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Abstract

Urinary bladder carcinoma (UBC) is the most prevalent malignancy of the urinary tract and is
associated with high recurrence and mortality rates. Histologically, urothelial carcinoma is the
predominant form, accounting for nearly 90% of all bladder cancer cases. One of the most
frequent molecular alterations in malignant neoplasms, including UBC, is the abnormal
activation of the telomerase gene.

This study aimed to quantitatively assess the expression of the TERT gene using Real-Time
PCR in tissue samples obtained from patients with UBC. In total 34 patients, with
histopathological confirmed urothelial bladder carcinoma, were included, along with a control
group of 17 individuals without bladder malignancy.

The mean TERT gene expression level in the low-grade subgroup was 1.268 + 0.472,
compared to 2.137 £+ 0.942 in the high-grade subgroup. This difference was statistically highly
significant (p< 0.0001). Logistic regression analysis revealed that patients with high-grade
UBC were 7.39 times more likely to exhibit elevated TERT gene expression compared to
those with low-grade UBC (p< 0.001). The area under the ROC curve (AUC) was calculated
to be 7.89, indicating that the model is highly effective in predicting tumor grade based on
TERT expression levels.

The study established a positive correlation between histological grade and TERT gene
expression levels. These findings suggest that molecular detection of abnormal telomerase
transcriptional activity could serve as a useful auxiliary biomarker in the personalized
management of patients with bladder carcinoma.
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Introduction

Urinary bladder carcinoma (UBC) is the most common malignancy of the urinary system and
is characterized by high recurrence and mortality rates. Histologically, urothelial carcinoma is
the most prevalent type, accounting for approximately 90% of all bladder cancer cases.
Urinary bladder carcinoma accounts for approximately 3% of newly diagnosed cancers
globally, with men affected up to four times more than women (1, 2), The highest incidence is
reported in Southeastern Europe (26.6/100,000 men), and rates are expected to rise due to
aging populations and increased tobacco use (3).

According to the Cancer Registry of the Institute of Public Health of North Macedonia (4),
there were 239 newly diagnosed cases of UBC, yielding an incidence rate of 11.52 per
100,000 inhabitants. In 2020, 137 deaths were attributed to bladder cancer (101 men and 36
women).

A major challenge in managing bladder tumors is their tendency to recur and progress to
higher stages and grades. Furthermore, treatment response is highly variable, as UBCs display
diverse phenotypes with differing responses to surgery, chemotherapy, radiotherapy,
immunotherapy and other treatments. Modern urological science within the medical field
seeks to bridge the gap between tumor phenotype and genotype to better guide clinical
decision-making.

To that end, there is a trend toward centralizing and standardizing preoperative diagnostic
procedures for all patients with UBC. After initial transurethral resection (TUR), a treatment
strategy is developed based on both the phenotypic and genotypic characteristics of the tumor.
There is a strong interest, both scientifically and clinically, in identifying molecular and
genetic markers that correlate with clinical and histopathological features of UBC. These
biomarkers offer potential for use in differential diagnosis, disease prognosis, therapy selection
and patient monitoring.

Telomeres are repetitive DNA-protein structures at the ends of eukaryotic chromosomes that
protect them from degradation, fusion and genomic instability (5, 6). Due to the
end-replication problem, telomeres shorten with each cell division, eventually leading to
cellular senescence or apoptosis in normal somatic cells (7). Telomerase, a specialized enzyme
composed of an RNA template (coded by hTR or hTERC gene) and a catalytic subunit
telomerase reverse transcriptase (coded by gene TERT), counteracts telomere shortening by
adding telomeric repeats to chromosome ends (8, 9). While telomerase is active in germline,
stem and some immune cells, it is typically inactive in most of the somatic cells.

In cancer, telomerase is abnormally reactivated, allowing cells to bypass senescence and
achieve unlimited replicative potential- a hallmark of malignant transformation (10, 11). The
TERT gene plays a central role in this process, and its expression is regulated by
transcriptional and epigenetic mechanisms, including promoter binding sites and GC-rich
regions that influence chromatin remodeling and methylation (12). Telomerase activation



occurs in over 80% of human cancers through various telomere maintenance mechanisms,
such as TERT gene mutations, rearrangements, amplifications, alternative splicing and
transcription factor binding alterations, which are often tumor-type and tissue-specific (13,
14).

Our study aims to quantitatively assess TERT gene expression in patients with urothelial
bladder carcinoma and examine its correlation with key clinical and pathological parameters.
The ultimate goal is to evaluate the potential of abnormal telomerase activity as a supportive
molecular marker in guiding personalized treatment strategies for bladder cancer patients.

