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Abstract

Background: Oral malignancies, particularly oral squamous cell carcinoma (OSCC), are among the most
aggressive cancers of the head and neck region. Telomerase activation plays a crucial role in cellular immortality,
and human telomerase reverse transcriptase ("nTERT), the catalytic subunit of telomerase, is a key biomarker for
tumor progression. Immunohistochemical (IHC) analysis of hTERT expression in oral malignancies may provide
insights into its potential role in tumor aggressiveness and prognosis. This study aims to evaluate hTERT protein
expression in oral malignancies using IHC and assess its correlation with clinicopathological parameters.
Materials and Methods: A total of 60 formalin-fixed, paraffin-embedded (FFPE) tissue samples were selected,
including 40 OSCC cases and 20 normal oral mucosa controls. Tissue sections (4 um thick) were subjected to
immunohistochemical staining using an anti-hTERT monoclonal antibody. The expression of hTERT was
evaluated based on staining intensity and percentage of positively stained cells. A semi-quantitative scoring system
was used, classifying samples as low, moderate, or high expression. Statistical analysis was performed using chi-
square tests and Pearson’s correlation coefficient, with a significance level of p < 0.05.

Results: IHC analysis revealed that hTERT expression was significantly upregulated in OSCC cases (p < 0.05)
compared to normal mucosa. Among OSCC samples, 30% showed high expression, 45% moderate expression, and
25% low expression. In contrast, 85% of normal mucosa samples showed no or minimal hTERT expression. Higher
hTERT expression was observed in poorly differentiated OSCC (40%) compared to well-differentiated cases
(15%). A significant correlation was found between hTERT overexpression and lymph node involvement (p <
0.01).

Conclusion: hTERT protein expression is markedly elevated in oral malignancies, particularly in aggressive and
poorly differentiated tumors. Its strong association with lymph node metastasis suggests its potential utility as a
prognostic biomarker in OSCC. Further studies are needed to explore its role as a therapeutic target for oral cancer
treatment.

Keywords: hTERT, telomerase, oral squamous cell carcinoma, immunohistochemistry, tumor biomarker,
prognosis.
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Introduction

Oral malignancies, particularly oral squamous cell carcinoma (OSCC), are among the most common
cancers of the head and neck region, accounting for over 90% of all oral cancers (1). Despite
advancements in diagnosis and treatment, OSCC continues to have a high mortality rate, primarily due
to late-stage detection and frequent metastasis (2). The ability of tumor cells to maintain telomere length
is a key factor in their unlimited proliferative capacity (3). Telomerase, a ribonucleoprotein enzyme, is
responsible for telomere elongation and is highly active in most malignant cells, contributing to their
immortalization (4).

The human telomerase reverse transcriptase (W"TERT) is the catalytic subunit of telomerase and plays a
pivotal role in regulating its activity (5). Unlike normal somatic cells, where telomerase activity is
typically absent or minimal, malignant cells exhibit high levels of hTERT expression, facilitating
cellular immortality and tumor progression (6). Studies have shown that hnTERT expression correlates
with tumor aggressiveness, metastasis, and poor prognosis in various malignancies, including OSCC
(7,8).

Immunohistochemical (IHC) analysis provides a reliable and cost-effective method for detecting
hTERT protein expression in tissue specimens (9). Several studies have demonstrated a significant
increase in hTERT expression in OSCC compared to normal oral mucosa, suggesting its potential as a
biomarker for early detection and prognosis (10,11). Additionally, hnTERT expression has been linked
to lymph node involvement, a critical factor influencing tumor staging and patient survival (12).
Despite these findings, the role of hTERT in oral cancer progression and its correlation with
clinicopathological parameters remains incompletely understood. This study aims to evaluate hTERT
protein expression in OSCC tissues using immunohistochemical methods and assess its correlation with
tumor differentiation, lymph node involvement, and clinical stage. The results may provide insights into
the prognostic value of hTERT and its potential as a therapeutic target in oral cancer treatment.

Materials and Methods

Study Design and Sample Selection

This study was designed as a retrospective immunohistochemical analysis of human telomerase reverse
transcriptase (hnTERT) protein expression in oral malignancies. A total of 60 formalin-fixed, paraffin-
embedded (FFPE) tissue samples were collected from a pathology archive. The samples included 40
cases of histopathologically confirmed oral squamous cell carcinoma (OSCC) and 20 samples of normal
oral mucosa, which served as controls.

Tissue Processing and Immunohistochemical Staining

All tissue specimens were sectioned at 4 um thickness using a rotary microtome and mounted on poly-
L-lysine-coated slides. The sections were deparaffinized in xylene and rehydrated through a graded
series of ethanol solutions. Antigen retrieval was performed using a citrate buffer (pH 6.0) in a
microwave oven for 15 minutes.

Immunohistochemical staining was conducted using the streptavidin-biotin peroxidase method. The
sections were incubated with a monoclonal anti-hTERT antibody (1:100 dilution) at 4°C overnight.
After washing with phosphate-buffered saline (PBS), the sections were treated with a secondary
biotinylated antibody for 30 minutes at room temperature, followed by the application of 3,3'-
diaminobenzidine (DAB) substrate for visualization. Finally, the slides were counterstained with
Hematoxylin, dehydrated, and mounted using DPX.

