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Abstract

Background Interleukin 8 (IL-8) is a pro-angiogenic, pro-
inflammatory mediator that belongs to the family of chemo-
kines. Due to its pro-angiogenic characteristic, it may play a
vital role in tumour angiogenesis and progression.
Objectives This study was designed to estimate the levels of
salivary IL-8 in oral precancer and oral squamous cell
carcinoma (OSCC) patients and compare them with healthy
controls. The aim was to evaluate its efficacy as a potential
biomarker for these diseases.

Materials and methods Each group comprised 25 individu-
als. The salivary IL-8 levels were determined by enzyme-
linked immunosorbent assay.

Results The levels of salivary IL-8 were found to be signif-
icantly elevated in patients with OSCC as compared to the
precancer group (p<0.0001) and healthy controls (p<
0.0001). However, the difference in salivary IL-8 concentra-
tions among the precancer group and controls was statisti-
cally non-significant (p=0.738).

Conclusions Our results suggested that salivary IL-8 can be
utilised as a potential biomarker for OSCC. Salivary IL-
8 was found to be non-conclusive for oral premalignancy
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in this preliminary study. Hence, its possible role in transi-
tion from premalignancy to malignancy needs further re-
search with larger sample sizes.

Clinical relevance Saliva as a diagnostic biofluid offers a
number of advantages over blood-based testing. The role of
IL-8 in oral cancer if validated further by future research can
provide an easy diagnostic test as well as a prognostic
indicator for patients undergoing treatment. Therefore, if
it’s role in tumourigenesis can be sufficiently assessed, it
could open up new avenues to find out novel treatment
modalities for oral cancer.
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Abbreviations

IL-8 Interleukin 8

OScCcC Oral squamous cell carcinoma

HNSCC Head and neck squamous cell carcinoma.

OSF Oral submucous fibrosis

MDSCC Moderately differentiated squamous cell
carcinoma

WDSCC  Well-differentiated squamous cell carcinoma

Introduction

Oral squamous cell carcinoma (OSCC) constitutes a major
health problem worldwide, representing a leading cause of
death. According to the World Health Organization, carci-
noma of the oral cavity is the sixth commonest cancer in
males and tenth commonest cancer in females in developing
countries [1] and the most prevalent cancer related to the
consumption of tobacco, alcohol and other carcinogenic
products [2]. On the basis of the cancer registry data, it is
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estimated that annually 75,000-80,000 new oral cancer
cases develop in India [3]. The survival index for OSCC
continues to be small (50 %) as compared to the progress in
the diagnosis and treatment of other malignant tumours.
Hence, there is a need for improvement in the early detec-
tion of the oral carcinoma because in the initial stages,
treatment is more effective and the morbidity is minimal [1].

Clinically, it is important to note that the therapeutic
modality currently offered to patients is based on traditional
stage predicting indices, based mostly on the tumour—node—
metastasis (TNM) criteria and on histologic grading. Unfor-
tunately, these predictors are subjective and relatively unre-
liable as often, two tumours with identical staging and
grading behave in totally different fashions, and although
one responds to therapy, the other is lethal [4, 5]. Circulatory
tumour markers for OSCC were investigated in various
studies and showed relatively moderate sensitivity and spec-
ificity values with relation to diagnosis, prognosis or treat-
ment monitoring [6—11]. Accordingly, there has been an
ever-growing effort dedicated to the basic research of oral
cancer focusing on the identification of biological indicators
for the diagnosis of its nature and aggressiveness.

Carcinogenesis involves multiple alterations of the ge-
nome progressively accumulated during a protracted period.
In the course of this progression, changes are taking place at
the cellular and tissue levels. The sum total of these physical
and morphological alterations occurring in the oral mucosa
are of diagnostic and prognostic relevance and are designat-
ed as precancerous changes [3].

