®

Check for
updates

Oral Submucous Fibrosis 8

Saman Warnakulasuriya, W.M. Tilakaratne,
and Alexander Kerr

8.1 Introduction

Oral submucous fibrosis (OSF) is a chronic, insidious disease characterised by pro-
gressive submucosal fibrosis of the oral cavity and the oropharynx. The disease
sometimes extends to the pharynx and upper third of the oesophagus. As the disease
progresses, the resulting loss of fibroelasticity and stiffening of the oral mucosa
leads to limitation in opening of the mouth of affected individuals. The presence of
fibrous bands in lips, cheeks and soft palate is a hallmark of the disease [1].

8.2  Historical Perspective

OSF was first described by Schwartz in 1952 [2] among five Indian females living
in Kenya, and he coined the term atrophia idiopathica (trophica) mucosae oris. Joshi
(1953) [3] coined the term submucous fibrosis based on morphological characteris-
tics of the disease. In the same year, Lal (1953) [4] recognised the widespread
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diffuse nature of the disease affecting the whole oral mucosa. A year later, Pin [5]
described a case series from Taiwan (formerly Formorsa) naming the condition
idiopathic scleroderma of the mouth. Several other descriptive terms have been
given by subsequent authors: idiopathic palatal fibrosis and sclerosing stomatitis.
The premalignant nature of the disease was first reported by Paymaster in 1956 [6].

Oral submucous fibrosis has evolved as a clinicopathological entity over many
decades, with the current clinical significance being accepted worldwide following
its rediscovery by late Jens Pindborg who described the epidemiology and clinico-
pathologic aspects of OSF [7-12]. The topic was discussed during expert symposia
in London [13], in Kuala Lumpur [14] and at the World Workshop on Oral Medicine
Vin 2010 [15].

8.3 Epidemiology

OSF is exclusively described among populations in India, Pakistan, Sri Lanka,
Nepal, Taiwan and among the Pacific Islanders, but sporadic cases have been
described from Southern China, South Vietnam, Thailand (Fig. 8.1) and among
migrants from the Indian subcontinent to the UK, USA and South and East Africa.
Exact prevalence figures of OSF can only be extrapolated from large house-to-
house surveys. The prevalence of OSF was found to be 0.36 % in the Ernakulum
district in South India [16]; 3.4 % in Durban, South Africa [17]; 3.0 % in Hunan
Province, China [18]; and 17.6 % in aboriginal Taiwanese [19]. The lower figure in
the Indian survey may be due to strict criteria used by them that banding was neces-
sary to diagnose OSF. Regional variations in the incidence of OSF within in the
Indian subcontinent were reported by Bhonsle [20].

In reported screening programmes, 15 cases of OSF were found among 28,295
subjects screened in a field study in Sri Lanka [21] and 23 OSF cases among 10,547
screened in a community programme in Taiwan (Su et al. 2004) [22]. Rising trends
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Fig.8.1 Countries with a high prevalence of areca nut chewing habit (marked in green)
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are reported in Gujarat, India; a prevalence of 0.16 % reported in 1967 had risen to
3.3 %, two decades later [23].

The incidence rates of OSF were reported in India by Gupta et al. [16] with
a slightly higher female predilection, 19 per 100,000 in female and 8 per
100,000 in male. In a 6-year follow-up study among (aboriginal) areca/betel
quid chewers in Taiwan, a higher incidence of 374.1 per 100,000 person years
was reported [24].

8.4  Aetiology

Based on the epidemiological, animal and in vitro data from various studies
assembled by the International Agency for Research on Cancer (IARC), it has
been shown that areca nut is the sole aetiological factor responsible for causation
of OSF. Evidence for this association is presented in several of the IARC mono-
graphs [25-27]. A plethora of other aetiological factors reported by various
authors such as local irritants (chillies), nutritional deficiency and autoimmune
disease are no longer considered to be causative. Areca nut (Fig. 8.2) may be
consumed alone or as an ingredient of betel quid, but the role of other ingredients
in betel quid (leaf, slaked lime or tobacco)[28] are not considered to be causative

Fig. 8.2 (a) Ripe areca fruit (b) Unripe areca fruit used in Taiwan (¢) The endosperm of areca
fruit, areca nut (d) Dried areca husks used in Souther
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factors for OSF. The evidence highlighting the causative role of areca nut has been
reviewed by Murti et al. [29] and Tilakaratne et al. [1, 30]. In this chapter we
update the current evidence from primary studies that lead to the IARC’s
conclusions.

8.5 Epidemiological Studies

The evidence on the role of areca nut use in increasing the risk for development of
OSF is based on case reports, case series studies, prospective cohort studies and
several case—control studies conducted in India, Pakistan, Sri Lanka and Taiwan. A
summary outcome of reported case—control studies conducted among several popu-
lations is presented in Table 8.1.

The first reported case control study on OSF was reported from Bhavnagar in
India by Sinor et al. [31] by comparing chewing habits of mawa and bétel quid
of 60 OSF cases with 60 controls. The reported relative risks were 109.6 for all
forms of areca nut chewing. Later, four other studies from India conducted in
Nagpur, Kerala, Patna and Chennai [32-35], one study each from Pakistan [36]
and Sri Lanka [37] and six studies from Taiwan [19, 38-42] have indicated a
significant association of OSF with areca nut chewing or betel quid use. Two
other studies from India described an association without showing statistical
evidence [43, 44].

There are also case series reports among Indian migrants living in other coun-
tries particularly South Africa and the UK which indicate that the prevalence
and frequency of areca nut use among OSF cases is much higher than in the
general population [45, 46]. The percentage of subjects with an areca nut habit
reported among OSF cases was close to 100 % in these studies. Case reports that
describe fibrosis in non-chewers, probably had falsified habit histories [47] or
included cases of oral mucosal fibrosis arising from other inflammatory disor-
ders [48, 49].

8.6 Dose Response

A dose response confirms a causal effect of an agent under study. In the case of
areca nut and betel quid, several studies have demonstrated a dose response by
examining the frequency and the duration of its use. Most studies conducted so
far show an increased relative risk with longer duration of use and higher daily
consumption (Table 8.2). There is also clear evidence indicating that with an
upsurge of manufactured products containing areca nut (pan masala and gutka)
arriving in markets in India, the disease prevalence has increased significantly
[23], and OSF is being diagnosed earlier (i.e. disease developing rapidly) and at
younger ages [50].
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Table 8.2 Dose-response relationship of areca habits and OSF

Odds ratio Duration of Odds ratio
Quids/day (95 % CI) chewing (years) (95 % CI)
Mabher et al. (1994) [36] 0 1 0 1
1-5 84 (20-360) 1-5 72 (17-316)
6-10 246 (47-1278) 6-10 137 (29-640)
10+ 100 (19-522) 10+ 109 (25-479)
Yang et al. (2001) [19] 1-10 1.0 1-10 1
11-20 1.2 (0.7-2.04) 11-20 1.8 (0.7-4.8)
>21 1.3(0.7-2.2) 21-30 2.4 (1.0-5.0)
>31 2.4 (1.1-5.0)
Lee et al. (2003) [39] 1-10 31.4(11.9-82.5) 1-10 30.9 (11.3-84.7)
11,020 374 (12.6-1104) 11-20 41.9
(14.1-124.9)
>21 53.5(16.4-174.8) >21 39.3
(11.7-131.7)
Yang et al. (2005) [38] 1-9 3.66 (0.71-18.91)
10-29 4.55 (1.16-17.84)
30+ 10.34 (2.30-44.73)
Yen et al. (2008) [42] Occ 1
1-10 1.26 (0.91-1.74)
11-20 3.88 (2.75-5.60)
20+ 6.98 (4.96-9.58)

8.7 Genetic Predisposition

There are over 600 million areca nut chewers reported worldwide [27]. However,
only 1-2 % of the population may develop the disease. This suggests a possible
genetic predisposition in the affected people. Rapid development of OSF in young
adults or even children reported in clinical case reports [51] further adds weight
to this hypothesis. Genetic polymorphisms discovered in affected individuals that
may predispose them to the disease are discussed in a later section in this
chapter.

