submucosal steroid injection of 
betamethasone (4 mg/ml for 3 months) [66].

Kulkarni et al. conducted a systematic review on the 
efficacy of spirulina in the management of OSF.  Five 
studies were included in this systematic review. All five 
studies reported that spirulina is an effective herbal 
medicine in the improvement of mouth opening, reduc-
ing burning sensation, ulcers, erosions, or vesicles. In 
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three studies spirulina was compared with lycopene, 
aloe vera, and oxitard™ When compared with lycopene 
and oxitard, spirulina was found to be less effective in 
improving mouth opening; however, spirulina was more 
effective than AV.  The spirulina group also demon-
strated better results for reducing oral lesions when 
compared with these three interventions. All were 
equally effective, in reducing burning sensation [68].

16.5.6  Tea Pigments

Oxidation of Polyphenols in tea leaves produces tea pig-
ments. The tea pigments contain aflavins, which possess 
antioxidant, antineoplastic, and anti-inflammatory 
properties. Both polyphenols and flavins reduce the 
activity of nuclear factor- kappa B (NF-kappa B) and 
thereby regulate the expression of proinflammatory 
cytokines. Tea pigments are beneficial in OSF treatment 
as they augment the actions of superoxide dismutase, 
reduce blood viscosity and improve microcirculation [4, 
69, 70]. Li et al. found tea pigments to be beneficial in 
patients with early stages of OSF. The authors suggest 
that in addition to their antioxidant properties, the tea 
pigments are likely to act by improving microcirculation 
[71].

16.5.7  Salvianolic Acid (Sal-B)

Radix Salviae miltiorrhizae (Danshen), the dried root 
of  Salvia miltiorrhiza Bge is a popular traditional 
Chinese medicine. Salvianolic acid B (Sal-B) is the 
most abundant and bioactive member of  the hydro-
philic components in Danshen. Sal-B contains seven 
phenolic hydroxyls, which are responsible for its anti-
oxidant activities [72]. Jiang et al. studied the efficacy 
of  salvianolic acid B (Sal-B) combined with triamcino-
lone acetonide in the treatment of  OSF. A net gain of 
5.5 mm of  mouth opening was reported in the Sal-B 
group in 20 weeks. However, this relapsed to 3.5 mm in 
44 weeks. The exact antifibrosis mechanism of  Sal-B is 
not known [11].

16.5.8  Epigallocatechin Gallate (EGCG)

EGCG is a plant-based potent antioxidant that protects 
the cell against cellular damage caused by free radicals. 
Hsieh and colleagues noted that EGCG dose- dependently 
inhibited arecoline-induced transforming growth factor 
1 (TGF-β1) activation in Buccal Mucosal Fibroblasts 
(BMFs). BMFs exposed to arecoline result in the genera-
tion of mitochondrial ROS, which activate latent TGF-

β1, and, in turn, stimulated Cell Communication 
Network Factor (CCN2) and early growth response-1 
(Egr-1) synthesis. TGF-β1 plays a pivotal role in the 
pathogenesis of OSF; thus, EGCG may be useful in the 
prevention and treatment of OSF. Hsieh et al. noted that 
arecoline induces overexpression of Egr-1, which 
enhances the profibrotic activity seen in OSF [73]. EGCG 
was shown to completely block arecoline-induced Egr-1 
expression in human BMFs [26].

16.6  Vasodilators

The rationale for the use of  a peripheral vasodilators 
is that they relax and dilate the blood vessels in the 
stromal tissues, ensuring blood supply to the ischemic 
tissues which help the nutritional and therapeutic 
agents to reach the affected tissues. The agents that 
have been used in OSF include pentoxifylline [74, 75]. 
nylidrin hydrochloride [76], buflomedil hydrochloride 
[77], Danxuan Koukang [78], Xantinol nicotinate [79] 
and isoxsuprine [3, 80].

16.6.1  Pentoxifylline (PTX)

Pentoxifylline (PTX) is a methylxanthine derivative 
and a nonspecific type IV phosphodiesterase inhibitor. 
It is prescribed for intermittent claudication and is 
known to have properties that alter the course of 
wound healing. PTX increases fibroblast collagenases 
and decreases collagen, fibronectin, and glycosamino-
glycan production. Fibroblast responsiveness to tumor 
necrosis factor is also diminished by PTX [81]. PTX 
enhances red cell deformability, leukocyte chemotaxis, 
anti-thrombin, and anti-plasmin activities, and sup-
presses red cell and platelet accretion, granulocyte 
adhesion, fibrinogen levels, and whole blood viscosity 
[82]. It enhances the production of  prostaglandins (E2 
and I2) by vascular epithelium which is critical in pre-
serving cellular integrity and homeostasis after acute 
phase injury. All these properties are potentially benefi-
cial in the atrophic and ischemic condition of  the oral 
mucosa in OSF.

Rajendran et al. studied 29 OSF patients who were 
prescribed either oral pentoxifylline or multivitamins. 
All those enrolled completed the study during a 7-month 
period [74]. The authors reported statistically significant 
improvements in the oral pentoxifylline group (n = 14) 
compared with controls with respect to mouth opening, 
tongue protrusion, and relief  from circum-oral fibrotic 
bands and subjective criteria (intolerance to spices, 
burning sensations, tinnitus, difficulty in swallowing, 
and difficulty in speech).
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Prabhu et al. assessed the use of PTX on the clinical 
and histopathologic changes of 30 OSF patients in com-
parison to conventional therapies [83]. They did not 
observe any significant clinical and histopathological 
improvement in the PTX group. Treatment with PTX 
was not superior to other drug regimens and concluded 
that their study did not recommend PTX.

Several studies have reported side effects caused by 
PTX including central nervous system (dizziness, head-
ache, tremor, anxiety, and confusion) and gastrointesti-
nal (dyspepsia, nausea and/or vomiting, bloating, flatus, 
and bleeding) symptoms [81, 83].

Zwiri et al. conducted a study comparing the efficacy 
of spirulina (control) and PTX in 112 OSF patients. The 
maximal mouth opening increased from 21.6  mm at 
baseline to 27.9 after 3 months in PTX group [84].

Patil et al. in a prospective study compared the effi-
cacy of pentoxifylline with placebo (multivitamin) in 
106 OSF subjects. The cohort was divided into two 
groups: Group A (n  =  53) was administered 400  mg 
pentoxifylline twice daily and Group B (n  =  53) was 
given multivitamins for 3 months. They reported a sig-
nificant (p  <  0.05) improvement in mouth opening, 
tongue protrusion, speech and swallowing, pain associ-
ated with the lesion, and burning sensation in OSF 
patients [85].

Sadaksharam et al. evaluated the therapeutic efficacy 
of oral PTX and dexamethasone in the treatment of 30 
OSF patients [86]. The width of the submucosal layer 
and its echogenicity were assessed by ultrasonography, 
prior to and after treatment. Equivocal improvement 
was obtained in both groups. Nevertheless, the PTX 
group exhibited better results than the dexamethasone 
group. Therefore, the authors proposed, PTX as a safer 
substitute when intralesional steroids are intolerable or 
contraindicated.

Bhambhal et al. compared the efficacy of oral PTX 
400  mg to placebo- multivitamin capsules, in 80 OSF 
patients [87]. Relief  from pain, and burning sensation, 
was significant. No significant changes were observed 
with respect to mouth opening, tongue protrusion, 
cheek flexibility, or blanching of the mucosa in PTX 
group.

Mehrotra et al. report on 32 patients given pentoxi-
fylline for a period of 7 months (initial 30 days dosage 
of 400 mg twice daily, increased to 400 mg three times 
daily for 6  months). The placebo group (n  =  30) was 
given multivitamin therapy. They report improved 
mouth opening by 10 mm with pentoxifylline compared 
with 6 mm with multivitamins [75]. The improvement in 
total score (Subjective and Objective) was 25% in pla-
cebo and 49% in PTX group. This difference was found 
to be statistically significant. (p < 0.05). Central nervous 
system side effects such as dizziness, headache, tremor, 
anxiety, and confusion and gastrointestinal (dyspepsia, 

nausea and/or vomiting, bloating, flatus, and bleeding) 
were reported in a few patients [75, 86, 88].

Bishnoi et al. reported that patients on PTX showed 
a significant increase in mouth opening, decrease in 
burning sensation, and pain as compared with those on 
multivitamin capsules [89].

Leelakshi et  al. in a cross-sectional study adminis-
tered 400 mg PTX and two garlic pearls thrice daily for 
2 months in 10 OSF patients. Patients exhibited a mean 
reduction of 95.68% in burning sensation and an 
increase of 5.37 mm in mouth opening. The cheek flexi-
bility and tongue protrusion also showed significant 
improvements in the study groups [90].

16.6.2  Nylidrin Hydrochloride

Nylidrin hydrochloride marketed in India under the 
brand name “Arlidin” is available in tablet and inject-
able forms. “Arlidin” with its active component, nylid-
rin hydrochloride, is a peripheral vasodilator, that 
increases blood supply to ischaemic tissues with little 
or no change in blood pressure or heart rate of  the 
individual. It has been used favorably in Meniere’s dis-
ease, deafness, dementia, retinopathy, peripheral vas-
cular disease, and premature labor. Sharma et  al. in 
their study on Nylidrin hydrochloride (Arlidine™) in 
58 cases of  oral submucous fibrosis (6  mg orally), 
reported clinical improvement in 62% of  patients. Side 
effects included flushing and warm skin in some 
patients [76].

16.6.3  Isoxsuprine

Isoxsuprine, a vasodilator was combined with physio-
therapy, and compared with submucosal injections of 
dexamethasone with hyaluronidase and physiotherapy 
or physiotherapy alone in OSF patients [91]. Isoxsuprine 
was given for 6 weeks, with a 4-month follow- up period. 
Both isoxsuprine and dexamethasone with hyaluroni-
dase treatments significantly alleviated the burning sen-
sation and increased mouth opening by approximately 
3 mm.

16.6.4  Xantinol Nicotinate

Xantinol nicotinate is a derivative of niacin. It is a vasodi-
lator used to treat peripheral vascular disease. Singh et al. 
determined the efficacy and safety of intralesional Xantinol 
nicotinate with a placebo in the treatment of various stages 
of OSF. The patients had a significant respite from burning 
sensation and enhancement in the mouth opening, tongue 
protrusion, and cheek flexibility [79].
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16.6.5  Buflomedial Hydrochloride

Buflomedial, a peripheral vasodilator, has been found to 
favourably affect tissues with diffuse fibrosis by improv-
ing local ischemia. Lai et al. observed positive treatment 
outcome for OSF using buflomedial (3 tablets of 450 mg 
each per day) and topical triamcinolone acetonide 0.1% 
on mucosal ulcers [77].

16.7  Biogenic Stimulation

16.7.1  Placental Extract

Intralesional placental extracts act by biogenic stimula-
tion of the metabolic regenerative process of tissue. It 
was first used by Filatov in 1933. Aqueous extract of 
human placenta stimulates the pituitary and the adrenal 
cortex and regulates tissue metabolism [92, 93].

Placentrex™ is available as an injectable aqueous 
extract of human placenta that contains: (1) Enzymes: 
alkaline and acid phosphatase, glutamic oxaloacetic 
acid transaminase, glutamic acid, and pyruvic acid 
transaminase. (2) Nucleotides: RNA, DNA, and ATP. 
(3) Vitamins: Vit. E, B1, B2, pantothenic acid, biotin, 
PABA, folic acid, B12, choline and inositol. (4) Amino 
acids: Alanine, asparagine, asparagenic acid, cysteine, 
glyceine, histidine, leucine, lysine, phenylalanin, proline, 
serine, threonine, tryptophan, tryosine and valine. (5) 
Steroids: ketosteroids, cholestrin and cholesterol. (6) 
Fatty acids. (7) Trace elements, Sodium, K, Ca, Mg, Cu, 
Fe, P and Si [94].

Placental extract is anti-inflammatory and has sig-
nificant analgesic action. It increases blood circulation 
and tissue vascularity. Placentrex contains Vitamin E, 
which has antioxidant properties. Vitamin A plays a 
major role in the induction and control of epithelial dif-
ferentiation. Vitamin A slows, delays, arrests, reverses 
malignant potential and along with Vitamin E improves 
the mucosal color, mouth opening, and reduces fibrous 
bands [95].

Ramanjaneyalu and Rao used 2 cc placentrex injec-
tion at weekly intervals for 10  weeks in OSF patients. 
They found it to be superior to intralesional cortisone 
injections. They reported two cortisone-resistant cases 
that responded favorably to Placentrex [96].

Katharia et  al. in an observational study, injected 
2 ml of Placentrex locally in predetermined areas of oral 
mucosa, once a week for a total duration of 1 month in 
22 OSF patients. A significant improvement in the 
mouth opening (28%) and the color of the oral mucosa 
(38 %) (p < 0.01) with a reduction in the fibrotic bands 
was observed [94].

Naik et al. reported a better improvement in mouth 
opening in OSF patients who were given intralesional 
2 ml of placentrex at weekly intervals for 8 weeks when 
compared to OSF patients who received a combination 
of triamcinolone acetonide (10 mg/ml) + hyaluronidase 
(1500 IU) at weekly intervals for 8 weeks [97].

Raj et al. in a longitudinal study observed that treat-
ment of OSF with placental extract injection was more 
effective in moderate fibrosis compared to moderately 
advanced fibrosis [98]. Significant improvement in 
mouth opening, color of the mucosa, tongue protru-
sion, and reduction in burning sensation was observed 
by Dinesh et al., in a prospective study where 30 OSF 
patients were administered 2  ml injection placental 
extract (Inj. Placentrex) submucosally [99]. Priyankar 
et al. in their cohort of 60 Stage II OSF patients reported 
maximum improvement in mouth opening with intrale-
sional injection of hyaluronidase (MO = 9.20 mm) fol-
lowed by placental extract (MO = 8.02 mm) and then 
dexamethasone (MO  =  7.28  mm). They also reported 
that maximum improvement in burning sensation was 
observed with intralesional injection of dexamethasone 
followed by placental extract and the least improvement 
was seen with hyaluronidase [100].

Singh et al. used 2 ml submucosal injections of pla-
cental extract mixed with 2 ml of 2% lignocaine HCL 
weekly for an interval of 8 weeks and showed an average 
improvement in mouth opening by 8 mm (average pre-
treatment mouth opening of 8 mm and average post-
treatment mouth opening of 26  mm) with a marked 
reduction in burning sensation [61].

Shah et al. divided their cohort of 25 patients into two 
study groups: Group A (placental extract + dexametha-
sone) and Group B (hyaluronidase + dexamethasone). In 
Groups A and Group B, the average increase in mouth 
opening from the baseline record to the eighth week of 
treatment was 3.53 ± 1.26 mm and 3.65 ± 1.42 mm respec-
tively and the average decrease in burning sensation, as 
noted by VAS scale, was 5.13  ±  1.13 and 4.90  ±  1.29, 
respectively. The pre- and posttreatment differences were 
found to be statistically significant for both the groups 
(p < 0.001) and for both treatment outcomes [101].

Shinde et  al. conducted a randomized, parallel-
group, single-blinded outcome- based study, in a cohort 
of 40 cases of OSF. The patients were divided into two 
groups of 20 each: placental extract group and triam-
cinolone acetonide group, administered intralesionally 
for 10  weeks. There was a significant improvement in 
burning sensation, pain, mouth opening, tongue protru-
sion, and cheek flexibility in both groups. Better and 
earlier improvement in tongue protrusion and cheek 
flexibility was achieved in the triamcinolone group as 
against the placental extract group [102].
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Kisave et al. evaluated the efficacy of Placentrex and 
hydrocortisone injection in two groups: Group A had 30 
patients injected with 2  ml of placentrex in the areas 
where fibrous bands were present, twice a week for 
3  months. Group B comprised of 30 patients injected 
with 2 ml of hydrocortisone twice a week for 3 months. 
A statistically significant difference in the mean mouth 
opening (5.19 ± 1.33 in Group A and 11.69 ± 1.26 mm 
in Group B; p = 0.0001) was observed. The authors con-
cluded that hydrocortisone was better in increasing the 
mouth opening compared to placentrex. However, pla-
centrex reduced the burning sensation more effectively 
than hydrocortisone [95]. They concluded that local 
injection of placentrex was safe, cheap, and effective 
without any significant side effects or contraindications. 
It has a long-lasting effect and can be administered in 
the early stages of OSF [95].

Similarly, Kale et al., observed that improvement in 
mouth opening was better with corticosteroids com-
pared to placental extract; however, in their study, the 
difference between the study groups were not statisti-
cally significant [103].

16.8  Micronutrients (Vitamins 
and minerals)

Vitamins and minerals treat the deficiency states and pro-
mote normal cellular processes present in health that help 
to protect against adverse events, including carcinogenesis. 
Vitamins (A, B complex, C, D, E) are known to accelerate 
ulcer healing and relieve symptoms in OSF.

Minerals including zinc and magnesium are essential 
components for many enzymes and play a crucial role in 
DNA synthesis and cell division. Zinc controls the com-
plex effects of copper-associated lysyl oxidase upregula-
tion, while magnesium stabilizes excitable membranes. 
Multivitamins, micronutrients, and antioxidants are 
effective in controlling the signs and symptoms of OSF 
[16]. Antioxidants, nutrients, and micronutrients ther-
apy (AONMT) is based on the rationale that reactive 
oxygen species (ROS) found in areca nut may damage 
the cellular structure, including lipids and cell mem-
branes, proteins, and nucleic acids resulting in patho-
logical processes. Micronutrient deficiencies impede the 
healing of inflamed oral mucosa leading to mucosal 
atrophy which becomes more susceptible to the effects 
of areca nut.

16.8.1  Vitamins

Vitamin A, C, and E are antioxidants that aid in scav-
enging free radicals. Beta- carotene, an important pre-

cursor of vitamin A, when combined with vitamin E has 
been shown to be effective in increasing mouth opening 
and tongue protrusion. In one study, treatment with 
topical vitamin A 50,000  IU in the form of chewable 
tablets once daily and oral ferrous fumarate tablets in a 
dose of 200  mg once daily were found to be safe and 
effective [104]. Vitamin E given concomitantly with sub-
mucosal hyaluronidase and betamethasone was better 
than hyaluronidase and betamethasone alone [105]. The 
efficacy of vitamin E is attributed to its antioxidant 
property. Nallapu et  al. showed that the addition of 
vitamin E (400 IU once daily, for a period of 8 weeks) 
had a significant synergistic effect with the submucosal 
injections of dexamethasone 2 ml (2 mg/ml) and hyal-
uronidase (1500  IU) in 0.2  cc lignocaine (2%) [106]. 
Singh reported that vitamin C given in combination 
with placentrex and liver extract gave better results than 
vitamin C alone. It has been suggested that Vitamin C 
reduces the edema between the collagen bundles and 
helps in the regeneration of new normal collagen bun-
dles [107]. Nayak et al. conducted a prospective study in 
72 OSF patients to compare the clinical outcome of 
lycopene and lycopene with vitamin E. Lycopene when 
combined with vitamin E was better in reducing the 
burning sensation and improving mouth opening [108]. 
Thakur et al. in a clinical prospective study of 64 OSF 
patients reported that micronutrients (vitamins, miner-
als, and omega-three fatty acid) along with physiother-
apy substantially improved the mouth opening compared 
to the use of micronutrients or physiotherapy as sole 
treatment modality [109].

Raizada et al. conducted an open labeled random-
ized controlled trial in 48 OSF patients divided into two 
groups (24 in each group) to study the effectiveness of 
omega 3 in the treatment of OSF. Group A received a 
placebo (lactose capsule) for 3  months while group B 
received 1gm of omega 3 (flaxseed oil) three times daily 
continuously for 3 months. Patients of both groups were 
given biweekly intralesional injections of dexametha-
sone 1.5 ml and hyaluronidase 1500 IU mixed with lig-
nocaine for 6  weeks. After 3  months, statistically 
significant (p < 0.05) improvement among all three clini-
cal parameters, i.e., inter-incisal distance (mean improve-
ment in group A  =  3.79  ±  1.07  mm and group 
B  =  6.58  ±  1.24  mm, p  =  0.019), tongue protrusion 
(mean improvement in group A = 1.87 ± 1.54 mm and 
group B = 4.62 ± 1.78 mm, p = 0.044), and cheek flexi-
bility (mean improvement in group A = 2.08 ± 1.38 mm 
and group B = 3.50 ± 1.84 mm, p = 0.035) was observed. 
A significant improvement in burning sensation was 
observed after 1 month itself  in group B when compared 
to group A (mean drop in group A = 2.5 ± 0.78 points 
and group B = 6.0 ± 1.144 points, p < 0.05). The authors 
concluded that Omega 3  in conjunction with intrale-

 K. Loganathan and K. Ranganathan



291 16

sional injections can be an effective therapy when com-
pared to intralesional injections alone in treating 
patients with OSF (grade II and III) [110].

16.8.2  Minerals

Many studies have shown decreased levels of hemoglo-
bin and serum ferritin in OSF [111]. Iron supplements in 
patients with anemia can improve the nutritional status 
of OSF patients and alleviate the burning sensation by 
correcting epithelial atrophy [4]. Maher et al. reported 
that micronutrient supplements: vitamins A, B complex, 
C, D, E; and minerals iron, calcium, copper, zinc, and 
magnesium were effective (p  <  0.05) in reduction of 
signs and symptoms of OSF over a period of 3  years 
[112].

Dhariwal et  al. reported that diet supplementation 
with zinc acetate along with vitamin A, in a 24-year-old 
OSF patient, increased mouth opening and reduced 
burning sensation in the 4  months follow-up period. 
Histopathologically re-epithelialization was evident 
along with the appearance of normal rete pegs. The data 
for mouth opening, collagen content, and epithelial 
thickness of six other cases similarly treated also showed 
a significant increase in mouth opening and epithelial 
thickness and a decrease in collagen content. The 
authors proposed the use of zinc acetate and vitamin A 
for the management of OSF [113]. Anil et al. adminis-
tered Zinc (220 mg) in combination with vitamin A and 
observed good results in OSF.  Zinc plays an essential 
role in DNA synthesis and cell division [114].

16.8.3  Oxitard ™

This is an ayurvedic antioxidant, which contains 
extracts of  “Mangifera indica, Withania somnifera, 
Daucus carota, Glycyrrhiza glabra, Vitis vinifera, 
Emblica officinalis and Yashada bhasma, and Triticum 
sativum.” “Mangifera indica” has antibiotic and antivi-
ral action. “Withania somnifera” supresses anxiety, 
stress, and inflammation. “Daucus carota” is a potent 
source of  vitamin A. “Glycyrrhiza glabra” suppresses 
the inflammation and is an immunostimulant. “Vitis 
vinifera” decreases inflammation and burning sensa-
tion. “Emblica officinalis” contains vitamin C and 
“Yashada bhasma” contains zinc which enhances 
wound healing and cell renewal. “Triticum sativum” 
contains potent minerals which suppresses oxidative 
stress [115]. Patil et  al. compared the effectiveness of 
Oxitard capsules with a placebo in the treatment of 

OSF [116]. The authors concluded that the Oxitard 
group displayed a significant improvement in the sub-
jective signs and symptoms. Additionally, they also 
reported improvement in dysphagia and speech articu-
lation.

Oxitard was shown to be the most effective in improv-
ing mouth opening [MD, 10.29 (95% CI 6.34–14.25)] 
followed by a combination therapy of lycopene, hyal-
uronidase and corticosteroids [MD, 7.07 (95% CI 1.82–
12.31)]. Two studies reported abdominal discomfort in 
eight patients due to Oxitard [75]. Patil et al. in a pro-
spective, randomized single-blinded study observed a 
significant improvement in mouth opening, tongue pro-
trusion, reduction in burning sensation, difficulty in 
swallowing and speech, and pain associated with the 
lesion in oxitard group compared to the aloe vera group 
[117].

