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Abstract

Background: Bladder cancer (BC) is the fourth most prevalent cancer among the top ten malignancies, and human telomerase
reverse transcriptase (hnTERT) played a role in its pathogenesis. Objective: To investigate the link between hTERT expression levels
and miRNA-29¢, miRNA-125, miRNA-141, miRNA-145, and miRNA-205 expression levels in BC patients. Methods: A total of
149 tissue biopsies and/or urine samples were collected from patients with urinary tract complications, including BC patients, as
well as patients who served as negative controls for BC (negative cystoscopy, prostate cancer patients), and healthy people. To
measure the hTERT gene expression level, total RNA was extracted and reverse-transcribed to cDNA. Then, quantitative real-time
PCR was performed using specific primer sets. Results: hTERT expression levels in BC patients were significantly higher;
however, there was no statistically significant difference between the grade of non-muscle invasive BC or the stages of muscle
invasion in urine or tissue biopsy samples. The expression of hTERT and miRNAs (miRNA-29¢c, miRNA-125, miRNA-141,
miRNA-145, and miRNA-205) genes in urine and tissue biopsies was significantly correlated. BC patients had upregulated hTERT
expression levels in tissue biopsies and urine samples but lower expression levels of miR-141 and miR-205 compared to negative
cystoscopy patients. Conclusions: The combination of miRNA and hTERT expression levels may serve as a good prognostic
marker for predicting BC in both urine and tissue.
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INTRODUCTION adequate prognosis [1,2]. Human telomerase reverse

transcriptase (hTERT) maintains the length of the
Bladder cancer, or transitional cell carcinoma (TCC), telomere. Normal human cells inhibit telomerase
is the second most common genitourinary tract activity, whereas over 85% of malignant cancer cells
malignancy and the third most common cause of death reactivate and overexpress it, enabling them to survive
among people with genitourinary tumors, with a and proliferate uncontrollably. This activity is
recurrence rate of BC ranging from 50 to 70%. A responsible for telomere maintenance in the majority
majority (80%) of the cases present with non-muscle- of human cancers, but it is absent in most normal
invasive papillary tumors, which have a much more somatic tissues. Telomerase has been described as a
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potential biomarker and a promising therapeutic target
for cancer [3-7]. MicroRNAs, also referred to as
noncoding RNAs, are a class of small, single-stranded
RNA molecules that have endured through evolution
and play a crucial role in the epigenetic regulation of
numerous genes' expression. A miRNA molecule in
humans, which typically has a length of 19-25
nucleotides, regulates a variety of biological
processes, including angiogenesis, migration,
apoptosis, oncogenesis, and cell division [8,9]. If there
is a change in the transcriptional level of mMiRNA due
to changes in miRNA biogenesis, polymorphisms,
epigenetic changes, mutations in the genes that code
for these miRNAs, or chromosomal abnormalities, it
could lead to cancer. These can also happen
concurrently, modulating the expression of miRNASs
[10]. The aim of this study was to find out if there is
an association between the level of hTERT expression
and the risk of getting bladder cancer, the stage of
muscle invasion, and the grade of non-muscles
invasive BC in patients from Baghdad, Iraq.
Additionally, the study aims to explore the correlation
between the expression level of hTERT and the
expression levels of mMiRNA-29c, mMiRNA-125,
miRNA-141, miRNA-145, and miRNA-205 in BC
patients.

METHODS
Study design and setting

The current case-control study included 149 tissue
biopsies and/or urine samples collected from subjects
recruited or admitted to Al-Imamein Al-Kadhmain
Medical City Hospital and Ghazi-Al-Hariri
Specialized Surgery Hospital/Medical City Hospital,
Baghdad, Irag, from November 2018 to August 2019.