8.8  Experimental Animal Studies

In vivo experimental data on the ability of the areca nut extract to produce OSF
is meagre. However, Huang, Ling and Wu [52] claim to have produced a rat
model of OSF in Hunan Medical University, China, and earlier in vivo experi-
ments of Khrime et al. [53] showed histopathological findings akin to OSF
induced by pan masala on the rat mucosa. The characterizations of these models
were not complete and the experimental evidence was neither convincing nor
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Fig.8.3 Histopathological
features of OSF,
illustrating thin atrophic
epithelium and fibrosis

of underlying connective
tissue. Arrows show
collagen deposition

reproducible. The relevance of a particular animal model to a human disease
rests on its ability to parallel the biological changes that characterise the disease
in humans.

Perera et al. [54] described an OSF animal model in female albino mice of
BALBY/c strain. They applied an aqueous areca nut extract prepared from fresh,
mature endosperms of Areca catechu by dissolving nuts in 0.9 % normal saline
(50 mM NaCl) on the buccal mucosae of mice (n=40) for 600 days. Their
study showed fibrosis of treated buccal mucosa as a continuous process occur-
ring in the subepithelial buccal mucosal tissues of treated mice (Fig. 8.3). The
amorphous areas confirmed by van Gieson and Masson’s trichrome stains were
an indication of early hyalinization and reflected the presence of young colla-
gen or altered ground substance or both. These findings confirming the exces-
sive deposition of collagen in the treated animals did bear a close similarity to
human OSF.

In this in vivo mouse model, the effects of areca nut extract on epithelial thick-
ness leading to atrophy, connective tissue fibrosis, progressive reduction of fibro-
blasts and inflammatory changes were closely similar to that found in human OSF
[54]. The experimental data presented by Perera et al. further supports areca nut
contributing to the causation of OSF.

8.9 In Vitro Studies

Several investigators have studied the effects of constituents of areca nut, such as
arecoline and arecaidine, on oral fibroblasts in vitro in order to provide corrobora-
tory evidence of cause and effect. The addition of arecoline and arecaidine has
shown stimulatory effects on fibroblasts in culture [55-57]. In a later study, fibro-
blasts when subjected to different concentrations of aqueous concentrations of raw
or boiled areca nut showed morphological alterations [58]. In other in vitro studies,
fibroblasts from OSF specimens showed more than a 1.5-fold increase in production
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of collagen compared with fibroblasts from age- and sex-matched and passage-
matched normal controls [59].

8.10 Summary on Aetiology

A comprehensive evaluation of above data led the IARC [25, 27] to confirm the aetio-
logical role of areca nut as the causative agent of OSF. In our wide experience from
field and clinical studies, we have not encountered any single case of OSF in a non-
areca nut chewer. Few case reports that describe OSF in white Caucasians [48, 49]
appear to be a misclassification of the disorder due to finding of sclerotic fibrous
bands rarely encountered in other chronic inflammatory disorders (e.g. ulcerative
lichen planus or chronic o GVHD).

8.11 Aetiopathogenesis

Although the disease was described in 1950s, its pathogenesis has not been clear
until recently. Three published reviews [30, 60, 61] had undertaken to critically
examine the scientific data available on the pathogenesis of OSF published up to
2015. Several mechanisms and biological pathways have been proposed for the
pathogenesis of the disorder, all based on the constituents of areca nut and genetic
susceptibility to the disease. The flow chart shown below illustrates the possible
biochemical and molecular events known in the pathogenesis of OSF (Fig. 8.4 —
modified from WWOM V) [15].

8.12 Mechanisms of Pathogenesis of Oral Submucous Fibrosis
8.12.1 Constituents of Areca Nut and Their Primary Effects

Areca nut contains active components including alkaloids (arecoline, arecaidine,
guvacine, guvacoline and arecolinidine), polyphenols (catechin, flavanoids, flavan-
3:4-diols, leucocyanidins, hexahydroxyflavans and tannins) and trace elements
(sodium, magnesium, chlorine, calcium, vanadium, manganese, copper and bro-
mine). Arecoline was identified as the principal causative factor for OSF by Canift’s
group [55, 56] and appears to be involved in the pathogenesis of OSF by causing
fibroblastic proliferation and increased collagen formation. It appears that the main
pathological change in OSF is the increased accumulation of type 1 collagen within
the subepithelial tissues. Polyphenols of areca nut such as flavanoids, catechin and
tannins cause collagen fibres to cross-link and thereby make them less susceptible
to collagenase degradation. The resulting decrease in collagen breakdown in turn
leads to increased fibrosis which is the mainstay of the pathogenesis of OSF [30]. In
the past decade, various mechanisms leading to submucosal fibrosis have been dem-
onstrated and these are briefly presented.
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Fig.8.4 Pathogenesis of oral submucous fibrosis (OSF) — A schematic illustration of the collagen
production pathway and potential elements of molecular interventions (Modified from Rajalalitha
and Vali [60]). PCP and PNP — the enzymes known as the procollagen C and N proteinases (PCP
and PNP) are involved in the processing of fibrillar procollagen precursors to mature collagens.
TIMP — the matrix metalloproteinases are inhibited by specific endogenous tissue inhibitors of
metalloproteinases (TIMPs), which comprise a family of four protease inhibitors

8.12.2 Fibrogenic Factors

Several fibrogenic cytokines such as transforming growth factor-p1 (TGF-p), basic
fibroblastic growth factor (bFGF) and connective tissue growth factor (CTGF) are
associated with fibrosis of different organs. Among these TGF-f} is known to be a
potent stimulator of extracellular matrix through inducing transdifferentiation of
fibroblasts into myofibroblasts [62] (Fig. 8.5). TGF-p has been shown to be
expressed in OSF tissues [63—65] (Haque et al. 1998), and the key role of this cyto-
kine in the progression of OSF has been proposed by other authors (Khan et al.
2012) [66]. Several studies have shown that ayp6-dependent TGF-B1 activation pro-
motes pathogenic organ fibrosis. Moutassim et al. (2011) [67] have demonstrated
upregulation of ayp6 in OSF tissue samples, and their study indicates this as the
likely mechanism involved in TGF-f1 activation in OSF by arecoline, leading to
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Fig.8.5 Schematic diagram of fibroblast activation (courtesy of Dr Helen McParland)

fibrosis. Several other growth factors may also be upregulated in OSF such as basic
fibroblast growth factor [68] and insulin-like growth factor-1 [69].

Involvement of connective tissue growth factor (CTGF) in fibrosis in many
human tissues is well established [70]. Expression of CTGF (ccn2) was reported in
fibroblasts in scleroderma patients [71], and a further study has shown that areco-
line stimulated CTGF production in buccal mucosal fibroblasts through reactive
oxygen species (ROS) [72]. Both CTGF can induce collagen production via TGF-f
dependent and independent pathways. However, recent work by Kahn et al. sug-
gests a major causative role for TGF-p that is induced by areca nut in OSF progres-
sion [73] (Fig. 8.5).

