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Abstract
Human telomerase reverse transcriptase enzyme, the catalytic subunit of telomerase are seen to be frequently
reactivated in cancers including Oral squamous cell carcinoma (OSCC). Increased hTERT expression have been
seen in potentially malignant conditions including Oral submucous fibrosis (OSMF). The aim of the study was to
evaluate the expression levels in OSMF, OSCC in the background of OSMF and OSCC using immunohistochem-
istry and also to correlate hTERT expression with clinicopathologic parameters. A total of 50 histopathologically
diagnosed cases of 20 OSMF, 20 OSCC wherein 5 were OSCC in the background of OSMF and 10 Normal oral
mucosae were retrieved from the departmental archives and subjected to immunohistochemical analysis of hTERT.
The expression of hTERT increased from normal, OSMF, to OSCC with statistically significant differences in
mean labelling score (LS). We also found a shift in cellular localization of stain where, normal mucosal tissues
showed a nuclear stain unlike OSMF, where combined nuclear and cytoplasmic staining as noted. The tumor cells
in OSCC showed predominant cytoplasmic staining. There was no correlation between hTERT expression and
clinicopathological parameters of OSMF. However, a significant increase of hTERT expression was seen with
increasing histological grading of OSCC. These results suggest the role of hTERT in the early event of malignant
transformation of OSMF. Telomerase could be used as a potent diagnostic marker to identify high-risk group of
OSMF.
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Introduction

Among neoplasias, head and neck neoplasias ranks as the 6th
most commonly occurring cancer across the globe [1]. Oral
squamous cell carcinoma comprises of more than 90% of
cancers that occur in upper aerodigestive tract. More than
180,000 cases of mouth neoplasms occur every year in the
South and South-East Asian population, of which the majority
are habit related i.e. smoking and tobacco chewing [2].
Despite advances in medicine, mortality and morbidity of oral
cancer remains unchanged. However, early detection and
treatment has been proved to be promising.

Oral squamous cell carcinoma (OSCC) is most often pre-
ceded by potentially malignant disorders such as leukoplakia,
erythroplakia or oral submucous fibrosis (OSMF). OSCC aris-
ing from OSMF are considered as a distinct disease clinico-
pathologically, owing to the differential mechanism of tumor-
igenesis when arecanut is involved. The malignant transfor-
mation rate of OSMF was assessed to be 7% to 13% [3, 4].
Studies have reported that OSCC arising from OSMF were
clinically more aggressive with a relatively poorer prognosis
than frank OSCCwithout a history of OSMF. The exact mech-
anism of malignant transformation of OSMF to OSCC is yet
to be elucidated. To explore the possible mechanisms of ma-
lignant transformation, attempts have been made to come up
with a panel of molecular markers that aid in early diagnosis
and equally have therapeutic pertinence.

Carcinogenesis is a complex process involving multiple
genetic and epigenetic alterations. Irrespective of the etiologic
factor, most malignant cell transformation is dictated by
changes in various fundamental cell physiology - hallmarks
of cancer [5]. One among these hallmarks is the limitless rep-
licative potential governed by “Telomeres”. Telomeres are
nucleoprotein complexes present at the chromosomal ends
consisting of multiple TTAGGG repeats. Normal cells have
limited replicative potential due to the end replication problem
piloted by shortening of the telomeres. Telomerase is a specif-
ic enzyme that prevents shortening of telomeres by mainte-
nance and de novo synthesis. Telomerase consists of catalytic
subunit hTERT (human Telomerase reverse transcriptase) and
an RNA unit (hTR) which acts as a prime for telomeric repeat
synthesis. Expression levels of hTR and hTERT have been
looked upon in order to assess the activity of telomerase.
hTR expression has been seen to be positive in most of the
cells thus rendering it non-specific for assessing telomerase
activity. On the other hand, hTERT correlated with the telo-
merase activity in a cell and higher expression has been ob-
served in germ cells, embryonic cells as well as cancer cells.