16.8.4  Garlic

Garlic (Allium sativa L.) is a bulbous flowering plant 
that belongs to the family of Amaryllidaceae and is a 
horticultural crop originating from central Asia. Garlic 
and its products are used for culinary and therapeutic 
purposes in many countries. Bulbs of raw garlic have 
been investigated for their role in oral health, which are 
ascribed to a myriad of biologically active compounds it 
has such as alliin, allicin, methiin, S-allylcysteine (SAC), 
diallyl sulfide (DAS), S-ally-mercapto cysteine (SAMC), 
diallyl disulfide (DADS), diallyl trisulfide (DATS), and 
methyl allyl disulfide. Garlic has anti-inflammatory, 
antioxidant, antibacterial, antiviral, antifungal, and 
antimutagenic properties [118].

Jiang et al., gave submucosal injection of thio-2-pro-
pene-1-sulphinic acid S-allyl ester for 16 weeks to their 
cohort of 26 patients in stage II oral submucous fibrosis. 
The net gain in mouth opening was 5.16  ±  1.04  mm, 
burning sensation and the oral health impact profile 
score improved [119]. In another clinical trial, 15 patients 
with oral submucosal fibrosis were given pentoxifylline 
(400  mg) for 3  months with garlic pearls thrice daily. 
Patients had a 95% reduction in burning sensation and a 
5 mm increase in the mouth opening [120].

Jain et  al. systemically administered oral 
Pentoxifylline (400  mg) thrice daily along with garlic 
pearls, (2 pearls; thrice daily) after food for 3 months, in 
15 OSF patients and observed a mean reduction of 95% 
in the burning sensation and increase of 5 mm in mouth 
opening. The cheek flexibility and tongue protrusion 
also showed significant improvements in the study 
groups [121].
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16.9  Novel Therapies

16.9.1  Colchicine

Colchicine is a natural alkaloid derived from two plants 
of the lily family: Colchicum autumnale and Gloriosa 
superba, respectively known as meadow saffron and 
glory lily. Colchicine is an alternative therapeutic option 
for idiopathic recurrent aphthous stomatitis (RAS), 
especially when unresponsive to first-line treatments, 
such as topical or systemic corticosteroids. Additionally, 
colchicine might play a role in preventing oral aphthous-
like ulcers associated with Bechet disease (BD) or 
immune-mediated disorders, such as periodic fever, aph-
thous stomatitis, pharyngitis, and cervical adenitis 
(PFAPA) syndrome and mouth and genitals ulcers with 
inflamed cartilage (MAGIC) syndrome [122].

Colchicine reduces collagen synthesis by disrupting 
microtubule formation and preventing extrusion of col-
lagen from fibroblasts and increasing the activity of col-
lagenase in the underlying submucosa. It neutralizes 
cytokines that synthesize collagen- like TGF-β, IL-6, 
and IL-4 [123, 124]. Krishnamoorthy et al. studied the 
effects of colchicine in two groups of 25 patients each. 
One group was given 0.5 mg colchicine orally twice daily 
with 0.5  ml submucosal injection Hyaluronidase 
1500 IU into each buccal mucosa once a week. The sec-
ond group was given 0.5  ml submucosal injection 
Hyaluronidase 1500 IU and 0.5 ml submucosal injection 
Hydrocortisone acetate 25 mg/ml in each buccal mucosa 
once a week alternately [19]. The group that had colchi-
cine had better mouth opening and relief  from burning 
sensation. However, the study by Daga et al. could not 
find any beneficial effect for systemic colchicine [125] 
except for improvement in the blanching of the mucosa. 
The side effects with Colchicine include diarrhea and 
gastrointestinal adverse events [126]. Colchicine should 
be used with caution in patients with medical comor-
bidities. Severe side effects are observed at higher doses 
and are not advised in subjects with liver disorders. 
Continuous monitoring of blood count, renal and liver 
function are required during the entire course of treat-
ment.

16.9.2  Interferon Gamma (IFN-γ)

Interferon gamma has immuno-regulatory and anti-
fibrotic effects and plays an important role in collagen 
metabolism. In vitro Increase in collagen synthesis in 
response to arecoline is inhibited by IFN-γ (0.01–10.0 U/
ml) in a dose-dependent manner [127]. Studies of sub-
mucosal injection of 0.01–10.0 U/ml IFN-γ three times a 
day for 6  months have shown improvement of OSF 
symptoms. In an open uncontrolled study, submucosal 

IFN-γ treatment resulted in improvement in the patients’ 
mouth opening: from a pretreatment inter-incisal dis-
tance of 21 ± 7 mm, to 30 ± 7 mm immediately after 
treatment and 30 ± 8 mm 6 months later, giving a net 
gain of 8 ± 4 mm (42%) (range 4–15 mm). There was 
also a decrease in burning and dysaesthesia, and increase 
in suppleness of the buccal mucosa. Post-treatment 
immunohistochemistry showed a decreased amount of 
inflammatory cell infiltrate and altered levels of inflam-
matory cytokines compared with the pre-treatment 
lesional tissue. However, prohibitive costs of IFN 
gamma precludes its use in low- and middle- income 
countries [15, 127].

16.9.3  Anti-TGF-β Drugs

Upregulation of TGF-β1, downregulation of bone mor-
phogenic protein (BMP) and remodeling of ECM are 
characteristic features of the fibrotic process in OSF. The 
alkaloid and polyphenol components of areca nut 
induce and activate TGF-β1 in epithelial cells. Exposure 
to areca nut and stimulation of the TGF-β1 pathway are 
responsible for overproduction of collagen and decrease 
in degradation of collagen in OSF.  TGF-β1 induces 
transcription of COL1A1 procollagen gene, increases 
activity of procollagen proteinases, and promotes the 
expression of lysyl oxidase (LOX), an enzyme essential 
for cross-linking collagen fibers. Furthermore, activated 
TGF-β1 induces myofibroblast transdifferentiation in 
OSF [128].

Upregulation of TGF-β1 has been described as a key 
mediator in the pathogenesis of OSF. Activated TGF-β1 
induces myofibroblast transdifferentiation in OSF. Sev-
eral key trials are underway using anti-TGF-β in other 
fibrotic disorders, e.g., idiopathic lung fibrosis. Drugs 
that are being developed include Imatinib, Pirfenidone 
(PFD), and Nintedanib. There have been no trials 
reported for OSF.

Few agents are discussed below:
 5 Imatinib

Imatinib exerts its anti-fibrotic activity by inter-
fering with TGF-β signaling pathways. It has been 
used successfully as an anti-fibrotic drug in preclini-
cal models for the treatment of scleroderma [129, 
130]. Therefore, it has been suggested that it can also 
be effective in OSF treatment [4].

 5 Pirfenidone (PFD)
Pirfenidone (5(1H)-pyridone) is a novel anti-

fibrotic agent with anti- inflammatory properties pres-
ently used in treating idiopathic lung fibrosis (ILF) 
which is an inflammatory condition mediated through 
transforming growth factor beta (TGF-β), like in 
OSF. PFD is hypothesized to be a novel anti-fibrotic 
agent beneficial in treating the early stages of OSF as 
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both conditions are mediated through TGF-β. PFD 
acts by inhibiting tissue inhibitors of metalloprotein-
ases-1 (TIMP1), proinflammatory cytokines TNF-α 
and fibroblast growth factor (b-FGF), which are 
upregulated in OSF [4, 128].

It has been hypothesized that PFD could reduce 
fibrosis in OSF by the following mechanisms:
 1. Decreasing the levels of mRNA encoding type I and 

III collagen and also inhibiting TGF-β1-induced col-
lagen production from fibroblasts [131].

 2. Inhibiting tissue inhibitor of metalloproteinases-1 
(TIMP1), which is upregulated in OSF [132, 133].

 3. Suppressing proinflammatory cytokines TNF-α, 
which is upregulated in OSF [134, 135].

 4. Downregulating fibroblast growth factor (b-FGF), 
which interacts synergistically with other growth fac-
tors enhancing the extracellular matrix deposition in 
OSF [136, 137].

 5. Reducing the level of plasminogen activator inhibitor-1 
(PAI-1), which is upregulated by TGF-β1 in OSF [138].

Nintedanib may be beneficial in OSF through the 
following mechanisms [4, 128]:
 1. Directly preventing phosphorylation of TGF-β1 

receptor and reducing excessive ECM production, 
which is a hallmark of OSF [139].

 2. Targeting PDGF receptor-α and -β and thus reducing 
the level of PDGF, which is upregulated in OSF [140].

 3. Targeting fibroblast growth factor receptor-1, −2, 
and − 3 and thereby reducing the level of fibroblast 
growth factor [141].

16.9.4  Valdecoxib

Valdecoxib is a novel selective cyclooxygenase-2 inhibitor 
used in the management of osteoarthritis, pain, and dys-
menorrhea [142, 143]. Averineni et al. developed a muco-
adhesive buccal film of valdecoxib for the treatment of 
OSF. This was a sustained release polymeric film of valde-
coxib impregnated in Hydroxypropyl Methylcellulose 
(HPMC K4M) and chitosan polymers along with sodium 
taurocholate as a permeation enhancer for local action. 
Prepared films were thin, flexible, smooth, and transparent. 
Bioadhesive force and tensile strength of the optimized for-
mulation were found to be 75 ± 4 kg m−1 S−2 and more 
than 2.5 kg/3 cm2, respectively. The percent drug content 
was 98.5 ± 1.3%. The in vitro drug release from the selected 
formulation showed that about 69.34% of the drug pay-
load was released for up to 6 hours. Pharmacokinetic stud-
ies of the buccal mucoadhesive film showed that the drug 
was released locally at the target site of action, and very 
small amount is absorbed systemically.

16.9.5 Meta analysis of intervention in OSF

Gopinath et al. conducted a systematic review of ran-
domized controlled trials (RCTs) that compared the effi-
cacy of interventions for OSF [144]. A network 
meta-analysis was performed, and the interventions 
were ranked according to their efficacy based on the sur-
face under the cumulative ranking. This systematic 
review included 32 RCTs comprising 2063 patients. Oxi-
tard, a herbal formulation was ranked as the most effica-
cious agent in improving mouth opening, [MD, 10.29 
(95%CI 6.34–14.25)] followed by combination therapy 
of Lycopene with corticosteroids and hyaluronidase 
[MD, 7.07 (95%CI 1.82–12.31)]. Aloe vera ranked first 
in reducing burning sensation [MD, 6.14 (95%CI 4.58–
7.70)] followed by corticosteroids with antioxidants 
[MD, 6.13 (95%CI 4.12–8.14)] and corticosteroids in 
combination with hyaluronidase and antioxidants [MD, 
5.95 (95%CI 3.79–8.11)].

 Summary and Conclusion
A wide range of  drugs have been used in the medi-
cal management of  OSF—anti- inflammatory agents, 
immunomodulatory agents, corticosteroids, antioxi-
dants, vasodilators, biogenic stimulators, fibrinolytic 
enzymes, vitamins, minerals, micronutrients, and 
herbal remedies. Many randomized controlled trials 
have been conducted to study the efficacy of  these 
therapeutic agents as single or combined drug regi-
mens. Most of  the studies have short follow-up peri-
ods. There is minimal information on cessation of 
habits. No evidence on reduction in malignant trans-
formation is provided by long-term follow-up studies. 
Combination of  therapeutic agents used makes it dif-
ficult to assess the role of  individual agents. None of 
the medical agents studied have yielded a consistent 
relief  of  signs and symptoms in OSF.  However, the 
results reported from lycopene and curcumin trials 
are promising. The medical management of  OSF for 
each patient varies, based on disease stage and indi-
vidual response to treatment.
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17.1  Introduction

As OSF is a serious disease that hampers the quality of 
life of patients, efficacious treatment modalities are 
imperative for its management. An expert group who met 
at Fifth World Workshop on Oral Medicine conducted a 
systematic review on medical (i.e., non- surgical) interven-
tions available for the management of oral submucous 
fibrosis (OSF) [1]. This systematic review explored and 
updated the medical (i.e., non-surgical) interventions for 
OSF and reported on 27 published medical interventions 
that were reviewed by the expert group, which included 
four randomized controlled trials (RCTs). The rest were 
observational or retrospective studies. The review identi-
fied significant limitations of the reported studies and 
none of the pharmacological treatments that had been 
tried were found to be effective in treating OSF except for 
some limited improvement in mouth opening. An earlier 
reported Cochrane review by Fedorowicz et al. [2] had the 
objective to assess the effectiveness of interventions in the 
management of pain and restricted jaw opening or move-
ment occurring as a result of oral submucous fibrosis. In 
two RCTs identified in their searches the data were con-
sidered of insufficient quality to draw any conclusions. A 
further update on the evidence on the medical interven-
tions used for the management of OSF is given in 7 Chap. 
16 [3]. Based on the evidence presented in these reviews it 
is clear that the established pharmacological agents do 
not provide any significant clinical improvement for OSF 
sufferers. Therefore, alternate modalities for the preven-
tion and treatment of OSF are need of the hour. 
Interestingly, various pre-clinical and clinical studies have 
enumerated the role of the Indian spice turmeric and its 
active component curcumin for the prevention and treat-
ment of OSF.  Hence, in this chapter we focus on the 
potential of this agent in the prevention and treatment of 
OSF and present the underlying mechanisms of action.

 n Learning Goals
 5 What is turmeric and curcumin?
 5 The effect of turmeric and curcumin on various 

hallmarks of OSF.
 5 Mechanism of action of turmeric and curcumin on 

OSF.
 5 The pre-clinical and clinical studies of turmeric 

and curcumin on OSF.

17.2  Turmeric, Curcumin and OSF

Since ancient times, plants, herbs, and spices have been 
utilized for their outstanding medicinal and biological 

properties against various human ailments [4–6]. They 
have been reported with a plethora of bioactive compo-
nents that contribute to their broad pharmacological 
activities. Turmeric, which is botanically known as 
Curcuma longa, belongs to Zingiberaceae family is one 
such plant consisting of various bioactive compounds 
[7, 8]. It is extensively employed as a medicinal plant in 
various traditional medicine systems of Ayurveda, 
Unani, and Sidha, used for the treatment of various 
human diseases due to its anti-cancer, anti- inflammatory, 
anti-microbial, anti-mutagenic and anti-oxidant activi-
ties [7, 8]. Turmeric has been widely employed for centu-
ries to cure inflammatory and other diseases where it’s 
medicinal and pharmacological activities could be 
attributed to the group of compounds like curcuminoids 
and other compounds contained in its rhizomes [9]. 
Curcumin, also known as diferuloylmethane, is a major 
active curcuminoid that represents approximately 2 per-
cent by weight of the rhizomes of turmeric [10–13]. 
Curcumin has been widely reported for its various phar-
macological properties such as anti-arthritic, anti- 
atherosclerotic, anti-depressant, anti-diabetic, 
anti-growth, anti- inflammatory, anti-microbial, anti-
oxidant, and anti- tumor effects. It is also effective 
against various chronic diseases such as autoimmune, 
cardiovascular, pulmonary, and neurological disorders 
[14–17]. Thus, curcumin is a highly potent medicinal 
compound in treating various human ailments. Various 
studies have shown the efficacy of curcumin to target 
multiple signaling cascades, transcription factors and its 
downstream effector molecules [18–20]. In line with this, 
curcumin has been reported to modulate various signal-
ing pathways such as phosphoinositide 3-kinases 
(PI3K)/Akt, β-catenin, adenosine monophosphate- 
activated protein kinase (AMPK), Janus kinase (JAK)/ 
signal transducer and activator of transcription protein 
(STAT), mitogen- activated protein kinase (MAPK), 
and nuclear factor kappa B (NF-κB) [21]. It also regu-
lates various transcription factors and proteins associ-
ated with these pathways to exert its therapeutic effect 
against different diseases [22]. Further, curcumin inhib-
its nitric oxide synthases (NOS), nitric oxide (NO) oxi-
dation, and reactive oxygen species (ROS) generation, 
and the modulation of NOS results in the activation of 
NF-κB and activating protein 1 (AP-1) levels [23].

It is well-established that inflammation plays a sig-
nificant role in the development and malignant transfor-
mation of OSF. Accumulating evidence has implicated 
the efficacy of curcumin as a potent anti-inflammatory 
agent. Curcumin inhibits both acute and chronic 
 inflammation via suppressing the levels of tumor necro-
sis factor α (TNF-α) and NF-κB [24, 25]. In addition, 
curcumin has also been shown to suppress acute vascu-

 S. Girisa et al.



301 17

lar inflammation by activating heme oxygenase-1 (HO-
1) and nuclear factor-E2-related factor 2 (Nrf2) through 
the p38 MAPK signaling pathway [26]. Further, cur-
cumin represses the inflammatory processes in peri-
odontal disease by suppressing the levels of interleukin 
(IL)-6, TNF-α, osteoprotegerin (OPG), receptor activa-
tor of nuclear factor-κB (RANK), and receptor activa-
tor of nuclear factor-κB ligand (RANKL) in in  vivo 
models [27]. Moreover, treatment with curcumin was 
also found to help in the resolution of oral leukoplakia 
[28]. In this chapter we present and discuss the potential 
role of curcumin in the prevention and treatment of 
OSF through a critical appraisal of different pre-clinical 
and clinical studies.

Definition

Turmeric (Curcuma longa L.) is a perennial plant that 
belongs to the Zingiberaceae family with short stems 
and large leaves and branched yellow or brownish rhi-
zomes. This plant is native to Southeast Asia, and its 
dried rhizomes are used as a spice in different cuisines of 
Indian, Chinese, and Thai origin. Curcumin is a pheno-
lic compound present in the rhizomes of  turmeric spice. 
It is the principal curcuminoid (polyphenolic com-
pounds) that contributes to the yellow color and bio-
logical activity of  the turmeric spice.

17.3  Mechanism of Curcumin 
on Inflammation and Inflammatory 
Pathways

Inflammation may be defined as the response of  the 
body’s immune system to the damage caused by patho-
gens or chemical and physical agents to repair the dam-
aged tissues [29]. Studies over the past couple of  decades 
have elucidated that inflammation alters the signaling 
pathways, which lead to the generation of excess free 
radicals, inflammatory markers, and lipid peroxides. It 
is also associated with wound healing and fighting 
against infection in the body [30]. Two types of  inflam-
mation are observed where acute inflammation forms a 
part of  the innate immune system protecting the body 
from pathogens, while chronic inflammation is often 
associated with several chronic diseases such as arthri-
tis, cancer, cardiovascular, diabetes, metabolic  disor-
ders, obesity, and neurodegenerative diseases [30]. It is 
now well established that cytokines play an important 
role in inflammation and inflammation-mediated dis-
eases. The cytokine response is mediated through vari-
ous signaling pathways that are associated with cell 

survival and proliferation. Cytokines are also known to 
activate NF-κB and STAT3, which further activate var-
ious signaling cascades associated with inflammation, 
cell survival, proliferation, and differentiation. Thus, 
suggesting the importance of  cytokines in mediating 
the inflammatory responses [25]. TNF-α is a major 
mediator of  inflammation and exhibits its activity 
through the activation of NF-κB signaling pathway. 
TNF-α has been reported as the potent activator of 
NF-κB; however, the latter also regulates the expression 
of the former protein [31, 32]. NF-κB plays a major role 
in modulating genes involved in inflammatory and 
immune responses. It is now well established that TNF-α 
plays a multifunctional role in OSF by regulating the 
inflammation and degradation of collagen type I. The 
expression of TNF-α was also associated with the 
increased risk of  OSF [33]. Interestingly, curcumin has 
been reported to mediate anti- inflammatory activity by 
suppressing various cytokines, inflammatory transcrip-
tion factors, enzymes, protein kinases, and redox species 
[21, 34]. A study evaluating the anti-inflammatory activ-
ity of  curcumin showed that it suppressed the TNF-α-
mediated activation of NF-κB, intracellular ROS, 
monocyte adhesion, phosphorylated c-Jun N-terminal 
kinases (p-JNK), p38, and STAT-3 levels in HUVEC 
cells. It also attenuated the expression of intracellular 
cell adhesion molecule (ICAM)-1, IL-8 and monocyte 
chemoattractant protein (MCP)-1 [25]. Further, cur-
cumin was shown to inhibit the activity of  NF-κB via 
targeting IκB kinase (IKK) in head and neck cancers 
[35]. Various studies have shown that the cytokines 
mediate their effect via the JAK/STAT pathway [36–38]. 
Curcumin has been demonstrated to significantly 
inhibit JAK/STAT pathway and downregulate various 
pro-inflammatory cytokines such as IL-1, IL-2, IL-6, 
IL-8, and IL-12, as well as MCP-1 [39, 40]. In addition, 
curcumin was found to induce anti- inflammatory cyto-
kines by targeting the JAK/STAT pathway [41]. 
Moreover, in an experimental animal model of  psoria-
sis-like inflammation, the treatment with curcumin 
decreased the expression of TNF-α, IL- 17A, IL-17F, 
IL-22, and IL-1β [42].

The anti-inflammatory properties of curcumin are 
also exhibited through the inhibition of cyclooxygenase 
(COX)-1 and COX-2 to prevent the production of the 
eicosanoid’s prostaglandin E2 (PGE2) and 5- hydroxyeico-
satetraenoic acid [43]. COX-2 also plays an important 
role in regulating inflammation by inducing vascular per-
meability and stimulating inflammatory cell infiltration in 
OSF and oral cancer [44]. Moreover, a study has reported 
the induction of inflammatory proteins such as COX-2 
and PGE2 by areca nut (AN) extracts in gingival keratino-
cytes and oral cancer cells [45]. While an in vitro study has 
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shown that the treatment of oral potentially malignant 
(AMOL) and malignant (AMOS-III) cell lines with cur-
cumin inhibited the expression of tobacco- induced 
NF-κB and COX-2 [35, 46]. Additionally, the administra-
tion of curcumin complexed with zinc inhibited inflam-
matory factors such as TNF-α and IL-6 and modulated 
the oxidative enzymes like glutathione peroxidase (GPx), 
malondialdehyde (MDA), and superoxide dismutase 
(SOD) [47]. Further, the administration of 0.1 percent 
curcumin (0.01%) (Curcuma-P®) in combination with 
white pepper in subcutaneous models in rat significantly 
decreased pro-inflammatory cytokines IL-6 and TNF-α 
[48]. According to recent research, curcumin’s anti-
inflammatory activity appears to be mediated through 
NLR family pyrin domain containing 3 (NLRP3) in mul-
tiple cell systems [49–51]. In line with this, curcumin treat-
ment have shown to suppress NLRP3 inflammasome 
level, caspase-1 activation, and IL-1 secretion in a dose-
dependent manner in THP-1 macrophages treated with 
phorbol myristate acetate (PMA), an activator of the 
NLRP3 inflammasome, via down- regulating the toll-like 
receptor 4 (TLR4)/NF-κB signal transduction pathway 
[52]. Thus, curcumin could potentially inhibit inflamma-

tion and its associated molecules, due to which it might be 
helpful in abrogating the symptoms of OSF.

> Important
Curcumin has been reported to mediate anti- 
inflammatory activity by suppressing various cyto-
kines, inflammatory transcription factors, enzymes, 
protein kinases, and redox species.

17.4  Turmeric and Curcumin Against 
the Hallmarks of OSF

Various studies have evinced the potential role of tur-
meric and curcumin in abrogating different hallmarks of 
OSF such as cytokine storm, inflammation, ECM 
remodeling, oxidative stress, matrix metalloproteinase 
(MMP) deregulation and excessive deposition of fibrotic 
tissues. Thus, in the next part of this chapter, we describe 
the role of these hallmarks in OSF and their suppression 
by turmeric and curcumin (. Fig. 17.1).