Experimental studies have shown that mechanical trauma may also induce secre-
tion of TGF-p (Manokawinchoke et al. 2015) [74]. Thus continuous mastication (of
areca nut) may have a similar effect and contribute to TGF-§ deposition in buccal
tissues.

8.12.3 Matrix Metalloproteinases and Tissue Inhibitors of Matrix
Metalloproteinases (MMPs and TIMPs)

Accurate and balanced collagen metabolism is essential to maintain the normal
integrity of connective tissue. Equilibrium between two enzyme groups, MMPs and
TIMPs, is mandatory to achieve the above. In OSF, the equilibrium between MMPs
and TIMP is disturbed in such a manner that it ultimately results in increased depo-
sition of extracellular matrix ECM. Immunohistochemical studies have shown that
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MMP-1 expression is attenuated in OSF compared to normal oral mucosa [64, 75].
Since MMP-1 is the main human enzyme that degrades fibrillar collagen, this sug-
gests that collagen degradation caused by MMP-1 is reduced in OSF [75]. In addi-
tion, stronger intensity of TIMP-1 in fibroblasts of OSF compared to normal oral
mucosa suggested improper regulation of proteolytic equilibrium as one of the main
factors responsible for the excessive fibrosis in OSF [64]. The fibroblasts in OSF
have a reduced replicative life span as they accumulate senescent cells during the
progression of the disease [76]. This is due to the increased amount of ROS and
DNA double-strand breaks (DDBs) produced intrinsically by damaged mitochon-
dria. TIMP-1 and TIMP-2 are increased in fibroblast cultures of OSF relative to
normal and non-diseased paan user controls [77].

8.12.4 Copper and Related Structural Changes of Collagen

The role of copper in the pathogenesis of OSF was raised by the King’s College
Group as a result of their novel finding of high copper content in areca nut [78]. The
copper-dependant enzyme lysyl oxidase is critical for collagen cross-linking and
organisation of ECM [79], and this enzyme was found to be upregulated in
OSF. Salivary copper is found to be higher in areca nut chewers [80]. Salivary cop-
per levels appear to vary from mild OSF to severe cases [81]. These findings indi-
cate that soluble copper found in areca nut is released into the oral environment and
its oral absorption may contribute to fibrosis of buccal mucosa suggesting a possible
local effect of copper in OSF patients [82]. Serum copper levels in OSF patients are
also raised suggesting a systemic effect, and levels correlate with the advancement
of the clinical stage [83, 84]. However, the effects of copper appear to be local in the
context of OSF as there is no evidence to suggest that these patients develop sys-
temic fibrosis. Spraying of areca crops with copper sulphide used as a fungicide to
preserve the fruit has been attributed as a likely source of high copper in the areca
growing belt.

8.12.5 Changes in the Extracellular Matrix

Histopathological evidence shows ECM remodelling with the progression of the
disease. It has been reported that in early stage of OSF, tenascin, perlecan, fibronec-
tin and collagen type III are overexpressed in the lamina propria and submucosa
[85]. Extensive and irregular deposits of elastin were found around muscle fibres in
the intermediate stage, together with the above molecules. In the advanced stage,
collagen type I appears to dominate the ECM. The gene expression levels of these
molecules were varied with the progression of fibrosis. This pattern of ECM remod-
elling steps in OSF is similar to normal granulation tissue formation and maturation
process. Difficulty in opening the mouth may be related to the loss of various ECM
molecules such as elastin and replacement of muscle by collagen type I [86].
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Table 8.3 Genetic polymorphisms predisposing to OSF

Genetic polymorphism Role in pathogenesis of OSF References
Cytochrome P450 A genetic biomarker for susceptibility to OSF  [87, 88, 95]
Cytochrome P450 3A, Helpful in identifying high-risk individuals

P4501A1, CYP2E1

CYP1AI(m1) and (m2)

Genotypes Acts as protective factors (in the absence of [89]
GSTMI and/or GSTT1 genes), alters risk
towards the disease

Lysyl oxidase

LOX Argl158Gin Associated more in elderly OSF patients [90]
TGEFp-1 (single nucleotide Associated with pro-angiogenic pathway [91]
polymorphism in 5¢UTR C-T)

MMP-3 (single nucleotide Increased risk for developing OSF [92, 93]
polymorphism in 1171 5A->6A)

N-acetyltransferase Increase the risk of OSF in men [94]

8.12.6 Genetic Polymorphism Predisposing to OSF

Polymorphisms of various genes have contributed to the pathogenesis of disorders
in different ways. Polymorphism of the cytochrome P450 3A gene family is consid-
ered as a major determinant of interindividual variability in chemical pharmacoki-
netics. Cytochrome P450 had been identified as a genetic biomarker for susceptibility
to develop OSF. This may be helpful in identifying high-risk individuals according
to the genetic polymorphisms in some exclusive regions of the cytochrome P450
3A, P4501A1 and CYP2E1 genes [87, 88]. The evidence available to support other
possible genetic predispositions [§89-94] to the disease is summarised in Table 8.3.

8.12.7 Clinical Features

A workshop held in Kuala Lumpur, Malaysia [14], recommended the following
clinical criteria for the diagnosis of OSF:

e Presence of palpable fibrous bands
e Leathery mucosal texture

* Blanching of mucosa

e Loss of tongue papillae

* Burning sensation to spicy food

* Rigidity of the tongue

Blanching of the mucosa is an early feature, and some authors refer to this as
depigmentation of mucosa [96]. Fibrous banding involving the buccal mucosae
(Fig. 8.6), lip or palate (Fig. 8.7) is noted in established stages of OSF. At later
stages, this may manifest with a marble-like appearance. Occurrence of small
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Fig.8.7 Palatal fibrosis in
OSF

Fig.8.8 A patch of
leukoplakia in a case of
OSF

reddish blue spots in a quarter of the patients was highlighted by Bhonsle et al.
(1981) [97]. Presence of vesicles has also been reported as an early feature. Due to
vertical bands, progressive limitation of mouth opening is a hallmark feature of this
disease. Other potentially malignant disorders such as leukoplakia also caused by
betel quid may be found to coexist (Fig. 8.8).
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Table 8.4 OSF disease grading system proposed by Warnakulasuriya and adapted at WWOM V
Grade | — burning, depapillation, blanching or leathery mucosa (disease triad for OSF); mouth
opening, >35 mm
Grade 2 — moderate limitation of opening 20—35 mm (+ disease triad and fibrous bands)

Grade 3 — severe OSF, limitation of opening <20 mm
Grade 4A — OSF +other potentially malignant disorder
Grade 4B — OSF with oral epithelial dysplasia

Grade 5 — OSF+SCC

8.12.8 Staging

Several classification schemes have been proposed for staging OSF. These may be
based solely on clinical criteria or histopathological features; Warnakulasuriya [98]
first reported to use the inter-incisal opening as a semiquantitative clinical measure
to assess the worsening of OSF. An opening limited to 35 mm or less was consid-
ered as moderate or advanced disease. Maher et al. [99] tested the inter-incisal open-
ing as a measure of severity of OSF and confirmed it correlated well with the extent
of the disease found within the oral cavity. Pindborg and Sirsat (1966) proposed a
classification based on histopathology [8]. Clinical classifications have been pro-
posed by Pindborg (1989) [12], Lai [100] based on mouth opening to four groups
and Ranganathan having first examined normal subjects (2001) and classifying OSF
subjects (2006) [101, 102]. Pindborg’s 1989 classification did not use mouth open-
ing but staged the disease by mucosal alterations (vesicles, ulceration, pigmenta-
tion) and fibrosis. Later authors have used mouth opening as an important factor to
grade the severity of the disease. The latest staging proposed at World Workshop on
Oral Medicine V [15] is given in Table 8.4. This allows the clinician to monitor the
disease during follow-up or to assess the efficacy of an intervention, whether the
disease is stable, improving or progressive.