Increased telomerase activity is noted in many cancers in-
cluding oral squamous cell carcinoma as well as potentially
malignant disorders such as oral epithelial dysplasia. Studies
have suggested increased telomerase activity as an early event
of oral carcinogenesis and thus serve as a diagnostic marker.

Limited studies have been done on assessing the telomerase
activity on oral submucous fibrosis and cancers arising from
the later. Expression of hTERT have been primarily assessed
in OSCC tissue samples by means of PCR based TRAP
(Telomerase repeat amplification protocol) assay. Despite its
high sensitivity, it does not allow the evaluation of cellular
localization of hTERT. Moreover, usage of TRAP assay is
limited to fresh samples thus making it inapplicable for retro-
spective studies using archived tissue samples. The aim of the
current study was to evaluate the expression levels of hTERT
in archives of OSMF, OSCC in the background of OSMF and
OSCC cases by means of immunohistochemistry and to cor-
relate the expression with clinicopathologic parameters.

Methods and Methodology

Tissue Samples A total of 50 histopathologically diagnosed
cases of 10 healthy oral mucosa,20 OSMF and 20 OSCC
which included 5 OSCC in the background of OSMF, were
retrieved from the archives (November 2015–March 2018) of
Department of Oral Pathology, Faculty of Dental Sciences,
Ramaiah University of Applied sciences, Bengaluru, India.
OSMF and OSCC samples were graded based on histopatho-
logical criteria given by Khanna et al. [6] and Broder’s criteria
[7] respectively. The cases of OSMF and OSCC with a chronic
habit history of smokeless tobacco and/or betel quid chewing
for more than 5 years were included. Recurrent cases of OSCC,
patients with any systemic disorders such as diabetes, hyper-
tension or other metabolic disorders were excluded. The nor-
mal oral mucosa samples (control) were obtained from subjects
without any oral habits during extraction of permanent impact-
ed mandibular third molars with due patients consent. The
study protocol was reviewed and approved by the institutional
ethical clearance board (FDS/EC/2014–16/PGST/29).

Immunohistochemistry Immunohistochemical analysis using
peroxidase labelled streptavidin-biotin technique was per-
formed to evaluate the expression of hTERT in the selected
formalin fixed paraffin embedded tissue samples. Serial sec-
tions of 4 μm were cut and mounted on glass slides coated
with poly-L-lysine (Biogenex). Sections were then sequential-
ly deparaffinised with xylene and rehydrated with decreasing
grades of ethanol. Slides were further immersed in 0.3% of
hydrogen peroxide in methanol in order to quench the endog-
enous peroxidase activity. After washing the slides in running
water and phosphate buffered saline, antigen retrieval was
carried out by submerging in 0.01 M citrate buffer (pH 6.0)
and microwaving for 10 min. This was followed by washing
and incubating with 1% goat serum albumin to impede non-
specific binding. Sections were then incubated with anti
hTERT overnight at 4 °C with a dilution of 1:25 (NCL-
hTERT; Novo Castra, Newcastle, UK). After rinsing the
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sections in PBS, theywere subjected to biotinylated secondary
antibodies (Novo Castra Peroxidase Detection system)
followed by incubation with streptavidin-peroxidase conju-
gate. The reaction compounds were then visualized by treating
with 0.02% of DAB (diaminobenzidine hydrochloride) which
imparted a brown color. Sections were further counterstained
lightly with Mayers hematoxylin, mounted in xylene based
medium and observed under light microscope.

Immunohistochemical Evaluation hTERT is basically a nucle-
ar stain. However, cytoplasmic expression was also consid-
ered as positive in the current study since literature review
suggests the presence of expression in both nucleus and cyto-
plasm in cancer cells [8]. The slides were blinded and
interpreted using a semi-quantitative method by two ob-
servers. A minimum of 5 random high power fields were
selected for evaluation using criteria given by Luzar et al.,
2004 [9], wherein several parameters were considered as
shown in Table 1. Sections exhibiting an interobserver varia-
tion of greater than 10% were re-examined by a third observer
to arrive at a consensus.

