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Salivary IL-6 levels in oral leukoplakia with dysplasia
and its clinical relevance to tobacco habits and periodontitis
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Abstract The development of oral cancer proceeds through
discrete molecular changes that are acquired from loss of
genomic integrity after continued exposure to environmental
risk factors. It is preceded in the majority of cases by
clinically evident oral potentially malignant disorders, the
most common of which is leukoplakia. Early detection of
these oral lesions by screening methods using suitable
markers is critical as it mirrors molecular alterations, long
before cancer phenotypes are manifested. Assessment of
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salivary interleukin-6 (IL-6) as a marker of malignant
progression was undertaken in patients with leukoplakia
having coexisting periodontitis (n=20), periodontitis
patients without leukoplakia (n=20), and healthy controls
(n=20) by competitive enzyme-linked immunosorbent
assay. Results showed elevation of IL-6 levels in leukopla-
kia with coexisting periodontitis and in periodontitis
patients when compared to healthy control (P<0.001).
Within the leukoplakia group, IL-6 level was found to be
increased with increase in the severity of dysplasia. The use
of tobacco was seen to play a significant role in the elevation
of salivary IL-6.The importance of IL-6 as a specific marker
for leukoplakia with dysplasia and the role of tobacco as an
independent risk factor has been highlighted.
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Introduction

The pathogenesis of oral squamous cell carcinoma (OSCC)
is a result of multiple molecular events triggered by various
topical carcinogens such as tobacco use [1], alcohol misuse
[2], and possibly viruses against a background of heritable
resistance and susceptibility [3]. Tobacco and alcohol
misuse patterns have shown to account for nearly all of
the observed racial differences in rates of oral cancers [4].
Accumulation of these genetic changes leads to oral cancer
in some instances via clinically evident oral potentially
malignant disorder (OPMD) [5], which may undergo
sequential pathological changes from dysplasia to invasive
carcinoma. Although environmental factors may play an
important role in the etiology, some patients are susceptible,
owing to an inherited trait in their ability or inability to
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metabolize carcinogens or procarcinogens, possibly along
with an impaired ability to repair the DNA damage [4].
Leukoplakia is the most common of the OPMDs, with a
risk of malignant transformation varying from 0.6% to 18%
[6, 7]. Leukoplakia progressing to squamous cell carcinoma
has been accepted to be directly related to the severity of
dysplasia [8].

Measurement of suitable biomarkers has provided newer
options for early detection and risk assessment of oral cancer.
However, majority of these are identified either in serum, cell
lines, or biopsy specimens, making it challenging for large-
scale screening. Measurement of molecular markers in
salivary fluid could potentially aid in development of a
practical screening tool. The levels of certain inflammatory,
proangiogenic cytokines in saliva, and tissue specimens of
patients with oral cancer have been shown to be elevated.
Significantly, levels of interleukin-6 (IL-6) and interleukin-
8 (IL-8) have been shown to be consistently elevated in
cancers of the head and neck with higher nodal stage [9].

In this study, we measured the level of IL-6 in whole
unstimulated saliva (WUS) of patients with leukoplakia
with dysplasia by competitive enzyme-linked immunosor-
bent assay (ELISA) and correlated the IL-6 levels with
different grades of dysplasia. We hypothesized that salivary
IL-6 levels would correlate strongly to level of dysplasia.

Material and methods

The study subjects were classified into three groups of 20
each based on the presence of leukoplakia and periodonti-
tis. Group 1 consisted of patients with oral leukoplakia with
histologically confirmed epithelial dysplasia, who presented
with coexisting periodontitis. Group 2 were patients who
had periodontitis without leukoplakia, and group 3 were
healthy volunteers with normal oral mucosa. The saliva
collected from group 1 patients constituted the test group,
while those from group 2 and group 3 were considered as
positive and negative controls, respectively.

Cases which were provisionally diagnosed as leukopla-
kia with dysplasia were graded by criteria put forth by
Lumerman et al. [10]. The grading carried out by two
independent observers was statistically analyzed using the
Mann—Whitney U test to check for the interobserver
variability. Since the interobserver variability was not
significant, readings of just one observer were used for
further statistical analyses.