       . Fig. 17.1 Effect of  turmeric/curcumin against OSF
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17.4.1  Cytokines/Interleukins in OSF and Its 
Inhibition by Turmeric/Curcumin

Increased pro-inflammatory cytokines are associated 
with the induction of  inflammatory processes leading 
to the onset of  OSF [53, 54]. The elevation of  the cyto-
kines in OSF is attributed to many factors [53]. The 
excessive chewing of  AN initiates inflammation 
through the activation of  macrophages, leading to the 
secretion of  cytokines. The altered levels of  cytokines 
and growth factors in the damaged tissues initiate the 
proliferation of  fibroblasts and collagen synthesis, 
resulting in fibrosis. Transforming growth factor-β 
(TGF-β) is one of  the major cytokines that modulate 
the expression of  alpha-smooth muscle actin (α-SMA) 
and collagen type I in myofibroblast [55]. Various stud-
ies have shown that the patients suffering from OSF 
express elevated levels of  cytokines like IL-1β, IL-6, 
IL-8, and TNF-α and decreased level of  interferon-
gamma (IFN-γ) [56–58]. Interestingly, studies have 
reported the efficacy of  curcumin in suppressing the 
pro-inflammatory cytokines. In line with this, curcumin 
was shown to inhibit the levels of  IL-1β, IL-6, IL-8, 
and TNF-α in various inflammatory settings [18, 59, 
60]. Similarly, turmeric was also found to reduce the 
levels of  cytokines, IL-1 and IL-6 through the suppres-
sion of  nitrous oxide that might induce the flexibility of 
collagen in OSF patients [61].

As OSF patients are reported with down regulation 
of IFN-γ, the treatment with IFN-γ or its induction 
could improve the symptoms of OSF in the patients by 
reducing the synthesis of collagen and inflammatory cell 
infiltrates and cytokines [62]. In accordance with this, 
studies have shown the efficacy of curcumin in inducing 
IFN-γ in various inflammatory models [63–65]. 
Moreover studies have shown that the pro-inflammatory 
cytokines could induce COX-2 at the site of inflamma-
tion, and the overexpression of COX-2 could lead to 
malignant transformation in OSF [66]. However, in a 
study, it was shown that curcumin could inhibit the 
expression of smokeless tobacco-induced COX-2 in oral 
potentially malignant and malignant cell lines which 
shows the potential of curcumin in preventing malig-
nant transformation [46]. Taken together, these studies 
advocate the immense potential of curcumin in abrogat-
ing various inflammatory cytokines related to OSF.

17.4.2  ECM/Collagen Synthesis in OSF 
and Its Inhibition by Turmeric/
Curcumin

Regulation of ECM and its components like collagen is 
an important factor in the management of OSF [67]. 
The ECM consists of collagens and elastic fibers present 
in the viscoelastic gel of proteoglycans, hyaluronan, and 
assorted glycoproteins where they form a bioactive poly-
mer by crosslinking and charge-dependent interactions 
[68]. The fibrosis of the buccal mucosa in OSF is associ-
ated with the excessive deposition of collagen and other 
components of the extracellular matrix [68]. The distur-
bance of the homeostasis between MMPs and tissue 
inhibitors of matrix metalloproteinases (TIMPs) 
increases the accumulation of ECM [69, 70]. In line with 
this, MMP-2 and TIMP-2 were found to be  overexpressed 
in advanced stages of OSF [69]. One of the studies 
reported that OSF development involves ECM remodel-
ing by varying the synthesis of its components in differ-
ent phases. For instance, the early stage was reported 
with the excessive synthesis of collagen type III, fibro-
nectin, perlecan, and tenascin in the connective tissue 
(lamina propria) and buccal mucosa. While in the inter-
mediate stage of OSF, elastin and these molecules were 
deposited excessively and irregularly adjacent to muscle 
fibers. However, the synthesis of these ECM molecules 
was decreased and replaced by collagen type I in the 
advanced stages. Thus, the loss of various ECM mole-
cules and elastin and the entire replacement of muscle 
fibers by collagen type I results in the rigidity in mouth 
opening of OSF patients [71]. The molecular mecha-
nisms behind the unstable ECM synthesis were caused 
by cystatin, lysyl oxidase, plasminogen activator inhibi-
tor-1 (PAI-1), TGF-β1, and TIMPS.  These molecules 
and factors reduce the degradation of ECM and 
increased deposition and stability of collagen and its 
crosslinking, which ultimately results in tissue fibrosis 
and OSF [67]. The degradation of ECM is initiated by a 
family of proteases known as MMPs [72]. The potential 
of curcumin in regulating ECM components in OSF has 
been investigated. For example, in an in vitro study, the 
treatment of myofibroblasts with curcumin suppressed 
the expression of collagen type I and type III in a dose- 
dependent manner. It also caused G0/G1 cell cycle arrest 
and apoptosis and inhibited proliferation in myofibro-
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blasts, which suggests the therapeutic potential of cur-
cumin in inhibiting the deposition of ECM, which is one 
of the important targets to suppress OSF [73]. Another 
in vitro study also confirmed the efficacy of curcumin in 
inhibiting the expression of molecules induced by areco-
line such as collagen type I alpha 1 (COL1A1), collagen 
type III alpha 1 chain (COL3A1), and tissue inhibitor of 
metalloproteinases 2 (TIMP2) in oral mucosal fibro-
blasts [74]. Thus, curcumin has high potential in modu-
lating ECM and its components that might be helpful in 
the prevention and management of OSF.

17.4.3  Oxidative Stress in OSF and Its 
Inhibition by Turmeric/Curcumin

Oxidative stress is defined as a condition with an imbal-
ance in ROS and antioxidant response [75, 76]. The con-
sumption of AN causes auto-oxidation in the saliva or 
activation of intracellular metabolites which lead to the 
synthesis of ROS. The ROS generation in turn activates 
several signaling pathways such as JAK, MAPK, Ras 
signaling, Src Kinase, PI3K/ Akt, and NF-κB [77]. In a 
study, it was shown that the levels of antioxidant 
enzymes such as SOD and GPx were down regulated in 
OSF patients compared to normal subjects. The high 
ROS synthesis initiates oxidative stress in the tissues, 
which have been suggested to play a role in OSF patho-
genesis  [78]. The DNA damage (in guanine bases) 
caused by ROS produces 8-hydroxydeoxyguanosine 
(8-OHdG), which could be used as a biomarker for oxi-
dative stress in OSF patients [79]. Lipid peroxidation is 
another process associated with oxidative damage that 
leads to the disruption of the lipid membrane through 
the production of lipid peroxides and aldehydes (by- 
products). MDA one of the end products of this pro-
cess, is generated through the breakdown of 
polyunsaturated fatty acids and its associated esters [80]. 
Studies have evaluated the levels of serum and salivary 
MDA in OSF patients which showed its elevated expres-
sion and were positively correlated with the advanced 
stages of OSF [81–84].

Various studies have evaluated the potential of tur-
meric and curcumin in inhibiting lipid peroxidation in 
OSF. In a clinical study, it was shown that the treatment 
with curcumin inhibited the by-products of lipid peroxi-
dation, i.e., 8-OHdG and MDA, in OSF patients with 
significant improvements in the signs and symptoms of 
the disease [85]. In addition, the treatment with turmeric 
in OSF patients showed a reduction in MDA level and 
lipid peroxidation, which led to the improvement of 
OSF symptoms [86]. Further, in a study, the immunohis-
tochemical analysis of OSF tissues showed an elevated 

level of inducible nitric oxide synthase (iNOS) ; while 
curcumin treatment inhibited its expression [87]. 
Furthermore, the overexpression of hypoxia-inducible 
factor 1-alpha (HIF-1α) (induce oxidative stress) was 
found to induce fibrosis through the increased expres-
sion of COL1A1 and COL3A1. However, curcumin 
treatment inhibited the expression of HIF-1α as well as 
COL1A1 and COL3A1. Thus, these studies suggest the 
potential of curcumin in modulating oxidative stress 
and molecules associated with fibrosis leading to better 
management of OSF [74].

17.4.4  MMPs in OSF and Its Modulation by 
Turmeric/Curcumin

MMPs are an important group of molecules regulating 
the components of ECM. They are a family of enzymes 
that can degrade the protein molecules of ECM [88]. 
They are usually down regulated under normal condi-
tions; however, they are promptly synthesized and acti-
vated during tissue remodeling [88, 89]. The activities of 
MMPs are inhibited by their natural inhibitors, such as 
TIMPs and macroglobulin [88]. As discussed, MMPs 
induce the degradation of ECM and the major MMPs 
involved in these processes include MMP-1 (known as 
collagenases), MMP-2 and -9 (known as gelatinases), 
MMP-3 (also known as stromelysin), and other 
membrane- associated MMPs [89, 90]. Besides its role in 
ECM degradation, MMPs also induce tissue fibrosis 
through the excessive production of cell surface pro-
teins, chemokines, cytokines, TGF-β1, and other inflam-
matory molecules [72]. Analysis of the polymorphism 
of the MMP-3 gene revealed that 5A/5A and 6A/6A 
alleles were significantly expressed in OSF patients [91]. 
In another study, it was reported that the expression of 
MMP-1 (collagenase-1) was down regulated in OSF 
patients as compared to a control group [92]. However, 
the level of serum MMP-2 was upregulated in OSF 
patients compared to control, and was positively associ-
ated with interincisal opening, with no effect on burning 
sensation. In the same study, it was also shown that the 
level of serum MMP-2 was associated with different his-
topathological grades of OSF [93]. While in a study, it 
was shown that the treatment of oral mucosal fibro-
blasts with curcumin modulated the expression of 
MMP-2 that was earlier induced by arecoline [74]. As 
previously mentioned, OSF has a high potential to 
transform into OSCC; studies have also shown the effi-
cacy of curcumin against OSCC. In line with this, Zhen 
et al. evaluated the therapeutic potential of curcumin in 
inhibiting OSCC where curcumin treatment decreased 
the invasive property of SCC-25 cells by reducing the 
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expression of MMP-2 and MMP-9 [94]. Another study 
by Lee and his group aimed to study the effect of cur-
cumin treatment on the invasive properties of the SCC- 
25 OSCC cell line. It was reported that the treatment 
with curcumin downregulated MMP-2 and MMP-9 lev-
els along with the regulation of various epithelial- 
mesenchymal- transition (EMT) markers [95]. Thus, 
curcumin might be beneficial in regulating MMPs in 
OSF patients; however, further studies are required to 
understand the mechanism of curcumin in inhibiting 
these molecules.

17.4.5  Fibrosis in OSF and Its Inhibition by 
Turmeric/Curcumin

It is well known that OSF is associated with tissue fibro-
sis due to the excessive deposition of collagen [96]. The 
prevalence of tissue fibrosis in patients with this disease 
causes stiffness of the oral cavity, which reduces the flex-
ibility of mouth opening and movement of the tongue. 
These symptoms results in poor quality of life in patients 
with symptoms such as difficulty in consuming and 
swallowing food, with impaired signs of communication 
[70, 97]. Studies have reported that chemical agents in 
AN induce fibrosis of oral tissues in the OSF patients 
[98]. It was reported that the expression of fibrosis asso-
ciated genes such as HIF-1α, TGF-β, and connective tis-
sue growth factor (CTGF or CCN2) were induced by 
arecoline; however, the treatment with curcumin signifi-
cantly suppressed these genes. In addition, treatment 
with curcumin inhibited the expression of fibrosis- 
associated protein molecules like COL1A1, COL3A1, 
TIMP2 and MMP-2 induced by arecoline in oral muco-
sal fibroblasts [74]. In another study, the expression of 
CTGF, a downstream target of TGF-β that regulates the 
production of ECM and contributes to the sustenance 
of fibrosis in OSF was shown to be enhanced in fibro-
blasts, epithelial and endothelial cells. Interestingly, the 
same study also showed that curcumin inhibited 
arecoline- induced CTGF in human buccal mucosa 
fibroblasts (BMFs) and reverted them to a ‘normal like’ 
phenotype [99]. Thus, suppressing this factor represent a 
novel prospect in improving the conditions of OSF 
patients. While curcumin shows great promise in the pre-
vention of fibrosis by modulating various molecular 
mediators in OSF, it can be used as a potential therapeu-
tic agent for the management of this disease.

17.4.6  TGF-β Signaling in OSF and Its 
Inhibition by Turmeric/Curcumin

TGF-β has been found to play an important role in the 
progression of OSF [100]. In line with this, a study was 
undertaken to determine the gene expression profile of 
ten OSF tissues. It was found that these tissues highly 
expressed the proteins associated with the TGF-β signal-
ing such as TGF-β1, transforming growth factor-β- 
induced protein (TGFβIp), thrombospondin 1 (THBS1) 
(activator of TGF-β), transglutaminase 2 (TGM2), 
secreted phosphoprotein 1 (SPP1), tazarotene-induced 
gene-1 (TIG1) and Smad and down regulated expres-
sion of bone morphogenic protein 7 (BMP7) (a negative 
regulator of fibrosis). Thus, this study suggests that the 
suppression of BMP7 and activation of TGF-β signal-
ing majorly contribute to the progression of OSF [101]. 
Another study found that AN activated JNK through 
the muscarinic acid receptor/Ca2+/calcium/calmodulin- 
dependent protein kinase II (CAMKII), which later 
phosphorylates activating transcription factor 2 (ATF2), 
subsequently initiating TGF-β signaling cascades. This 
activation induces the progression of OSF via upregu-
lating genes involved in fibrosis [102]. In another study, 
Khan et al. reported the activation of TGF-β signaling 
by the alkaloids (arecoline, arecaidine, and guvacine) 
and polyphenols (catechin and tannin) of AN in OSF 
patients. It was shown that water extracts of AN con-
taining various alkaloids and polyphenols activated 
TGF-β signaling through the activation of TGF-β2 and 
THBS1, which also led to phosphorylation of Smad-2 
protein. Moreover, it was also shown that TGF-β acti-
vated by AN induces fibrogenic activity on fibroblasts 
cells through matrix components like collagen [103].

Turmeric and curcumin have shown high efficacy in 
suppressing TGF-β in OSF. In one study, curcumin was 
found to inhibit the expression of TGF-β in tissue sam-
ples obtained from the OSF patients [87]. Zhang et al. 
suggested the regulation of fibrosis in OSF through the 
HIF-1α/TGF-β/CTGF signaling axis. The overexpres-
sion of HIF-1α and TGF-β induced the expression of 
fibrosis-related molecules such as COL1A1 and 
COL3A1. While curcumin treatment resulted in the 
inhibition of COL1A1 and COL3A1, however, the 
action of curcumin was reversed via overexpression of 
HIF-1α and TGF-β. Moreover, the activity of curcumin 
on MMP-2 was reversed by the overexpression of 
HIF-1α and TGF-β, which leads to tissue fibrosis. Thus, 
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this study suggested the importance of the HIF-1α/
TGF-β/CTGF signaling axis in modulating fibrosis in 
OSF and also the action of curcumin against fibrotic 
molecules [74]. Another study showed that curcumin 
treatment inhibited the arecoline-induced CTGF in 
BMFs, one of the downstream targets of TGF-β that 
contribute to synergistic induction of fibrosis in OSF 
[99]. Further, the treatment of patient samples with cur-
cumin showed decreased expression of TGF-β, suggest-
ing the chemopreventive potential of curcumin in the 
management of OSF [87]. Therefore, targeting TGF-β 
signaling and its related molecules by curcumin could be 
helpful in the management of OSF, as evident from the 
above studies. In addition, various pre-clinical and clini-
cal studies have explored the efficacy of curcumin 
against this disease. Therefore, the next part of the chap-
ter highlights the pre-clinical and clinical studies of cur-
cumin against OSF.

17.5  Experimental Laboratory Studies

Various pre-clinical studies have evaluated the prospec-
tive impact of curcumin against OSF (. Table  17.1) 
[73, 99]. In one of these studies, the treatment of myofi-
broblasts with curcumin decreased proliferation and 
induced cell cycle arrest and apoptosis. Curcumin was 
shown to elevate the expression of Bcl-2-associated X 
protein (Bax) and suppress B-cell lymphoma 2 (Bcl-2), 
in a dose dependent manner, as compared to the 
untreated control. It also inhibited the deposition of 
collagen type I and type III, one of the causative factors 
in OSF [73]. In another study, Deng et al., showed that 
the treatment of fibroblasts, endothelial cells  treated 
with curcumin and also tissue samples examined by 
immunohistochemistry  showed decreased the levels of 

arecoline-induced CTGF [99]. A further study has also 
demonstrated that curcumin inhibited the expression of 
CTGF, HIF-1α, TGF-β and ECM components such as 
collagens and TIMP2 and also modulated MMPs in 
arecoline-treated normal oral mucosal fibroblasts, sug-
gesting the therapeutic potential of curcumin for the 
treatment of OSF [74].

17.6  Clinical Studies

Several clinical studies have shown the efficacy of tur-
meric and curcumin in the management and treatment 
of OSF (. Table 17.2) [61, 85, 87, 104–117]. For exam-
ple, in a RCT, one hundred and nineteen patients were 
assigned into three groups (group I as control, and 
groups II and III received curcumin in systemic and top-
ical form, respectively) and this study showed that cur-
cumin could improve the symptoms associated with 
OSF by improving mouth opening and tongue protru-
sion, and by inhibiting burning sensation. The applica-
tion of systemic and topical form of curcumin together 
showed a better outcome in controlling the symptoms of 
OSF compared to systemic application alone [113]. 
Another clinical study by Lanjekar et al., involving one 
hundred and twenty patients showed that the applica-
tion of curcumin gel, three times per day for six weeks 
could reduce the burning sensation of the mouth and 
also showed improvement in the color change of mucosa 
[109]. Further, the administration of 600 mg curcumin 
tablet per day for six months in ninety patients showed 
improvement in mouth opening, tongue protrusion and 
cheek flexibility, and decreased oral burning sensation 
[112]. In another clinical trial, the consumption of 
1000 mg curcumin tablet (in combination with piperine 
and lycopene) per day for three months also showed 
improvement in mouth opening, tongue protrusion, and 
mucosal flexibility, and reduction in burning sensation. 
Moreover, the curcumin treatment increased oral reepi-
thelization and decreased collagen deposition in OSF 
patients [110]. In addition, in a study involving sixty 
patients, the application of curcumin gel for six weeks 
showed that it could increase interincisal distance and 
tongue protrusion, and decrease the burning sensation 
[114]. Similarly, other studies have also shown that 
adminstration of curcumin tablets, gel, lozenges and 
mucoadhesive patches could reduce the burning sensa-
tion and increase the mouth opening in OSF patients 
[105–107, 111, 115]. Further, Yadav et al. studied the effi-
cacy of curcumin’s treatment in forty patients with a 
dose of 600 mg tablets per day for three months. It was 
observed to be beneficial and effective in reducing burn-
ing sensation, and increased the interincisal distance 
between the incisors by 1.25 mm [116]. Another study 
demonstrated the effect of curcumin caplets in one hun-

.       Table 17.1 Pre-clinical studies of  curcumin against OSF

In vitro/
In vivo

Cell lines/
models

Mechanism Refer-
ences

In vitro BMFs ↓CTGF [99]

In vivo Parrafin- 
embedded 
tissues

↓CTGF [99]

In vitro Fibroblasts, 
myofibroblasts

↓proliferation, 
↑apoptosis, ↓Bcl-2/ 
Bax, ↓collagen (type I 
and III)

[73]

Bax Bcl-2-associated X protein, Bcl-2 B-cell lymphoma 2, 
BMFs Buccal mucosa fibroblasts, CTGF connective tissue 
growth factor
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.       Table 17.2 Clinical studies of  turmeric/curcumin against OSF

No of 
subjects

Dose & period Form Mechanism/outcome Refer-
ences

60 2 times/d, 8 weeks  
2% curcumin gel

Curcumin gel and 
mucoadhesive patches

↑mouth opening, ↓burning sensation, ↓LDH [105]

30 500 mg, 3 months Curcumin tablet ↑mouth opening, ↓burning sensation [106]

60 6 weeks 5 mg of gel /d Curcumin gel ↑mouth opening, ↓burning sensation [111]

120 3 times/d, 6 weeks Curcumin gel ↓burning sensation, improved mucosal color [109]

40 500 mg 2/d, 3 months Curcumin tablet ↑mouth opening, ↑MF, ↑TP, ↑epithelial thickness, 
↓burning sensation, ↓collagen deposition

[110]

90 300 mg 2/d, 6 months Curcumin tablet ↑mouth opening, ↑TP, ↑cheek flexibility, ↓burning 
sensation

[112]

119 Curcumin 300 mg and 
piperine 5 mg

Curcumin ↑mouth opening, ↑TP, ↓burning sensation [113]

60 5 mg 2/d, 6 weeks Curcumin gel ↑interincisal distance, ↑TP, ↓burning sensation [114]

40 10 ml 4/d, 2 months Turmeric ↑mouth opening, ↓blanched mucosa, ↓pain [104]

80  3 times/d, 1 month Turmeric gel ↑mouth opening, ↑TP, ↑cheek flexibility, ↓burning 
sensation, safe and effective

[61]

60 300 mg 3/d, 3 months Curcumin ↑mouth opening, ↓burning sensation [115]

28 – Curcumin ↓p53, TGF-β, ↓ iNOS [87]

30 800 mg/d, 3 months Curcumin ↑mouth opening, ↓burning sensation, ↓blanching, 
↓fibrous band thickness

[108]

30 2 g/d, 3 months Curcumin lozenges ↑mouth opening, ↓burning sensation [107]

40 300 mg 2, 3 months Curcumin tablet ↓burning sensation, ↑interincisal distance, ↑TP, 
beneficial and effective

[116]

48 1 g/d (curcumin), 600 mg/d 
(turmeric oil), 3 months

Curcumin capsules, 
turmeric oil

↓burning sensation, ↓pain, ↑spicy food tolerance, 
↑mouth opening, ↑TP, beneficial and well tolerated

[117]

100 1 g Curcumin caplets ↑Vitamin C & E, ↑mouth opening, ↓MDA, 
↓8-OHdG, ↓pain, ↓DNA damage, ↓lipid peroxidation

[85]

8-OHdG 8-hydroxydeoxyguanosine, iNOS inducible nitric oxide synthase, LDH lactate dehydrogenase, MDA malonaldehyde, MF 
mucosal flexibility, TP tongue protrusion

dred patients who were divided into four groups (each 
with twenty five patients), consisting of healthy patients, 
patients with oral leukoplakia, OSF and lichen planus. 
In this study, the administration of curcumin increased 
mouth opening in OSF patients and also prevented 
DNA damage and lipid peroxidation. It was also shown 
to increase vitamins (C and E) in both serum and saliva, 
and decrease pain, and suppress MDA and 8-OHdG lev-
els [85]. In another study, curcumin treatment was shown 
to inhibit the overexpressed TGF-β and iNOS levels in 
OSF patients [87]. Another study evaluated the effect of 
curcumin and turmeric oil compared to multinal tablets 
in 48 OSF patients for 3 months which showed a reduc-
tion in burning sensation and improvement in tolerance 
to spicy food. This treatment also relieved pain and 

increased mouth opening and tongue protrusion in these 
patients [117]. Histopathological changes in the epithe-
lium were observed along with decreased inflammatory 
cells and mitotic cell count, and suppressed hyaliniced 
connective tissues with the curcumin or turmeric oil 
treatment. In addition, the turmeric oil improved 
blanched mucosal color to normal (pinker) appearance, 
which could be correlated to increased vascular supply 
following treatment [117]. Further, the administration of 
800 mg per day (divided into two doses) of curcumin in 
OSF patients for 3 months enhanced mouth opening 
and relieved severe burning sensation and mucosal 
blanching, and decreased oral mucosal fibrous band 
thickness [108]. Furthermore, the application of a mouth 
rinse solution containing turmeric in 40 patients (12 
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females and 28 males) showed improvement in mouth 
opening and oral blanched mucosa and decreased pain 
in OSF patients [104]. In another study with 80 OSF 
patients, where the patients were divided into four groups 
and treated with ultrasound therapy, aloe vera, turmeric 
gel, and a combination of turmeric gel and aloe vera 
respectively, the turmeric group showed significant 
improvement in mucosal blanching and fibrosis, cheek 
flexibility, jaw opening and tongue protrusion and inhi-
bition in burning sensation without causing any side 
effects. Thus, these studies suggest the efficacy of tur-
meric gel in improving the symptoms of OSF, which 
might be potentially due to the presence of active flavo-
noids, including curcumin [61].