Sample collection

Classification of subjects and samples included in the
current study according to histopathological findings
and cystoscopy: tissue biopsies and urine samples
were collected from 49 patients (38 male and 11
female) with BC. The age range of patients with BC
was (32-87) years. Patients with BC were classified
into two main groups: non-invasive BC (Ta and T1)
and invasive BC (T2, T3 and T4). As negative controls
for BC, samples were collected from: a) 12 patients
with negative cystoscopy (this group includes patients

Table 1: Primer sequence and amplification program for hTERT gene

Genes Sequences
hTERT F- ACT TTG TCA AGG TGG ATG TGA CGG
R- AAG AAA TCA TCC ACC AAA CGC AGG
GAPDH F-GAG TCA ACG GATTTG GTC GT

R-TTG ATT TTG GAG GGA TCT CG

RNase-free water was added until 22.5 pl. Then,
cDNA (75 ng/reaction) was added to the reaction tube.
The template control (NTC) tube was prepared, which
contains all PCR master mix components but instead
of ¢cDNA, 2.5 ul of nuclease-free water was added.
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with symptoms of BC such as hematuria in urine but
without malignant mass). From patients who had
benign mass, 12 urine samples and 4 tissue biopsies
were collected. b) Urine and tissue biopsies samples
were collected from 4 patients with prostate cancer
and adenocarcinoma, which is another type of bladder
cancer. ¢) Urine samples only, 37, were randomly
collected from healthy individuals. The classification
of BC was according to the cystoscopy finding, which
was either high or low grade according to the World
Health Organization (WHO) classification criteria
2018 [11]. Tissue biopsy and urine samples from the
included subjects were kept at -20°C for molecular
analysis. Data were collected from each patient and
control group (name, age, gender, smoking habit,
previous treatment in patients with recurrent BC).
Histopathology findings of each patient were obtained
from laboratory reports.

Inclusion criteria

Patients with bladder tumor and negative cystoscopy
(no histopathological changes or benign tumor).

Exclusion criteria

Patients missing of histopathological reports (patients'
data).

Ethical consideration

This study was approved by ethical committee of the
College of Medicine, AL-Nahrain University in
Baghdad (No. 328 - Date 11/12/2018)

Quantification of hnTERT expression levels

Purified RNA was extracted using an RNA isolation
kit (Cat. No. 217004, Qiagen) and mRNA was reverse
transcripted using a (Cat. No. 06-17-00100, Solis Bio)
kit. Purity and concentration of extracted RNA were
estimated using a nanodrops spectrophotometer (Cat.
no. AcTGeneNAS-99, USA). For estimation of
hTERT expression levels, GAPDH is considered a
housekeeping gene. Master mix was prepared (per one
reaction) by mixing 12.5 pl of QuantiTect SYBR
Green PCR Master Mix (2x) (cat. No. 218075,
Qiagen), 20 nM of forward and reverse primers, Table
1.

References
[12]

Annealing temperature
Initial activation step at 95° C for 10 min.
Denaturation 94°C for 10 sec. Annealing 67°C
for 1 min and Extension72 °C for 15 sec 35
cycle
Initial activation step at 95° C for 10 min.
Denaturation 94°C for 10 sec. Annealing 52 °C
for 1 min and Extension72 °C for 15sec 35 cycle

Reaction tubes were transferred to a thermal cycler
(TC-3000, Bio-Rad), which was programmed as
mentioned in Table 1. The relative method was used
to calculate fold changes of gene expression level
[13]. Note: Another primer set was used to determine
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hTERT expression levels [14], but was excluded due variables were expressed as number and percentage.
to failure of amplification, even after a series of The chi-square test was used to study association
optimizations for primer concentration and between any two categorical variables; however,
amplification conditions. Yates correction was used instead when more than

20% of cells had an expected count less than 5 and the
Relationship between hTERT expression level and Fisher exact test when a cell or more contained an
selected microRNAs observed value of zero. Values with p<0.05 are

considered significantly different.
In the current study, the expression levels of the five

studied miRNAs (miRNA-29c, miRNA-125, miRNA- RESULTS

141, miRNA-145, and miRNA-205) in urine and/or

tissue biopsies samples from our previous study were Table 2 presents the gender, age, cancer stage, and

used to compare hTERT expression levels in samples classification of bladder cancer patients according to

from the included subjects [15]. cancer recurrence. The present investigation
demonstrated a significant increase in the expression