Saliva is a mirror of the human health and a reservoir of
analytes from systemic sources that reach the oral cavity
through various pathways. Steroids, amines and peptides,
such as melatonin, insulin, leptin and ghrelin, enter the
saliva by passive diffusion. Immunoglobulins such as secre-
tory IgA and enzymes such as amylase and lysozyme can be
analysed in the saliva. In addition to these endogenous
substances, various drugs can be measured in the saliva as
an excellent option for therapeutic drug monitoring and in
the assessment of drugs of abuse. Thus, the composition of
saliva reflects the levels of hormonal, immunological, toxi-
cological and infectious disease markers [12]. Consequent-
ly, this fluid provides a source for the monitoring of oral and
also systemic health. The noninvasive nature of collection,
the direct contact to the oral cavity, and the relationship
between oral fluid and blood levels make saliva a useful
and promising specimen to detect potential biomarkers for
OSCC. As a biofluid, it provides a perfect medium to
observe disease onset, progression, recurrence and treatment
outcome through noninvasive means [13].

Alterations in host immunity, inflammation, angiogenesis
and metabolism have been noted as the prominent patho-
logical features in patients with head and neck squamous
cell carcinoma (HNSCC) [14-17]. The tumour-induced T
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lymphocyte, granulocyte and neoangiogenesis responses in
the local tumour microenvironment have been associated
with increased growth and metastasis and decreased surviv-
al. Although the origin of the signals and mechanisms under-
lying these responses are not well understood, the local and
systemic nature of these responses suggest the hypothesis that
cytokines with pro-inflammatory, pro-angiogenic and immuno-
regulatory activities are produced by squamous cell carcinomas
and could contribute to its pathogenesis[18]. Accordingly, a
number of molecules (Table 1) have been studied in the saliva
to evaluate their role as possible biomarkers for OSCC and oral
precancer [18-26].

Interleukin-8 (IL-8) is a prototypical member of the CXC
chemokine family, the chemokines in which the first two
amino terminal cysteine residues are separated by an inter-
vening amino acid. The amino terminus of the majority of
the CXC chemokines contains three amino acid residues,
glutamic acid—leucine—arginine, the ELR motif. Members
that contain the ELR motif (ELR+) are potent promoters of
angiogenesis, and those that lack the ELR motif (ELR—) are

Table 1 Salivary biomarkers studied for OSCC and oral precancer

Biomarker Result (p value) Inference
oscc

TNF-a <0.01 S
IL-1a <0.01 S
IL-6 <0.01 S
p53 tumour suppressor gene <0.05 S
Salivary telomerase activity <0.05 S
Epidermal Growth Factor <0.05 S
Cyfra 21-1 0.0126 S
Tissue polypeptide antigen 0.0026 S
Carcinoembryonic antigen 1.6 NS
SCC Ag 1.4 NS
CA125 antigen 0.0041 S
C19-9 29 NS
Endothelin-1 <0.05 S
Trefoil factor 2 (TFF 2) <0.001 S
Trefoil factor 3 (TFF 3) 0.002 S
Salivary adenosine deaminase <0.001 S
Oral precancer

Oral leukolplakia

TNF-o. <0.05

IL-1a. <0.05

1L-6. <0.05

Oral lichen planus

TNF-o. <0.05 S
IL-la. <0.05 S
IL-6. <0.05 S

S statistically significant difference between patients and controls, NS
statistically non-significant difference between patients and controls
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potent inhibitors of angiogenesis [27]. IL-8 is an ELR+
pluripotent cytokine whose effect on tumour cells involves
several pathways. IL-8 is a well-known neutrophil chemo-
attractant that is also responsible for neutrophil adhesion and
transendothelial migration. It is intimately involved in new
vessel formation required for tumour growth [28]. As a
known angiogenic factor, IL-8 could play a pivotal role in
the angiogenesis seen in OSCC.

This study was carried out with the perspective to deter-
mine the extent to which this pro-inflammatory, pro-
angiogenic cytokine can be detected in the local tumour
environment, its relevance as a diagnostic indicator and a
possible role in the malignant transformation of precancer-
ous lesions/conditions.