17.7  Conclusion

Relentless approaches are needed to find a suitable ther-
apy for the clinical management and treatment  of 
OSF. The common treatment modalities for this disease 
include the application of a wide range of medications  
i.e.  anti-inflammatory, anti-cytokines, and anti-fibrotic 
agents, immunomodulators, and vasodilators. The treat-
ment modalities also include the consumption of dietary 
supplements like anti-oxidants and vitamins. However, 
most of the therapies have limited efficacy and is also 
associated with relapse of the disease. Therefore, there is 
an urgent need to develop an alternate, safe and effica-
cious strategy for the management and treatment of 
OSF.  Curcumin, a polyphenol, also known as diferu-
loylmethane, is a potential compound isolated from C. 
longa L. (turmeric) and it is reported for its pleiotropic 
anti-inflammatory properties and immunomodulatory 
activities. Turmeric and its compound, curcumin, have 
been studied in various experimental settings for its anti- 
inflammatory and anti-fibrotic activities in various 
chronic diseases, including OSF.  Pre-clinical studies 
with curcumin have shown its high efficacy in inhibiting 
the molecules involved in the pathogenesis  of OSF.  It 
has been demonstrated that curcumin could inhibit 
inflammatory factors like TNF-α, interleukins, and 
interferons; COX-2, MMPs, collagens, and TIMP-2. 
Curcumin was also found to inhibit several  signaling 
pathways such as TGF-β, HIF-1 α, Akt, and NF-κB 
pathway in OSF.

Further, it was shown that curcumin could inhibit 
oxidative stress and lipid peroxidation by suppressing 
ROS generation and DNA damage and the by-products 
of lipid peroxidation like 8-OHdG and MDA. Various 
clinical studies with curcumin have also shown that this 
compound could ameliorate the symptoms associated 
with OSF such as pain and burning sensation, while 

improving mouth opening, cheek flexibility and tongue 
protrusion in patients leading to improvement in quality 
of life. Further, curcumin was also found to be safe and 
nontoxic in the OSF patients during or after the treat-
ment. Thus, with all these properties of curcumin in 
suppressing the molecules associated with OSF patho-
genesis, and its signs and symptoms, it could be consid-
ered as a potential  agent for the management and 
treatment of OSF.

 Summary
Overall, considering various studies of curcumin used 
in treating  OSF, it could be a highly potent agent in 
the management by its property in regulating various 
biomolecules associated with this disease. Following 
these impressive pilot studies, it is clear that random-
ized, well-controlled clinical trials are now required to 
fully evaluate the potential of turmeric and curcumin 
in terms of the optimal dose, route of administration, 
targets, and possible drug interactions.
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18.1  Introduction

Oral submucous fibrosis (OSF) is one of the oral poten-
tially malignant disorders (OPMD). Along with its 
malignant transformation potential, the progressive 
nature of the disease causes significant disability, espe-
cially trismus, which needs to be addressed both to 
improve the function as well as surveillance of the 
oral cavity. A recent meta-analysis showed a prevalence 
of 4.47% OPMD (95%CI-2.43–7.08), the most common 
OPMD being OSF [1]. OSF is common among the pop-
ulation of the South East Asia. Clinicians are commonly 
challenged with deciding the treatment modalities for 
patients presenting with OSF. There are numerous inter-
ventions designed to reduce the severity of the disease, 
reverse the fibrosis and alleviate the symptom complex 
that develops with it.

Broadly classified as medical and surgical, the inter-
ventions would be based on the extent of pain, burning 
sensation and fibrosis present in the patient [2]. 
Treatment modalities in OSF are generally centered on 
providing relief  of symptoms like burning sensation and 
reduced mouth opening. These symptoms in the initial 
stage can be medically managed [3, 4]. This is detailed in 
the previous chapter on medical management of submu-
cous fibrosis. However, in advanced OSF when there is 
significant restriction of mouth opening, surgical inter-
vention needs to be considered. It not only relieves the 
trismus but also facilitates examination and surveillance 
of the oral cavity to detect early any malignant transfor-
mation.

Surgical management is indicated in patients who 
have established trismus with inter-incisal mouth 
opening of  less than 25 mm [5]. The primary aim of 
surgery is to improve mouth opening in an attempt to 
restore articulation, mastication, and oral hygiene [6]. 
Various surgical procedures have been proposed by 
different authors, with variable success rates. In this 
chapter we present the indications and the surgical 
techniques.

 n Learning Goals
 5 Understand the indications for surgical interven-

tion in OSF.
 5 Learn details of surgical steps in managing OSF.
 5 Understand limitations and usefulness of various 

resurfacing techniques.
 5 Appreciate potential complications and measures 

to prevent and manage them.

18.2  Indications of Surgery

Given the variable spectrum of the signs and symptoms of 
OSF, interventions can be tailored based on the severity of 
the disease. Various grading systems are in vogue to help 
the clinician to decide between medical or surgical inter-
ventions (Chap. 6). Decision regarding the treatment would 
be based on the clinical findings especially the interincisal 
distance.

Pindborg and Sirsat were the first to classify OSF 
depending only on histopathological features [7]. Based 
on this grading, medical intervention is indicated for 
early inflammatory phase (grade 1–2) and surgical inter-
vention for fibrosis phase (grade 3 and above).

Khanna et al. in a series of 100 patients, categorised 
them into four groups based on presenting symptoms, 
site of involvement, interincisal opening, distribution of 
fibrous bands, clinical alterations in the mucosa, pres-
ence of malignant transformation with histopathologi-
cal features. Surgical treatment was considered for 
patients in group III (interincisal opening of 15–25 mm) 
and group IV (interincisal opening of 2–15 mm and also 
for cases with premalignant and malignant changes [5]. 
Mehrotra et al. in their study of 100 cases of OSF also 
suggested surgical intervention for grade III and above. 
Based on their study they have even come up with a clas-
sification that suggests surgical management based on 
the severity of the disease [8].

Grading Signs and symptoms

Grade I: Stomatitis and burning sensation in the buccal 
mucosa with no detection of fibres. Suggested 
treatment for this group is abstinence from habit 
and medicinal management

Grade 
II:

Symptoms of grade I, plus palpable fibrous 
bands, involvement of soft palate, and maximum 
mouth opening 26–35 mm. Suggested treatment: 
Abstinence from habit and medicinal manage-
ment

Grade 
III:

Symptoms of grade II, plus blanched oral 
mucosa, involvement of the tongue, and maximal 
mouth opening 6–25 mm. Suggested treatment: 
Abstinence from habit and surgical management

Grade 
IV:

Symptoms of grade III, plus fibrosis of lips, and 
mouth opening 5 mm. Suggested treatment: 
Abstinence from habit and surgical management

A proposed algorithm for the management of OSF is 
given in . Fig. 18.1.
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Clinical assessment and grading of OSF
(location of �brous band, inter-incisal opening, any

oral mucosal lesions, dental examination)
* inter-incisal opening less than 25mm is indication 

for surgical intervention

Evaluation of performance status and
compliance to post operative physiotherapy

Imaging: Orthopantomography, CT/MRI scan

Planning of the technique (cold knife/Laser)
and extend of trismus release

Release of �brous band, masticatory muscle
myotomy, bilateral coronoidectomy

Resurfacing of the defect: local �ap, distant �ap

Post operative physiotherapy

Oral mucosa surveillance 

       . Fig. 18.1 Algorithmic approach to management of  OSF

18.3  Principles of Surgery and Surgical 
Steps

The broad principles of surgery include (7 Box 18.1):
 (a) Release of the fibrous bands.
 (b) Adjunctive procedures such as coronoidectomies 

and masticatory muscle myotomy.
 (c) Resurfacing the defects with grafts, biological mem-

branes or flaps.
 (d) Post operative physiotherapy.

Physical division of fibrosed tissue with postopera-
tive maintenance of the  mouth opening created by 
fibrous band release is the basis for surgical intervention 
[2, 9, 10]. Although submucous fibrosis is primarily a 
mucosal disease, gradual restriction of mouth opening 
leads to shortening and contraction of muscles of mas-

tication, particularly the elevators of mandible- masse-
ter, medial pterygoid and temporalis. The goal of muscle 
release is the detachment of muscles from its bony 
attachment so that the muscles could be repositioned to 
a longer position and rehabilitated by the post-operative 
muscle stretching exercises. To facilitate this, the muscle 
attachments need to be separated in a subperiosteal 
plane, so that the periosteum along with the muscles will 
be reattached to a newer position.

Limited myotomy is done for those muscles that can-
not be easily repositioned (temporalis) or in severe cases 
with almost no mouth opening to gain access to muscle 
release (insertion of masseter to the zygomatic bone). 
The surgical interventions follow a standard protocol:

Box 18.1 Steps in the Surgical Management of OSF
 5 Fibrous band release or fibrotomy
 5 Coronoidectomy and masticator muscle myotomy
 5 Resurfacing the defect
 5 Physiotherapy

18.3.1  Preoperative Evaluation

Preoperative clinical and radiological examination needs 
to be carried out. A careful assessment of the mouth 
opening with a documentation of the interincisal dis-
tance, examination of the buccal mucosa, labial mucosa, 
tongue, soft palate, faucial pillars and oropharynx for 
fibrotic bands is mandatory. In addition examination 
and screening for any suspicious lesion that would need 
biopsy before proceeding with a definitive surgical plan. 
This can be facilitated with the aid of a flexible endo-
scope to inspect all the oral mucosal surfaces to identify 
and map any oral ulceration or erosions, which are signs 
of malignant transformation. These early lesions cannot 
be appreciated in imaging studies, especially since puffed 
cheek technique could not be readily performed in OSF.

Imaging is generally not indicated for soft tissue 
assessment [11]. An orthopantomogram is indicated if  
planning coronoidectomy. MRI is recommended if  
mouth opening is severely restricted. Alternatively CT 
scan with contrast may be recommended to evaluate any 
oral lesions identified during clinical examination.

18.3.2  Anesthesia, Preparation 
of the Patient and Intraoperative 
Evaluation

General anesthesia with nasal endotracheal intubation 
is required. As the patients indicated for surgical inter-

Surgical Management of Oral Submucous Fibrosis
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vention to release trismus (grade 3 or 4) will have less 
than 2.5 cm mouth opening; awake fiberoptic nasal intu-
bation would be required. Although blind nasal intuba-
tion with regional anesthesia could be attempted, the 
anesthetist should be adept with fibreoptic intubation 
and the necessary equipment should be available.

After inducing the anesthesia, bilateral temporary tar-
sorrhaphy may be performed to protect the eyes and to 
expose the paranasal areas for possible nasolabial or tem-
poralis flap harvesting. A shoulder roll is recommended to 
allow forward thrusting of the mandible and to make the 
occlusal plane 90 degrees to horizontal plane. Bilateral 
face, neck, oral cavity and anterior half of scalp needs to 
be prepped and draped. A self-retained plastic lip retractor 
may be inserted and secured using sutures placed on upper 
and lower lips away from the commissure of the mouth.

Because of the trismus, visualization of the oral cav-
ity may be limited. To improve visualization, a metallic 
Heister-mouth-opening device may be placed on the con-
tralateral molar region and stretch the mouth to open as 
much as possible. The surgeons may wear headlight or 
use fibreoptic light source to illuminate the oral cavity.

The initial step would be examination of all the oral 
mucosa to look for any advanced oral potentially malig-
nant or malignant lesions and if  required, biopsy needs 
to be performed. In addition, with the assistance of a 
dental surgeon, examination of dentition may be carried 
out. In severe cases this oral evaluation may be possible 
only after release of trismus.

18.3.3  Incision of Fibrous Bands Followed 
by Adequate Muscular Release

A horizontal incision of the mucosa is made using 
monopolar cautery starting at the junction of hard and 
soft palate behind the tuberosity of maxilla, extending 
anteriorly towards the commissure of the mouth. The 
incision should be made about 7.0 mm inferior to the 
parotid duct. Anteriorly the incision is extended to a 
point about 1 cm posterior to the commissure, protect-
ing the modiolus. Depending on the fibrosis of upper 
and lower lip sulci, the incision may be extended to these 
regions in a ‘Y’ shaped fashion. A similar incision is 
made on the contralateral side (. Fig. 18.2).

The mucosal incision is deepened to release the 
fibrous band which would be most prominent around 
the anterior pillar of fauces. This would include the 
release of pterygomandibular raphe and the fibrous 
band underneath the anterior pillar of fauces. This can 
be assisted by the gradual activation of the Heister’s 
mouth opening device.

Laser in OSF fibrous band release: The literature 
reports the use of laser other than cold knife for the exci-

sion of the fibrous bands [12–18]. The ErYCCG laser, 
KTP 532, and diode lasers are the most often utilized 
lasers [13–18]. The principle of laser for surgical fibrot-
omy in OSF is by photothermal action, which causes tis-
sue disruption by deposition of enough heat to evaporate 
the tissue. The laser energy is preferentially absorbed in 
the target tissues, resulting in a direct tissue cut (cold cut) 
or tissue rupture due to water vaporization within a cell 
(thermo-mechanical tissue ablation). This process pro-
tects the extracellular collagen matrix by limiting colla-
gen damage to 5 μm (about 2 cell widths). Characteristics 
such as laser type, wavelength, energy employed, and 
exposure period all play a role in ensuring the laser’s 
desired effects. Furthermore, the optical qualities of the 
target tissue, as well as its absorptive nature, determine 
the amount of laser energy required to achieve good 
clinical results. Laser therapy may produce less post- 
operative pain and hasten the healing as reported by 
Kameshwaran et al. and Nayak et al. [14, 15].

The majority of the studies have used diode lasers [16–
18]. It is a semiconductor laser, with a wavelength range of 
800–980 nm. It emanates through a fiber-optic cable and 
has a good cutting efficacy without causing damage to 
dental hard tissues. The KTP-532 laser uses a 532  nm 
wavelength that is specifically absorbed by blood vessels, 
resulting in superior hemostatic properties. The wave-
length of an ErCr:YSGG laser is 2780 μm. Water absorbs 
this wavelength effectively, therefore it can be used on oral 
soft tissue without inflicting thermal injury. Choudhary 
et al. have reported efficacy of ErCr:YSGG laser in OSF.

a

b

c

e

f

d

       . Fig. 18.2 Incision design. a. Proposed incision for buccal and 
perioral fibrous bands, b. Anterior limit of  incision 1  cm behind 
modiolus c, d. Anterior faucial pillar, e. Parotid papilla, f. Junction 
of  hard and soft palate
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The outcomes of laser therapy in oral submucous 
fibrosis have been reviewed by Gondivkar et al. [19]. The 
authors have suggested laser fibrotomy as a cost effec-
tive tool in the surgical armamentarium for fibrous band 
release under local anesthesia, and can be performed 
with a short or minimal hospital stay and gives good 
control of the depth of release. Incisions for laser fibrot-
omy such as multiple parallel and inverted Y have been 
employed to give better release of trismus. The other sig-
nificant benefit is the perceived improvement in quality 
of life (QoL) with patient reported outcomes better with 

regard to pain, increased cheek flexibility and tongue 
protrusion.

A very comprehensive review of the reported use of 
lasers in OSF by Jawanda et al. has analysed the out-
comes of lasers in OSF, compare the different available 
lasers, the role of adjunctive therapy with lasers, the 
patient outcomes and the comparison of surgery with a 
non-invasive technique such as lasers. The reported 
studies are summarised in . Table 18.1.

The lasers used in OSF are soft tissue lasers such as 
C02, KTP-532, Diode and Nd: YAG, soft and hard tissue 

.       Table 18.1 Results of  use of  lasers in OSF [20]

S. No Authors Laser used Number of 
patients

GA/
LA

Treatment done Follow up 
period

Results Complica-
tionsMO Pain Epitheliali-

sation

1. Shah et al Diode 10 GA Fibrotomy 3 Mos Y None

2. Kamesh-
waran et al

KTP-532 15 GA Fibrotomy 12–18 Mos Y Y None

3. Talsania et al Diode 8 GA Fibrotomy 3 Mos-3y Y Y None

4. Nayak et al KTP-532 9 GA Fibrotomy 1y Y None

5. Chaaya et al C02 16 LA Fibrotomy 1y Y None

6. Cheng et al KTP-532 4 LA Fibrotomy NA Y None

7. Chaudhary 
et al

Er Cr: 
YSGG

1 LA Fibrotomy 6 Mos Y None

8. Garde et al Diode 9 GA Fibrotomy 1 yr Y Y None

9. Chaudhary 
et al

Er Cr: 
YSGG

16 LA Fibrotomy 1 yr Y None

10. Lokesh et al Diode 50 LA Fibrotomy 6 Mos Y None

11. Asnani et al Diode 1 LA Fibrotomy 6 Mos Y Y None

12. Tripathy et al Diode 5 GA Fibrotomy 3 Mos Y None

13. Agarwal et al Diode 30 GA Fibrotomy 6 Mos Y None

14. Devgan et al CO2 20 LA Fibrotomy 6 Mos Y Y None

15. Mudigonda 
et al

Diode 12 LA Fibrotomy 6mos Y Y None

16. Singh et al Diode 20 LA Laser 
biostimula-
tion

15 days Y Y None

17. Kunusoth 
et al

Diode 1 LA Fibrotomy 6 Mos Y Y None

18. Farista et al Diode 2 LA Fibrotomy, 
LLLT

1 y Y None

19. Gupta et al Diode 30 LA Fibrotomy 9 Mos Y Y Y None

20. Chandra et al Diode 1 LA Photobios-
timulation

1 mo Y Y None

GA General anesthesia, LA local anesthesia, LLT low level laser therapy, mos months, yr year, Y yes, NA not available, MO mouth 
opening
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lasers: Er: YAG and ErCr: YSGG.The reported advan-
tages include the shortened duration, ability to perform 
the procedure under local anesthesia, better hemostasis, 
retarding the inflammationand pain mediators such as 
K+, H+, ATP, histamine with better healing, inhibition 
of TGF-ß, CCN2 thus reducing collagen deposition, 
fibrosis, scarring and trismus; better wound healing and 
reepithelialisation. The monochromatism, coherence 
and collimation affects only the target field without 
affecting other tissues. The marked disadvantages are 
the need for special safety measures, need for special 
training, high cost and maintenance.

 The published  literature  cited above supports  that 
lasers have a definitive role in the management of OSF 
and needs further studies to make it a part of the stan-
dard armamentarium [20].

18.3.4  Masticator Muscle Myotomy

The procedure starts by exposing the anterior border of 
the ascending ramus. This is to be followed by the release 
of insertion of anterior fibres of temporalis muscle from 
the coronoid process. The release of lateral and medial 
fibers inserted to the coronoid process to be followed. As 
there will be poor access to the superior and posterior 
fibers of temporalis muscle attached to the tip of coro-
noid process, this can be performed after obtaining suf-
ficient mouth opening. It is to be noted that because of 
prolonged pull of temporalis muscle, one may encounter 
longer coronoid process especially in long-standing 
OSF.  A long curved Kocher’s clamp turned upwards 
may be used to grab the coronoid process, which may 
serve as a retractor of soft tissue (. Figs. 18.3 and 18.4).

Following the release of temporalis tendon, atten-
tion is focused on detaching the masseter from the lat-
eral border of ascending ramus of mandible. The muscle 
is primarily attached at the region of the lateral aspect 
of angle of mandible. The separation of the muscle 
needs to carried out on a subperiosteal plane to mini-
mize intra-muscular bleeding, post-operative swelling 
and scarring. This may be aided by a gauze and a 
Howarth periosteal elevator. Turning the sharp end of 
Howarth’s periosteal elevator medially the pterygo- 
masseteric sling is then separated from the lower border 
of the mandible.

The next step is to release the insertion of medial 
pterygoid from the medial aspect of angle of mandible. 
The process starts at the retromolar trigone. Dissect the 
lingual mucosa off  the medial aspect the ramus of the 
mandible in a subperiosteal plane. Care is taken to iden-
tify and protect the lingual nerve running close the peri-
osteum at the medial aspect of retromolar trigone 
region. Further dissection in the subperiosteal plane is 
directed to the angle of the mandible on the medial side, 
hugging the bone throughout this step. This medial dis-

       . Fig. 18.3 Coronal section through Mandible showing areas of 
stripping of  muscles of  mastication (yellow lines), a. Mandible, b. 
Temporalis muscle, c. Masseter muscle, d. Medial pterygoid muscle, 
e. Pterygomasseteric sling

       . Fig. 18.4 Coronoidectomy. a. Kocher’s clamp grabbing coronoid 
process, b. Reciprocating saw, c. Periosteal elevator placed in sigmoid 
notch area to limit cut to coronoid process. d. Temporalis muscle
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section would require at least 3 cm mouth opening. If  
this cannot be achieved, the procedure is carried out 
after completing the planned procedure on the contra-
lateral side of releasing temporalis tendon, masseter and 
medial pterygoid insertions on the mandible 
(. Fig. 18.3).

18.3.5  Bilateral Coronoidectomy

The jaw is opened as wide as possible by activating the 
Heister jaw opening device on the contralateral molar 
region. This allows exposure of the tip of the coronoid 
process. Kocher’s forceps is then used to grab the coro-
noid process. A periosteal elevator is used to detach tem-
poralis tendon from the medial aspect of coronoid 
process and extended towards sigmoid notch. Similarly 
another periosteal elevator is used to expose the sigmoid 
notch laterally. The masseteric branches of maxillary 
artery exit through sigmoid notch which needs to be 
cauterized. As the mandible would have come forward 
with the opening of the mouth, care should be taken to 
not to confuse the posterior border of mandible as the 
sigmoid notch. This can be ensured by the fact that the 
breadth of coronoid process at the base is not longer 
than 2.0 cm. The coronoid process is then divided using 
a reciprocating saw. The bone is then removed. If  the 
Kocher’s forceps slips, the coronoid process may get 
retracted into the infratemporal fossa. It’s safe to leave 
the retracted coronoid process as attempt to remove it 
blindly, can injure maxillary artery traversing medial to 
the mandibular condyle. The procedure of coronoidec-
tomy is then repeated on the contralateral side.

This manoeuvre allows mouth opening of around 
4.0 cm. If  there are still restriction of mouth opening, 
completeness of the release of masseter, medial ptery-
goid insertions may be carried out. If  the opening still 
remains limited, the anterior one third of masseter ori-
gin from the zygomatic bone on one side may be 
detached. (. Fig. 18.4).

Occasionally the condyle may get dislocated anteri-
orly during the vigorous jaw opening manures. This 
needs to be identified and the dislocated condyle needs 
to be reduced. Coronoidectomy is usually done when 
the mouth opening is less than 3.5  cm after surgical 

myotomy. and the contralateral coronoidectomy is car-
ried out if  the desired mouth opening is not achieved 
[21]. The chance for condylar dislocation is higher when 
bilateral coronoidectomy along with muscle stripping 
are carried out.

18.3.6  Resurfacing of the Surgical Defect

The ideal resurfacing option is a thin local skin flap. 
Since most of the patients are relatively young, local 
skin flap will have aesthetic impact. The resurfacing 
options are- buccal pad of fat, bilateral naso-labial flap, 
temporalis fascia flap, bilateral supraclavicular flap, and 
radial forearm flap.

The most common surgical intervention in OSF has 
been the use of interpositional flaps in areas of band 
excision. For the ease of understanding we will broadly 
divide the grafts into local, distant flaps and others 
(Summarised in . Table 18.2).

Local Flaps: subdivided into intraoral and extraoral 
flaps:
 (A) Intraoral flaps

 (a) Tongue flaps
 (b) Palatal island flaps
 (c) Buccal fat pad

 (B) Extraoral flaps
 (a) Nasolabial flap
 (b) Tempero-parietal fascia flap

Distant Flaps: Most commonly used Radial forearm 
free flap and Anterolateral thigh free flap.

Coverage with grafts and membranes: Split skin graft 
(SSG), and allografts (collagen membrane and alloderm).