Periodontal status (Community Periodontal Index) was
recorded according to the criteria set forth by WHO [11] to
ascertain uniform parameters for identical comparison. The
presence of periodontitis was assessed dichotomously. The
same examiner carried out the recordings for all the patients
using Community Periodontal Index of Treatment Needs
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probe. Intra-examiner reliability was assessed by kappa
statistics (kappa=0.85). Only cases with more than three
sextants having scores of 3 and 4 were considered as
having chronic generalized periodontitis.

Prior to study enrolment, a written informed consent
form approved by University Ethics Committee (UEC/9/
2009), Manipal was obtained from all the volunteers. The
WUS was collected from each of the participants and stored
at —70°C till analyzed. The IL-6 level in WUS was
estimated by ELISA using a commercially available kit
(Immunotech, France). The IL-6 levels measured in
leukoplakia patients were subsequently correlated with their
corresponding histopathological indicators [12].

Patients included in the study were in their third to sixth
decade of life with or without a history of tobacco use. WUS
was collected only from male patients to eliminate any
gender difference. The following patients were excluded
from the study: patients who were on strenuous exercise
regimen a day before, those who had caffeine (tea/coffee),
chewed gum or drank water just prior to test, consumed dairy
products 20 min prior to saliva collection, had sugar or acidic
food at the time of test, were alcoholics or had alcohol,
addictive drugs, glucocorticoids, estrogens, anticholinergics,
antihistamines, antihypertensives, and beta-adrenergic
blockers 24 h before sample collection, those who had
mucosal lesions other than leukoplakia, and with systemic
diseases like Sjogren’s syndrome and diabetes mellitus.

Collection of WUS

WUS was collected by standard techniques for 5 min [13]
between 8:00 AM and 11:00 AM to avoid any diurnal
variation in IL-6 levels. Patients were advised to rinse the
mouth several times with deionized water and allowed to
relax for 5 min. To increase the hydration, a waiting period
of at least 10 min was necessary after rinsing and before
collecting saliva to avoid sample dilution. With the head
leaning forward, saliva was collected in wide mouth sterile
containers using a funnel, sitting beside the patient by a
simple drooling method. Containers were discarded after
each use to comply with standard infection control
procedures. The samples were stored at —70°C until
analysis to minimize the effect of proteases present in
saliva. Saliva was not stored longer than 2 months.

Salivary IL-6 calculation

Salivary analysis was done in one go to avoid repeated
freeze—thaw cycles and to avoid sample degradation. The
thawed salivary sample was centrifuged at 4,500 rpm/5 min
and the supernatant collected in 5 ml vial. The concentra-
tion of salivary IL-6 in the supernatant was determined by
an ELISA assay using A commercial kit [14] (Immunotech,
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France). Components of the kit were allowed to equilibrate for
30 min at room temperature before use. From the 1,000-pg/ml
calibrator solution, a fresh dilution series in plastic tubes
was prepared prior to each assay using diluent 1 for IL-6
in saliva (as per manufacturer’s instruction). This dilution
series was used immediately and not stored. Briefly,
100 pl of calibrator or sample was added to each well
along with 100 ul of IL-6 acetylcholinesterase conjugate
and incubated for 2 h 18-25°C while shaking, following
which the wells were washed with wash solutions. Two
hundred microliters of substrate was added and incubated
for 30 min in the dark while shaking. Finally, 50 ul of stop
solution was added and absorbance recorded at 405 nm.
Pipetting of substrate and stop solution was carried out
quickly.

Calibrators and samples were assayed at the same time. A
calibrator curve was plotted with each assay (Fig. 1). A
calibrator curve was drawn on a semilog paper. The horizontal
(X) axis represents the IL-6 concentration of the calibrators
obtained by diluting calibrator solution, and the vertical (Y)
axis represents the corresponding optical density (OD).
Concentration of samples was determined by plotting the
OD obtained from ELISA Reader on the Y-axis and drawing
a horizontal to intersect the calibrator curve. Dropping a
perpendicular from the point of intersect on the graph
provided a value in picograms per milliliter on X-axis. The
IL-6 level was expressed as a mean =+ standard deviation.