Statistical analysis level of hTERT at a significance level of p<0.05 in
both tissue biopsies and urine samples obtained from

Quantitative variables were expressed as mean, individuals diagnosed with bladder cancer.

standard deviation (SD), whereas categorical

Table 2: Distribution of patients with different stages of bladder cancer according to recurrence

Stage of cancer T1 n(%) T2 n(%) T3 n(%) T4 n(%)
Patients with BC without recurrence 25/39(64.1) 9/39(23) 3/39(7.6) 2/39(5.1)
Patients with recurrent BC 7/10(70) 2/10(20) - 1/10(10)
Total 49 patients

n: number; NMI (pTa and pT1): low-grade tumor or non-muscle invasive; (MIBC) (T2, T3, T4): high-grade tumors or Muscle-invasive cancers.

The fold change of gene expression for hTERT was interquartile range and Wilcoxon test (Table 3)
examined in various phases of muscle invasion and indicated that there was no statistically significant
grades of non-muscle invasive bladder cancer in both alteration (p>0.05).

urine and tissue samples. The analysis of the

Table 3: Fold change of gene expression level of hTERT in urine and tissue biopsies samples among different groups of studied subjects

Gene Sample Fold change Negative cystoscopy Prostate cancer Noninvasive BC Invasive BC Recurrent BC
Upregulation 8(80) 2(100) 10(58.8) 10(83) 3(42.8)
i Downregulation 2(20) 0 7(41.2) 2(17) 4(57.2)
Urine Median (IQR) 22.03(-—) 15.0 () 16.03(13.67) 15.0(7.22) 15.81(13.98)
Range 14.00-28.09 14.49-15.50 13.3-31.0 13.3-29.0 14.0-29.0
KTERT Total sam;_)les 10 2 17 12 7
Upregulation 2(50) 2(66.7) 16(66.6) 4(40) 5(83)
Downregulation 2(50) 1(33.3) 8(33.4) 6(60) 1(17)
Median (IQR) 24.83 (---) 22.64 (---) 19.30(15.53) 23.2(13.23) 16.20 (5.73)
Tissue Range 18.20-32.60 15.27-30.0 14.00-30.56 13.6-31.0 14.68-23.53
Total samples 4 3 24 10 6
p 0.593 W 0.655 W 0.778 W 0.260 W 0.686 W

Values are expressed as frequencies, percentages, and ranges. IQR: inter-quartile range, W: Wilcoxon test; CA: Cancer.

Regarding the findings indicated that 83% (10 out of
12) of urine samples obtained from individuals o]
diagnosed with invasive bladder cancer exhibited an
increased expression level of hTERT. ° 8

Sample: Urine

The Kruskal-Wallis test was used to evaluate the
distribution of fold change in gene expression level of
hTERT in urine and tissue biopsies (Figures 1 and 2).
Boxplot illustrating the results of the Kruskal-Wallis
test. The fold change in the gene expression levels of ‘9‘ ‘&l
hTERT was increased in the urine of individuals

diagnosed with bladder cancer.

.E-

T T T T T T
Negtative  Closely relsted Noninvasive BC Invasive BC  Recurrent BC Negtative Control
cystoscopy cA

Group

Figure 1: Box -plot of the Kruskal-Wallis for Fold change in gene
expression level of hTERT in urine samples according to patients

group.
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Sample: Tissue

a0

Group

Figure 2: Box -plot of the Kruskal-Wallis for Fold change in gene
expression level of hTERT in tissue biopsies samples according to
patients group.