18.3.6.1  Intraoral Flaps
(a) Tongue flap

Interpositional tongue flaps have been described 
in the literature [8, 22–25]. Most of the case series 
are from the early 2000. The use of a tongue flap 
as an interpositional graft was employed because 
of accessibility, good vasculature and arc of rota-
tion. However it cannot be considered as a tool in 
the surgical armamentarium in the present era due 
to the associated speech and swallowing difficulties, 

.       Table 18.2 Surgical Options for resurfacing the fibrotomy defect

Local flaps Distant flaps Others (grafts/membranes)

Intraoral Extraoral

Tongue flap Nasolabial Radial forearm flap
Anterolateral thigh

Split skin graft
Allografts: collagen membrane, alloderm

Palatal island flap Temporalis

Buccal flap Platysma Myocutaneous
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need for a secondary procedure and with the avail-
ability of better reconstructive options. The associ-
ated dysphagia, need for secondary procedure and 
also for the fact that the tongue is often involved by 
submucous fibrosis.

Technique: A brief  description of the procedure 
is given below:
(a) Release of fibrous band to be carried out as 

described before.
(b) Fergusson’s mouth gag is then used to forcefully 

open the mouth.
(c) On either side of the tongue, a tongue flap is 

marked, the size of which is determined by the 
size of the raw region to be covered. Its base 
should be on the posterior one-third of the 
tongue, towards the anterior pillar, and it should 
be able to cover the retromolar region without 
tension.

(d) The flap is then rotated 90 degrees before being 
sutured to the raw area using 3–0 vicryl.

(e) Dental props are placed on either side of the 
sutured flaps to keep the mouth open.

Bleeding during the operation can be 
stopped by applying pressure and ligation.

(b) Palatal island flaps
There are two series in the literature which 

describe the use of the palatal island flap to resur-
face the defect following fibrotomy. Based on the 
greater palatine vessels, these flaps are primarily 
used to resurface the buccal defects. Golhar et  al. 
and Khanna et al. have described the use of this flap 
[5, 25]. The purported advantages of this flap are 
the transfer of tissue from a site of low incidence of 

submucous fibrosis (6–7%). The reported incidence 
of flap loss and contracture is also low beause of the 
absence of any muscle in the flap.

Technique: Most commonly used in case of buc-
cal mucosal defects, the incision is made 3–4  mm 
distant from the gingival edge and a mucoperisos-
teal flap is raised along the midline posteriorly. The 
flap is sutured to cover the bare areas and rotated 
buccally, posterior to the second molar. The second 
molar may need to be extracted where the greater 
palatine foramen is anterior to its normal ana-
tomic position. The greater palatine foramen can be 
enlarged to allow the flaps to move more freely. The 
defect on the palate can be covered with betadine 
ointment dressings and acrylic plates and allowed 
for secondary healing.

 (c) Buccal Fat Pad (BFP) (. Fig. 18.5a–c)
In the treatment of OSF, the buccal fat pad was 

the second most preferred interpositional flap [26]. 
Being in the vicinity of the surgical site, the buccal 
fat pad can be easily accessed through the same inci-
sion. The volume of fat is generally not affected by 
the disease but can be reduced based on the body 
habitus [20, 25–40].

Technique: After the primary excision of 
bands, with blunt dissection the BFP is mobilised 
out until adequate tissue is obtained to cover the 
defect without excessive strain After haemosta-
sis, bilateral buccal defects of  3–4 cm can be filled 
with BFP flap with no visible donor defects in the 
cheek. The BFP is then sutured in place with vicryl 
3–0 sutures around the perimeter and some quilt-
ing sutures.

a b c

       . Fig. 18.5 a. Release of  fibrous band. b. Exposing the Buccal fat pad. c BFP in situ
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18.3.6.2  Extraoral Flaps
(a) Nasolabial flap

The nasolabial flap has proven to be the most 
versatile surgical method for reconstructing surgical 
defects in OSF. This could be attributed to the ease 
of harvest, and availability of adequate tissue adja-
cent to the surgical defect. The technique of harvest 
is reasonably straightforward with minimal compli-
cations. It is a viable modality of reconstruction in 
centres which do not have the facility for microvas-
cular reconstruction [6, 28, 32, 41–49]. Aside from 
the standard harvesting approach, modifications 
such as an expanded incision down to the lower lip 
to permit flap tissue with a longer reach have been 
used. Being a random pattern axial flap deriving 
its blood supply from the facial artery the flap has 
the potential to cover the regions of the oral cavity 
defects created for trismus release, making it a good 
option for OSF.

At the end of follow-up periods ranging from 1 
to 36 months, majority of studies using the naso-
labial flap revealed stable interincisal opening of 
over 35  mm. Tauro reported an acceptable mouth 
opening of 40 mm post-operatively in his series of 
85 cases in the single largest study using nasolabial 
flaps [48]. Scars in the facial region, a reduction or 
accentuation of the nasolabial fold, and the devel-
opment of hair on the flap tissue in the intraoral 
region are all common issues of using this flap. The 
flap’s narrow breadth precludes its use in wide band 
excision of extensive OSF.

Technique: The flap is designed along the naso-
labial crease to ensure the final scar line is well con-
cealed in the nasolabial fold. A pinch test would give 
a fair approximation of the laxity of the skin before 
designing the flap. The length and width of the flap 
are based on the extent of the defect and designing 
it from the pivot of rotation. The flap’s base is left 
intact while the incision is carried out up to the sub-
dermal tissues. The flap is raised by blunt dissection, 
which is done with care to avoid disturbing the facial 
muscles. Ensure that the flap does not shear off  from 
the subdermal plexus. Attempt should be made to 
incorporate facial artery within the flap. After ele-
vating the flap, a wide tunnel is created towards the 
base of the flap to allow the flap to enter the oral 
cavity uncompressed. The flap is then de-epithelial-
ized at the base and along the section that will rest 
in the myomucosal tunnel, rotated intraorally and 
sutured. The skin edges are undermined and closed 
in two layers with subcuticular sutures.

It has been noted that nasolabial flaps provide 
adequate covering while releasing trismus and main-
taining the mouth opening.

(b) Temporoparietal fascial flap
The temporoparietal fascial flap has been used 

in a few reported cases [44, 50]. The primary disad-
vantage is the limited reach of the flap to resurface 
anterior defects of the oral cavity.

Technique: In most cases, a zigzag incision is 
performed, starting at the preauricular region and 
extending to the superior temporal line. To avoid 
unintended damage to the hair follicles, the anterior 
and posterior scalp flaps are lifted in the subfollicu-
lar plane immediately deep to the hair follicles using 
loupe magnification. A flap of the appropriate size is 
marked when adequate exposure has been obtained 
with a height of 14–17 cm and a width of 10 cm. 
The traditional fascial flap can be stretched up to 
3–4 cm above the temporal muscle’s origin. The tem-
poroparietal fascial flap is then raised from superior 
to inferior by dissecting between the two layers of 
fascia in the loose areolar tissue plane. The flap base 
is shortened to 2.0–2.5 cm for ease of transfer, and 
the pedicle carrying the superficial temporal artery 
and vein is identified. The flap is placed in the recipi-
ent area. Because of its pliability, it’s ideal for drap-
ing over irregular surfaces. Suction drains are placed 
in the donor site area and it is closed in two layers.

The morbidity of temporal hollowing and scar-
ring of the muscle on mucosalization of the muscle 
leading to further fibrosis and relapse of trismus are 
common complications. The flap appears to be the 
least popular of all the local flaps.

18.3.6.3  Distant Flaps
The advent of microvascular surgery has expanded the 
armamentarium for the surgeon for resurfacing defects 
in OSF. The requisites of the ideal tissue are thin, pliable 
with an adequate length of vascular pedicle to be able to 
perform anastomosis. With the current available fascio-
cutaneous flaps the radial forearm free flap is probably 
the gold standard for the reconstruction of defects. 
There are reports of the usage of the anterolateral thigh 
flap however the thick skin paddle and unpredicatability 
of the subcutaneous tissues based on the body habitus 
preclude it from becoming the first choice for recon-
struction. Huang et al. reported a series on the use of 
the anterolateral thigh flap with two skin paddles being 
designed on the descending branch of the lateral cir-
cumflex femoral artery. The authors reported an increase 
in the mean interincisal opening but half  the series of 
flaps needed secondary debulking [51].

18.3.6.4  Radial Forearm Free Flap
The usage of the radial forearm free flap for resurfacing 
the submucous fibrosis defect ensures coverage of the 
mucosal defect with thin and pliable tissue [52–54]. The 
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c d

b

       . Fig. 18.6 a. Outline and design of  the bipaddled Radial artery forearm flap. b. Flap Harvest complete. c. Post operative mouth opening 
at 1 month. d. Healed donor site

design of the flap can be customised to the defect. The 
authors have described a single bi-paddled flap at their 
institution with the intervening tissue placed in the man-
dibular anterior sulcus (. Fig. 18.6a–d). The bi- paddled 
radial forearm flap with its long vascular pedicle ensures 
a single flap with ease of reconstruction, a single anasto-
mosis and a simultaneous two team approach makes 
this the free flap of choice for OSF defects. The main 
drawbacks are the expertise needed for microvascular 
reconstruction, the associated costs, the need for sec-
ondary debulking procedures for the flap as the volume 
of tissue in the anterior vestibule may interfere with 
mastication and the small risk of kinking of vessels [55]. 
The description of harvest of the flap is as mentioned in 
the literature. There have been modifications reported in 
the literature of the bipaddled radial forearm flap with 
two separately designed skin paddles which avoid the 
need for two separate anastomosis [56, 57].

18.3.6.5  Coverage with Grafts 
and Membranes

Split skin grafts, collagen membranes, artificial dermis, 
and human placenta have been used to graft the surgical 
bed. None of these materials have been compared with 

the use of flaps. They primarily serve to reduce the pain, 
minimise blleding and to not leave a raw surface during 
healing. Loss of the material, wound dehiscence, fibrosis 
and scar tissue formation are the common complica-
tions. Many centres tend to use this when the expertise 
or facilities to resurface the defect are unavailable. 
Commercially available dermis and collagen are readily 
available and overcome the donor site morbidity, how-
ever its effectiveness needs to be proven. Placental grafts 
and human amnion were previously reported but are not 
current accepted standard of care [9].

18.4  Pitfalls and Solutions of Resurfacing 
Techniques

Intraoral flaps should not be a preferred modality for 
the resurfacing of defects as better options are available. 
It could be still indicated for small defects or if  patients 
desire and have a poor performance status contraindi-
cating other techniques.

Tongue flap: They are prone to secondary haemor-
rhage due to the raw surface, torsion of the flap may 
cause dehiscence and necrosis. It needs a secondary pro-
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cedure delayed by at least 4 weeks to detach the flap dur-
ing which oral hygiene, speech and oral intake would 
have to be addressed. There have been few case reports 
of malignant lesions developing in the resurfaced defect 
when a tongue flap has been used.

Palatal island flap: Being a mucoperiosteal flap 
based on the greater palatine vessels, the arc of rotation 
is limited to small buccal mucosal defects. It would need 
extraction of the last maxillary molar (mostly the sec-
ond or third) to allow it to be brought to the surgical 
defects. It leaves behind a raw surface that needs to heal 
by secondary intention. The bulk of the flap along the 
arc of rotation may be a hindrance to patients when they 
masticate.

Buccal fat pad: The buccal fat pad is associated with 
minimal morbidity, however in certain patients inade-
quate tissue may be present and difficult to resurface 
defects beyond the premolars. The graft mucosalises 
rapidly without any additional cover but may devascu-
larize and slough off  if  excessively manipulated. 
Vigorous postoperative physiotherapy is needed as it has 
a tendency to develop fibrosis similar to the native tis-
sues, especially if  partial necrosis develops.

The common complications associated with extra-
oral flaps are summarised below:
 (a) Nasolabial flap: Extraoral scar, wound dehiscence, 

pincushioning effect, orocutaneous fistula, loss of 
nasomaxillary crease, partial or complete loss of 
flap, intraoral hair growth [58].

 (b) Temporoparietal fascial flap: Alopecia and a visible 
scar, rarely temporal hollowing, flap necrosis and 
dehiscence.

 (c) Radial Forearm free flap: The common complica-
tions associated with radial forearm flap would 
include the donor site scar due to the skin graft, par-
esthesia of the forearm, loss of graft and tendon 
exposure, complications related to a microvascular 
procedure such as vascular insufficiency and the 
need for reexploration, partial flap loss, hair growth 
on the flap.

A recent head on comparison study demonstrated 
better mouth opening when reconstruction was done 
with a radial forearm flap versus a nasolabial flap [59, 
61].

18.5  Postoperative Physiotherapy

The key to stabilise the mouth opening and prevent a 
recurrence of trismus is early initiation of physiother-
apy. The ideal time is arbitrary with some surgical cen-

ters advocating a soft to hard splint placement 
intraorally at the time of surgery carried into the initial 
postoperative phase till such time the patient is comfort-
able to start physiotherapy. Recommendations are to 
start physiotherapy by the third post-operative day. 
Patient compliance is the key to success with exercises 
being performed at least 3 times daily for a minimum 3 
minute period for minimum 3 months [6, 60–62]. It is 
recommended to have an initial supervised regimen to 
educate the patients regarding the technique of place-
ment of the device and activation of the device. This can 
be done either by the surgeon or therapists. Mouth 
opening can be done with a variety of devices. Initial 
splints  fabricated from dental impression or putty, 
mouth opening devices such as Heister’s, Therabite Jaw 
motion rehabilitation system or simple ice-cream sticks 
or wooden spatulas with a gradual increase in the daily 
number to guide the extent of mouth opening achieved 
can be used [63]. A comparative study between wooden 
tongue depressors versus Heister’s jaw opener has not 
established the superiority of any one device in physio-
therapeutic regimens. The importance of physiotherapy 
was demonstrated by Cox and Zoellner who assigned 
patients into three groups: Graded physiotherapy regi-
men, intralesional hyaluronidase with steroids, no active 
treatment. The results showed that physiotherapy 
improved the mouth opening [64].

18.6  Results of Surgical Intervention

There have been no randomised trials to demonstrate 
the benefit of one surgical modality over the other. The 
available literature essentially comprises small cohorts 
of patients treated based on the institutional and opera-
tor preference.

With the current available armamentarium resurfac-
ing with microvascular flaps would be the gold standard. 
Aggressive postoperative physiotherapy is recom-
mended to maintain the mouth opening.

. Table  18.3 summarises the various options that 
have been used in the available literature and the reported 
follow up. The most common flap utilised at centres is 
the nasolabial flap which probably is due to the ease of 
harvest, reliable and pliable tissue available and the 
advantage of it being away from the fibrotic site.

The other options in descending frequency are artifi-
cial membranes followed by tongue flap and buccal fat 
pad. The lesser number of microvascular flaps can be 
probably be attributed to the fact that centres across the 
subcontinent are slowly developing the expertise and 
thus the reported numbers are not high.
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.       Table 18.3 Results of  surgical options in OSF [26]

S. No. Treatment 
modality

No of cases 
reported

Average 
follow up

1. Tongue flap 138 1–84 months

2. Palatal flap 33 48 months

3. Buccal fat pad 139 2 weeks–36 
months

4. Nasolabial flap 227 6–66 months

5. Temporalis fascia 5 NA

6. Radial forearm 
free flap

65 3–48 months

7. Anterolateral 
thigh flap

9 16.2 months

8. Split skin graft 96 10 weeks–48 
months

9. Collagen 
membrane

107 3–24 months

10. Artificial dermis 39 3–6 months

11. Human placenta/
amnion grafts

39 NA

NA not available

z Key Points
 5 Assess the interincisal opening and location of 

fibrotic bands: Decide on surgical vs non surgi-
cal management.

 5 Ensure patient’s compliance with regard to 
length of treatment and aggressive post opera-
tive physiotherapy, educate them about the aids 
and regimen.

 5 Rule out any foci of malignancy.
 5 Assess the need for adjunct procedures such as 

coronoidectomy and myotomy.
 5 Plan the reconstruction based on the volume of 

defect that needs to be resurfaced.
 5 Assess esthetic concerns and microvascular 

facilities and expertise availablility.
 5 Armamentarium ladder and selection of 

modality based on the above(descending order 
of preference).

 5 Microvascular free flaps.
 5 Nasolabial flaps.
 5 Buccal fat pad.
 5 Skin grafts, membranes.

The series with the buccal fat pad have reported good 
mucosalisation and an average mouth opening of 
around 30–35 mm over a period of 6 months. Additional 
procedures mentioned include bilateral coronoidectomy 
and the use of a nasolabial flap.

In the series of nasolabial flaps the average interinci-
sal opening reported is 38 mm, bilateral nasolabial flaps 
have been harvested in the majority of series and also 
with adjunct procedures such as coronoidectomies.

The palatal island flaps have been always described 
with adjuncts such as temporalis myotomy and coro-
noidectomy.

The radial forearm literature mentions the use of 
adjunct procedures in almost all series, the average 
mouth opening of around 38 mm measured interincis-
ally and the need for secondary debulking procedures.

The authors recommend that the interpretation of 
these surgical series needs to be done carefully. The 
series are heterogenous and across many decades. The 
earlier use of local flaps reflects the expertise and 
resources available at that point of time. No technique 
can be shown superior to the other in terms of the final 

outcome with respect to the mouth opening. The com-
mon parameter irrespective of any flap is the early initia-
tion of postoperative physiotherapy. With the advent of 
free flaps the use of adjunct procedures to improve the 
mouth opening is also more common.

18.7  Post Surgery Surveillance

Pindborg and Sirsat have described the malignant trans-
formation of OSF in 1966, an annual transformation 
rate of 0.5% [7]. In 2006, OSF has been categorized as a 
potentially malignant disorder [60]. In spite of this there 
is no characterised natural history for OSF and thus it 
is difficult to predict which cases may progress to malig-
nancy. This implies the need for close surveillance with 
regular clinical examinations post the surgical treatment 
for the fibrosis.The temporal span for the risk of malig-
nant transformation would be 10–15 years and thus the 
need for long term close surveillance [65]. Warning signs 
and symptoms include redness, ulceration and presence 
of pain. It is a good practice to educate the patients on 
mouth self- examination techniques and the early warn-
ing sings and symptoms.
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Unlike other OPMDs, malignant lesions in OSF can 
develop in any areas of the oral mucosa, including dorsum 
of tongue and buccal mucosa. As the advanced OSF muco-
sae are atrophic and depapillation is commonly seen on the 
tongue it is difficult to delineate early malignant transfor-
mation. Oral visual examination with palpation and exam-
ination of the neck would still be the recommended tool on 
surveillance.The use of adjuncts such as autofluorescence 
imaging, chemiluminescence and vital staining are 
still being investigational. The gold standard would be a 
representative biopsy. Frequent biopsy can lead to scarring 
and induce trismus, therefore judicious use of biopsy is nec-
essary. Histopathologic confirmation of dysplasia in OSF 
needs to be carefully interpreted. The conventional three 
tier reporting system as given by WHO guidelines as mild, 
moderate or severe has only a fair interobserver agreement 
among head and neck pathologists. The use of the two 
grade system is recommended to avoid the variation in 
decision making. Characterisation of the lesion based on 
architectural and cytologic criteria are the hall mark of the 
two tier system [66]. Suspicious lesions based on the clinical 
morphology need biopsy and close surveillance [67].

Malignant transformations rates reported for OSF 
are different across the SE Asian region. Yang et al. in 
the population based series from Taiwan showed a 
high malignant transformation rate of  9.13% for OSF 
with a mean duration of  malignant transformation in 
2.5 years. Concomitant presence of  leukoplakia 
increased the transformation rate to 15.1% [68, 69]. 
The study from India also supports the hypothesis that 
OSF related oral squamous cell carcinoma (OSCC) is a 
clinicopathologically distinct entity. Its hallmarks are 
an earlier age of  presentation, male predilection, better 
differentiation, earlier tumor stage, lower neck metas-
tasis and lesser incidence of  extracapsular spread. Oral 
tongue is more commonly involved in OSF. The block-
age of  the submucosal lymphatics is speculated to 
explain the lower propensity for nodal metastasis [70].

z Pearls in Surveillance
 5 Rates of malignant transformation vary; 0.5–9.1%.
 5 Risk factors; younger age, males, concomitant leuko-

plakia, tongue.
 5 Close surveillance for 2 years and long-term inter-

mitted surveillance.
 5 Altered mucosa makes interpretation difficult.
 5 Adjuncts to visual examination are investigational.
 5 Hallmark for diagnosis: Biopsy.
 5 Dysplasia: 3 tier and 2 tier grading.
 5 OSCC in OSF is a distinct entity with better prognosis.

18.8  Summary and Future Perspectives

Surgery is recommended for advanced cases  to 
improve mouth opening and oral mucosal surveil-
lance. A skin lined local flap is the preferred recon-
structive option. Laser fibrous band release is 
increasingly being used to minimize the post-opera-
tive fibrosis. Irrespective of  the technique, the success 
of  the surgical intervention is dependent on the inten-
sity and compliance to post surgery physiotherapy. 
Therefore a structured physiotherapy regimen must 
be introduced.

With the advent of regenerative medicine, the role of 
stem cells has been studied which would likely lead to 
new advancements in the treatment of OSF. The mecha-
nism of release of cytokines and growth factors (para-
crine effects) and increasing antioxidant (naturally 
occurring or exogenous) capabilities to scavenge free 
radicals, can enhance blood vessel development It may 
also aid in the transition of resident tissue stem cells into 
new fibroblasts, hence assisting in the removal of bio-
chemically and morphologically disrupted collagen 
fibres. In OSF laboratory-purified pluripotent stem cells 
have shown promising benefits. Stem cells are predicted 
to restore oral mucosa and become an effective way for 
treating OSF in the future, giving breakthrough in OSF 
research [71].

It is possible to reduce the incidence, recurrence rate, 
and malignant transformation rate of OSF through 
through habit cessation and better understanding of 
OSF pathogenesis and related carcinogenesis, as well as 
the advancement of scientific research. The future of 
these biologic modifiers to minimize post-operative 
fibrosis needs to be intensively evaluated to improve the 
results. In addition, development of appropriate chemo-
preventive interventions are necessary to reverse the 
malignant transformation potential.

18.9  Conclusions

 5 Surgery for improving mouth opening, pain, trismus, 
QOL.

 5 Gold standard for resurfacing defects: skin lined 
flaps.

 5 Laser fibrotomy is emerging as a good alternative.
 5 Aggressive physiotherapy is the cornerstone to suc-

cess.
 5 Biologic modifiers, stem cells, chemopreventive 

agents are investigational.
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19.1  Introduction

Arecanut (AN) otherwise known as betel nut has been 
reported as the world’s fourth most commonly used 
psychoactive substance after tobacco, alcohol, and caf-
feine [1] and it is reported to be used by one fifth of the 
world’s population [2].

The use of areca nut is widely prevalent and consid-
ered acceptable culturally and socially in Asian coun-
tries such as India, Sri Lanka, Maldives, Bangladesh, 
Myanmar, and Taiwan [3] .

Its use is also reported among people of South Pacific 
islands [3] as well as in parts of Thailand, Indonesia, 
Malaysia, Cambodia, Vietnam, Philippines, Laos, and 
China and migrants from the above countries living in 
the United Kingdom, the United States of America, 
South and East Africa, and Australia [2, 4].

Researchers have tried to highlight its dependence 
potential and the fact that it fulfils the criteria for a 
dependence syndrome during the last few decades [5].

An historical account citing colloquial Anglo-Indian 
words and phrases reports that “They are always chew-
ing Arecca, a certaine Fruit like a Peare, cut in quarters 
and rolled up in leaves of a Tree called Bettre (or Vettele), 
like Bay leaves, which having chewed they spit forth. It 
makes the mouth red. They say they do it to comfort the 
heart, nor could live without it” [6].

In this chapter we would be looking into the con-
cepts of addiction, dependence, assessment, and mea-
surement of addiction/dependence. We examine the 
evidence on whether there is addiction to AN and if  so 
how to assess it.

 n Learning Goals
 5 Goals of this chapter are to review the concepts of 

addiction and dependence, and to outline the 
methods of measurement/assessment of addiction/
dependence. We propose to explore the evidence 
supporting an addiction or dependence to arecanut 
(AN) and if  there is confirmed evidence how to 
assess such behaviours in clinical practice.