Patients and methods
Patients and study design

A total of 75 subjects, between the age group of 16 and
75 years, were enrolled in this preliminary study, from the
outpatient department of Government Dental College and
Hospital, Nagpur, India. The study population consisted of
three groups: group [-—OSCC patients (n=25); group II—
oral precancer patients (r=25) with oral submucous fibrosis
(OSF, n=13) and oral leukoplakia (n=12); and group II—
age- and sex-matched healthy individuals enrolled as con-
trols (n=25). Oral examination of all subjects was performed
thoroughly in good light. OSCC patients were grouped clin-
ically using the AJCC tumour staging system with TNM
parameters [29]. The leukoplakia lesions were classified by
the LSCP system (L—extent of leukoplakia, S—site of leu-
koplakia, C—clinical aspect, P—histopathological feature) as
described by Schepman et al. [30]. Written informed consent
was obtained from all the subjects. The institutional ethics
committee approved the protocol for the study.

Individuals with history of any other systemic disorder;
individuals suffering from acute inflammatory conditions of
the oral cavity (e.g. dental abscess, pericoronitis); patients
receiving chemotherapy/radiotherapy, individuals taking
drugs that induce hyposalivation (e.g. anticholinergics, anti-
histaminics, antihypertensives and beta adrenergic block-
ers); and individuals using secretogogues were excluded
from the study.

Saliva collection

Whole unstimulated saliva was collected from all the sub-
jects. The subjects were refrained from eating, drinking,
using chewing gum, mints, etc., for at least 1.5 h prior to
the evaluation. Samples were obtained by requesting the
subjects to swallow first, tilt their head forwards and

expectorate the saliva into 2-ml plastic vials for 5 min
[31]. The samples were centrifuged at 6,000 rpm for
20 min to remove squamous cells and debris. The clear
supernatant were drawn off and stored in aliquots at =70 °C
until the biochemical analysis.

Assessment of salivary interleukin 8

The estimation of salivary IL-8 was carried out by enzyme-
linked immunosorbent assay (ELISA) using a commercial
ELISA kit specific for human IL-8 (quantikine human IL8/
CXCL8 immunoassay kit, R&D Systems, Minneapolis,
MN, USA). The assay employed the quantitative sandwich
enzyme immunoassay technique. The procedure was per-
formed as per the manufacturer’s instruction manual. The
results of the colorimetric reaction were read as the value of
the optical density (absorbance) directly on the automatic
microplate reader at 450 nm. The results were expressed in
picograms per millilitre.

Statistical analysis

Statistical analysis of the data was done using the statistical
package for social sciences (SPSS, version 11.0). The con-
centrations of salivary IL-8 amongst the various groups
were compared using analysis of variance, Scheffe’s analy-
sis and two-tailed independent samples ¢ test. Values lower
than 0.05 (p<0.05) were considered statistically significant.
The results were expressed as the mean+standard deviation.

Results

The clinical data and salivary IL-8 levels for groups I
(OSCC) and II (precancer) are presented in Tables 2 and 3,
respectively. The mean age for the OSCC group was 53.2+
11.42 years; for the precancer group, it was 32.16+
12.97 years, and for the control group was 45.12+
14.65 years. There was a male predilection in both the study
groups, the male-to-female ratios being 1.78:1 and 3.17:1
for OSCC and precancer groups, respectively.

Salivary IL-8 levels in oral cancer

The mean salivary IL-8 concentration for the OSCC group
was 1,718.610+£668.294 pg/ml, whereas it was 299.513+
158.165 and 210.096+142.302 pg/ml for precancer and con-
trol subjects, respectively (Fig. 1). The difference between
OSCC and precancer was found to be statistically significant
(»<0.0001). Similarly the difference between OSCC and con-
trols was also statistically significant (p<0.0001).