8.12.9 Histopathology

In a majority of OSF specimens, the surface epithelium shows thinning (atrophy)
and flattening, while few may show epithelial hyperplasia due to chronic mastica-
tion of areca nut. Uniform hyalinization of the juxtaepithelial layer is a pathogno-
monic feature (Hamner 1974) [103]. Varying degrees of inflammation in the lamina
propria with a sprinkling of lymphocytes is found. The characteristic feature is the
presence of collagen in the upper part of submucosa [104]. In the early stages,
plump fibroblasts may be found. The collagen bundles may extend up to striated
muscle and sometimes embed within muscle fibres. The disease can be staged by
the state of fibrosis seen in histological sections. However, no correlation has been
noted between the clinical stage and the stage of fibrosis, as the biopsy may not be
representative [105, 106]. In the early stage, the fibrosis is confined to the upper
portion of submucosa. In the intermediate stage, there is subepithelial hyalinization
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Fig. 8.9 Histopathological features of OSF. (a) Early stage: mild atrophy of the epithelium and
fibrosis of the upper corium. Light scattered lymphocytic infiltrate within collagen fibres.
(b) Intermediate stage: fibrosis advances into deeper corium. (¢) Advanced stage: marked epithe-
lial atrophy and dense fibrosis and hyalinization of the corium and replacement of muscle by
fibrous tissue. (d) Complete replacement of muscle by fibrous tissue at the advanced stage

with fibrosis extending to deeper tissues. The advanced stage is demarcated with
extensive full-thickness fibrosis of the submucosal tissue up to muscle layers
together with hyaline changes [86]. Figure. 8.8 illustrates features of fibrosis as
noted in the proposed staging by these authors.

In electron microscopic studies, excessive increase of collagen, especially
type 1 (van Wyk et al. 1990) [107], and some necrosis of muscle have been
reported [108].

Pindborg et al. (1970) [9] first reported the presence of epithelial dysplasia in
a quarter of his OSF cases. In a recent study that analysed 42 OSF cases from Sri
Lanka, 19 (45.2 %) showed epithelial dysplasia [64]. Figure 8.9 illustrates fea-
tures of epithelial dysplasia in OSF. No significant association of presence or
absence of dysplasia with the stage of fibrosis has been reported, suggesting the
two processes are independent of each other. Although it has been proposed that
the severity of epithelial dysplasia is proportional to the risk of subsequent can-
cer development [109], this has yet to be substantiated. Squamous cell carcinoma
arsing from
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8.12.10 Molecular Studies

Although the exact mechanisms are not clear, various chromosomal, genetic and
molecular alterations are associated with the pathogenesis of OSF. An understanding
of molecular events in OSF is emerging. One of the earliest attempts to characterise
molecular aberrations in OSF related to detailed examination of mutations of P53
gene and its protein expression [110]. Positive p53 immunostaining was observed in
75 % of OSF cases and by PCR-SSCP novel mutations in p5S3 were reported in exons
2-9. In this study, 16 different mutations in p5S3 were found in 21 OSF samples from
Karachi, Pakistan. Other key molecular features of OSF have recently been described.
MMP-1 expression is reportedly attenuated in OSF while TGF-B1 expression is
upregulated [64]. MMP-1 is the main human enzyme that degrades fibrillar collagen.
As expected, MMP-1 levels in OSF connective tissue were attenuated compared to
normal oral mucosa [75]. This shows that collagen degradation caused by MMP-1 is
downregulated in the OSF, causing accumulation of ECM in the connective tissue.
TGF-p is a known potent mediator which stimulates collagen and other ECM pro-
duction [86]. Significantly increased TGF-p1 expression has been demonstrated in
the lamina propria of OSF compared to NOM. A study using oligonucleotide micro-
array analysis has shown an upregulation of 716 genes and downregulation of 149
genes in OSF [111]. These genes are involved in the immune response, the inflam-
matory response and epithelial-mesenchymal transition (EMT) induced by TGF-f3
signalling pathway, namely, SFRP4, THBS1, MMP2 and ZO-1. In another study,
differentially expressed genes in OSF were analysed using bioinformatic tools, and
the genes were located on chromosomes 1,2, 5, 6,7, 11 and 12. Gene ontology (GO)
classification identified these genes to be related to cellular component subgroups
associated with extracellular matrix, cytoskeleton and cell membrane and also bio-
logical process subgroups associated with protein binding, signal transducer activity
and immune and defence responses [112] (Figs. 8.10 and 8.11).

Fig.8.10 Mild epithelial
dysplasia in the
background of OSF with
new blood vessel formation
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Fig.8.11 Squamous cell carcinoma in the background of OSF

8.12.11 Malignant Transformation

The observations by Paymaster and Jens Pindborg over 50 years ago claimed the
premalignant nature of OSF and provided evidence for its propensity for malignant
transformation. Paymaster [6] described the development of slow-growing squamous
cell carcinomas in one-third of OSF cases seen at Tata Memorial Hospital in Bombay,
India. Pindborg on the other hand was observant of the coexistence of OSF in 40 % of
100 consecutive OSCC cases he reported from south India (Pindborg et al. 1966) [8].

Cancers arising in OSF are noted to be large exophytic lesions which are clini-
cally typical OSCC without showing much histological evidence of invasion. One
study reported that most of these patients are younger males showing good prognos-
tic factors: better grades of tumour differentiation, lower rates of nodal metastases
and limited extracapsular spread compared to older patients [113]. A retrospective
study in China has reported contradictory data in which they state that OSCC origi-
nated from OSF is clinically more invasive and also exhibits higher rates of metas-
tasis and recurrence rate than OSCC not originated from OSF [114].

8.12.12 Molecular Events During OSF-Carcinoma Sequence

Epithelial-mesenchymal transition (EMT) is a key mechanism in carcinogenesis.
EMT has gained significant attention due to its implication in cancer and fibrosis.
TGF-beta may play significant effect on EMT. Cell injury caused by areca nut
extract (ANE) produces reactive oxygen species (ROS) which in turn triggers both
MAPK and NF-kB pathways involved in EMT of OSF [115]. A study from our
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group showed that arecoline upregulates avp6 expression in oral keratinocytes
which in turn promotes keratinocyte migration and induces invasion [67]. It has
been reported that over 80 % of OSCCs arising on a background of OSF had moder-
ate to high avp6 expression [67]. We also found a statistically significant correlation
with the degree of epithelial dysplasia and expression level of the gene HIF-1a that
led us to conclude that hypoxia together with overexpression of HIF-1a play a role
in malignant transformation of OSF [116].

Matrix metalloproteinase-2 (MMP-2) can degrade extracellular matrix and base-
ment membrane and play an important role in the development and progression of
multiple carcinomas. Subjects carrying CC genotype — a polymorphism in the
MMP-2 — had nearly twofold increased risk for developing OSCC when comparing
with CT or TT genotype [117].