Statistical analysis

The Statistical Package for Social Sciences 11.5 for
Windows was used for analyzing the results. Analyses by

one-/two-way analysis of variance (ANOVA) and Bonfer-
roni correction method were used. A P value of less than
0.05 was considered to be significant. A regression
analysis was applied to analyze both the dependent and
independent variables.

Results

A detailed history was recorded and clinical examination
carried out, and the characteristics of the different groups are
described (Table 1). Salivary IL-6 in leukoplakia with
coexisting periodontitis had a mean of 414.95+36.69 pg/ml,
while the periodontitis cases without leukoplakia had a mean
of 311.35£11.51 pg/ml. The control subjects had a mean of
17.15+8.44 pg/ml (Fig. 2). One-way ANOVA for IL-6 levels
with regard to the three study groups was statistically
significant (Table 1). Multiple comparisons by post hoc
Bonferroni analysis between the three study groups
showed that each group was different with respect to each
other (P<0.001).

Further, two-way ANOVA for IL-6 level with respect to
habits showed that group 1 patients with a positive history of
tobacco habits had higher IL-6 levels (420.94+36.67 pg/ml)
compared to those without tobacco habits (381.00+
1.00 pg/ml). Similar observations were also noted in the
group 2, where a higher level of IL-6 was noted in patients with
tobacco habits (320.90+7.02 pg/ml) as compared to those
without the habit (301.80+5.27 pg/ml). The healthy group 3
individuals also yielded similar findings, with IL-6 levels
being higher in those with tobacco habits (24.90+2.60 pg/ml)
than those without its use (9.40+3.17 pg/ml; Fig. 3).

Fig. 1 Semilog graph showing
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Table 1 Analysis of IL-6 in three different patient groups along with their habit history

No Age Sex Habit Per day Time (years) Site Variant Grade IL-6 (pg/ml)

Group 1—leukoplakia (with chronic periodontitis)