Statistical Analysis The mean hTERT LSs for all the samples
were compared among each other by “Analysis of variance”
(ANOVA) and pairwise comparison in each group was done
by Student t-test. Fishers exact test was employed to compare
LI, SI, cellular localization and tissue localization among the
groups. Correlation between clinicopathological parameters
and LS of hTERTwas analysed by Chi-square test. A p value
of less than 0.05 was considered to be statistically significant.
The statistical tests were executed using “Statistical Package
for the Social Sciences” (SPSS)- version 22.

Results

Demographic Details A summary of the demographic details
of the patients considered for the study is given in
Table 2. Of 15 OSCC cases,5/15(33.3%) each were well
differentiated, moderately differentiated and poorly dif-
ferentiated squamous cell carcinomas. Among the
OSMF cases, 6/20 (40%) were early OSMF, 6/20(40%)
were moderately advanced and 8/20 (60%) were ad-
vanced OSMF. Among 5 OSCC cases that occurred in
the background of OSMF, 3 were well differentiated, 1
poorly differentiated and 1 was early invasive squamous
cell carcinoma.

Immunohistochemical Expression of hTERT in Tissue Samples
The immunostained sections were evaluated based on the se-
lected criteria. Both nuclear and cytoplasmic staining of
hTERT were considered positive in OSMF as well as OSCC
samples. Figures 1 and 2 illustrated the hTERT staining in
OSMF and OSCC tissue samples.

OSCC The mean LS for OSCC was 8.67 ± 2.22. Mean LS
increased fromWDSCC to PDSCC, with a statistically signif-
icant difference between WDSCC and PDSCC (p = 0.031).
Grade IV labelling indices was seen in 80% (12/15) cases and
20% cases showed Grade III LI with no significant difference
among the grades. Moderate staining intensity was seen
in 73.3% (11/15) cases and the rest 26.7% (4/15) cases
demonstrated intense staining intensity (Table 3).
hTERT staining was localized to the cytoplasm in ma-
jority of cases, i.e. 86.7% (13/15) and combined nuclear +
cytoplasmic staining was observed in only 13.3% (3/15) of
OSCC cases.

OSMF The mean LS for OSMF was 6.15 ± 1.98 which in-
creased with advancing histologic grade (Table 3).
Whatsoever, differences were not statistically significant
(p = 0.60). Evaluation of Labelling indices revealed no signif-
icant differences among grades where 60% (12/20) had Grade
IV LI and 40% (8/20) cases exhibited Grade III LI. 30% (6/20)
cases of OSMF displayed a mild staining intensity and 70%
(14/20) cases showed moderate staining intensity. Combined

Table 1 Criteria for staining evaluation [9]

Parameters Microscopic findings/ score

Cellular localisation of the stain Nuclear

Cytoplasmic

Both

Staining intensity (SI) 0- Negative

1- Weakly positive

2- Moderately positive

3- Strongly positive

Percent of cells positive
(Labelling index -LI)

Grade 0- Negative

Grade 1- <10%

Grade 2–10-30%

Grade 3–30-60%

Grade 4- > 60%

Labelling score (LS) LI x SI

Tissue localization (OSMF and NOM) Basal and Supra basal

Entire epithelium

Table 2 Demographic details of selected samples

Groups Mean age ± Std.Dv Gender

Female n (%) Male n (%)

Normal 40.20 ± 23.61 8(80) 2(20)

OSCC 52.07 ± 13.77 8(53.3) 7(46.7)

OSMF 40.10 ± 12.39 6(30) 14(70)

OSMF with OSCC 48.20 ± 7.63 2(40) 3(60)
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nuclear and cytoplasmic hTERT staining was observed in
85% (17/20) cases and the remaining 3 cases showed

cytoplasm staining. On evaluating tissue localization of
hTERT, 85% of the cases showed expression throughout the