Genomic instability in the form of LOH has been reported in OSFE. This acquisition
of LOH may subsequently alter gene function and expression. Several hot spots
affecting LOH loci (in 47-53 % of OSF samples) have been identified, and a key find-
ing is LOH in a large region of the chromosome 13-13q14 to 13q33. Considering the
well-known fact that chromosome 13q is highly susceptible to genomic instability in
HNSCC, we hypothesised that genes within the 13q14—q33 LOH region found in the
OSF may play an essential role in the initiation of oral carcinogenesis in these patients.
Other LOH loci revealed in this study with previously identified susceptibility regions
in HNSCC include 3p24-p22, 6q26-q27, 9922.3, 12p11.2 and 20p12-11 [118].

8.13 Management

Numerous medical interventions have been tested, but none so far have predictably
shown any clinically meaningful benefit in improving mouth opening and other
secondary end points. These clinical interventions were discussed at the World
Workshop in Oral Medicine V and reported by Kerr et al. [15]. A wide range of
medical interventions have been studied and include nutritional supplements, anti-
oxidants, anti-inflammatory and immunomodulatory agents, biogenic stimulators,
cytokines, enzymes and fibrinolytic agents and vasodilators.

Nutritional supplements (i.e. vitamin A, vitamin B, multivitamins, iron, zinc)
and antioxidants (i.e. lycopene, beta-carotene, tea pigments, aloe vera and cur-
cumin) are thought to correct deficiency states, promote tissue health and reduce the
propensity for adverse effects secondary to chronic areca nut use. Anti-inflammatory
and immunomodulatory agents (i.e. topical and intralesional corticosteroids, inter-
feron gamma (IFNYy), levamisole) are thought to reduce the pro-fibrotic inflamma-
tory pathways. Intralesional placental extracts have been hypothesised to act as
biogenic stimulators, promoting regeneration of healthy tissues. Enzymes and fibri-
nolytic agents (i.e. hyaluronidase, collagenase and chymotrypsin) have been tested
to degrade fibrotic tissues. Finally, vasodilators (i.e. pentoxifylline, nylidrin hydro-
chloride and buflomedil hydrochloride) have been tested to boost blood flow to the
tissues. Many of these interventions have been tested in uncontrolled open label
studies, and the randomised controlled trials on OSF that have been conducted so
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far, have significant limitations. Most non-specific antifibrotic agents used as thera-
peutic regimes have been ineffective in halting or reversing fibrosis.

A few studies, with variable results, have explored the use of physiotherapy,
either alone or as an adjunct to medical and surgical therapies to increase opening
through tissue remodelling.

For advanced cases various surgical treatments with numerous different types of
flap reconstruction have been reported. Immediate outcome are generally excellent,
although there is often relapse in mouth opening. Physiotherapy undertaken imme-
diate post-surgery could sustain the noted improvement. Finally, there is very little
research exploring the impact of habit cessation on these interventions.

Acknowledgements This chapter is based on a series of papers written by the three authors in the
Journal of Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology.

References

1. Tilakaratne WM, Ekanayaka RP, Warnakulasuriya S. Oral submucous fibrosis: a historical
perspective and a review on aetiology and pathogenesis. Oral Surg Oral Med Oral Pathol.
2016;122(2):178-91.

2. Schwartz J. Atrophia idiopathica (tropica) mucosae oris. Demonstrated at the 11th interna-
tional dental congress, London; 1952.

3. Joshi SG. Submucous fibrosis of the palate and the pillars. Indian J Otolaryngol. 1953;4:
1-4.

4. Lal D. Diffuse oral submucous fibrosis. J All India Dent Assoc. 1953;26:1-3.

5. Pin SI. Idiopathic scleroderma of the mouth. Arch Otolaryngol. 1954;59:330-2.

6. Paymaster JC. Cancer of the buccal mucosa; a clinical study of 650 cases in Indian subjecs.
Cancer. 1956;9:431-5.

7. Pindborg JJ, Chawla TN, Srivastava AN, Gupta D, Mehrotra ML. Clinical aspects of oral
submucous fibrosis. Acta Odontol Scand. 1964;22:679-91.

8. Pindborg JJ, Sirsat SM. Oral submucous fibrosis. Oral Surg Oral Med Oral Pathol.
1966;22:764-79.

9. Pindborg JJ, Mehta FS, Daftary DK. Occurrence of epithelial atypia in 51 Indian villagers
with oral submucous fibrosis. Br J Cancer. 1970;24:253-7.

10. Pindborg JJ. Is submucous fibrosis a pre-cancerous condition in the oral cavity? Int Dent J.
1972;22:474-80.

11. Pindborg JJ, Bhonsle RB, Murti PR, Gupta PC, Daftary DK, Mehta FS. Incidence and early
forms of oral submucous fibrosis. Oral Surg Oral Med Oral Pathol. 1980;50:40—4.

12. Pindborg JJ. Oral submucous fibrosis: a review. Ann Acad Med. 1989;18:603-7.

13. Meghji S, Warnakulasuriya S. Oral submucous fibrosis: an expert symposium. Oral Dis.
1997;3:276-91.

14. Zain RB, Gupta PC, Warnakulasuriya S, Shrestha P, Ikeda N, Axell T. Oral lesions associated
with betel quid and tobacco chewing habits. Oral Dis. 1997;3(3):204-5.

15. Kerr AR, Warnakulasuriya S, Mighell AJ, Dietrich T, Nasser M, Rimal J, et al. A systematic
review of medical interventions for oral submucous fibrosis and future research opportuni-
ties. Oral Dis. 2011;17(Sup 1):42-57.

16. Gupta PC, Mehta FS, Daftary DK, et al. Incidence rates of oral cancer and natural history of
oral precancerous lesions in a 10-year follow up study of Indian villages. Community Dent
Oral Epidemiol. 1980;8:287-333.



8 Oral Submucous Fibrosis 349

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Seedat HA, van Wyk CW. Betel-nut chewing and submucous fibrosis in Durban. S Afr Med
J. 1988;74:568-71.

Tang JG, Jian XF, Gao MI, Ling TY, Zhang KH. Epidemiological survey of oral submucous
fibrosis in Xiangtan City, Hunn Province, China. Community Dent Oral Epidemiol. 1997,
25:177-80.

Yang YH, Lee HY, Tung S, Shieh TY. Epidemiological survey of oral submucous fibrosis and
leukoplakia in aborigines of Taiwan. J Oral Pathol Med. 2001;30:213-9.

Bhonsle RB, Murti PR, DAftari DK, et al. Regional variations in oral submucous fibrosis in
India. Community Dent Oral Epidemiol. 1987;15:225-9.

Warnakulasuriya Warnakulasuriya KA, Ekanayake AN, Sivayoham S, Stjernswird J,
Pindborg JJ, Sobin LH, Perera KS. Utilization of primary health care workers for early detec-
tion of oral cancer and precancer cases in Sri Lanka. Bull World Health Organ. 1984;62(2):
243-50.

Su WW, Yen AM, Chiu SY, Chen TH. A community-based RCT for oral cancer screening
with toluidine blue. J Dent Res. 2010;89:933-7.

Gupta PC, Sinor PN, Bhonsle RB, Pawar VS, Mehta HC. Oral submucous fibrosis in India: a
new epidemic? Natl Med J India. 1998;11:113-6.

Yang YH, Chen CH, Chang JS, Lin CC, Cheng TC, Shieh TY. Incidence rates of oral cancer
and oral pre-cancerous lesions in a 6-year follow-up study of a Taiwanese aboriginal com-
munity. J Oral Pathol Med. 2005;34(10):596-601.