1 58 M Bidi 2 packs 25 Cheek Homogenous Mild 387
2 42 M None Cheek Homogenous Mild 380
3 43 M None Cheek Homogenous Mild 381
4 44 M None Cheek Homogenous Mild 382
5 45 M Pan 4 packs 20 Cheek Homogenous Mild 388
6 46 M Betel nut 3 number 15 Cheek Homogenous Mild 386
7 47 M Tobacco 9 pouches 20 Cheek Speckled Mild 390
8 31 M Tobacco 12 pouches 25 Cheek Homogenous Mild 391
9 45 M Pan 3 sachet 25 Cheek Speckled Moderate 412
Cigarette 1 pack 20
10 48 M Cigarette 1 pack 20 Lip Speckled Moderate 401
11 46 M Bidi 15 number 15 Cheek Speckled Moderate 410
Tobacco 10 pouch 10
12 48 M Bidi 10 number 10 Cheek Homogenous Moderate 409
13 43 M Bidi 7 number 25 Cheek Speckled Moderate 398
14 47 M Pan 9 number 20 Tongue Homogenous Moderate 405
Bidi 20 number 15
15 48 M Tobacco 9 pouches 20 Cheek Homogenous Moderate 406
16 52 M Tobacco 12 pouches 25 Cheek Speckled Severe 479
17 56 M Tobacco 9 pouches 20 Tongue Speckled Severe 472
18 59 M Bidi 7 number 25 Tongue Speckled Severe 470
19 48 M Pan 4 packs 20 Cheek Homogenous Severe 474
Tobacco 4 pouches 7
20 45 M Pan 5 packs 10 Cheek Speckled Severe 478
Group 2—<chronic periodontitis (without leukoplakia)
1 54 M Bidi 10 number 9 327
2 47 M None 309
3 55 M Tobacco 6 pouches 10 324
4 61 M None 306
5 60 M None 301
6 50 M None 302
7 35 M None 303
8 40 M Pan 6—7 packs 10 320
9 39 M None 305
10 47 M Tobacco S pouches 10 328
11 48 M Pan 6-8 packs 10 326
12 48 M None 301
13 47 M Pan 6-8 packs 14 330
Bidi 20 number 2
14 50 M None 302
15 38 M Gutkha 5-6 packs 2 310
16 40 M None 300
17 48 M Pan 5 packs 10 315
Cigarettes 2 packs 5
18 35 M Pan 4-5 packs 10 314
19 36 M Pan 5-6 packs 11 315
20 38 M None 289
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Table 1 (continued)
No Age Sex Habit Per day Time (years) Site Variant Grade IL-6 (pg/ml)
Group 3—healthy controls
1 40 M None 10
2 41 M Pan 5-6 packs 12 21
3 34 M None 13
4 37 M None 12
5 45 M Pan 3—4 packs 10 22
6 41 M None 13
7 65 M Pan 3-5 packs 12 26
8 42 M None 13
9 38 M Betel nut 5-6 packs 12 27
10 39 M Bidi 8-9 number 10 28
11 28 M None 8
12 30 M Pan 3—4 packs 10 25
13 36 M Pan 3—4 packs 10 24
14 39 M None 7
15 35 M None
16 39 M None
17 38 M None
18 36 M Pan 5-6 packs 10 24
19 37 M Pan 4-5 packs 10 23
20 32 M Bidi 12 number 12 29
Every group was significantly different with respect to each One-way ANOVA for IL-6 levels with regard to
other as demonstrated by Bonferroni analysis. IL-6 was  different grades of dysplasia was statistically significant
significantly higher in all the three groups with a positive  (P<0.001). Eight individuals with mild dysplasia presented
tobacco habit history than those without tobacco habits  with a mean value of 385.63+£4.17 pg/ml. 7 individuals
(P<0.001). with moderate dysplasia yielded a mean value of 405.86+
Fig. 2 Bar diagram showing the 500 -
level of IL-6 in three different
groups studied
400
300
200 -
100 -
[
Leukoplakia with co-existing  Periodontitis without leukoplakia Healthy controls
periodontilis
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Fig. 3 Bar diagram showing the level of IL-6 with respect to habits
associated in the study group

5.01 pg/ml, while five individuals with severe dysplasia
gave a mean value 474.60+3.85 pg/ml (Tables 2 and 3).
Regression analysis of the different groups showed that
98.6% of IL-6 variation was explainable by patient
grouping and association with tobacco use (Table 4).

Discussion

Molecular markers which are identified and characterized
in saliva have distinct advantages in pathological diagno-
sis as they reflect the overall health and disease states in an
individual. Because of the anatomical proximity of saliva
to the oral cavity, salivary testing would be ideal for
evaluating potentially malignant and malignant oral
lesions [15—17]. IL-6 is an NF-«kB dependent cytokine
produced by inflammatory cells as well as tumor cells
[18]. The serum levels of IL-6 have been shown to be
consistently elevated in patients with cancers of the head
and neck and in patients with higher nodal stages [19]. It
has also been shown to be an important serum biomarker
for predicting therapeutic responses and survival in
advanced-stage, head and neck cancer [20].

As NF-kB-dependent cytokine levels are shown to be
significantly elevated in saliva of patients with preneo-
plastic lesions and OSCC [21], the potential value of IL-6
as a diagnostic marker of malignant transformation was
considered keeping tobacco associated and degree of
dysplasia into consideration. A significant correlation has
been demonstrated between the IL-8 and IL-6 levels in
serum and saliva [22]. In this context, it has been found that
the IL-6 level in saliva was three to four times more than
that in serum.