Fig. 1 h & e and hTERT immunostained photomicrographs of Normal
oral mucosa (a, e and i), Early OSMF (b, f & j), Moderately advanced
OSMF(c, g& k) and Advanced OSMF (d, h& l). Normal mucosa shows
weak nuclear positive staining restricted to the basal and suprabasal

layers. Early OSMF tissues shows a weak to moderate positive staining
restricted to the basal and supra basal layers.Moderately advancedOSMF
andAdvanced OSMF shows a moderate nuclear and cytoplasmic staining
throughout the epithelium

Fig. 2 h & e and hTERT immunostained photomicrographs of OSCC in
the background of OSMF (a, e and i), WDSCC (b, f & j), MDSCC
(c, g & k) and PDSCC (d, h & l). Tissues of OSCC in the
background of OSMF showed a weak moderate nuclear and

cytoplasmic immunostaining the tumor islands. WDSCC shows a
predominant weak to moderate cytoplasmic staining in the tumor
islands. MDSCC and PDSCC showed a moderate to strong cytoplasmic
immunostaining in tumor tissue
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thickness of the epithelium and the rest displayed expression
restricted to basal and suprabasal layers. Moderately advanced
and advanced cases of OSMF demonstrated hTERT staining
throughout the epithelial thickness as opposed to early OSMF
where staining restricted to basal and suprabasal layers were
noted in 50% of cases(p = 0.035).

OSCC with OSMF Only five cases of OSCC with OSMF were
taken due to the scarcity of such cases and a mean LS of 7.20
± 1.095 was observed. Grade III LI was seen in 2 cases and the
other 3 cases showedGrade IV LI.Moderate staining intensity
with combined nuclear and cytoplasmic expression was seen
in all the five cases.

Normal Oral Mucosa The mean Labelling score was 2.60 ±
0.548 with all the cases showing mild nuclear hTERT expres-
sion restricted to the basal and suprabasal layers.

Comparison of hTERT Expression among the Different Groups
The expression levels of hTERT increased from normal through
OSMF, OSCC in the background of OSMF and OSCC samples
with a statistically significant difference in the mean LS (p=
0.000) (Fig. 3, Table 4). The mean LS of OSCC and OSMF
differed significantly among each other (p = 0.002).
Whatsoever they did not differ significantly with OSCC arising
from OSMF. Similar findings were observed for staining inten-
sity. All the lesional tissues showed a significant difference in SI
when compared to normalwherein the later exhibitedweak stain-
ing intensity. Marked difference of SI was also noted between
OSCC and OSMF but not with the transforming cases. This
indicates the role of hTERT in multistage carcinogenesis arising
from OSMF. On evaluation of LI, majority of lesion tissues
showed a higher grade of LI when compared to normal, where
Percent of cells stained ranged from 0 to 10%. No significant
difference in LI was observed among lesional tissues. Another
intriguing find was the statistically significant change in subcel-
lular localization of hTERTstain among the normal and diseased

Table 3 Means of hTERT expression in tissue samples

Groups hTERT labelling score p value

No. of cases Mean Std. Deviation

Normal 10 2.60 .548

OSCC 15 8.67 2.225 0.000

OSMF 20 6.15 1.981

OSMF with OSCC 5 7.20 1.095

Fig. 3 a Box-plot graph showing labelling score among each group. b, c
& d Bar graph depicting cellular localization of stain, labelling index and
staining intensity among the groups respectively
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tissues (p= 0.000). hTERT staining was localized to the nucleus
in normal mucosa, which changed to combined nuclear and cy-
toplasmic stain in OSMF and transforming cases, followed by
OSCC tissues exhibiting a predominant cytoplasmic staining.