The salivary IL-8 levels were also compared as per the
TNM stage and histopathologic variants (Fig. 2). The mean
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Table 2 Clinical data and sali-

vary interleukin 8 levels in group Case Gender Age Site Tobacco TNM Histological Salivary IL-
I (OSCC) abuse stage differentiation 8 (pg/ml)
1 F 45 Lip + 11 WDSCC 1,923.14
2 F 45 Alveolus + v WDSCC 3,123.53
3 F 47 Buccal mucosa + 1 WDSCC 1,812.71
4 F 40 Alveolus + v MDSCC 813.41
5 F 50 Gingiva + v WDSCC 952.33
6 F 75 Alveolus + v WDSCC 2146.38
7 F 70 Alveolus + v WDSCC 972.39
8 F 57 Buccal sulcus + v WDSCC 2,362.81
9 F 50 Alveolus + v MDSCC 2,741.65
10 M 65 Alveolus + v WDSCC 1,923.4
11 M 75 Buccal sulcus + v MDSCC 1,756.8
12 M 41 Buccal sulcus + v WDSCC 308.09
13 M 50 Buccal sulcus + v WDSCC 776.5
14 M 52 Gingiva - I WDSCC 1,792.81
15 M 58 Buccal sulcus + v MDSCC 2,450.2
16 M 59 Buccal sulcus + 11 WDSCC 1,756.32
17 M 32 Buccal sulcus - v MDSCC 2,010.56
18 M 58 Floor of mouth + 1I WDSCC 1,652
19 M 42 Buccal sulcus + 11 WDSCC 1,510.92
20 M 55 Buccal mucosa + v MDSCC 2,508.42
21 M 39 Buccal mucosa - 1I WDSCC 1,737.81
22 M 55 Soft palate + I WDSCC 1,978.02
WDSCC well-differentiated 23 M 70 Buccal mucosa + 1 WDSCC 1,412.06
squamous cell carcinoma, 24 M 45 Alveolus + 11 WDSCC 880.62
MDSCC moderately differenti- 25 M 55 Hard palate + v MDSCC 1,662.37

ated squamous cell carcinoma

salivary IL-8 concentrations for patients with stage II
(n=2), stage Il (n=8) and stage IV (n=15) cancer were
1,694.905+60.677, 1,633.325+359.773 and 1,767.256+
832.992 pg/ml, respectively. Though the levels were
highest for stage IV disease, the difference between
the stages was statistically non-significant (p=0.907).
The mean salivary IL-8 concentration for moderately
differentiated squamous cell carcinoma (MDSCC) patients
(n=7) was 1,991.916+£57.268 pg/ml, whereas for well-
differentiated squamous cell carcinoma (WDSCC) patients,
(n=18), it was 1,612.324£659.795 pg/ml. Though the mean
levels were higher for MDSCC patients as compared with
WDSCC patients, this difference did not reach the level of
statistical significance (p=0.209).

Salivary IL-8 in oral precancer

The mean salivary IL-8 concentration for the precancer
group was found to be 299.513, with a standard deviation
of +£158.165. Though the levels where higher compared with
the controls (210.096+142.302 pg/ml), this difference was
found to be statistically non-significant (p=0.738). Within
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the precancer group, the mean salivary IL-8 concentration for
OSF was 325.535+70.152 pg/ml, whereas it was 271.32+
146.046 pg/ml for leukoplakia. The mean level was thus
marginally higher for OSF compared with leukoplakia, but
this difference was statistically non-significant (p=0.403).

Amongst the leukoplakia lesions, the mean level for stage
2 lesions (n=6) was 323.43+157.587 pg/ml, whereas for
stage 1 lesions (n=06), it was 219.212+124.795 pg/ml. This
difference was found to be statistically non-significant (p=
0.233). The levels were also compared amongst the males
and females for each group, and the difference amongst the
genders was found to be statistically non-significant (group
I: p=0.401; group II: p=0.138; group III: p=0.530).