Evaluation of nTERT Expression
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The immunohistochemically stained sections were examined under a light microscope (%400
magnification) by two independent pathologists who were blinded to the clinical data. hTERT
expression was assessed based on:

e Staining intensity (0 = no staining, 1+ = weak, 2+ = moderate, 3+ = strong)

o Percentage of positively stained tumor cells (0 = <5%, 1 = 5-25%, 2 = 26-50%, 3 = >50%)
A semi-quantitative scoring system was used to classify cases as low expression (score 0-1), moderate
expression (score 2-3), and high expression (score 4-6).

Statistical Analysis

Data were analyzed using SPSS software (version 25.0, IBM, USA). The chi-square test was applied to
compare hTERT expression between OSCC and normal mucosa. The Pearson correlation coefficient
was used to assess associations between hTERT expression and clinicopathological parameters,
including tumor differentiation, lymph node involvement, and clinical stage. A p-value < 0.05 was
considered statistically significant.

Results

hTERT Expression in OSCC and Normal Mucosa

Immunohistochemical analysis revealed a significant difference in hTERT expression between OSCC
and normal mucosa (p < 0.05). Among the OSCC cases (n=40), 30% exhibited high expression, 45%
moderate expression, and 25% low expression. In contrast, in normal oral mucosa samples (n=20), the
majority (85%) showed low expression, with only 5% exhibiting high expression (Table 1). These
findings suggest that hnTERT overexpression is associated with malignant transformation in oral tissues.

Correlation of NTERT Expression with Clinicopathological Parameters

A higher hTERT expression was observed in poorly differentiated OSCC cases (55%), compared to
moderately differentiated (30%) and well-differentiated tumors (15%). Additionally, lymph node-
positive cases demonstrated significantly higher hnTERT expression (55%) than lymph node-negative
cases (15%) (Table 2). Statistical analysis confirmed a strong correlation between hTERT expression
and both tumor differentiation and lymph node metastasis (p < 0.01).

These results indicate that hTERT overexpression is associated with aggressive tumor behavior and
may serve as a potential prognostic biomarker in OSCC.

Table 1: hTERT Expression in OSCC and Normal Mucosa

Group Low Expression (%) | Moderate Expression (%) | High Expression (%)
OSCC (n=40) 25 45 30
Normal Mucosa (n=20) | 85 10 5

Table 2: Correlation of hnTERT Expression with Clinicopathological Parameters

Parameter Low Expression | Moderate Expression | High  Expression
(%) (%) (%)

Well-Differentiated OSCC 40 45 15

Moderately Differentiated | 20 50 30

OsccC
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Poorly Differentiated OSCC | 10 35 55
Lymph Node Positive 5 40 55
Discussion

The present study investigated the expression of human telomerase reverse transcriptase (nTERT) in
oral squamous cell carcinoma (OSCC) and its correlation with clinicopathological parameters. The
results demonstrated a significant upregulation of hTERT protein expression in OSCC cases compared
to normal oral mucosa, suggesting a role for hTERT in tumor progression and malignancy. These
findings align with previous studies that have identified hTERT as a key regulator of cellular
immortality in cancer (1,2).

Telomerase activation is a crucial step in carcinogenesis, enabling malignant cells to bypass replicative
senescence and apoptosis (3). hTERT, the catalytic subunit of telomerase, is predominantly expressed
in cancer cells and is responsible for maintaining telomere length, thereby promoting uncontrolled
proliferation (4). The high expression of hnTERT in OSCC observed in this study is consistent with prior
research indicating that hnTERT upregulation is a hallmark of aggressive tumor behavior (5,6).

A strong correlation was found between hTERT expression and tumor differentiation, with poorly
differentiated OSCC cases showing the highest levels of hTERT. This is in agreement with studies by
Gonzalez-Moles et al. (7) and Liu et al. (8), which reported that hTERT overexpression is more
pronounced in poorly differentiated and metastatic oral cancers. The increased expression in advanced
tumors suggests that hnTERT contributes to cellular dedifferentiation and enhanced tumor invasiveness
9).

Additionally, our study found a significant association between hTERT overexpression and lymph node
metastasis, reinforcing the role of hTERT as a prognostic biomarker in OSCC. Previous studies have
demonstrated that telomerase activation enhances tumor cell survival and migration, facilitating
metastasis to regional lymph nodes (10,11). The presence of high hTERT expression in lymph node-
positive cases suggests its involvement in tumor progression and distant spread (12).

The immunohistochemical method used in this study effectively detected hTERT protein expression
and provided valuable insights into its role in oral malignancy. IHC has been widely recognized as a
reliable and cost-effective approach for evaluating tumor biomarkers (13). However, it should be noted
that molecular techniques such as qRT-PCR and Western blot analysis could further validate hTERT
expression levels at the genetic and protein levels, respectively (14).

Despite these significant findings, this study has certain limitations. The sample size was limited, and a
larger cohort with long-term follow-up would provide a more comprehensive understanding of
hTERT’s prognostic potential. Additionally, further studies should explore the therapeutic implications
of telomerase inhibition as a targeted approach for OSCC treatment. Telomerase inhibitors such as
imetelstat have shown promising results in preclinical cancer models and may serve as potential
therapeutic agents in oral cancer management (15).

Conclusion

Overall, our findings suggest that hnTERT expression is significantly elevated in OSCC, particularly in
poorly differentiated tumors with lymph node metastasis. These results highlight the potential of hnTERT
as a diagnostic and prognostic marker and emphasize the need for further research on telomerase-
targeted therapies for oral malignancies.
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