Correlation of hTERT Expression with Clinicopathological
Parameters hTERT expression in OSMF did not differ signif-
icantly with age, gender or histological grades (Table 5). In
OSCC, no statistically significant correlation was seen be-
tween hTERT and few clinicopathological parameters such
as age, gender, tumor stage and lymph node metastasis
(Table 6). However, hTERT expression differed markedly in
cancers arising from gingivo-buccal sulcus (10 ± 2.828) as
compared to those arising from the tongue (8.80 ± 1.789)
and buccal mucosa(7.20 ± 1.033) (p = 0.30). In addition to
the site, histological grading affected the hTERT expression
substantially. PDSCC exhibited an increased LS when com-
pared to WDSCC and Invasive carcinoma (p = 0.047).

Discussion

Telomeres are specialized DNA strands positioned at the ends
of chromosomes composed of 5′-TTAGGG-3' repeats
[10]. The constantly replicating cells such as those in
germ layers and the bonemarrow, overcome the wearing away

of telomere by a ribonucleoprotein complex called telomerase.
Telomerase activity is looked upon by the presence of two
major subunits namely hTERT and hTR. Most somatic cells
and cancer cells show hTR expression, whereas hTERT ex-
pression is almost entirely constrained to cancer cells and stem
cells. Moreover, hTERTexpression shows a strong correlation
with telomerase activity [11]. Somatic cells have a decreased
telomerase expression [12]. Studies have noted that mere ad-
dition of hTERT gene into telomerase negative cells induce
activation of telomerase, thereby causing immortaliza-
tion of cells which would have otherwise undergone
cellular senescence [13, 14].

Role of Telomerase in Carcinogenesis Telomerase reactivation
occurs in 85–90% of cancer, thus making it an eminent cancer
biomarker and therapeutic target [15]. In particular, evidence
show OSCC cell lines and tissue samples to have a signifi-
cantly increased telomerase activity [8, 16–23]. Malignant
cells might possibly offset the shortening of telomeres by
means of increasing telomerase activity rendering its need
for unlimited replicative potential. The exact molecular mech-
anism behind such activation is not understood. However,
recent findings suggest mutations in telomerase promoter
genes (228C > T and 250C > T) to be frequently noticed in
cancers and correlated with high telomerase activity [24].

Table 4 Group wise comparision of hTERT labelling scores in
tissue samples

Group 1 vs Group 2 Mean difference p value

Normal OSMF −3.550 .003*

OSMF with OSCC −4.600 .003*

OSCC −6.067 .000*

OSMF OSMF with OSCC −1.050 .693

OSMF with OSCC OSCC −1.467 .455

OSCC OSMF 2.517 .002*

Table 5 Clinico-pathologic correlation of hTERT expression in OSMF

Mean hTERT LS ± SD p value

Age

<50 (n = 17) 6.35 ± 1.869 0.287
≥50 (n = 3) 5.00 ± 2.646

Gender

Male (n = 14) 6.43 ± 1.910 0.350
Female (n = 6) 5.50 ± 2.168

Histological grades of OSMF

Early OSMF (n = 6) 5.50 ± 2.168 0.600
Moderately Advanced OSMF (n = 6) 6.17 ± 2.229

Advanced OSMF (n = 8) 6.63 ± 1.768

Table 6 Clinico-pathologic correlation of hTERT expression in OSCC

Mean hTERT LS ± SD p value

Age

<50 (n = 9) 8.67 ± 2.646 0.491
≥50 (n = 11) 8.00 ± 1.549

Gender

Male (n = 10) 8.80 ± 2.348 0.295
Female (n = 10) 7.80 ± 1.751

Location

Gingivo-buccal sulcus (n = 5) 10.00 ± 2.828 0.030*
Buccal mucosa (n = 10) 7.20 ± 1.033