19.2  Dependence or Addiction 
to a Substance

The concept of substance dependence syndrome appears 
largely to have developed from the seminal work of 
Edwards and Gross in the mid-1970s s [7]. Their paper 
highlighted a group of features which they called a syn-
drome which included craving, impaired control over 
substance use, stereotyping of use, and prioritizing of 
substance use, and physiological features of tolerance 
and withdrawal. Saunders reports that prior to this, 
such behaviours were termed either as “abuse“ and or 

“addiction” due to the mental and social complications,  
externalizing behaviours and denial of the problem [8].

The term substance dependence and its psychometric 
properties have been supported by numerous studies [8]. 
In a memorandum published in 1981, the World Health 
Organization proposed a classification system in the field 
of drug- and alcohol-related problems [9]. The Diagnostic 
and Statistical Manual also included the term “depen-
dence “in its version III (DSM-III) [10] and this terminol-
ogy was continued in to its next revision, i.e., DSM IV [11].

Definition
Addiction has been defined as the development of tol-
erance and withdrawal upon discontinuation of a sub-
stance or refer to compulsive use of a substance known 
by the user to be physically, psychologically, or socially 
harmful [12].

Dependence on the other hand is defined as a ̀ cluster 
of physiological, behavioural and cognitive phenomena 
in which the use of a substance or a class of substances 
takes on a much higher priority for a given individual 
than other behaviours that once had greater value’.

Key concepts such as loss of  control, tolerance, 
withdrawal and craving are central but not essential 
components to the diagnosis of  dependence to any sub-
stance [8].

Howver, O’Brien argues that the word ‘dependence’ 
was already in use for many years prior to DSM-III-R 
to describe the adaptations that occur when medications 
that act on the central nervous system are ingested with 
rebound if  the medication is discontinued abruptly. He 
argues that it is addiction rather than dependence which 
describes the collection that stands for compulsive, 
uncontrolled, drug-seeking behaviour [13].

It appears that the DSM and ICD classification pre-
ferred the word dependence over addiction as it was less 
stigmatizing [14].

In order to address these problems, DSM-5 has 
included certain changes including elimination of a 
diagnoses of substance dependence and amalgamated 
all those criteria (abuse and dependence) together under 
a single category called “substance use disorder” [15].

However, ICD-11, beta draft has chosen a somewhat 
different approach. It retains the diagnosis of substance 
dependence and describes substance dependence as, “a 
disorder of regulation of the use of a psychoactive sub-
stance arising from repeated or continuous use of the 
substance. Its central feature is a strong internal drive 
to use the substance, manifested by impaired ability 
to  control use, increasing priority given to use of the 
substance over other activities, and persistence of use 
despite harm and adverse consequences.” [16].
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For the purpose of this chapter, we will use the term 
dependence to describe a diagnosis of intense craving, 
tolerance, withdrawal symptoms, to areca nut..

19.3  Methods of Assessment of Addiction/
Dependence

19.3.1  Diagnostic Criteria and Screening 
Tools

In clinical practice and more specifically as per Samel 
et  al. research, the instrument used for substance use 
assessment could make the difference between null and 
significant findings [17].

In addition to the clinician led interviews several 
screening tools have been utilized to assess/ screen 
for and or measure dependence over the years. Some 
of these are clinical diagnostic criteria such as the 
Diagnostic and Statistical Manual fifth version (DSM 5) 
developed by the American Psychiatric Association and 
the International classification of diseases tenth version 
(ICD 10) developed by the World Health Organization 
[15, 18]. These are mostly used in the day-to-day clinical 
practice.

ICD 10 has a set of criteria developed specifically 
for the research setting (ICD 10 research diagnostic 
criteria). In addition there are several structured tools 
such as the (Addiction Severity Index (ASI); Composite 
International Diagnostic Interview (CIDI); Structured 
Clinical Interview for DSM-IV (SCID); Psychiatric 
Research Interview for Substance and Mental Disorders 
(PRISM); and Semi-Structured Assessment for Drug 
Dependence and Alcoholism (SSADDA) [19–23].

All the above instruments have been shown to have 
good reliability, validity, and acceptance in clinical 
research settings as well as in the community setting [16].

All of the above are clinician administered tools. 
However, there are several self-administered tools devel-
oped to screen for substance dependence, such as the 
adult substance use survey (ASUS), drug abuse screening 
test (DAST), the drug Use Screening Inventory-Revised 
(DUSI-R) or the “Drinksmeter”. The self-reported 
instruments are available in paper-and-pencil question-
naires, computer assisted self-interviews or interactive 
voice recordings [24, 25].

These scales (either self - administered or interviewer 
administered) are most of the time specific for one partic-
ular substance. e,g CAGE and the alcohol use disorders 
identification test (AUDIT) was developed to screen for 
alcohol misuse while some are more generalizable. Some 
of these scales have additional items to detect associ-
ated disabilities (Alcohol Use Disorders and Associated 
Disabilities Interview Schedule (AUDADIS); [26–28].

Such structured interviews provide more robust and 
reliable information regarding substance use especially 
for a research purpose by providing diagnostic consis-
tency and avoiding misclassification.

19.3.2  Biological Assessment Techniques

In addition, biological measures of substance use have 
been used at times as an alternative or an adjunct to 
screening tools especially in medico-legal settings such 
as analysing of hair, saliva or urine samples.

19.3.3  Limitations of Existing Instruments 
for Measuring and or Screening 
for Dependence

As per Conway et  al. [29] despite most of  the instru-
ments having proven utility, reliability, and validity, 
they appear to have certain limitations [29]. The authors 
mention that the instruments which are currently avail-
able are based on a variety of  related but different con-
structs of  addiction severity such as behavioural and 
social consequences, quantity or type of  DSM symp-
toms that are fulfilled, use patterns within and across 
substances, and number of  different DSM diagnoses. In 
addition, they report that the content of  existing mea-
sures does not fully reflect the full range of  addiction 
severity.

In addition, most of the scales have been developed 
in the Western countries to reflect the substances that 
are prevalent in those settings. To our knowledge, even 
though these scales and diagnostic criteria have been 
used to assess/screen or measure substance dependence 
prevalent in other parts of the world none are validated 
in measuring dependence to areca nut or related sub-
stances.

19.4  Pharmacology of Areca Nut

The primary route of areca nut administration is oral 
and it is systemically absorbed through the buccal and 
sublingual mucosa [5]. The onset of effect in the major-
ity of areca chewers is reported to be within 5 min of 
ingestion and it is reported to last for about 2–3 h [5].

During the last few decades, areca nut and related 
substances have been available around the globe in prep-
arations called “pan masala” which may have areca in a 
more refined form which might have different absorp-
tion times to the ones mentioned above [30].

Areca nut is also reported to have a stimulant effect 
through several psychoactive alkaloids which it contains 
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[31]. Out of these, arecoline has been reported as the 
chemical that is predominantly present [5].

Studies report that betel quid (primary ingredient 
areca nut) has both the sympathetic and parasympa-
thetic effects such as changes in the size of the pupil, 
heart rate and blood pressure [32–34]. These effects on 
the autonomic nervous system are thought to be pos-
sibly dose-dependent, with the parasympathetic activity 
enhanced at higher doses [35].

The reported effects of areca nut in the central ner-
vous system include a sense of well-being and euphoria 
[36]. In addition Atukorala et al. report, that areca nut 
chewing produces a warm sensations of the body, sweat-
ing, salivation, palpitation and heightened alertness, 
and tolerance to hunger [37].

Electroencephalographic studies suggest an increase 
in both alpha, and particularly beta, rhythms which may 
explain the so called “stimulant effect” [38].

Some researchers suggest that areca nut increases 
relaxant qualities through arecaidine which appears to 
act on GABA uptake inhibitors [39]. Winstock had sug-
gested that areca nut has stimulant and anxiolytic effects 
similar to tobacco [5].

19.5  Does Areca Nut Fulfil the Operational 
Criteria for a Dependence Syndrome?

Winstock has highlighted that the potential for abuse 
of any substance could be modified by its preparation, 
route of use, as well as by the sociocultural factors [5].

In countries in which the areca nut use is prevalent, 
existing cultural and ritualistic associations with areca 
could influence its dependence through the conditioning 
and reinforcement of its use [5].

Even though most psychoactive drugs have complex 
pharmacological effects on the brain, the final common 
pathway of pharmacological effects of dependence is 
accepted as mediated through release of dopamine at 
the nucleus accumbens of the ventero-tegmental dopa-
minergic limbic pathway [40] .

Winstock describes tolerance and withdrawal as the 
core biological components of a dependence syndrome 
and that areca nut use would strongly support the exis-
tence of a dependence syndrome [5].

A study done among Cambodian women suggests 
that areca nut has an addictive potential as strong as 
cigarettes [41].

The UK study on areca nut users has suggested that 
tolerance to the above-mentioned stimulant effects may 
occur in regular users [42].

In the first ever study which investigated the psycho-
logical profile of areca use Winstock et  al. [42] report 
that participants had used areca nut for an average of 
35 years with the mean age of first use at 13 years. They 

also report that most participants reported beneficial 
psychosocial effects including ten out of the eleven 
reporting cessation withdrawal effects. Their study 
reported the mean Severity of Dependence Score of 
7.3 in the Severity of Dependence Scale (SDS) [42].

A study by Bhat et  al. in India found that about 
44% met at least one of the following symptoms: con-
tinued use despite illness or mouth wounds, difficulty 
in refraining from chewing in forbidden places, or crav-
ing during periods of abstinence [43]. They also report 
that the dependence scores were positively correlated 
with frequency of chews per day [43]. This study had 
used the modified versions of several scales; namely 
the Fagerström Tolerance Questionnaire, Cigarette 
Dependence Scale (CDS-5) and the Smokeless Tobacco 
Dependence Scale (STDS) [44–46].

In another study Benegal et al. report that 38.8% of 
persons using areca nut preparations without tobacco 
additives met diagnostic criteria for dependence as per 
the DSM-IV as well as the ICD-10 criteria respectively 
[47]. Interestingly none of the above had met the “giv-
ing up activities to use the substance” criteria as per 
DSM IV and or ICD 10. “According to Benegal et al. 
the areca nut users were significantly older, more likely 
to be women, from rural backgrounds and from lower 
socio- economic levels than non -users [47].

In the above study Benegal et al. also had found that 
the participants who used only areca were significantly 
younger and more educated than those who used both 
areca and tobacco [47].

In a relatively larger study conducted in 2011 Mirza 
et  al. reported that individuals using areca nut with 
tobacco additives were significantly more likely to have 
a dependency syndrome (OR = 2.17, 95% CI 1.39–3.40) 
as assessed with DSM IV diagnostic criteria [3].

In addition, there are also a couple of case reports 
that have documented neonatal withdrawal syndromes 
in children prenatally exposed to areca [48, 49].

However, there are only a couple of studies which 
have looked into the reasons for areca nut chewing 
[50–52]. Kuo et al. in their study which was conducted 
among Taiwanese taxi cab drivers [52], suggest that indi-
viduals chew betel-quid for some of the same reasons 
that individuals smoke tobacco. A large cross- sectional 
school-based survey conducted among 2200 partici-
pants in Karachi, Pakistan [51] has reported that those 
participants who believed that BQ chewing relaxed them 
were twice as likely to be dependent on BQ (OR = 2.36, 
95% CI (1.20–4.65) as compared with others [51].

Sullivan et al. in a cross-sectional study of 70 people 
with schizophrenia report that betel quid chewers (areca 
nut) with schizophrenia scored significantly lower on the 
positive (P = 0.001) and negative (P = 0.002) sub- scales 
of the PANSS than did non-chewers, indicating that areca 
nut chewing is associated with milder symptomatology 
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and avoidance of more harmful recreational drugs [53]. A 
study conducted in India among 988 patients treated for 
major psychiatric disorders found that about 24% of the 
sample reported recent areca nut use, and 10% reported 
severe use suggesting dependence [54]. It also mentions 
that common reasons for use included to improve mood 
(31% of users), socialization (31%), digestion (22%), or 
performance (7%) and to decrease aches and pains (6%). 
In addition predictors for areca nut use among the partici-
pants of this study included lower education levels, diag-
nosis of bipolar disorder, and current tobacco use.

In a subsequent study among patients with schizo-
phrenia, Sullivan et al. reported that high-consumption 
betel quid had significantly milder positive symptoms 
than low-consumption chewers over 1 year as measured 
by the PANNS. In addition, the use of betel quid was 
associated with tobacco use but not with cannabis or 
alcohol in this population [55].

In a large community based study conducted in 
northern Taiwan, Lin et al. found that areca nut chewing 
had an odds ratio (OR) of 1.828 (95% CI: 1.165–2.869) 
with common mental illnesses [56].

In a hospital-based study conducted among 1000 
patients with mental health issues in Sri Lanka, 20.9% 
participants were found to chew betel quid (95% CI: 
18.4–23.4%) [59]. The rates of betel quid chewing among 
patients with and without a mental illness in this study had 
been 20.7% (95% CI: 17.0–24.4%) and 21.0% (95% CI: 
17.6–24.5%) [57]. The authors did not find a statistically 
significant difference between the occurrence of positive 
or negative symptoms and or extrapyramidal side effects 
in patients with schizophrenia with betel quid use [57].

Hung et al. reports that the frequency of betel quid 
chewing is higher among patients with depression and 
that patients who chewed betel-quid showed more severe 
depressive symptoms [58]. In addition, they mentioned 
that, following antidepressant therapy, the addictiveness 
to betel quid was significantly reduced by 4 times [58].

19.6  Development of Scales to Measure 
Betel Quid Depeendence/Use

We briefly outline the studies that have so far used differ-
ent scales to measure dependancy to areca nut.

19.6.1  Betel Quid Dependence Scale 
(BQDS)

Lee et al. were the first to develop an instrument designed 
specifically for measuring betel quid dependence—the 
Betel Quid Dependence Scale (BQDS) [59]. The items 
of BQDS were originally developed in Chinese, It con-

sists of three factors: “physical and psychological urgent 
need,” “increasing dose,” and “maladaptive use.” It was 
found to have good internal consistency (α = 0.92) and 
construct validity. However, there are some limitations 
in its development, such as it was developed and evalu-
ated depending on retropspective information. Not 
being validated among females and the psychometric 
properties of the original scale had not been evaluated 
in English [59] (see 7 Box 19.1 below) .

Box 19.1: The Items of Betel Quid Dependence 
Scale (BQDS)
 1. Have you ever felt that you can not go on without 

betel quid?
 2. Have you found yourself  having trouble stopping 

chewing betel quid once you start?
 3. Have you ever chewed betel quid non stop?
 4. Have you experienced strong craving for betel quid 

after you reduce or completely stop chewing betel.
 5. quid?
 6. Whenever you want to chew betel quid but not 

available, would you spend a lot of time to find it?
 7. Whenever you want to chew betel quid but not avail-

able, would you take extra steps and travel a great.
 8. distance trying to buy it? For example, even suffer 

from fatigue by long journey.
 9. Have you felt agitated, irritated or anxious after 

you reduce or completely stop chewing betel quid?
 10. Have you experienced difficulty in concentrating 

or focusing after you reduce or completely stop 
chewing.

 11. betel quid?
 12. Have you experienced depression or drowsiness 

after you reduce or completely stop chewing betel 
quid?

 13. Do you have a situation that amount of betel quid 
is gradually increased every time you chew it from 
the first time you experienced it?

 14. Have you felt the need to increase the amount of 
betel quid chewing periodically in order to achieve 
a pleasant or refreshing effect?

 15. Have you often found yourself  chewing more betel 
quid than expected and/or spending more time in 
chewing betel quid than expected?

 16. Would you continue chewing betel quid if  you find 
your teeth loosened or wiggled?

 17. Would you continue chewing betel quid if  you 
have sensitive teeth (to hot or cold food)?

 18. Would you continue chewing betel quid if  you 
experience canker sores or mouth ulcers?

 19. Have you reduced or given up any of your social, 
work or leisure activities because of betel quid 
chewing?
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In order to overcome this, Herzog et al. had validated 
the BQDS among a sample of English-speaking male 
and female betel quid chewers living in Guam [60]. 
They report that confirmatory factor analysis revealed 
an adequate fit with the hypothesized three-factor mea-
surement model and also that the BQDS is valid for 
current English-speaking male and female chewers in 
Guam. They also found that the overall levels of betel 
quid dependence were high among the study population 
and that measures using the BQDS are similar to those 
observed for nicotine dependence.

19.6.2  Reasons for Betel-Quid Chewing 
Scale (RBCS)

The Reasons for Betel-quid Chewing Scale (RBCS) is a 
10-item measure adapted from several existing “reasons 
for smoking” scales. The confirmatory factor analysis 
of this measure revealed a three-factor structure: rein-
forcement, social/cultural, and stimulation. Further 
tests revealed strong support for the internal consistency 
and convergent validity of this three-factor measure [61] 
(. Box 19.2).

Box 19.2: Individual Items in the Reasons for 
Betel- Quid Chewing Scale (RBCS)
Reinforcement Construct
 1. I like the taste.
 2. I like to have something in my mouth at all times.
 3. Social/cultural construct.
 4. All of my friends chew.
 5. My family members chew.
 6. It’s rude not to chew.
 7. People will not respect me if  I don’t chew.
 8. Stimulation construct.
 9. It relaxes me.
 10. It gives me energy.
 11. It helps me make decisions.
 12. I like the way it makes me feel.

19.6.3  DSM-5 Betel-Quid Use Disorder

Lee at al from the Asian Betel-quid Consortium defines 
DSM −5 betel quid use disorder (BUD) as follows [62].

Lee et al. conducted six cross-sectional studies concur-
rently across East Asia (Taiwan and mainland China), 
Southeast Asia (Malaysia and Indonesia), and South 
Asia (Nepal and Sri Lanka) to test for this concept [62].

The authors used eleven DSM-5 symptoms to assess 
BUD for current users [62] (see 7 Box 19.3 below).

Box 19.3: DSM-5 Betel-Quid Use Disorder
 1. Larger amount or longer history of betel-quid use.
 2. Unsuccessful cutdown.
 3. Time spent using betel-quid.
 4. Craving.
 5. Neglected major roles.
 6. Social or interpersonal problems.
 7. Given up activities.
 8. Hazardous use.
 9. Continued use despite knowing problems.
 10. Tolerance.
 11. Withdrawal.

Lee et  al. reported that a positive diagnosis of BUD 
required the presence of at least 2 of the 11 symptoms 
within the 12 months before they conducted the inter-
views with the participants. Further, current users of 
BQ with 0 to 1 symptom was classified as having no 
BUD, those with 2 to 3 symptoms as having mild BUD, 
those with 4 to 5 symptoms as having moderate BUD, 
and those with 6 or more symptoms as having severe 
BUD.  The above study had been conducted under a 
single framework using an identical protocol, measur-
ing tools, and diagnostic instruments across all the 
study sites . However, the above study was conducted 
in a cross-sectional manner which precluded any causal 
interpretations which is a major limitation.

19.6.4  Self-Report Screening Test for Areca 
Quid Abuser (SSTAA)

Areca nut is generally consumed with tobacco and betel 
leaves. Chen et  al. developed the Self-report Screening 
Test for Areca quid Abuser (SSTAA) to identify whether 
an areca quid chewer has reached the level of substance 
abuse [63]. The authors developed a specific self- reporting 
questionnaire modified from the SCAN  system (65), 
DSM-IV [11] and ICD-10 [18]. The authors screened 125 
areca quid users. The final self-report measure has 11 ques-
tions (7 Box 19.4) where a person filing the form answers 
with a score of 4 or more in these 11 questions would be 
considered an areca quid abuser. The authors developed 
this for use in Taiwan and therefore further studies will be 
needed for its generalizability in other countries.

Users of  betel quid (BQ) who met all the DSM-5 sub-
stance use disorder (SUD) diagnostic criteria are con-
sidered as having a BUD [62].
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Box 19.4: SSTAA Self-reporting questionnaire
 1. Do you like chewing betel quid?
 2. Have you ever found that once you start chewing, 

you are unable to stop?
 3. When you cut down on or completely quit chew-

ing betel quid, do you have the desire for them?
 4. Do you feel cheerful and spiritual when you have 

betel quid?
 5. Have you ever felt that you have to chew betel 

quid?
 6. When you feel your teeth are sensitive to hot or 

cold food do you still chew betel quid?
 7. When you cut down on or completely quit chew-

ing betel quid, do you find it hard to concentrate?
 8. Are you able to give up the habit of betel quid 

chewing at any time you want?
 9. Have you ever tried to quit or cut down on betel 

quid but didn’t succeed?
 10. When you feel your teeth are loose, do you still 

chew betel quid?
 11. When you suffer from oral cavity ulcer pains, do 

you still keep on chewing betel-nuts?

19.7  Conclusions and Future Perspectives

Current evidence indicates of the existence of an areca 
nut dependence disorder. Further longitudinal pro-
spective studies on areca nut use and its correlates will 
enhance the knowledge of this substance and formal 
inclusion of the substance in currently accepted diag-
nostic guidelines of SUDS .

 Summary
Chewing of areca nut either on its own or in a quid is 
a socially acceptable practice in the Indo-Asia- Pacific 
region. In fact a large proportion of people living in 
this region and Asian migrant communities in Western 
countries are reported to use areca nut. Arecoline is 
the principal active agent in the areca nut and has been 
found to have effects on the prevailing mood and alert-
ness. Tolerance and withdrawal symptoms have been 
observed in long-term areca nut users. Studies under-
taken in several countries indicate that areca nut use in 
certain people amounts to dependence and meet for-
mal diagnostic criteria.
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20.1  Introduction

Areca nut, the drupe fruit of the Areca palm (Areca cat-
echu), contains psychoactive alkaloids that have stimu-
lating effects on the autonomic nervous system [1]. 
Areca nut is widely consumed across several regions of 
the world, including South Asia, Southeast Asia, and 
the western Pacific islands. Although the manner and 
mode of areca nut consumption varies by culture, 
region, and personal preference, areca nut often is 
chewed wrapped in the leaf of a pepper plant (Piper 
betle), along with slaked lime (calcium hydroxide), 
tobacco, and other spices [2, 3]. The areca nut combined 
with other ingredients is often referred to as betel quid 
(BQ), though the names for various areca preparations 
vary by country. In some scientific publications, particu-
larly those describing research conducted on chewers 
from South Asian cultures, commercially manufactured 
products containing areca nut and tobacco are often 
referred to as “Gutkha”.

Areca nut and betel quid (ANBQ) is the fourth most 
consumed psychoactive substance in the world, followed 
only by alcohol, tobacco, and caffeine. ANBQ is con-
sumed by an estimated 600 million people worldwide, 
which is approximately 8% of the world’s population [2]. 
Its use has social, cultural, and religious importance in 
various parts of the world. However, ANBQ is also asso-
ciated with a variety of health problems, including oral 
submucous fibrosis and other oral diseases [4]. Despite 
the global prominence of ANBQ and the health risks 
associated with its use, ANBQ remains an understudied 
research topic, and an unappreciated global public health 
issue [5]. In addition, there is no established framework 
for ANBQ control, and evidence-based practices regard-
ing prevention and cessation of ANBQ chewing are in 
their nascent stages of development [6].

 n Learning Goals
 5 The primary learning goal of this chapter is to 

familiarize the reader with the international 
research literature on behavioral areca nut and 
betel quid (ANBQ) cessation programs.

 5 A second goal of the current chapter is to encour-
age future researchers to further develop and dis-
seminate behavioral cessation programs for ANBQ.

20.2  The Scope of Behavioral Interventions

Behavioral interventions for ANBQ cessation may be 
targeted at the individual or population level. Individual 
level cessation programs focus on changing the chewing 
behavior of individuals, whereas population and public 
health level interventions include programs aimed at 
influencing social, cultural, and political norms associ-

ated with ANBQ use. Population level approaches affect 
access to areca nut by pricing, age restrictions, use 
restrictions at particular sites (worksites, schools, insti-
tutions), and availability. Interventions using policies, 
systems, and environmental approaches are population-
based strategies applied in public health practice. This 
chapter focuses on behavioral interventions for ANBQ 
cessation that target individual behavior or small-scale 
community changes through education initiatives. 
Larger population- based behavior change strategies will 
not be the primary focus of this chapter.