International Agency on Research for Cancer. IARC monographs on the evaluation of the
carcinogenic risk of chemicals to humans. Vol. 37, Tobacco habits other than smoking: betel-
quid and areca nut chewing; and some related nitrosamines. Lyon: IARC; 1985.
International Agency on Research for Cancer. IARC monographs on the evaluation of carci-
nogenic risks to humans, vol. 85, Tobacco habits other than smoking: betel quid and areca-nut
chewing. Lyon: IARC; 2004.

International Agency on Research for Cancer. IARC monographs on the evaluation of carci-
nogenic risks to humans, vol. 100E, personal habits and indoor combustion. Lyon: IARC;
2012.

Gupta PC, Warnakulasuriya S. Global epidemiology of areca nut usage. Addict Biol.
2002;7:77-83.

Murti PR, Bhonsle RB, Gupta PC, Daftary DK, Pindborg JJ, Mehta FS. Etiology of oral
submucous fibrosis with special reference to the role of areca nut chewing. J Oral Pathol Med.
1995;24:145-52.

Tilakaratne WM, Klinikowski MF, Saku T, Peters TJ, Warnakulasuriya S. Oral submucous
fibrosis: review on aetiology and pathogenesis. Oral Oncol. 2006;42:561-8.

Sinor PN, Gupta PC, Murti PR, et al. A case-control study of oral submucous fibrosis with
special reference to the etiologic role of areca nut. J Oral Pathol Med. 1990;19:94-8.
Hazare VK, Goel RR, Gupta PC. Oral submucous fibrosis, areca nut and pan masala use: a
case-control study. Natl Med J India. 1998;11:299.

Jacob BJ, Straif K, Thomas G, et al. Betel quid without tobacco as a risk factor for oral pre-
cancers. Oral Oncol. 2004;40:697-704.

Ranganathan K, Devi UM, Joshua E, Kirankumar K, Saraswathi TR. Oral submucous fibro-
sis: a case-control study in Chennai, South India. J Oral Pathol Med. 2004;33:274-7.
Ahmed MS, Ali SA, Ali AS, Chaubey KK. Epidemiological and etiological study of oral
submucous fibrosis among gutkha chewers of Patna, Bihar, India. J Indian Soc Pedod Prev
Dent. 2006;24:84-9.

Mabher R, Lee AJ, Warnakulasuriya KA, Lewis JA, Johnson NW. Role of areca nut in the
causation of oral submucous fibrosis: a case-control study in Pakistan. J Oral Pathol Med.
1994;23:65-9.

Ariyawardana A, Athukorala AD, Arulanandam A. Effect of betel chewing, tobacco smoking
and alcohol consumption on oral submucous fibrosis: a case—control study in Sri Lanka.
J Oral Pathol Med. 2006;35:197-201.



350

S. Warnakulasuriya et al.

38

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.
50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

. Yang YH, Lien YC, Ho PS, et al. The effects of chewing areca/betel quid with and without
cigarette smoking on oral submucous fibrosis and oral mucosal lesions. Oral Dis.
2005;11:88-94.

Lee CH, Ko YC, Huang HL, et al. The precancer risk of betel quid chewing, tobacco use and
alcohol consumption in oral leukoplakia and oral submucous fibrosis in southern Taiwan. Br
J Cancer. 2003;88:366-72.

Chung CH, Yang YH, Wang TY, Shieh TY, Warnakulasuriya S. Oral precancerous disorders
associated with areca quid chewing, smoking, and alcohol drinking in southern Taiwan.
J Oral Pathol Med. 2005;34:460—6.

Chen PC, Pan CC, Kuo C, Lin CP. Risk of oral nonmalignant lesions associated with human
papillomavirus infection, betel quid chewing, and cigarette smoking in Taiwan: an integrated
molecular and epidemiologic study. Arch Pathol Lab Med. 2006;130:57-61.

Yen AM, Chen SC, Chen TH. Dose response relationship of oral habits associated with risk
of oral premalignant lesions among men who chew betel quid. Oral Oncol. 2007;43:
634-8.

Babu S, Bhat RV, Kumar PU, et al. A comparative clinico-pathological study of oral submu-
cous fibrosis in habitual chewers of pan masala and betel quid. J Toxicol Clin Toxicol.
1996;34:317-22.

Hazarey VK, Erlewad DM, Mundhe KA, Ughade SN. Oral submucous fibrosis: study of
1000 cases from central India. J Oral Pathol Med. 2007;36:12-7.

van Wyk CW, Staz J, Farman AG. The prevalence of oral mucosal lesions among a random
sample of Asian residents in Cape Town. J Dent Assoc S Afr. 1977;32:589-92.

Canniff JP, Harvey W, Harris M. Oral submucous fibrosis: its pathogenesis and management.
Br Dent J. 1986;160(12):429-34.

Seedat HA, van Wyk CW. Submucous fibrosis in non-betel nut chewing subjects. J Biol
Buccale. 1988;16:3-6.

Laskaris G, Bovopoulou O, Nicolis G. Oral submucous fibrosis in a Greek female. Br J Oral
Surg. 1981;19:197-201.

Simpson W. Submucous fibrosis. Br J Oral Surg. 1969;6:196-200.

Hayes PA. Oral submucous fibrosis in a 4 year old girl. Oral Surg Oral Med Oral Pathol.
1985;59:475-8.

Bathi RJ, Parveen S, Burde K. The role of gutka chewing in oral submucous fibrosis: a case-
control study. Quintessence Int. 2009;40:e19-25.

Huang S, Ling T, Wu H. Experimental study on aqueous areca nut extracts inducing oral
submucous fibrosis in rats. I. observation of histomorphology. Hua Xi Kou Qiang Yi Xue Za
Zhi. 1997;15:91-3. 96.

Khrime RD, Mehra YN, Mann SB, Mehta SK, Chakraborti RN. Effect of instant preparation
of betel nut (pan masala) on the oral mucosa of albino rats. Indian J Med Res. 1991;94:
119-24.

Sumeth Perera MW, Gunasinghe D, Perera PA, et al. Development of an in vivo mouse model
to study oral submucous fibrosis. J Oral Pathol Med. 2007;36:273-80.

Canniff JP, Harvey W. The aetiology of oral submucous fibrosis: the stimulation of collagen
synthesis by extracts of areca nut. Int J Oral Surg. 1981;10:163-7.

Harvey W, Scutt A, Meghji S, Canniff JP. Stimulation of human buccal mucosa fibroblasts
in vitro by betel-nut alkaloids. Arch Oral Biol. 1986;31:45-9.

Jeng JH, Lan WH, Hahn LJ, Hsieh CC, Kuo MY. Inhibition of the migration, attachment,
spreading, growth and collagen synthesis of human gingival fibroblasts by arecoline, a major
areca alkaloid, in vitro. J Oral Pathol Med. 1996;25:371-5.

Saraswathi TR, Sheeba T, Nalinkumar S, Ranganathan K. Effect of glutathione on area nut
treated normal human buccal fibroblast culture. Indian J Dent Res. 2006;17:104—10.

Kuo MY, Chen HM, Hahn LJ, Hsieh CC, Chiang CP. Collagen biosynthesis in human oral
submucous fibrosis fibroblast cultures. J Dent Res. 1995;74:1783-8.

Rajalalitha P, Vali S. Molecular pathogenesis of oral submucous fibrosis--a collagen meta-
bolic disorder. J Oral Pathol Med. 2005;34:321-8.