The study also found a disparity in the median hTERT
expression level between samples from individuals
with bladder cancer and those without a positive
bladder cancer cystoscopy, suggesting a reduced
upward trend in expression level. There were no
notable variations in hTERT expression levels in urine
among various cancer grades and stages. The
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expression level of the hTERT gene was shown to be
more variable in the noninvasive and recurrent groups
of bladder cancer patients compared to other groups.
This was demonstrated by a box plot of the Kruskal-
Wallis test, which examined the fold change in gene
expression level value of hTERT mean area upward
increased expression in tissue biopsies from BC
patients. The present investigation revealed a
statistically significant connection (p<0.01) in the fold
change of gene expression level between hTERT and
the examined microRNAs in both urine samples and
tissue biopsy samples. This correlation was
determined using the interquartile range and Friedman
test, as indicated in Tables 4 and 5. Patients diagnosed
with BC exhibited a decreased fold change in the gene
expression level of miR-205 (p=0.001) and an
increased fold change in the gene expression level of
hTERT (p<0.001) in urine samples, as compared to
patients with negative cystoscopy. This information
can be found in Tables 4 and 5.

Table 4: Comparison of fold change in genes expression levels between hTERT, and studied microRNAs in urine samples

Group hTERT miR-29c miR-125 miR-141 miR-145 miR-205 p*
Negative cystoscopy (n=7)
Median (IQR) 14.87(3.0) 0.45(1.82) 0.19(7.81) 0.32(13.35) 18.83(22.22) 2.76(24.74) <0.001
Range 14.0-22.0 0.02-16.13 0.07-14.42 0.04-15.52 0.03-38.72 0.04-25.88 '
Prostate cancer (n=2)
Median (IQR) 15.0(---) 22.15(---) 9.54(---) 0.07(---) 5.95(---) 0.43(---) <0.001
Range 14.00-16.00 17.90 26.39 5.90-13.18 0.06-0.07 0.14-11.75 0.04-0.82 '
Non- invasive BC (n= 10)
Median (IQR) 15.73(7.0) 4.84(17.32) 0.57(0.95) 0.24(0.35) 0.68(8.51) 0.30(5.32) <0.001
Range 13.00-31.0 0.02-38.37 0.16-11.31 0.04-1.46 0.05-14.67 0.02-32.31 '
Invasive BC (n=10)
Median (IQR) 14.86(3.0) 1.49(19.55) 5.69(17.46) 0.63(2.11) 1.34(13.02) 1.73(7.62) <0.001
Range 13.0-26.0 0.18-28.28 0.07-43.41 0.27-20.76 0.06-75.32 0.06-18.43 '
Recurrent BC (n=4)
Median (IQR) 15.06(8.0) 0.33(7.81) 13.68(32.32) 0.95(28.74) 3.48(6.01) 0.44(1.02) <0.001
Range 14.0-24.00 0.07-10.37 0.51-35.88 0.39-38.48 0.49-6.6 0.12-1.28 )

n: number of samples; IQR: Inter-quartile range; * Freidman test.

Table 5: Comparison of fold change in gene expression level between hTERT and studied microRNA in tissue biopsies samples

Group hTERT miR-29¢ miR-125 miR-141 miR-145 miR-205 p*
Negative cystoscopy (n= 3)
Median (IQR) 18.2(---) 2.89(---) 0.86(---) 0.56(---) 0.4(---) 0.6(---) 0.001
Range 15.0-25.0 1.87-11.57 0.69-6.44 0.14-0.58 0.41-12.23 0.04-4.64 ’
Prostate cancer (n= 3)
Median (IQR) 15.27(---) 5.51(---) 15.89(---) 1.02(---) 80.73(---) 3.93(---) 0.001
Range 14.0-30.0 1.95-24.80 4.78-21.95 0.92-36.15 36.38-90.2 1.02-17.93 '
Noninvasive BC (n=14)
Median (IQR) 16.2(7.0) 2.41(8.28) 1.44(3.5) 3.19(10.24) 5.05(29.11) 2.4(11.78) 0.001
Range 14.0-30.0 0.07-28.09 0.04-25.11 0.02-46.72 0.1-43.96 0.04-41.18 '
Invasive BC (n= 6)
Median (IQR) 20.1(14.0) 9.59(31.09) 0.54(16.74) 1.16(2.83) 3.41(11.85) 2.36(7.84) 0.001
Range 14.00-29.0 0.03-57.76 0.06-34.3 0.04-5.05 0.06- 33.01 0.01-15.6 ’
Recurrent BC (n=4)
Median (IQR) 18.0(6.0) 0.68(6.48) 0.56(10.12) 1.33(11.72) 0.2(9.91) 0.99(28.34) 0.001
Range 15.0-24.0 0.01-8.41 0.11-13.39 0.04-14.82 0.04-13.2 0.02-37.19 )

n: number of samples; IQR: Inter-quartile ranges; * Freidman test.