Materials and Methods

This study involved the quantitative determination of TERT gene expression using Real-Time
PCR in tissue samples obtained from patients diagnosed with urothelial bladder carcinoma
(UBC). The investigation included 34 patients with histopathological confirmed UBC and a
control group of 17 patients without malignant bladder disease.
Inclusion criteria in the study required primary tumors with a histopathological confirmed
diagnosis of urothelial bladder carcinoma and written informed consent from the patient.
Exclusion criteria included absence of confirmed urothelial carcinoma, presence of a different
tumor type, incomplete or missing key clinical data, insufficient quality of isolated
DNA/RNA, age under 18 years or refusal to provide informed consent.
For each patient, selected demographic data (age and gender) and histological grade of tumor
differentiation were collected. The study was approved by the Research Ethics Committee at
the Doctoral School of the Faculty of Medicine in Skopje.
Tissue samples were obtained either during transurethral resection (TUR). For control
purposes, samples of healthy bladder mucosa were collected from patients undergoing surgery
for non-malignant pathologies with no history of bladder malignancy.
Each sample (200-300mg in weight) was preserved and transported in RNA stabilization
solution (RNA Later) and stored at —80°C until analysis. Total RNA was isolated from tumor
tissues using an automated nucleic acid extractor and a dedicated RNA extraction kit
(Genolution).
RNA concentrations were measured using a Qubit 3.0 Fluorometer.
Quantitative TERT gene expression levels were assessed using a two-steps process involving
reverse transcription and real-time PCR (qRT-PCR) amplification with fluorescent TagMan
probes, performed on the OneStep Real-Time PCR System (Applied Biosystems).
Total RNA was extracted from frozen TUR-obtained tissue samples using TRI-reagent.
Complementary DNA (cDNA) synthesis was performed via reverse transcription using
High-Capacity c¢DNA Reverse Transcription Kits (Thermo-Fisher), following the
manufacturer’s instructions.
The following oligonucleotide primers and TagMan probes were used:

e TERT gene:

o Forward primer (A): 5'-GCA TTG GAA TCA GAC AGC AC-3',



o Reverse primer (R): 5'-CCA CGA CGT AGT CCA TGT TC-3/,
o TagMan probe: 5S’FAM-CGC CCT GCT GAC GTC CAG AC-NFQ-3".
e Reference gene GAPDH:
o Forward primer (A): 5'-ATG GGT GTG AAC CAT GAG AA-3,
o Reverse primer (R): 5'-GTG CTA AGC AGT TGG TGG TG-3',
o TagMan probe: SFAM-CCT CAA GAT CAT CAG CAA TGC CTC C-NFQ-3".
The amplification protocol included:
e Polymerase activation: 10 minutes,
e 40 cycles of:
o Denaturation at 95°C for 15 seconds,
o Combined annealing and elongation at 70°C for 1 minute.
A negative control (ddH:0) was used for each master mix to validate the assay.
TERT gene expression levels were calculated using the Livak method (2*—ACt), relative to the
expression of the housekeeping gene GAPDH. The ACt value was determined by subtracting
the Ct (threshold cycle) value of GAPDH from the Ct of TERT for each sample.
The differential expression of TERT was presented as the relative fold-change compared to
GAPDH, expressed as logi(RQ) for consistency across samples.
Statistical methods were applied to determine correlations between clinical/ histopathological
data and molecular genetic findings. Descriptive statistics were used to analyze and present
relevant demographic and clinical characteristics of the patients.
Correlation between the clinical and histopathological parameters and the molecular genetic
results, was assessed using logistic regression analysis. Parametric values with normal
distribution were evaluated using a two-tailed Student’s t-test, whereas deviations from normal
distribution were analyzed using the non-parametric Mann-Whitney U-test.
The suitability of TERT gene expression levels for logistic regression analysis was verified
using the Hosmer-Lemeshow goodness-of-fit test. The odds ratio (OR) and 95% confidence
interval (CI) were calculated, with a significance threshold of p< 0.05.
All statistical analyses were performed using XLSTAT 2016 and Microsoft Excel 2016
software.
This study presents data from 34 patients with histologically confirmed urothelial bladder
carcinoma (UBC), along with 17 control samples from individuals without malignant bladder
disease.

Tumor Grade Distribution
Based on histological evaluation, 11 patients were classified as having low-grade tumors and
23 as having high-grade tumors (Table 1, Figure 1).

Table 1. Histological Grade Distribution among UBC Patients.
Grade n %

Low Grade |11 (32.35%
High Grade |2367.65%




Grade n %
Total 341100.00%

Figure 1. Tumor Grade Distribution in UBC Patients
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Figure 1. Distribution of Histological Grades in UBC Patients.

Gender Distribution
Gender distribution in both histological subgroups is shown in Table 2 and Figure 2.

Table 2. Gender Distribution by Tumor Grade.
|Gender Low Grade (n/%) [High Grade (n/%) |[Fisher’s Exact Test (p)
Male [0 (81.82%) 18 (78.26%) 1.000

Female [2 (18.18%) 5(21.74%)
Total |11 (100.00%) 23 (100.00%)




Figure 2. Sex Distribution by Tumor Grade
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Figure 2. Gender Distribution Across Tumor Grades.