Discussion

The connection between chronic inflammation and cancero-
genesis is well known, and increasing evidence indicates
that chemokines play multiple roles in the development and
progression of human cancer [32—34]. Indeed, IL-8 has been
identified as a mediator of proliferation in a variety of
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Table 3 Clinical data and sali-

vary interleukin 8 levels in group Case Gender Age Tobacco/areca LSCP Histological evidence Salivary

11 (precancer) nut abuse stage of dysplasia IL-8 (pg/ml)
Group [IA—OSF
1 F 22 + - 240.61
2 F 17 + - 296.32
3 F 25 + - 126.72
4 M 18 + - 652.83
5 M 16 + - 541.72
6 M 22 + - 70.86
7 M 25 + - 276.81
8 M 23 + - 401.62
9 M 48 + - 478.31
10 M 17 + - 252.81
11 M 23 + - 138.53
12 M 28 + - 332.86
13 M 22 + - 421.95
Group IIB—Leukoplakia
1 F 27 + I - 83.41
2 F 58 + I - 332.47
3 F 22 + I - 212.72
4 M 40 + I Mild 333.98
5 M 40 + I - 553.19
6 M 48 + I - 376.33
7 M 35 + I - 237.84
8 M 50 + I Mild 226.12
9 M 39 + I Mild 162.93
10 M 55 + I Mild 198.24
11 M 40 + I - 72.5
12 M 44 + I Mild 466.14
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Fig. 1 Comparison of salivary IL-8 concentration amongst OSCC
patients, precancer patients and controls

tumour types, including colorectal cancer [35], melanoma
[36], gliomas [37] and ovarian cancer [38].

Saliva has been used for diagnostics over more than
2,000 years. Doctors of ancient cultures considered saliva
as a part of the circulation, and changes in saliva were
believed to be indicative of certain aspects of patients’
health. For example, the viscosity and odour, as well as an
individual’s gustatory sensation of his own saliva, have been
used to identify disease states [13]. The ability to use saliva
to monitor a patient’s health and disease states is a highly
desirable goal for health promotion and health care research.
It is possible to measure the concentration of drugs, hor-
mones, antibodies and other molecules in saliva. Drug mon-
itoring includes therapeutic drugs like theophylline, lithium,
methadone and cyclosporine as well as abusive drugs such
as alcohol, cocaine, marijuana, opiates and methamphet-
amines [39]. Virtually all natural steroid hormones of sig-
nificance in routine endocrinology—estrogens, testosterone,
DHEA, progesterone, cortisol and melatonin—can be mon-
itored in saliva. For example, salivary estriol testing is
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Fig. 2 Variations in the salivary IL-8 levels according to the TNM
stages (a) and histopathological variants (b). MDSCC moderately
differentiated squamous cell carcinoma, WDSCC well-differentiated
squamous cell carcinoma

approved by the FDA to predict preterm birth [40]. In
addition, the onset and severity of infectious diseases can
be determined by monitoring the presence of antibodies to
viruses (HIV, hepatitis A, B, and C, and measles) [41, 42].

Several salivary biomarkers that provide diagnostic infor-
mation about cancers in the oral cavity or in the head and neck
region have been identified (Table 1). Saliva counts of three
oral bacteria species were found to be diagnostic indicators of
OSCC [43]. Genetic alterations in the tumour tissue have been
traced in the cellular component of oral fluid [44]. These can
be epigenetic changes of methylation, loss of heterozygosity
or point mutations of genomic or mitochondrial DNA. Also,
elevated mitochondrial DNA was associated with HNSCC
and with advanced-stage disease [45]

A major drawback to using saliva as a diagnostic fluid
has been the notion that informative analytes generally are
present in lower amounts in saliva than in serum [46]. With
new and highly sensitive techniques, however, the lower
level of analytes in saliva is no longer a limitation. Compel-
ling reasons exist to use saliva as a diagnostic fluid. It meets
the demands for inexpensive, noninvasive and easy-to-use
diagnostic methods. As a clinical tool, saliva has many
advantages over serum, including ease of collection, storing
and shipping, and it can be obtained at low cost in sufficient
quantities for analysis. For patients, the noninvasive collec-
tion techniques dramatically reduce anxiety and discomfort
and simplify the procurement of repeated samples for
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monitoring over time. Saliva also is easier to handle for
diagnostic procedures because it does not clot, thus lessen-
ing the manipulations required [47].