The rationale for developing ANBQ cessation inter-
ventions parallels the rationale for cigarette smoking 
cessation interventions as a means to reduce the preva-
lence of lung cancer and other diseases caused by ciga-
rette smoking. By quitting ANBQ use, a person can 
reduce the likelihood of developing oral submucous 
fibrosis, oral cancer, and other oral diseases. Whereas 
the research literature on behavioral cigarette smoking 
cessation interventions is large, the research literature 
on behavioral cessation programs for ANBQ is small 
and underdeveloped. Thus, one goal of the current 
chapter is to encourage researchers to further develop 
and disseminate behavioral ANBQ cessation programs 
in an effort to curb the global impact of ANBQ con-
sumption on oral submucous fibrosis and other oral dis-
eases.

Intervention studies on ANBQ chewing vary along a 
number of dimensions. One dimension regards the dis-
tinction between cessation (a current chewer ceasing 
ANBQ use) and prevention (preventing a person from 
chewing ANBQ in the first instance; i.e., initiation). 
Some interventions combine cessation and prevention. 
Hussain et al. [7], for example, conducted an interven-
tion in a large sample of Pakistani adolescents. The 
intervention was designed to both encourage quitting 
among current chewers and to discourage chewing 
among non- chewers. Whereas the intervention suc-
ceeded in bringing about attitudinal changes in favor of 
quitting ANBQ and against chewing ANBQ as a gen-
eral proposition, cessation was not assessed as an out-
come. Thus, the Hussain et al. paper is an example of a 
study that contained an aspect of ANBQ cessation, but 
the intervention was more general in its orientation and 
did not focus exclusively on the issue of ANBQ cessa-
tion.

Another dimension of ANBQ intervention studies 
relates to the range of substances targeted by an inter-
vention. This issue is complicated by the large variety of 
ANBQ and tobacco products chewed in the global con-
text [8]. Further, a plethora of terms are used to describe 
products containing areca nut and tobacco throughout 
the world. Some authors employ the term “smokeless 
tobacco” to refer to a variety of areca-containing 
 products. Croucher et al. [9], for example, conducted a 
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cessation intervention study with Bangladeshi women 
chewers of “paan-with-tobacco” in the UK. (Paan is an 
ANBQ product that contains areca nut and other ingre-
dients.) The title of the Croucher paper referenced 
“tobacco” but not areca nut even though paan includes 
areca nut as the primary ingredient. Another cessation 
intervention study by Raja et al. [10], included partici-
pants who smoked and chewed a variety of tobacco 
products, including cigarettes, beedis, paan, and others. 
In that study, many participants used areca nut mostly 
in the form of paan. Siddiqi et  al. [11], to describe 
another example, developed and feasibility-tested a ces-
sation program designed for smokeless tobacco users in 
Pakistan and the UK. Although their program generally 
focused on smokeless tobacco, most participants con-
sumed some form of areca-containing preparation. 
Their results revealed that the program was feasible and 
acceptable. These studies and others illustrate how com-
plex and variegated tobacco and ANBQ products are, 
even within a given study. Parsing these distinctions 
among various international intervention studies in the 
research literature is a complicated task. Here we wish 
only to draw attention to the complexity of the issue, 
and to place the review into this complex international 
context.

One particularly neglected area of ANBQ research is 
randomized cessation intervention trials for ANBQ- 
specific chewers who are currently trying to quit [12]. 
Whereas randomized cessation trials focused on ciga-
rette smoking cessation for smokers who want to quit 
are plentiful (see [13]), behavioral studies focused spe-
cifically on ANBQ cessation for chewers who want to 
quit are rare. Recently, researchers have identified this 
gap in the research literature and have begun to address 
the issue. Lee, Wu, Chen, and Chang [14], for example, 
conducted a qualitative study of ANBQ cessation 
among oral cancer patients in Taiwan. They found that 
motivation to quit chewing among ANBQ chewers var-
ied among patients much in the way that motivation to 
quit smoking varies among smokers [15]. Tami-Maury 
et al. [16] explored, qualitatively, the potential for ANBQ 
cessation strategies to be administered in Taiwanese 
dental settings. The authors concluded that dental set-
tings could provide a promising venue for behavioral 
intervention. Papke, Hatsukami, and Herzog [17] 
hypothesized that ANBQ cessation programs ultimately 
should include both behavioral and pharmaceutical 
components. Hung et al. [18] recently conducted a ran-
domized trial of anti-depressant medications for ANBQ 
cessation. Although this trial was relatively small and 
did not include a behavioral intervention, the results 
suggested that antidepressant medications could be 
helpful for ANBQ cessation. The authors further rec-
ommended that future research should test the potential 
of treatments that combine behavioral and pharmaco-

logical components (See 7 Chap. 21). Finally, Paulino 
et al. [19] described a randomized clinical trial to test the 
efficacy of an intensive behavioral ANBQ cessation pro-
gram on the western Pacific islands of Guam and 
Saipan. The results of the trial, aptly named the “Betel 
Nut Intervention Trial” (BENIT), showed that 34 out of 
88 (38.6%) participants in the intervention condition 
self-reported ANBQ cessation. This compared to 8 out 
of 88 (9.1%) participants in the control condition, 
thereby yielding a significant outcome for ANBQ cessa-
tion (p = 0.0058). Thus, it appears that intensive ANBQ 
cessation programs can be effective, at least among 
defined populations.

20.3  Review of the Relevant Intervention 
Studies

We conducted a literature search that focused on ANBQ 
behavioral cessation intervention studies published 
between 1980 and 2021. We searched PubMed, Scopus, 
and Google Scholar databases for research articles using 
terms for ANBQ and related items including: betel quid, 
betel nut, smokeless tobacco, Paan, Gutka, Pan Masala, 
Khilli Paan, Dohra, Mawa, Mainpuri and Tombol. The 
following inclusion criteria were used: (1) the study must 
have at least some participants who chew ANBQ, Paan, 
or smokeless tobacco with areca nut, and (2) the study 
must have a behavioral cessation intervention compo-
nent or be of direct relevance to the development of 
ANBQ cessation interventions. We list here the studies 
meeting the criteria alphabetically according to country.

20.3.1  Bangladesh

Bangladeshi women, including those who live in the 
UK, are among the South Asian populations who chew 
paan, which is comprised of betel leaf, lime, areca nut, 
and with tobacco as an optional ingredient [20]. Studies 
have confirmed that there is a relationship between 
chewing paan and potentially malignant oral condi-
tions, including oral submucous fibrosis [21]. Authors of 
two studies hypothesized that nicotine replacement ther-
apy (NRT) would improve cessation rates among 
Bangladeshi women in the UK who chew paan or 
smokeless tobacco. The first study was conducted by 
Croucher et al. in 2003 [20]. The intervention condition 
consisted of four counseling sessions plus access to NRT 
gum, whereas the control condition was comprised of 
only one session that included advice and encourage-
ment on quitting. The intervention condition yielded 
slightly better short-term results compared to the con-
trol condition, but these differences were not  statistically 
significant. The second study was conducted by 
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Croucher et  al. in 2012 [9] and assessed predictors of 
paan cessation among Bangladeshi women in the UK in 
the context of a tobacco cessation clinic. The results 
revealed that a four-week course of NRT (gum, lozenge, 
microtab, inhaler, patch, or combination NRT) plus 
behavioral support led to superior self-reported cessa-
tion outcomes compared to the control group, who 
received only behavioral support (adjusted odds 
ratio = 4.93, p = 0.001). However, the authors cautioned 
that participants were self-selected to treatment groups, 
rather than being randomly allocated.

20.3.2  Guam

A study by Moss et al. in 2015 [22] reported the feasi-
bility of  the first ANBQ behavioral cessation program 
in the island of  Guam of  the Mariana Islands of  the 
western Pacific. This ANBQ cessation program was 
modeled after an intensive behavioral treatment pro-
gram for smoking cessation [23]. The group-based 
cognitive-behavioral ANBQ cessation program com-
prised of  groups of  five to ten people who met for five 
one-hour sessions over a period of  22 days. The inter-
vention covered topics such as the negative health 
effects of  ANBQ chewing, self- monitoring, social 
support, and relapse prevention. The study also 
assessed issues related to social and cultural chal-
lenges encountered during the recruitment and imple-
mentation of  the program. Moss’s study was the 
precursor for the BENIT, a randomized ANBQ-
specific trial in Guam and Saipan [19] described ear-
lier in this chapter.

20.3.3  India

Behavioral and educational intervention studies of 
tobacco cessation have been conducted in India for sev-
eral decades. Most of these studies do not focus exclu-
sively on ANBQ, but rather refer to the broader category 
of “smokeless tobacco.” Nonetheless, these studies are 
clearly relevant to the topic of ANBQ cessation inter-
ventions.

Intervention studies conducted in India have 
employed community education programs for tobacco 
control [24, 25], broad-based worksite interventions 
[26], and school-based interventions [27]. These studies 
have demonstrated generally positive effects as mea-
sured by substantial reductions in tobacco consump-
tion. Gupta et al. [28] also reported that their intervention 
resulted in the resolution of oral leukoplakia in some 
subjects who quit the ANBQ products.

Additional studies in India have employed cognitive 
and behavioral intervention approaches. Raja et al. [10] 
conducted a tobacco cessation intervention that com-
pared cognitive behavioral therapy to a basic health 
education condition in a sample of 40 smokeless tobacco 
users. The study revealed the cognitive behavioral ther-
apy to be more successful in helping tobacco users quit 
as compared to the basic health education intervention. 
Mall and Bhagyalaxmi [29] studied the effects of a peer- 
led anti-tobacco intervention on users of chewing 
tobacco products (including pan masala) in a sample of 
Indian adolescents. The authors concluded that the 
peer- led intervention was effective in reducing the con-
sumption of chewing tobacco in its various forms. A 
recent small randomized clinical trial by Haokip et al. 
[30] compared a video-assisted nurse-led NRT interven-
tion to a control group of standard NRT advice. The 
results revealed a significant decrease in smokeless 
tobacco intake among participants in the intervention 
condition compared to the control condition. The 
LifeFirst organization has recently developed a large 
tobacco and ANBQ cessation program for children ages 
13–15. According to the organization’s website, the ces-
sation rates for this program are strikingly high. In sum-
mary, India has produced many impressive intervention 
studies related to ANBQ, and recent years has seen 
additional progress. However, randomized trials of 
intensive behavioral interventions for ANBQ chewers 
who want to quit remain rare.

20.3.4  Pakistan

Siddiqi et al. [11] designed a behavioral intervention to 
help South Asians in Pakistan and the UK quit chewing 
smokeless tobacco (including ANBQ). The intervention 
was feasibility-tested among 32 chewers. The interven-
tion was comprised of activities such as raising aware-
ness about the health risks of chewing smokeless tobacco 
(including ANBQ) as well as the benefits of quitting. 
Other aspects of the intervention included increasing a 
client’s motivation and self-efficacy to quit chewing and 
developing strategies to manage temptations to chew. 
Intervention participants received information on the 
products’ health risks. However, most participants only 
reported reductions in smokeless tobacco consumption 
rather than full cessation. Hussain et al. [7] also employed 
a smokeless tobacco (including ANBQ) intervention 
study among 1185 high-risk youths in Pakistan. The 
study combined elements of both cessation and preven-
tion, as previously discussed in this chapter. This inter-
vention had a positive effect, but did not include 
cessation as an outcome measure.
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20.3.5  Sri Lanka

Researchers in Sri Lanka recently reported on a success-
ful workshop targeted at building capacity for smokeless 
tobacco and ANBQ cessation among dental surgeons 
[31]. Although no evidence-based cessation program has 
been formally tested in Sri Lanka at this time, progress 
towards capacity building is apparent. The authors note 
that efforts are needed to tailor current tobacco cessa-
tion protocols to the specific needs of Sri Lankan ANBQ 
chewers.

20.3.6  Taiwan

Taiwan is known for its extensive public health efforts 
geared toward ANBQ control, and has been very active 
in ANBQ research [32]. Government efforts include an 
annual “Areca Prevention Day” and ANBQ cessation 
services on a large scale. To date, more than 7000 chew-
ers have participated in the cessation services, efforts 
which have contributed to a decline in ANBQ chewing 
in Taiwan in recent years.

Researchers in Taiwan also have conducted several 
studies designed to inform the development of ANBQ 
cessation interventions. Lai et al. [33], for example, con-
ducted a cross-sectional survey study of psychological 
factors and substance-use behaviors among 326 partici-
pants. The results revealed that betel quid chewers who 
were older and less educated are less likely to attempt 
quitting compared to younger and more educated chew-
ers. Although the report is not an intervention study, it 
has clear relevance to the goal of developing cessation 
interventions.

Yang and Lin [34] conducted a qualitative interview 
study with 25 Taiwanese taxi drivers and their successful 
experiences with quitting areca nut chewing. The authors 
found that the negative health effects of chewing, and 
how that could affect family obligations, were chief  
motivators for successful cessation. They also found 
that addiction (dependence) and social situations that 
involved ANBQ chewing were significant challenges to 
their efforts to quit. These findings suggest that behav-
ioral cessation interventions should address health risks, 
addiction, and social support from friends and family 
during and after ANBQ cessation.

Tamí-Maury et al. [16] conducted a study using sur-
veys and interviews of 41 adult ANBQ chewers in 
Taiwan. The authors observed that dental settings are 
often where early signs of oral disease are first detected 
and concluded that brief  behavioral cessation interven-
tions in dental settings may be a promising way to reduce 
ANBQ consumption in Taiwan.

Lee et al. [14] conducted a qualitative study of betel 
quid cessation among 25 oral cancer patients in Taiwan. 
This analysis described psychological stages that some 
patients experience on their way to cessation, and some-
times back to a relapse to ANBQ chewing. The authors 
revealed that patients who quit chewing ANBQ because 
of oral cancer usually also quit alcohol and tobacco. 
These poly-substance quitters were found to have a low 
likelihood of relapse to the use of any of the substances 
that they previously consumed.

As mentioned previously, Hung et  al. [18] con-
ducted a randomized trial of  anti-depressant medica-
tions (escitalopram and moclobemide) for ANBQ 
cessation. Although the trial did not include a behav-
ioral intervention, the results suggested that antide-
pressant medications for ANBQ cessation should be 
further evaluated. Ko et al. [35] also examined poten-
tial cessation therapeutic drugs in BQ chewers in 
Taiwan. These two studies provide data for future 
research aimed at identifying pharmaceutical aids for 
ANBQ cessation.

Tips

Approaches and methods commonly used for smok-
ing cessation, properly adjusted, are likely also to be 
helpful for ANBQ cessation.

20.4  Discussion

Areca nut cessation programs targeting individual 
behavior change through intensive behavioral interven-
tions are promising. Translating the individual cessation 
programs to additional populations will require further 
study and additional resources, including randomized 
clinical trials. Cultural differences will need to be con-
sidered and respected when adapting cessation programs 
to diverse cultures. Challenges to program design may 
include levels of educational attainment and health lit-
eracy, access to program sites, and designing educational 
content for specific subgroups (e.g., culture, age, gender, 
social position). There are also limitations with regards 
to the evaluation, reinforcement, and efficacy of indi-
vidual cessation programs. Evaluation may depend on 
the availability of accurate biomarkers, methods involv-
ing the use of direct observation, surveys, or self-report-
ing tools that accurately estimate cessation and decreases 
in amount of ANBQ use. Principles of implementation 
science, such as feasibility, acceptability, and sustainabil-
ity can be used to develop successful cessation programs 
within communities.
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20.5  Conclusion

International research efforts conducted in South Asia, 
some Pacific islands, and among migrant communities 
in the UK have identified the essential elements of 
 behavioral ANBQ cessation. Not surprisingly, these 
programs are similar, though not identical, to tobacco 
cessation programs, most of which have been developed 
and applied to cigarette smokers. In some countries, 
such as Taiwan, behavioral cessation services are already 
available. Researchers are also currently exploring sev-
eral potential pharmaceutical cessation aids, including 
nicotine replacement products, varenicline, pilocarpine 
[17], and antidepressant medications [18, 35]. What is 
most needed at this time is more carefully controlled and 
fully statistically powered randomized trials of behav-
ioral cessation programs to determine how these pro-
grams can be refined and improved in order to provide 
the evidence needed to develop national guidelines and 
polices for ANBQ control.

> Important
Behavioral ANBQ cessation programs have shown 
promise towards the objective of helping ANBQ chew-
ers to quit.

 Summary
This chapter reviews the current international research 
literature on behavioral interventions for areca nut and 
betel quid (ANBQ) cessation. The research literature 
is small but growing, and reveals encouraging results. 
Studies have shown that behavioral programs can help 
chewers to quit ANBQ.  Additional development of 
ANBQ cessation programs through population spe-
cific translational research and randomized clinical tri-
als is needed.
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21.1  Introduction

Areca nut is considered as the fourth most commonly 
used psycho-active substance in the world after nicotine, 
alcohol and caffeine use. The term “betel nut” as a syn-
onym for areca nut, is frequently used in the literature 
even though not scientifically correct. This is primarily 
due to the practice of betel quid chewing which includes 
areca nut with or without smokeless tobacco  (SLT) 
wrapped with a betel leaf. This habit of  betel quid chew-
ing is an ancient practice and tradition in the Indian 
subcontinent and is still widely prevalent in many parts 
of Asia, the western Pacific region [1] and among 
migrant communities arising there from such as in 
South and East Africa, Australia, Europe and North 
America [2]. 

Additionally, numerous commercially produced 
areca nut preparations with or without added tobacco 
such as gutka, thul, supari, sweet supari, pan masala, 
mawa, red tooth powder, khaini and zarda are also widely 
available [3].  Some Indian State Governments have 
banned marketing of some of these products but the 
implementation of the ban needs further ascertainment 
(. Fig. 21.1).

Pharmaceutical agents for cessation of areca nut 
addiction needs scientific investigation and should move 
one step beyond, to include pharmacotherapy for betel 
quid addiction which includes both the addictive ele-
ments of areca nut as well as SLT which is often added 
to the quid.

This chapter mainly focuses on prevention of Oral 
Potentially Malignant Disorders (OPMDs) and Oral 
cancer in those who have severe addiction to the habit of 

areca nut use with or without SLT added betel quid, 
beyond behavioural therapy. The addiction to areca nut 
is described in detail in Chap. 19 and this Chapter pro-
vides an overview on the cessation of areca nut addic-
tion through the use of pharmaco-therapeutic agents in 
those identified as betel quid/ areca nut dependent.

 n Learning Goals
1. To examine the necessity for pharmacotherapy to 

assist areca nut cessation. 
2. To describe added smokeless tobacco in the betel 

quid and its addictive nature.
3. To discuss addictive mechanisms in areca nut.
4. To explore various pharmaceutical agents for areca 

nut and betel quid cessation.

21.2  Betel Quid Addiction Beyond 
Behavioural Therapy

There are many situations in which behavioural therapy 
alone has not been successful for cessation of betel quid 
chewing. It is mainly due to dependence on various 
chemical substances in areca nut and SLT.

Addiction to areca nut leading to dependence liabil-
ity, tolerance and withdrawal symptoms that strongly 
support a dependency syndrome have been suggested, 
which appear to be similar to nicotine addiction and 
dependence [2, 4, 5].

Hence, professional support and proven cessation 
medications can more than double the chance of suc-
cessful quitting in areca nut dependent users. It is impor-
tant to address this global menace of areca nut addiction 

       . Fig. 21.1 Areca nut in the betel quid and as a commercially available product
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with prime concern, due to presence of active addictive 
constituents.

In order to clearly understand the mechanism of 
dependence and hence possible cessation therapy, a sys-
tematic review revealed that neurological mechanisms 
link the brain reward, cognitive, and impulsive systems 
in areca nut/betel quid users [6].

The use of areca nut increases both brain serotonin 
and noradrenaline levels, in which arecoline, a poten-
tially addictive component, has monoamine oxidase-A 
(MAO-A) inhibitor  like properties. MAO-A inhibitors 
prevent neurotransmitter breakdown and increase dopa-
mine and serotonin concentrations in the brain [4]. 
Additionally, added tobacco in the betel quid of areca 
nut users with betel quid chewing, has a higher addictive 
nature due to the presence of nicotine in SLT.

Hence, there is an interest towards the pharmaco-
logical management for areca nut/betel quid users who 
do not respond positively to behavioural therapy alone.

Even though pharmacological management for 
tobacco smoking cessation is well established with Food 
and Drug Administration (FDA) of USA approved 
medications such as Nicotine Replacement Therapy 
(NRT) including trans-dermal patch, gum, nasal spray, 
inhaler and lozenges; Bupropion and Varenicline [7], the 
use of pharmacotherapy in betel quid cessation (which 
includes both areca nut and SLT) is still at the phase of 
clinical trials. So far, several clinical trials for SLT cessa-
tion have been carried out with varying levels of success 
with the use of NRT, Varenicline and anti-depressants 
such as Bupropion [8]. However, studies solely based on 
pharmacotherapy for areca nut cessation are limited to a 
very few initial trials [9].

21.2.1  Smokeless Tobacco; Addictive 
Mechanism

The primary addictive component in chewing tobacco is 
nicotine. Nicotine which enters the circulation is carried 
to the brain, where it binds to nicotinic cholinergic 
receptors (ligand-gated ion channels that normally bind 
acetylcholine). The nicotinic cholinergic receptor con-
sists of five subunits out of which the α4β2 receptor is 
the principal mediator for nicotine dependence. 
Stimulation of nicotinic cholinergic receptors releases 
various neurotransmitters in the brain including dopa-
mine which signals a pleasurable experience and is nec-
essary for the reinforcing effects of self-administration 
as well as for irresistible drives such as eating. Nicotine 
also elevates both glutamate release, which facilitates the 
release of dopamine, and γ-aminobutyric acid (GABA) 
release, which inhibits dopamine release [10].

Hence cessation of addiction to nicotine in SLT 
through pharmacotherapy is studied in great detail with 

the available scientifically proven addictive nicotinic 
mechanisms.

21.2.2  Areca nut; Addictive Mechanisms

Even though nicotine is reported as the main tobacco 
extract alkaloid (15,454 μg/g) relatively minute amounts 
of nicotine have also been identified in the areca nut 
extracts (0.1 and 1.4 μg/g respectively) [11]. Though this 
may propose that addiction in areca nut chewers may 
also be due to nicotine, other addictive chemicals have 
also been detected such as major alkaloids (arecoline, 
arecaidine, guavacine, and guavacoline), which comprise 
approximately 2% of the areca nut composition by dry 
weight [12]. Among the areca nut alkaloids, arecoline 
has been detected at concentrations of approximately 
5.5 mg/g [12], which is 55,000 times higher than the 
detected nicotine (0.1 μg/g). Hence it is crucial to under-
stand the addictive mechanisms of these alkaloids prior 
to finding targeted pharmacotherapy for areca nut ces-
sation.

Papke et al. [13], states that arecoline has activity on 
selected nicotinic acetylcholine receptor (nAChR) sub-
types, including the two classes of nAChR mostly 
related to the addictive properties of nicotine: receptors 
containing α4 and β2 subunits and those which also con-
tain α6 and β3 subunits. Arecoline’s activity on nAChR 
associated with addiction may account for the habitual 
use of areca nut by regular chewers, but requires further 
study. Hence it is crucial to understand the addictive 
mechanisms of these alkaloids prior to finding targeted 
pharmacotherapy for areca nut cessation.