8 Oral Submucous Fibrosis 351

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

Ekanayaka RP, Tilakaratne WM. Oral submucous fibrosis: review on mechanisms of patho-
genesis and malignant transformation. J Carcinog Mutagen. 2013;S5:002. doi:10.4172/2157-
2518.85-002.

Roberts AB, Heine UI, Flanders KC, Sporn MB. Transforming growth factor —B; major role
in regulation of extracellular matrix. Ann N Y Acad Sci. 1990;580:225-32.

Haque MF, Harris M, Meghi S, et al. Immunolocalization of cytokines and growth factors in
oral submucous fibrosis. Cytokine. 1998;10:713-9.

Illeperuma RP, Ryu MH, Kim KY, Tilakaratne WM, Kim J. Relationship of fibrosis and the
expression of TGF-f1, MMP-1, and TIMP-1 with epithelial dysplasia in oral submucous
fibrosis. Oral Med Pathol. 2010;15:21-8.

Kale AD, Mane DR, Shukla D. Expression of transforming growth factor §§ and its correlation
with lipodystrophy in oral submucous fibrosis: an immunohistochemical study. Med Oral
Patol Oral Cir Bucal. 2013;18:e12-8.

Khan I, Kumar N, Pant I, Narra S, Kondaiah P. Activation of TGF-p pathway by areca nut
constituents: a possible cause of oral submucous fibrosis. PLoS One. 2012;7:e51806.
Moutasim KA, Jenei V, Sapienza K, et al. Betel-derived alkaloid up-regulates keratinocyte
alphavbeta6 integrin expression and promotes oral submucous fibrosis. J Pathol. 2011;223:
366-77.

Bishen KA, Radhakrishnan R, Satyamoorthy K. The role of basic fibroblast growth factor in
oral submucous fibrosis pathogenesis. J Oral Pathol Med. 2008;37:402—11.

Tsai CH, Yang SF, Chen YJ, Chou MY, Chang YC. The upregulation of insulin-like growth
factor-1 in oral submucous fibrosis. Oral Oncol. 2005;41:940-6.

Shi-Wen X, Leask A, Abraham D. Regulation and function of connective tissue growth fac-
tor/CCN2 in tissue repair, scarring and fibrosis. Cytokine Growth. 2008;19:133-44.

Leask A, Sa S, Holmes A, Shiwen X, Black CM, Abraham DJ. The control of ccn2 (ctgf)
gene expression in normal and scleroderma fibroblasts. Mol Pathol. 2001;54(3):180-3.
Deng YT, Chen HM, Cheng SJ, Chiang CP, Kuo MY. Arecoline-stimulated connective tissue
growth factor production in human buccal mucosal fibroblasts: modulation by curcumin. Oral
Oncol. 2009;45:€99-105.

Khan I, Agarwal P, Thangjam GS, Radhesh R, Rao SG, Kondaiah R. Role of TGF-$ and
BMP7 in the pathogenesis of oral submucous fibrosis. Growth Factors. 2011;29:119-27.
Manokawinchoke J, Limjeerajarus N, Limjeerajarus C, Sastravaha P, Everts V, Pavasant
P. Mechanical force—induced TGFBI increases expression of SOST/POSTN by hPDL cells.
J Dent Res. 2015;94:983-9.

Mishra G, Ranganathan K. Matrix metalloproteinase-1 expression in oral submucous fibro-
sis: an immunohistochemical study. Indian J Dent Res. 2010;21:320-5.

Pitiyage GN, Slijepcevic P, Gabrni A, et al. Senescent mesenchymal cells accumulate in
human fibrosis by a telomere — independent mechanism and ameliorate fibrosis through
matrix metalloproteinases. J Pathol. 2011;223:604—17.

Pitiyage GN, Lim KP, Gemenitzidis E, et al. Increased secretion of tissue inhibitors of metal-
loproteinases 1 and 2 (TIMPs -1 and -2) in fibroblasts are early indicators of oral sub-mucous
fibrosis and ageing. J Oral Pathol Med. 2012;41:454-62.

Trivedy C, Baldwin D, Warnakulasuriya S, Johnson NW, Peters T. Copper content in Areca
catechu (betel nut) products and oral submucous fibrosis. The Lancet. 1997;349:1447.
Trivedy C, Warnakulasuriya KA, Hazarey VK, Tavassoli M, Sommer P, Johnson NW. The
upregulation of lysyl oxidase in oral submucous fibrosis and squamous cell carcinoma. J Oral
Pathol Med. 1999;28(6):246-51.

Raja KB, Hazarey VK, Peters TJ, Warnakulasuriya S. Effect of areca nut on salivary copper
concentration in chronic chewers. Biometals. 2007;20:43-7.

Ayinampudi BK, Narsimhan M. Salivary copper and zinc levels in oral pre-malignant and
malignant lesions. J Oral Maxillofac Pathol. 2012;16:178-82.

Trivedy C, Meghji S, Warnakulasuriya KAAS, Johnson NW, Harris M. Copper stimulates
human oral fibroblasts in vitro: a role in the pathogenesis of oral submucous fibrosis. J Oral
Pathol Med. 2001;30:465-70.


https://doi.org/10.4172/2157-2518.S5-002
https://doi.org/10.4172/2157-2518.S5-002

352

S. Warnakulasuriya et al.

83

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

. Khanna SS, Karjodkar FR. Circulating immune complexes and trace elements (copper, iron
and selenium) as markers in oral precancer and cancer: a randomised, controlled clinical trial.
Head Face Med. 2006;2:33.

Tadakamadla J, Kumar S, Mamatha GP. Evaluation of serum copper and iron levels among
oral submucous fibrosis patients. Med Oral Patol Oral Cir Bucal. 2011;16:e870.

Gopal Ray J, Ranganathan K, Chattopadhyay A. Pathology of oral submucous fibrosis. Oral
Surg Oral Med Oral Pathol. 2015 (in press).

Utsunomiya H, Tilakaratne WM, Oshiro K, et al. Extracellular matrix remodeling in oral
submucous fibrosis: its stage-specific modes revealed by immunohistochemistry and in situ
hybridization. J Oral Pathol Med. 2005;34:498-507.

Xie H, Liu J, Ling TY. Expression of cytochrome P450 related genes in oral submucous
fibrosis tissue. Zhonghua Kou Qiang Yi Xue Za Zhi. 2012;47:743-7.

Chaudhuri SR, Mukherjee S, Paul RR, Haldar A, Chaudhuri K. CYP1AI and CYP2E1 gene
polymorphisms may increase susceptibility to oral submucous fibrosis among betel quid
chewers of eastern India. Gene. 2013;513:268-71.

Ghosh T, Gupta S, Bajpai P, et al. Association of CYP1A1, GSTM1, and GSTT1 gene poly-
morphism with risk of oral submucous fibrosis in a section of North Indian population. Mol
Biol Rep. 2012;39:9383-9.

Shieh TM, Tu HF, Ku TH, Chang SS, Chang KW, Liu CJ. Association between lysyl oxidase
polymorphisms and oral submucous fibrosis in older male areca chewers. J Oral Pathol Med.
2009;38:109-13.

Rajendran R, Harish RK, Anil S, Vidyadharan R, Banerjee M. Transforming growth
factor-p-1 polymorphisms are infrequent but exist at selected loci in oral submucous fibrosis.
Indian J Dent Res. 2010;21:413-9.

Chaudhary AK, Singh M, Bharti AC, et al. Synergistic effect of stromelysin-1 (matrix metal-
loproteinase-3) promoter (-1171 5A->6A) polymorphism in oral submucous fibrosis and
head and neck lesions. BMC Cancer. 2010;10:369.