Previous studies have been carried out to detect the role
of IL-8 in OSCC tissue samples, cell culture homogenates
and tissue lysates using different methods [48, 49]. Their
results suggested that IL-8 is overexpressed in HNSCC,
consistent with a functional role in tumorigenesis. However,
there is limited literature reporting the levels of IL-8 in the
saliva of patients suffering from OSCC. The role of IL-8 in
precancer has been relatively unexplored. With this back-
drop, this study is unique as it was designed to evaluate
salivary IL-8 levels in a diverse group of patients including
OSCC, OSF and oral leukoplakia. The ultimate aim was to
evaluate the efficacy of salivary IL-8 levels as a potential
biomarker for oral cancer and precancer. To the best of our
knowledge, this was the first such study carried out in the
Indian population.

There was a statistically significant difference in salivary
IL-8 levels for OSCC patients compared with both pre-
cancer patients and controls (p<0.0001). This finding was
in accordance with the study carried out by Rhodus et al.
[18] and St. John et al. [S0]. The findings of the present
study were not in accordance with the studies carried out by
Katakura et al. [51] and SahebJamee et al. [52]. These
conflicting results may be attributable to the differences in
ELISA technique, the population being studied and the fact
that these studies involved a smaller sample size compared
with the present study. The association of IL-8 levels with
the TNM stage and histopathologic variation is similar to
that reported by Chen et al. [49].

Altered levels of various cytokines have been reported in
patients with oral premalignant lesions, such as oral lichen
planus, OSF and oral leukoplakia [53—55]. The role of
salivary IL-8 in OSF has not been investigated previously,
and there has been only one published report, by Rhodus et
al. [18], regarding its role in leukoplakia. Though the levels
where higher compared with the controls, this difference
was found to be statistically non-significant (p=0.738). This
finding was not in accordance with the findings of Rhodus
et al. [18]. A possible explanation for this difference
amongst the two studies could be the histopathologic nature
of the precancerous tissue. All the preneoplastic lesions
studied by Rhodus et al. showed evidence of moderate or
severe dysplasia. In the present study, none of the OSF
samples showed any evidence of dysplasia, whereas only
five cases of leukoplakia out of 12 showed evidence of mild
dysplasia on histopathologic examination (Table 2).

The present study showed that the pro-inflammatory, pro-
angiogenic cytokine IL-8 was significantly elevated in the
whole saliva of subjects with OSCC compared with the oral
precancer group and controls, suggesting that salivary IL-
8 can be utilised as a potential biomarker for OSCC. It can
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also be suggested that there could be a possible role played
by IL-8 in the pathogenesis of OSCC. This aspect merits
further research in the future to find novel therapeutic mo-
dalities for OSCC. Though the salivary IL-8 levels were
higher in the precancer group as compared with the controls,
they cannot be considered as predictive values for precancer.
Hence, from the findings of this preliminary study, it can be
concluded that IL-8 was not a useful as a biomarker for the
identification of oral premalignant lesions. A previous study
on IL-8 using salivary transcriptome analysis with a sample
size of 300 has shown 91 % sensitivity as a biomarker for
OSCC [47]. Similar sample sizes with a broader represen-
tation of disease sites and stage, as well as prospective
studies of treated patient populations, will be needed to
confirm the results of this study with respect to direct
protein analysis using ELISA as done in this study. There-
fore, also the use of a larger sample size would define better
the role of IL-8 in oral premaligancy.

Conflict of interest statement None declared.
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