Tongue (n = 5) 8.80 ± 1.789

T status

T1 + T2 (n = 12) 8.33 ± 2.389 0.933
T3 + T4 (n = 8) 8.25 ± 1.669

N status

N0 (n = 17) 8.47 ± 2.183 0.397
N1 +N2 +N3 (n = 3) 7.33 ± 1.155

Clinical staging

Stage 1 + 2 (n = 11) 8.55 ± 2.382 0.574
Stage 3 + 4 (n = 9) 8.00 ± 1.732

Histology of SCC

Invasive Carcinoma (n = 1) 6.0 ± 0.00 0.047*
WDSCC (n = 8) 7.25 ± 1.035

MDSCC (n = 5) 8.40 ± 2.191

PDSCC (n = 7) 10.00 ± 2.191
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These mutations extricate cellular differentiation and silencing
of telomerase, eventually leading to increased telomerase tran-
scriptional activity. OSCC, Laryngeal SCC and tongue carci-
nomas have shown significant TERT promoter mutations
[25–27]. Furthermore, TERT expression is induced in cancer
cells by several transcription factors including NF- B [28], β-
catenin [29] and c-myc [30]. Additionally, wild type TP53
down-regulates TERT by forming complexes with its tran-
scription activator Sp1 [31]. Any mutations in TP53 (seen in
most cancers) could possibly increase TERT expression.
Goessel et al. recently created a cellular model of oro-
oesophagal carcinogenesis by inducing genetic alterations in
genes such as cyclin d1, c-myc, dnp53 and EGFR in oral
keratinocytes. These transfections led to malignant transfor-
mation by means of p53 inactivation and telomerase activa-
tion via EGFR and PI3K/AKT pathway. Telomerase, there-
fore, could play a major role in the process of malignant
transformation.

Effect of Carcinogens in Arecanut and Tobacco on Telomerase
Activity Since the cases of OSMF, OSCC and OSCC in the
background of OSMF taken in the present study had a habit
history of tobacco and/or betel quid chewing, the role of these
factors in the pathophysiology cannot be ignored.
Carcinogens such as N-nitrosamines derived from smokeless
tobacco as well as betel quid are known chemical carcinogens
in humans wherein they cause various genetic alterations that
ultimately lead to carcinogenesis [32–34]. Genetic alterations
occur as a result of p450 enzyme activation. These enzymes
culminate in the production of highly reactive pyridoxobutyl
diazonium ions that react with DNA causing miscoding and
mutation [35]. Persistent DNA adducts and evasion of cellular
repair mechanisms lead to permanent DNA damage.
Mutations in pivotal regions of DNA such as p53 and RAS
cause cancer development [5]. Additionally, evidences sug-
gest tobacco and betel quid related carcinogens to perturb
various pathways that affect the cell cycle [33, 34]. Alveolar
epithelial cells have shown P450 activation to concomitantly
increase hTERT expression [36]. Tobacco and areca as-
sociated carcinogens produce a significant amount of
reactive oxygen species (ROS) that eventually damages
DNA. Telomeres are rich in guanine, making them one
of the most susceptible areas for oxidative damage.
ROS reacts with telomere to form 8-oxoguanine (8-
oxoG) thereby promoting telomerase activity [37].
Additionally, increased telomerase activity was observed
on exposing normal oral keratinocytes to arecoline and
nicotine [38]. This could possibly explain the increased
telomerase expression seen in in the epithelium of
OSMF and OSCC tissue samples in the current study.
However, the exact molecular mechanism behind the
effect of chemical carcinogens on hTERT activity re-
mains to be an unexplored area of research.