In general, individuals with BC had decreased
alterations in the levels of miR-141 and miR-205
genes in their urine samples. In contrast, those with
negative cystoscopy reported lower alterations in the
levels of hTERT genes in both urine and tissue biopsy
samples compared to those with positive results
(Table 6).

DISCUSSION
Bladder cancer is a complex disease with different

molecular and pathological pathways, reflecting
different behaviors depending on the clinical staging
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of the tumor and molecular type [16]. In the present
study, the expression level of hTERT in patients with
BC showed statistically no significant difference
between different cancer grades. The number of
samples was reduced in this experiment because 15
samples showed no or low Ct for the housekeeping
gene, despite repeating the real-time PCR reactions
three or four times, indicating a failed quantification
reaction. Similarly, 10 samples showed no Ct value
for hTERT, but we detected Ct for GAPDH, indicating
the presence of variants in hTERT in these samples
from the Iraqi population.
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Table 6: Percentage of fold change in gene expression between
miRNA and hTERT in BC patients

i 0
miRNA BC Patients n(%)

Sample

Up Down
miR-29c u isnuee zgé?gg) 1173(155?)
T B
MR- e 15(83%) e
- .
mesWE 2 B3
L A

This study employed two primers for the hTERT gene,
discarding the first one due to its inability to amplify
the hTERT gene. In 2007, researchers in China used
quantitative SYBER GREEN real-time PCR to look at
the level of nTERT mRNA in the urine of 26 people
with BC (7 at the Ta-T1 stage and 19 at the T2-T3
stage) and 18 non-cancerous control samples (6
patients, 5 with benign prostatic hyperplasia, 3 with
bladder stones, and 4 with urinary tract infections).
The patients had bladder cancer and the control
samples did not have cancer. They found a strong link
between the expression level of hTERT mRNA in
urine samples and both the pathological grade and
clinical stage. This led them to believe that the
expression level of hnTERT mRNA could be used as a
sign of tumor progression to help with early diagnosis
and prognosis of BC [17]. In 2010, a study in Perugia
involved 36 patients with BC and 58 healthy control
groups. They extracted messenger RNAs from
exfoliated cells from bladder washings, and used
quantitative real-time PCR assays to investigate the
expression levels of three human genes, hTR, hTERT,
and CKS2. Their results indicated that hTERT and
CKS2 expression levels have a major involvement in
the early stages of the BC [18]. In this study, the level
of hTERT expression was higher in 10 of the 12 urine
samples from patients with invasive bladder cancer
(83%). This means that estimating the expression
level of this gene could be a good prognostic tool in
late stage of cancer. In this study, the fold change in
the expression level of hTERT was significantly
higher than the fold change in the expression levels of
miR-29¢, miR-125, miR-141, miR-145, and miR-205
in both urine and tissue samples. Most tumor
suppressor miRNAs down-regulate hTERT, whereas
oncogenic miRNAs indirectly up-regulate hTERT
activity by inhibiting genes involved in hTERT
suppression [19-21]. Dysregulation of specific
miRNAs that control hTERT gene transcription may
result in uncontrolled expression of hTERT,
potentially leading to cancer. An Egyptian study in
2020 used the quantitative SYBER GREEN Real-
Time PCR assay to look into the role of both miR-155
and hTERT in TCC-BC (as detection tools for stages
or grades of muscle invasion). The study included 30
urine samples from patients with BC and 15 samples
from patients with normal urological workup. There
was no statistically significant difference in the levels
of miR-155 and hTERT between the different grades
of bladder cancer that did not invade muscle [22].
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Conclusion

The hTERT expression level serves as a promising
non-invasive method for predicting bladder cancer
from urine samples. Further work to investigate the
exact association with specific miRNA in bladder
cancer is strongly recommended.
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