Chaudhary AK, Pandya S, Mehrotra R, Singh M, Singh M. Role of functional polymorphism
of matrix metalloproteinase-2 (-1306 C/T and -168 G/T) and MMP-9 (-1562 C/T) promoter
in oral submucous fibrosis and head and neck squamous cell carcinoma in an Indian popula-
tion. Biomarkers. 2011;16:577-86.

Mukherjee S, Bhowmik AD, Roychoudhury P, Mukhopadhyay K, Ray JG, Chaudhuri
K. Association of XRCC1, XRCC3, and NAT?2 polymorphisms with the risk of oral submu-
cous fibrosis among eastern Indian population. J Oral Pathol Med. 2012;41:292-302.

Li N, Hu Q, Jiang C, et al. Novel genetic biomarkers for susceptibility to oral submucous
fibrosis: cytochrome P450 3A. Med Hypotheses. 2011;77:834-6.

Sitheeque M, Ariyawardana A, Jayasinghe R, Tilakaratne W. Depigmentation of oral mucosa
as the earliest possible manifestation of oral submucous fibrosis in Sri Lankan preschool
children. J Investig Clin Dent. 2010;1(2):156-9.

Bhonsle RB, Murti PR, Daftary DK, Mehta FS. Focal vascular dilatations and petechiae in
oral submucous fibrosis. Scand J Dent Res. 1981;89:270—4.

Warnakulasuriya S. Semi-quantitative clinical description of oral submucous fibrosis. Ann
Dent. 1987;46:18-21.

Maher R, Sankaranarayanan R, Johnson NW, Warnakulasuriya KA. Evaluation of inter-
incisor distance as an objective criterion of the severity of oral submucous fibrosis in Karachi,
Pakistan. Oral Oncol. 1996;32B(5):362—4.

Lai DR, Chen HR, Huang YL, Tsai CC. Clinical evaluation of different treatment methods
for oral submucous fibrosis: a 10 year experience with 150 cases. J Oral Pathol Med.
1995;24:402-6.

Ranganathan K, Uma Devi M, Elizabeth J, Arun B, Rooban T, Viswanathan R. Mouth open-
ing, cheek flexibility and tongue protrusion parameters of 800 nomal patients in Chennai,
South India. A base line study to enable assessment of alterations in oral submucous fibrosis.
JIDA. 2001;72:78-80.



8 Oral Submucous Fibrosis 353

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Ranganathan K, Mishra G. An overview of classification schemes for oral submucous fibro-
sis. J Oral Maxillofac Pathol. 2008;10:55-8.

Hamner 3rd JE, Looney PD, Chused TM. Submucous fibrosis. Oral Surg Oral Med Oral
Pathol. 1974;37(3):412-21. Review. PubMed.

Trivedy CR, Craig G, Warnakulasuriya S. The oral health consequences of chewing areca
nut. Addict Biol. 2002;7(1):115-25. Review.

Kiran Kumar K, Saraswathi TR, Ranganathan K, Uma Devi M, Elizabeth J. Oral submucous
fibrosis: a clinico-histopathological study in Chennai. Indian J Dent Res. 2007;18(3):106—11.
Pandya S, Chaudhary AK, Singh M, Singh M, Mehrotra R. Correlation of histopathological
diagnosis with habits and clinical findings in oral submucous fibrosis. Head Neck Oncol.
2009;1:10. doi:10.1186/1758-32.

van Wyk CW, Seedat HA, Phillips VM. Collagen in submucous fibrosis: an electron-
microscopic study. J Oral Pathol Med. 1990;19(4):182-7.

El-Labban NG, Canniff JP. Ultrastructural findings of muscle degeneration in oral submu-
cous fibrosis. J Oral Pathol. 1985;14(9):709-17.

Jayasooriya PR, Nadeeka Jayasinghe KA, Tilakaratne WM. Relationship between thickness
of fibrosis and epithelial dysplasia in oral submucous fibrosis. J Investig Clin Dent.
2011;2(3):171-5.

Trivedy C, Warnakulasuriya KA, Tavassoli M, Steingrimsdottir H, Penhallow J, Maher R,
Johnson NW. p53 aberrations in oral submucous fibrosis and oral squamous cell carcinoma
detected by immunocytochemistry and PCR-SSCP. J Oral Pathol Med. 1998;27(2):72-7.
Hu Y, Jian X, Peng J, Jiang X, Li N, Zhou S. Gene expression profiling of oral submucous
fibrosis using oligonucleotide microarray. Oncol Rep. 2008;20:287-94.

Hu YJ, Jian XC, Liu BJ, Peng JY. Application of bioinformatics tools in analysis of differen-
tially expressed genes in oral submucosal fibrosis. Zhonghua Kou Qiang Yi Xue Za Zhi.
2008;43:168-71.

Chaturvedi P, Vaishampayan SS, Nair S, et al. Oral squamous cell carcinoma arising in back-
ground of oral submucous fibrosis: a clinicopathologically distinct disease. Head Neck.
2013;35:1404-9.

Guo F, Jian XC, Zhou SH, Li N, Hu YJ, Tang ZG. A retrospective study of oral squamous cell
carcinomas originated from oral submucous fibrosis. Zhonghua Kou Qiang Yi Xue ZaZhi.
2011;46:494-17.

Yanjia H, Xinchun J. The role of epithelial-mesenchymal transition in oral squamous cell
carcinoma and oral submucous fibrosis. Clin Chim Acta. 2007;383:51-6.

Tilakaratne WM, Igbal Z, Teh MT, et al. Upregulation of HIF-1alpha in malignant transfor-
mation of oral submucous fibrosis. J Oral Pathol Med. 2008;37:372-7.

Lin SC, Lo SS, Liu CJ, Chung MY, Huang JW, Chang KW. Functional genotype in matrix
metalloproteinases-2 promoter is a risk factor for oral carcinogenesis. J Oral Pathol Med.
2004;33(7):405-9.

Teh MT, Tilakaratne WM, Chaplin T, et al. Fingerprinting genomic instability in oral submu-
cous fibrosis. J Oral Pathol Med. 2008;37:430-6.


https://doi.org/10.1186/1758-32

	8: Oral Submucous Fibrosis
	8.1	 Introduction
	8.2	 Historical Perspective
	8.3	 Epidemiology
	8.4	 Aetiology
	8.5	 Epidemiological Studies
	8.6	 Dose Response
	8.7	 Genetic Predisposition
	8.8	 Experimental Animal Studies
	8.9	 In Vitro Studies
	8.10	 Summary on Aetiology
	8.11	 Aetiopathogenesis
	8.12	 Mechanisms of Pathogenesis of Oral Submucous Fibrosis
	8.12.1	 Constituents of Areca Nut and Their Primary Effects
	8.12.2 Fibrogenic Factors
	8.12.3 Matrix Metalloproteinases and Tissue Inhibitors of Matrix Metalloproteinases (MMPs and TIMPs)
	8.12.4 Copper and Related Structural Changes of Collagen
	8.12.5 Changes in the Extracellular Matrix
	8.12.6 Genetic Polymorphism Predisposing to OSF
	8.12.7 Clinical Features
	8.12.8 Staging
	8.12.9 Histopathology
	8.12.10 Molecular Studies
	8.12.11 Malignant Transformation
	8.12.12 Molecular Events During OSF-Carcinoma Sequence

	8.13	 Management
	References