hTERT in Multistage Carcinogenesis Arising from Oral
Submucous Fibrosis Studies recapitulating tobacco-induced
carcinogenesis on in vivo and in vitro models have observed
hTERT to be frequently up-regulated during multistep carci-
nogenesis [39, 40]. Increased hTERT expression in OPMDs
such as oral epithelial dysplasias, OSMF as well as OSCC has
been observed in various studies suggesting its involvement as
an early event in carcinogenesis [8, 16, 20–22, 41–43].
However, meagre studies have been conducted on evaluating
expression levels of hTERT in OSMF and OSCC [21].
Among OPMDs, OSMF is characterized by extensive fibrosis
in the lamina propria followed by epithelial atrophy.
Pathogenesis of OSMF is primarily attributed to betel quid
chewing. Areca nut extracts have been shown to increase ex-
pression levels of hTERT in oral keratinocytes in a dose-
dependent manner. Nicotine present in smokeless tobacco
had a synergistic effect on hTERT expression in conjunction
with areca nut [38]. Such increase in hTERT expression in
OSMF could be due to chemical carcinogen-induced p450
enzyme activation as mentioned earlier. To add-on, various
transcription factors that are known activators of hTERT
(NF- B, β-catenin, c-myc) are found to be up-regulated in
OSMF tissues [16, 44, 45]. Immunohistochemical evaluation
showed a consistent increase in hTERT levels from normal
mucosa to OSMF to OSCC tissue samples. This was on par
with the studies conducted by Palani et al. wherein statistically
significant differences were observed [21]. On evaluation of
LI, they found OSMF cases to have a lower LI when com-
pared to normal mucosa in contradiction to our results where
LI increased from normal to OSMF. Such disparity of result
could be owed to the fact that: 1) selection of cases in the
aforementioned study were restricted to those OSMF cases
having atrophic epithelium whereas we incorporated all histo-
pathologic grades of OSMF 2) Method of evaluation LI was
different wherein they counted the percentage of cells stained
using eyepiece graticule under high power objective.

Pathogenesis of OSMF is a complex process involving
multiple molecular pathways. Though the involvement of
hTERT in pulmonary fibrosis has been known, its role in the
disease process of OSMF is yet to be decoded [46]. Despite it
being a pathology of the connective tissue characterized by
extensive fibrosis, it poses a high risk of developing into an
epithelial carcinoma. The downright mechanism for such
transformation is still an active area of research. Epithelial-
Mesenchymal Transition (EMT) is thought to be the central
mechanism liable for invasion and metastasis of various can-
cers. Role of EMT in the malignant transformation of OSMF
has also been noted [47]. Zhao et al. demonstrated the capacity
of hTERT to exhibit characteristics of EMT in primary human
oral epithelial cells. Upregulation of hTERT induced spindle-
like morphology in cultured oral epithelial cells. On further
probing, cells with increased hTERT expression showed a
reduction in E-cadherin and upregulated expression of
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vimentin and EMT transcription factors such as Slug and
Twist1 [16]. Telomerase regulates the expression of NF- B
target genes like MMP 9, IL-6, IL-8 and TNF- α by directly
interacting with NF-kB p65 subunit. These molecules in turn
activate a cascade of events involving JAKSTAT3-SNAIL
and AKT signalling pathways thereby inducing EMT [48].
Likewise, telomerase modulates MMP-2, MMP-9 and cathep-
sin D which subsequently degrades collagen type IV and ex-
tracellular matrix that are crucial for integrity and stability of
basement membrane [49]. This could ultimately cause a
breach in the basement membrane promoting invasion of neo-
plastic epithelial cells into the connective tissue; onsetting
squamous cell carcinoma.

In the current study, hTERT activity increased significantly
from well differentiated to poorly differentiated SCC indicat-
ing the presence of more number of immortal cells in PDSCC
correlating with its clinical aggressiveness. However, the cor-
relation between hTERT with tumor staging and lymph node
metastasis did not render significant difference. Results of
studies executed by Pannone et al. and Lee et al. were also
in parallel with our results where no significant correlation
was found between hTERT expression and clinic-pathologic
parameters [23, 50]. Nevertheless, it has also been of note that
increased hTERT expression positively correlated with clini-
copathologic parameters of OSCC such as histologic grade,
tumor staging and lymph node involvement or extracapsular
lymph node metastasis [51]. Hence, studies using larger sam-
ple size and sensitive methodologies are warranted to address
such disparities. Prediction of the outcome by observing telo-
merase activity have also been administered for OSCC tissues
and increased telomerase correlated with the reduced response
to treatments and reduced survival rates. Association between
higher telomerase levels and aggressiveness of OSCC could
be justified by 1) telomere ability to maintain telomere length,
2) the non-canonical functions of telomerase; interactions with
other cancer-associated signalling cascades like Wnt/β-
catenin and NF- B [48].