The saliva-based evaluation of IL-6 in our series showed
that all the leukoplakia patients with coexisting periodontitis
had higher IL-6 levels when compared with saliva of patients
with periodontitis alone. This finding of elevated IL-6 in
saliva is supported by a similar study carried out by Brailo et
al. [12]. The elevated salivary IL-6 level in their observations
was independent of any tobacco habit, unlike our findings
where we noted a direct correlation between IL-6 and
tobacco habits, implying that tobacco did play a significant
role in IL-6 elevation. The NF-kB-dependent cytokines are
elevated as a result of localized production from at least two
sources, either by the lesional epithelium itself or by the
activated T lymphocytes present in the connective tissue
affected with leukoplakia. Besides that, it is also known that
oral epithelial cells are able to secrete IL-6 as a response to
various microbial and chemical stimuli [23, 24].

Our study showed a sequential increase in IL-6 level
from mild to severe dysplasia. These findings are in
agreement with another report by Rhodus et al. [21] who
demonstrated that IL-6 was increased in mild, moderate,
and severe dysplasia compared to controls but not as much
when compared with OSCC. It has also been suggested that
an increase in both the systemic and local IL-6 level
correlates with the growth of oral carcinomas [25]. The
increased levels related to the clinical stage of the disease
seemed to be the most sensitive parameter, particularly in
the early stages of oral cancer. These cytokines and their
transcripts were localized in stromal macrophages and in
the tumor cells, particularly in the tumor front, indicating
active synthesis of these cytokines by tumor cells [26].

All the patients with leukoplakia in our study had
coexisting periodontitis as it was not possible to exclude

Table 2 One-way analysis of variance of IL-6 levels in three study groups

Group Number Mean Standard deviation 95% confidence interval for mean
Lower bound Upper bound
Leukoplakia—periodontitis 20 414.95 36.693 397.78 432.12
Periodontitis 20 311.35 11.509 305.96 316.74
Controls 20 17.15 8.437 13.20 21.10

ANOVA F=1,648.587; P<0.001; HS
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Table 3 One-way ANOVA for IL-6 level with respect to grades of dysplasia

Group Number Mean IL-6 (pg/ml) SD 95% confidence interval for mean
Lower bound Upper bound
Periodontitis + mild dysplasia 8 385.63 4.173 382.14 389.11
Periodontitis + moderate dysplasia 405.86 5.014 401.22 410.49
Periodontitis + severe dysplasia 474.60 3.847 469.82 479.38

ANOVA F=5,658.345; P<0.001; HS

this feature due to the demographic profile of our patients.
This inclusion was distinct, in contrast to Brailo et al. [12]
who excluded patients with periodontitis. It is perhaps
because of this inflammatory component in periodontitis, in
addition to the dysplastic epithelium of leukoplakia, that the
IL-6 level noted in our series was greater than that
previously reported in literature.

IL-6 as a multifunctional cytokine binds to a hetero-
dimeric receptor, which contains the ligand-binding IL-6c
chain and the common cytokine receptor signal-transducing
subunit gpl130 [27]. IL-6 receptor engagement leads to
activation of the JAK family of tyrosine kinases, which
then stimulate multiple pathways involving MAPKs,
PI3Ks, STATs, and other signaling proteins [28]. Various
subcomponents of these pathways have been implicated in
influencing the carcinogenic cascade in various cancers
including OSCC and premalignant oral lesions [29-31].

IL-6 expression has shown to be induced by the
transcription factor NF-kB under hypoxic conditions [32].
It has been shown that the presence of hypoxia is correlated
with aggressive tumor growth and poor patient prognosis
[33]. This detrimental effect of hypoxia has been attributed
to an increase in the level of hypoxia inducible factor-1c«.
The latter one is mediated through the downstream
signaling element of IL-6 pathway—the STAT3 [34].
STAT3 regulates G1 to S cell-cycle progression as well as
the prevention of apoptosis through c-Myc, Pim-family
proteins, valosine containing protein, and Bcl-family
proteins [35]. Thus, the IL-6/gp130/STAT3 axis has been

Table 4 Results of regression analysis of different habits

implicated in playing a crucial role in the sequential change
from hyperplasia to neoplasia [36, 37].