Arecoline is a tertiary amine with good brain pene-
tration, as manifested by its numerous central nervous 
system effects [14]. Studies have shown that arecoline is 
taken up through the buccal mucosa, inducing neurobi-
ological effects within 5  min of delivery [14]. Lime 
through alkalization of the masticate increases the frac-
tion of the alkaloids that are in an uncharged form and 
therefore can be more readily absorbed into the blood. 
Arecoline is suggestive as an active compound of depen-
dence. It behaves as a partial agonist with approximately 
6–10% potency for the α4* and α6* nicotinic acetylcho-
line receptors (nAChR) demonstrated in Xenopus 
oocytes [13]. Studies propose that areca nut elevates 
brain serotonin levels via Mono Amine Oxidase-A 
(MAO-A) inhibitors [15, 16]. MAO-A is required in the 
common degradation pathway of both dopamine and 
serotonin. Therefore, MAO-A inhibitors block neu-
rotransmitter breakdown and holds potential antide-
pressant effects through stimulation of dopamine, 
serotonin and noradrenaline concentrations in the 
brain. Guavacoline as a muscarinic agonist acts at 1/15 
of the arecoline activity [17].
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There are two stages to the process of drug taking 
behavior leading to addiction [13]. The first stage 
involves short-term “reinforcing” effects which stimu-
lates the continuous use in naive chewers. The second 
stage involves the development of dependence which 
leads to craving and eventually withdrawal. It is not 
likely that arecoline has reinforcing effects mediated by 
the low level of nAChR activation produced. It is more 
probable that short-term reinforcement of areca nut use 
is associated with the muscarinic “high” or intoxication. 
However, the habitual use of areca nut will also work on 
the same receptors as nicotine. This may lead to depen-
dence and promote craving and withdrawal if  areca nut 
use is discontinued. Hence, areca nut chewers attempt-
ing to quit their habit manifest withdrawal symptoms 
similar to those of tobacco smokers [18].

The above evidence indicates that α4* nAChR are 
the main receptors which leads to nicotine addiction and 
may also be the case for areca nut addiction. Nevertheless, 
arecoline is 20–250 times less efficacious than equi- 
molar nicotine, depending on the analysis type [19]. 
Thus, trace nicotine amounts may also be of clinical sig-
nificance and should be accurately considered for areca 
nut dependence and treatment effects.

21.3  Pharmacotherapy for Areca Nut 
Cessation

As addictive constituents in areca nut addiction are still 
under research for both the presence of nicotine as well as 
the addictive nature of alkaloids such as arecoline, current 
pharmaceutical agents suggested for areca nut cessation 
may target nicotine addiction, arecoline  addiction or both 
constituents when considering the mechanism of action.

The first part of this section will focus on pharma-
ceutical agents against nicotine addiction. According to 
Papke et  al. [13] the nut’s active ingredient, arecoline, 
acts on the same receptor proteins in the brain as nico-
tine. This raises the possibility that prescription drugs 
now used to break nicotine dependence could also be 
effective against areca nut addiction. In addition to it, as 
betel quid chewing is the commonest habit of areca nut 
use, pharmacotherapy for nicotine addiction is suitable 
in betel quid chewers, especially with added tobacco in 
their quid. 

21.3.1  Pharmaco-Therapy for Nicotine 
Addiction

Nicotine Replacement Therapy for betel quid cessation 
has been reported in several studies in which the main 
focus has been on the smokeless tobacco (SLT) addic-
tion. However, these studies on pharmacotherapy for 

SLT addiction  may provide evidence for the nicotinic 
pathway of areca nut addiction. Hence pharmaceutical 
agents against nicotine addiction are highlighted in this 
section.

The nicotine gum and lozenges have been com-
monly used, as these have the advantage of  providing 
an oral substitute as well as having a similar pharma-
cokinetic pattern to that of  areca nut/ betel quid. 
Furthermore, the amount of  nicotine content from the 
nicotine gum is less than from a usual dose of  chewing 
tobacco [20]. A study was conducted in Minnesota, 
USA with a group of  30 participants having SLT hab-
its which included snuff  and chewing tobacco. It was an 
open-label, one- arm, phase II clinical trial to evaluate 
the efficacy of  the 4-mg nicotine lozenge for the treat-
ment of  withdrawal and craving associated with 
tobacco abstinence among SLT users. It revealed that 
at 12 weeks (end of  treatment) and at 6 months, the 
biochemically confirmed 7-day point-prevalence 
tobacco abstinence rate was 53% (95% CI = 34%–72%) 
and 47% (95% CI = 28%–66%) respectively. Due to 
small sample size and absence of  a placebo controlled 
group, the results cannot be validated accurately [21]. 
A further, placebo controlled trial conducted  in USA 
with use of  nicotine gum as pharmacotherapy revealed 
that the biochemically verified abstinence rate at end of 
6 months was 40% and 36% for the intervention and 
control groups respectively. In addition, the self-
reported abstinence rate at the end of  12 months was 
20% and 24% for the intervention and control groups 
respectively showing that in this study there was no 
therapeutic effect of  nicotine when compared with the 
placebo [22].

Varenicline, an anti-smoking agent against nicotine 
is also another medication which can be suggested for 
SLT addiction. A double blind, placebo controlled, par-
allel group, multicentre, randomised controlled trial in 
medical clinics of Norway and Sweden were provided 
with Varenicline 1  mg twice daily (titrated during the 
first week) or placebo for 12 weeks, with 14 weeks’ fol-
low- up after treatment. Continuous abstinence rate at 
week 9–12 was higher in the Varenicline group than the 
placebo group (59% (125) v 39% (85); relative risk 1.60, 
95% confidence interval 1.32 to 1.87, p < 0.001; risk dif-
ference 20%) [23]. A systematic review and meta- analysis 
[24] on the effectiveness and safety of Varenicline in SLT 
cessation revealed that subjects in the Varenicline arm 
had a significantly higher 7-day point prevalence of SLT 
abstinence at 12 weeks (48% vs. 33%; RR = 1.45, 95% CI 
= 1.22–1.72, p < 0.0001, I2 = 0%; RD = 13%, 95% CI = 
4–23%, p = 0.008).

In addition to NRT and Varenicline, the use of anti- 
depressants have also been suggested for nicotine addic-
tion. A double-blind, placebo controlled trial for 
sustained-release (SR) Bupropion in SLT cessation 
revealed that Bupropion 300 mg/day (150 bd) produced 
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significantly higher quit rates at the end of treatment (7 
weeks) than placebo (p = 0.04) with an OR (CI) of 2.73 
(1.07, 7.72) [25]. Similarly, another multicenter, random-
ized, double-blind, placebo- controlled, clinical trial to 
assess the efficacy and safety of bupropion SR for tobacco 
abstinence among SLT users revealed that a time-by-treat-
ment interaction was observed in craving over time with 
greater decreases in the bupropion SR group [26]. 
However, 7-day point-prevalence of abstinence rates did 
not differ between bupropion SR and placebo at the end 
treatment significantly (53.1% vs. 46.4%; odds ratio (OR) 
1.3; p = 0.301). A pilot study of bupropion SR or placebo 
for 12 weeks showed that at the end of 12 weeks of ther-
apy, the point-prevalence of SLT abstinence rate was 44% 
in the bupropion group and 26% in the placebo group (p = 
0.064) providing benefits [27]. Some of these studies 
show promising, positive outcomes for the use of antide-
pressants for nicotine addiction.

Pharmaceutical agents for nicotine addiction
 5 Nicotine Replacement therapy (eg; nicotine loz-

enges/gum)
 5 Varenicline
 5 Bupropion

21.3.2  Pharmaceutical Agents for Arecoline 
Addiction

Since the composition of alkaloids is higher in areca nut, 
pharmacotherapy targeting the addiction due to alkaloids 
such as arecoline are also currently under research. Use of 
anti-depressants in the pharmacological management of 
betel quid/ areca nut cessation has recently been reported 
in the literature.

MAO-A Inhibitors and Selective Serotonin Receptor 
Inhibitors (SSRI) are suggested as primary alternatives 
for betel quid cessation, while other antidepressants or 
monoamine neurotransmitters are viewed as second-line 

alternatives [4]. Phenelzine and St. John’s Wort may also 
be considered as acceptable for clinical use [4]. Phenelzine 
is a non-SSRI with higher side effects, while St. John’s 
Wort is an antidepressant with a less effectiveness com-
pared with areca nut and other antidepressants [15]. 
Varenicline’s pharmacological mechanism is through 
α4* nAChR-binding and hence suggested for areca nut 
cessation treatment [13]. Similarly, Bupropion may 
prove to be having a therapeutic effect for betel quid/
areca nut dependence through higher dopamine levels 
[28] similar to the action of arecoline through MAO-A 
pathway, but need to be tested with clinical trials.

A randomized, double-blinded, placebo controlled 
trial on the effect of antidepressants (Escitalopram- 
MAO- A inhibitor and Moclobemide- SSRI) for cessa-
tion therapy in betel quid use disorder was conducted 
as a pioneer clinical study at the psychiatric outpatient 
department of China Medical University Hospital in 
Taichung, Taiwan. A total of eligible 111 male patients 
with betel quid dependence were randomized into 03 
groups; placebo (n=37), Escitalopram 10mg/tab daily 
(n=38) and Moclobemide 150mg/tab daily (n=36). The 
primary outcome was defined as betel quid dependent 
users who continuously stopped chewing for ≥6 weeks. 
Drug treatment phase was 4-6 weeks while follow-ups 
were carried at 2, 4, 6 and 8 weeks for betel quid use and 
other disorder related outcomes such as dependence, 
side effects and withdrawal symptoms. The statistical 
analysis revealed that the Escitalopram and Moclobemide 
groups respectively, had a 28.7% and 31.2% higher pro-
portion of betel quid abstinence than that for the placebo 
group (. Table 21.1). It also revealed that after antide-
pressant therapy with, Escitalopram and Moclobemide 
the mean level of areca nut use significantly fell from 39 
± 43 to 4 ± 6 quids/day and the frequency of areca nut 
consumption fell from 5.3 ± 3 to 0.7 ± 1.1 days/week. 
The novel findings of this study were that antidepres-
sants could potentially be a therapeutic agent for patients 
with areca nut addiction, mainly via the MAO-A path-
way [29] (. Table 21.1). More trials with larger sample 

       . Table 21.1 Percentage, percentage difference and ratio of  cessation of  betel chewing for 6–8 weeks associated with drug 
treatment among male betel quid dependent users [29]

Group No. of participants Cessation of betel chewing aAdjusted % Adjusted % difference 
(95% CI)

Adjusted % ratio 
(95% CI)No Yes %

Placebo 37 35 2 5.4% 5.4% Ref. 1.0 (Ref)

Escitalopram 38 25 13 34.2% 34.1% 28.7% (11.8%–45.6%) 6.3 (1.5–26.1)

Moclobemide 36 24 12 33.3% 36.6% 31.2% (13.4%–49.1%) 6.8 (1.6–28.0)

aAdjusted % was obtained from the logistic regression model adjusted for age, educational level, cigarette smoking and the level of 
betel quid dependence

Pharmaceutical Agents for Areca Nut Cessation
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sizes need to be conducted to further validate these find-
ings.

Pharmaceutical agents for arecoline addiction
 5 MAO-A inhibitors (eg; Escitalopram)
 5 SSR-I (eg; Moclobemide)
 5 Bupropion
 5 Phenelzine
 5 St. John’s wort

21.4 Conclusion

 Pharmaceutical agents for areca nut cessation are still 
under research and mainly considered together with SLT 
addiction as betel quid chewing with tobacco is the more 
popular habit of areca nut use particularly in India as 
mentioned earlier. Hence, smokeless tobacco (nicotine) 
and areca nut  (arecoline  + trace amounts of nicotine) 
cessation therapy  go hand in hand.  However, due to 
commercial preparations of areca nut now becoming 
more popular specially among the youth, more clinical 
trials targeting on pharmaceutical interventions against 
arecoline addiction should be conducted.

 Summary
Nicotinic cholinergic receptor activation in the brain 
by constituents in areca nut releases dopamine. Areca 
nut also augments brain serotonin levels via MAO-A 
Inhibitors. This could be due to the presence of nico-
tine in areca nut as minute quantities, or other alkaloids 
including arecoline. Increased dopamine and serotonin 
levels possess potential antidepressant effects result-
ing in initial short-term “reinforcing” effects which 
promote the continuous use and later development 
of dependence with craving and withdrawal. Hence 
cessation through behavioural therapy for areca nut 
dependent users may not always be successful. Adjunct 
pharmacotherapy for nicotinic addiction includes 
Nicotine Replacement Therapy and Varenicline. 
Mono Amine Oxidase-Inhibitors, Selective Serotonin 
Re-uptake Inhibitors and Norepinephrine Dopamine 
Re-uptake Inhibitors have been suggested to show pos-
itive results against arecoline addiction, but requires 
further research.
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 Appendix: Prominent Stalwarts in the Study of Oral 
Submucous Fibrosis

The scientific community can never forget the historical 
contributions of late Professors Pindborg, Mehta, 
Schwartz, Lal, and Joshi and the late Sirsat. The work at 
King’s College London led by Prof. Newell Johnson and 
Prof. Saman Warnakulasuriya and collaborators from 
India, Sri Lanka, Pakistan, Malaysia, and others pro-
vided the basis for present-day understandings of etiol-
ogy and pathogenesis. Cameos of these distinguished 
figures follow.

Dr. S. G. Joshi
Dr. Sadashiv Gopal Joshi 
was born on January 3, 
1908. His schooling and 
undergraduate course were 
from Karnataka College, 
Dharwad. After his inter- 
science examination, he 
joined Seth G.S.  Medical 
College at Parel, Mumbai. 
He was a student of the 
3rd batch after the college 
was established. He won 

gold medals in many subjects during his MBBS course. 
Postgraduate studies and MS in ENT from KEM 
Hospital, Mumbai, followed. He established the ENT 
department in KEM Hospital. He conducted extensive 
research on the pathology of the inability to open the 
mouth. He named “submucous fibrosis.” He was a pio-
neer in starting the “fenestration operation” of the ear 
in India after studying abroad.

He was a keen sports enthusiast and had an 
immense interest in Indian classical music. He passed 
away at the young age of 46 years on December 2, 
1954, due to a coronary occlusion.

Biosketch and photo courtesy of Dr Amita Navalkar 
(granddaughter of late Dr Joshi) and currently Professor 
of Oral Medicine, Yerela Dental College, Navi Mumbai.

Dr. Fali S. Mehta
Dr. Fali Mehta was born in 
Bombay, Maharashtra, on 
April 2, 1923. He qualified 
LDSc at Nair Hospital 
Dental College in 1948. He 
then traveled to the USA 
and received his DMD in 
1949. He worked with Dr. 
Irving Glickman from 1949 
to 1952. He then returned 
to Bombay, where he prac-
ticed dentistry for more 
than 50 years. He was 

actively involved in the wider dental profession includ-
ing serving as President of the Dental Council of 
India. He was the principal investigator along with the 
Late Professor Jens Pindborg and late Dr. James 
E. Hamner III for the project on tobacco habits and 
associated lesions in Indian rural populations. He 
passed away on August 29, 2004.

Biosketch and photo courtesy Dr. Rushtom Mehta, son.
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Dr. Daman Lal
Dr. Daman Lal Sarin, born 
in 1923 in undivided Punjab, 
completed BDS from De’ 
Montmorency Dental 
College, Lahore, in 1945 and 
obtained LDS RCS from the 
Royal College of Surgeons 
of England a year later. In 
1953, while serving at GR 
Medical College, Gwalior, 
he published the first 
detailed cases of previously 
unreported oral condition—

which he coined “diffuse oral submucous fibrosis”—in 
the Indian population. This is still a landmark contribu-
tion. In 1962, he migrated to the United Kingdom and 
settled in a dental practice at Coventry. He served as a 
Rotary Foundation Volunteer and had a tremendous 
journey to treat needy people worldwide, especially refu-
gees from Hong Kong (Vietnam refugees), Kenya, and 
Guatemala. The Queen of the United Kingdom and 
associated Commonwealth Territories awarded him the 
MBE in 1998 for his exemplary charity work as a 
Rotarian. He died at the age of 92 in 2015 after a very 
distinguished career. Indeed, he was a true pioneer.

Biosketch and photo courtesy of Mr. Ravi Sarin, 
grandson.

 

Dr. Jens J. Pindborg
Dr. Pindborg made a mark 
in oral medicine and 
pathology in the areas of 
tumors and HIV infection. 
He has to his credit over 
400 published papers and 
20 books. He was the edi-
tor of several journals, 
including the Journal of 
Oral Pathology and 
Medicine, Community 
Dentistry and Oral 
Epidemiology, Danish 

Dental Journal, the International Journal of Oral 
Surgery, and the Journal of Dental Research. Pindborg 
was a dedicated teacher who delivered lectures world-
wide and received honorary doctorates from several 
universities in Scandinavia and Europe. He died at the 
age of 73 years after a brief  illness. His name will long 
live on, attached to pathological entities he described 
including “Pindborg’s tumor” and in the gratitude of 
many who consider him their mentor. He remains a 
gold standard in oral pathology and medicine.

 

17 August 1921 - 6 August
1995

Sculpture of Dr. Jens Pindborg at
Royal Dental School,

Copenhagen, Denmark  
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Dr. Satyavati M. Sirsat
Dr. Sirsat was an Indian 
scholar and cancer 
researcher based at what is 
now known as the 
Advanced Centre for 
Treatment, Research and 
Education in Cancer 
(ACTREC). She was the 
first in India to begin an 
electron microscopy labo-
ratory. She was also the 

first researcher and Indian student who completed her 
doctoral studies on submucous fibrosis, at the 
University of Bombay, in 1958. In collaboration with 
Professor Pindborg and Padma Bhushan awardee Dr. 
Vasant Ramji Khanolkar, she studied cases of OSF 
and developed disease models in Wistar rats. She pub-
lished extensively on OSF. Dr. Sirsat advised aspiring 
scientists, “Be honest to your work and true to your-
self. Be disciplined. Never disparage the work of your 
fellow scientists. Be observant—never distort your log 
or show records to fit a preconceived theory. Above all 
life is to learn, learn and learn.” Dr. Sirsat died from 
cancer at the age of 84 years in 2010.

 

Dr. Christian Werner Van 
Wyk
Dr. Christian Werner Van 
Wyk was born on 
19.02.1932 and obtained 
his BCD from the 
University of Pretoria 
(1954), FDS RCS England 
(1961), and was awarded 
Ph.D. from the University 
of Stellenbosch (1972) and 
DSc for research related to 
pathoses of the oral mucosa 

in South Africa (1995). He taught oral pathology at the 
University of Pretoria (1962–1966), University of 
Witwatersrand (1967–1970), and  University of 
Stellenbosch (1971–1995). He retired as the Director 
of the Oral and Dental Research Institute, University 
of Stellenbosch. He conducted extensive work on oral 
diseases in South Africa and had 160 research publica-
tions and 190 research presentations (40 internation-
ally) in the area of epidemiology, cancer research, 
animal experimentation, and tissue culture as a model 
for cancer studies and biocompatibility of dental mate-
rials. He, along with Dr. Seedat, was amongst the first 
to describe areca nut as an etiological agent in the 
pathogenesis of oral cancer. He visited dental schools 
in India and gave an oration at the 7th National 
Conference of the Indian Academy of Oral Pathologists 
at Nagpur in 1998. Prof. CW Van Wyk, one of the 
giants of his time, passed away on 20.04.2003.

(Source Proceedings of 7th National Conference of 
IAOP Nagpur 1998-South African Dental Journal; June 
2003 Vol .58 No. 5.)
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 Living Legends

Dr. Dinesh Daftary
Distinguished oral pathol-
ogist, Dr. Dinesh Daftary, 
is one of the first specialists 
in oral pathology and bac-
teriology of India (1963), 
an ex-professor at Nair 
Hospital Dental College, 
Mumbai, India. He was a 
key collaborator with the 

late Professor J.J. Pindborg for research on oral cancer 
and “precancer” at the Basic Dental Research Unit, 
Tata Institute of Fundamental Research, Mumbai, 
from 1966 to 1996. He published extensively on this 
topic (42 articles) as well as on wider aspects of oral 
health (48 articles) as he has always had passion to 
change the mindset of both the dental and medical 
professions from “tooth and nothing but tooth and 
that was the truth” to the holistic concept of oral 
health. He co-edited “Oral Diseases in the Tropics” 
published by Oxford University Press. He has received 
many awards including “Citation of Merit” from the 
Pierre Fauchard Academy (2014) and the “Sushruta” 
award from the Indian Dental Association for out-
standing research (2016). His numerous presentations 
globally include a keynote at the Royal Society of 
Medicine, London (1988); panelist in Heidelberg, 
Germany (1991); and Dr. R.  Ahmed oration of the 
Indian Dental Association (1994). He is a founder 
member and past president of the Indian Academy of 
Oral Pathology. He is a founder member of the 
International Association of Oral Pathology and past 
associate editor of the Journal of Oral Pathology and 
Medicine. He has been an active researcher and distin-
guished clinician for over 60 years and has mentored 
many younger oral pathologists.

 

Dr. Prakash C. Gupta
Dr. Prakash C.  Gupta is 
an eminent epidemiolo-
gist with a Doctor of 
Science degree from 
Johns Hopkins 
University, USA (1975). 
He completed MSc from 
Bombay University in 
1965 and was senior 

research scientist in the TIFR team 1966 to 2004. 
Currently, he is Director of the Healis Sekhsaria 
Institute of Public Health, Navi Mumbai. He has an 
international reputation in tobacco and cancer epide-
miology, in advancement of tobacco control policies, 
and in public health with more than 250 publications 
in international journals and an H-index of 93 as per 
Google Scholar. Honors include the Tobacco Free 
World Award from the Director General, World Health 
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Association in 2017; and Lifetime Achievement Award 
from the Foundation for Head and Neck Oncology in 
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Emeritus Professor Saman 
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Saman Warnakulasuriya, 
Emeritus Professor of Oral 
Medicine and 
Experimental Pathology at 
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UK, and former Chairman 
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gens by the International Agency on Research on 
Cancer (IARC). He has been instrumental in reaffirm-
ing a Europe-wide ban on the use of smokeless forms 
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oral carcinogenesis, oral cancer, and OPMD including 
aspects ranging from terminology and classification 
development, epidemiology, molecular cascades, and 
clinical and histopathological aspects. This is reflected 
in over 350 publications in PubMed indexed journals 
with an H-index of 86 of Google Scholar and 28,457 
citations. In 2008, Saman was awarded an OBE by her 
Majesty the Queen of the United Kingdom for his ser-
vices to medicine. He has also received Distinguished 
Scientist Awards from the International Association of 
Dental Research in both Oral Medicine and Pathology 
(2014) and in Global Oral Health (2021). He plays a 
leading role in the work of WHO, inter alia as Director 
of the WHO Collaborating Centre for Oral Cancer 
based at King’s College London and as Chair of ongo-
ing projects for the International Agency for Research 
on  Cancer.
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Professor Newell W. Johnson 
is amongst the most cited 
researchers in the field of 
dentistry, oral medicine, 
and pathology: approxi-
mately 400 publications, an 
H-index of 85, and in the 

Stanford University analysis of the top 2% of scientists 
in dentistry worldwide. He is an expert in oral cancer, 
OPMD, dental caries,  periodontal diseases, oral mani-
festations of HIV disease, and other aspects of oral 
pathology. He has received two Distinguished Scientist 
Awards from the International Association of Dental 
Research (in Oral Medicine and Pathology and in 
Global Oral Health), Honorary Life Membership of 
the British Societies of Oral and Maxillofacial 
Pathologists and of Oral Medicine, of the International 
Association of Oral Pathologists, and has been 
awarded Companion of the Order of St. Michael and 
St. George by the Queen of the United Kingdom and 
of the Commonwealth Territories for his contributions 
to public health globally. He is a Tomes Medalist of the 
British Dental Association. A particular pleasure was 
delivery of Dr. R Ahmed Oration to the Indian Dental 
Association in 1984. He has facilitated research in the 
United Kingdom, Australia, Nigeria, Kenya, India, Sri 
Lanka, Pakistan, Bangladesh, and Papua New Guinea, 
usually as supervisor to over 35 Ph.D. students. He has 
served as President of national and international pro-
fessional societies and was Foundation Dean of the 
Griffith University School of Dentistry and Oral 
Health. He continues to be active in education and 
research across several health sciences. His collabora-
tions with Saman Warnakulasuriya have been 
extremely productive over many decades.
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