Intracel lular hTERT Traff icking during Malignant
Transformation of OSMF into OSCC Yet another interesting
find in the current study was the shift in the localization of
the hTERT staining from normal through OSMF to OSCC. In
normal epithelium, staining was restrained to the nucleus, un-
like OSMF where majority showed combined nuclear and
cytoplasmic staining. Cells of OSCC almost entirely showed
staining restricted to the cytoplasm. These findings were in
line with Chen et al., where a decrease in nuclear hTERT
and increase in cytoplasmic hTERTwas noted in OSCC sam-
ple unlike OED samples [8]. Telomere maintenance is con-
trolled by proper assembling of hTR and hTERT into a ribo-
nucleoprotein alongside regulation of several cofactors that
aid in maturation, stability and subcellular localization of tel-
omerase. During G0 phase, although hTERT and hTR are

contained in the nucleoli, they do not share the same compart-
ment. hTERT is restrained to the nucleolar foci whereas hTR
is present in the Cajal bodies. As the cell goes into the S phase,
hTERT is observed to be physically associated with hTR, and
their assembly is strictly modulated by chaperones, Hsp90
[52]. Once assembled, they interact with telomere, thus main-
taining its length. However, cellular injury induced by ROS
evokes GTPase dependent nuclear exportation of hTERT via
nuclear pores into the cytoplasm of the cell [53]. Chemical
carcinogens in smokeless tobacco and betel quid are frequent-
ly associated with increased ROS production with subsequent
DNA damage. ROS has been noticed to play a role in the
pathogenesis of OSMF [54, 55]. The possible reason for the
change in localization of hTERT staining from nuclear to cy-
toplasm could be pinned to ROS that is most often found to be
increased in OSMF tissues.Most of the OSCC cases showed a
homogenous cytoplasmic hTERT staining. According to
Akiyama et al., this could be due to alternative splicing of
hTERT and failure of variant hTERT proteins to translocate
to the nucleus mediated by NF- B p65 subunit and TNF-α
[56]. Moreover, genotoxic compounds seen in areca nut are
suggested to increase the cytoplasmic expression of hTERT in
OSCC tumor cells [8]. Further investigation is required to
delineate the exact mechanism behind such a shift. These
findings suggest hTERT activity to be a rate-limiting step in
malignant transformation of OSMF into OSCC and could be
used as a potent diagnostic marker.

Conclusion

Though the neoplastic transformation rate of potentially ma-
lignant disorders have been analysed, the prediction of high-
risk lesion continues to be difficult. Therefore it’s essential to
come up with biomarkers aiding in detecting cases with in-
creased risk for carcinoma development. The increase in
hTERT expression from normal through OSMF, OSCC in
the background of OSMF and OSCC observed suggests its
involvement in early stages of malignant transformation of
OSMF. The current study aided in shedding light on the po-
tential use of hTERT as a diagnostic marker in identifying
high-risk cases of OSMF. One of the limitations in our study
was the lack of a sufficient number of OSCC in the back-
ground of OSMF cases. Additionally, though various studies
have utilized immunohistochemistry for detection of hTERT
in different tumours, different commercially available anti-
bodies show slight differences in hTERT expression in terms
of specificity and localization. Hence, methods that are more
sensitive and at the same time allow visualization of cellular
localization such as PCR based in-situ hybridization should be
utilized on a larger sample size to validate the results.
Profound strategies have been put forward in the field of trans-
lational medicine to curb telomerase enzyme activity. Now
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that the role of telomerase has been proposed in malignant
transformation of OSMF, development of therapeutic agents
against telomerase could possibly prevent the onset of carci-
nogenesis in OSMF patients.
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