The change from a paracrine to an autocrine mode of
IL-6 signaling is believed to be a key contributing factor in
the progression from benign hyperplasia to neoplasia and
cancer as reported in several studies [29, 37—40]. Perhaps,
increasingly amplified amounts of IL-6, produced by
autocrine stimulation, is able to overcome p53 inhibition
through the hypermethylation of its promoter [41], and
this may well be the point in discussion for elevated IL-6
seen in our series of patients with leukoplakia.

It has been reported that wild-type p53 and Rb repress
the promoter of the IL-6 gene [42]. The reciprocal is also
true, namely that IL-6 suppresses the activation of p53 [43]
and Rb genes. Thus, the balance that is tilted in favor of the
p53 and Rb probably keeps tabs on the uncontrolled
proliferation of keratinocytes. While autocrine IL-6 pro-
duction by tumor cells maintains this hypermethylation,
withdrawal of IL-6 leads to reversal of methylation of p53
promoter and its subsequent reactivation, with resultant
suppression of keratinocyte proliferation [41]. Autocrine
IL-6 signaling has thus been implicated as a key event in
carcinogenesis [44] and also drug resistance [45].

As expected, elevated IL-6 levels were found in patients
with periodontitis alone without leukoplakia, although it
was increased to a lesser extent when compared to patients
with both leukoplakia and periodontitis. Large numbers of
gram-negative periodontopathic bacteria present in the
subgingival plaque may seem to be the most obvious cause

Model Unstandardized R R? Model fit  Standardized coefficients ¢ P
coefficients F value
B Standard error Beta
Constant 6.200 5.409 1.146 0.257
Periodontitis 294.200 6.468 0.816 45.482 0.000
Leukoplakia—periodontitis 390.135 6.777 1.082 57.569 0.000
Habit 21.900 5.774 0.063 3.793 0.000
1 0.993*  0.986 1,361.965 <0.001

Predictors: (constant), habit, peridontitis, leukoplakia—periodontitis. Dependent variable: IL-6 (pg/ml) habit

? Dependent variable
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for this increase. As these bacteria do not invade the
periodontium in appreciable numbers, their solubilized
components diffuse into periodontal tissues including the
epithelium, thereby providing the stimulus for cytokine
production. These soluble bacterial components act on a
family of membrane bound receptors called toll-like
receptors leading to subsequent activation of the NF-xB
pathway, which results in inflammatory cytokine gene
transcription and leads to the production of IL-6 and other
cytokines [46].

Various studies have shown that the cytokine-rich oral
cavity in periodontal disease may contribute to accelerated
carcinogenesis [47, 48]. These studies suggest that chronic
periodontitis is an independent risk factor for HNSCC and
smoking modifies this association [49]. This association
was particularly significant in our study, considering the
demographics and the increased incidence of oral cancer in
the subcontinent.

Significant differences in the concentration of salivary
IL-6 between tobacco users and non users in both the
study group as well as in control group have been
demonstrated by Zhang et al. [50], who reported higher
systemic level of IL-6 as a consequence of passive
smoking in animal models. Erdemir et al. [51] on the
other hand have reported no influence of smoking on IL-6
level in gingival crevicular fluid. The influence of tobacco
on IL-6 is attributed to an interaction of the released
tobacco products with keratinocytes [23, 52]. Nicotine
from tobacco smoke and lipopolysaccharide from bacte-
rial infection may also synergistically enhance IL-6
production in patients with periodontitis [53].

In our study, we found that leukoplakia, periodontitis,
and tobacco habits contributed to an elevated IL-6 level.
Our observation thus confirms and extends the previous
findings that IL-6 expression could be used as a specific
marker for lesions that are at high risk of malignant
transformation. Our findings also support the recently
proposed hypothesis that periodontitis may be a significant
contributing risk factor for oral cancer. The study, however,
has the limitation of not including female subjects and diet
being a confounder. Large multicenter trials are deemed
necessary to establish the role of interleukin in the
pathogenesis of tobacco associated OPMD.
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