Age Distribution
The age distribution of the two subgroups is shown in Table 3.

Table 3. Age Structure by Tumor Grade.

Parameter (years) |[Low Grade [High Grade [Student's t-test (p)
n 11 23 0.745

[Mean Age 66.18 63.04

SD 10.57 8.14

Min Age 47 46

Max Age 80 76

There was no statistically significant difference in age or gender distribution between the two
tumor grade groups (p> 0.05), supporting their comparability for further analysis.

TERT Gene Expression Levels

TERT gene expression levels, normalized to the GAPDH reference gene, were evaluated
across the two histological subgroups. The results are presented in Table 4 and Figure 3.

Table 4. TERT Gene Expression by Tumor Grade.

hTERT Expression ([Low Grade [High Grade [Mann-Whitney Test (p)
n 11 23 < 0.001

[Mean 1.268 2.137

SD 0.472 0.942

Min 0.422 0.671

Max 2.156 4.996




Figure 3. TERT Expression - Low vs. High Grade UB(
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Figure 3. TERT Expression in Low vs. High-Grade UBC.

The data clearly demonstrate significantly higher TERT gene expression levels in high-grade
tumors compared to low-grade ones. The mean expression level in the high-grade subgroup
was 2.137 + 0.942, while in the low-grade subgroup, it was 1.268 + 0.472. This difference is
statistically highly significant (p< 0.001), confirming a strong and proportional correlation
between TERT gene expression and histological grade in urothelial bladder carcinoma.

Logistic Regression Analysis
Logistic regression analysis confirmed that increased TERT expression is significantly
associated with higher tumor grades. Patients with high-grade tumors were 7.39 times more
likely to exhibit elevated TERT expression (p= 0.001).

Table 5. Logistic Regression — TERT Expression and Tumor Grade.

Parameter |p Coefficient

SE

Wald 2

p-value

OR (95% CI)

Grade

1.073

0.318

11.36

0.001

7.39 (2.07 — 25.85)




Figure 4. ROC Curve for TERT-Based Predictive Mo

1.0t
0.8}

> o

-— - -

£0.6

= P

Z -

© 0.4} Pt

(75 L
0.2}
0.0F *~ : | | — AUC = 7.89

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 4. ROC Curve of the Predictive Model.

The area under the ROC curve (AUC) of 7.89 indicates excellent model accuracy in
distinguishing high-grade from low-grade tumors based on TERT expression.

The model's predictive performance, based on TERT expression levels, is summarized in Table
6. It correctly classified tumor grades in 76.47% of cases.

Table 6. Predictive Accuracy of TERT-Based Model.

Metric Value

Sensitivity 91.30%
Specificity 63.64%
Overall Accuracy [76.47%

Discussion

Telomerase activity is abnormally elevated in over 80% of malignant tumors and is considered
to be a key factor in cellular immortalization and tumor progression (15). Numerous studies
have confirmed the reactivation of telomerase in various cancers, including urothelial bladder
carcinoma (UBC), where its activity may contribute to the malignant transformation of
urothelial cells (16).

In this study, the transcriptional activity of telomerase was assessed through quantitative
measurement of TERT gene expression levels in tumor tissue from 34 patients with UBC. The
results were normalized against GAPDH and compared to 17 control samples from healthy
bladder mucosa. A statistically significant increase in TERT expression was observed in tumor



tissues compared to controls, which aligns with previously published studies on bladder cancer
(17,18, 19, 20, 21).

Notably, TERT expression levels were significantly higher in high-grade tumors compared to
low-grade ones (mean values: 2.137 vs. 1.268, p< 0.001), suggesting a correlation between
telomerase activity and tumor aggressiveness. These findings are consistent with earlier
reports that linked elevated telomerase expression with higher histological grade and advanced
pathological stage (22, 23).

Furthermore, logistic regression analysis showed that patients with high-grade tumors were
7.39 times more likely to exhibit increased TERT expression than those with low-grade
tumors, with excellent predictive value supported by an AUC of 7.89. The model
demonstrated a sensitivity of 91.30% and correctly classified tumor grade in over 76% of the
cases.

Previous studies also suggest that TERT overexpression is associated with poor prognosis in
various tumor types, including colorectal cancer (24), supporting its broader relevance as a
prognostic marker.

Collectively, the current findings reinforce the potential clinical value of TERT gene
expression in stratifying bladder cancer patients and guiding treatment strategies based on
tumor biology.

Conclusion

This study confirmed a positive correlation between the histological grade of urothelial
bladder carcinoma and the quantitative expression levels of the TERT gene. The patients with
high-grade tumors exhibited significantly higher TERT expression than those with low-grade
tumors.

The results suggest that molecular detection of abnormal telomerase transcriptional activity
may serve as a supportive molecular biomarker in the personalized management of bladder
cancer. Its use could aid in risk stratification, prognosis, and therapeutic decision-making,
particularly in settings where tumor aggressiveness needs to be evaluated beyond standard
histopathology.
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