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Summary

Purpose: Renal cell carcinoma (RCC) is the most common
renal cancer in adults and includes several subtypes that
may be distinguished by their histology, genetic background,
clinical course and responses to treatment. Human telom-
erase reverse transcriptase (WTERT), a crucial enzyme for
telomere maintenance, has been linked to RCC development.
The purpose of this study was to search for genetic and
epigenetic alterations in hTERT (promoter mutations and
methylation and gene amplification), and to establish a pos-
sible association between molecular and clinico-pathological
characteristics of RCC.

Methods: DNA was extracted from 31 formalin-fixed, par-
affin-embedded tumor samples and 23 blood samples from
54 patients with RCC. Polymerase chain reaction (PCR) prod-
ucts were sequenced and analyzed using the Sequencher soft-
ware. HTERT amplification was determined by quantitative
PCR, while the promoter methylation status was assessed by

Introduction

Renal cell carcinoma (RCC) is the prevailing
form of renal cancer in adults, accounting for ap-
proximately 3% of all cancer diagnoses [1-4]. RCC
includes several subtypes that may be distin-
guished by their histology, natural history and re-

methylation specific PCR. Statistical analysis was performed
using SPSS.

Results: No mutations could be detected in the h"TERT
promoter but only a single nucleotide polymorphism (SNP)
(-245 T>C). In 54 analyzed RCC cases, the variant allele C
was present in homozygous or heterozygous form in 48% of
the patients. The C allele was significantly more frequent in
low grade tumors (p=0.046). Gene amplification was detected
in 19.4% of the 31 RCCs and hTERT methylation in 54.8%
of the 31 samples. An association was established between
methylation and histological type of RCC (p=0.047).

Conclusions: HTERT seems to be implicated in RCC patho-
genesis since the promoter polymorphism exerts a modula-
tion effect on tumor behavior. In addition, h\TERT promoter
methylation status is related to RCC histology.

Key words: gene amplification, hTERT, methylation, poly-
morphism, promoter, RCC

sponses to therapy [4]. Clear cell carcinoma (ccRCC)
is the most frequent tumor subtype, comprising
around 80% of the RCCs [5].

Due to its resistance to chemotherapy and ra-
diotherapy RCCis a very aggressive and often fatal
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disease. Partial or complete response to immunobi-
ologic therapy is noticed only in a small number
of patients, mainly due to the absence of specific
tumor antigens [6,7]. The typical onset of RCC is
between 50-70 years of age with male predomi-
nance [3,4,8]. Despite improvements in diagnostic
and therapeutic approaches, RCC incidence and
mortality are still rising in developing countries,
while overall and disease free survival rates vary
considerably between lower-income and developed
countries [2,9-11].

Though large-scale genetic and epigenetic
studies of RCC pathogenesis have brought impor-
tant knowledge into the molecular mechanisms of
RCC pathogenesis, it still remains insufficiently un-
derstood. Mechanisms involving telomerase have
also been linked to risk and progression of RCC
[12,13]. Telomerase is a ribonucleoprotein complex
required for chromosomal stability. It consists of
human telomerase reverse transcriptase (hTERT), a
catalytic protein which replicates the ends of linear
DNA molecules called telomeres, and intrinsic hu-
man telomerase RNA (hTR) which serves as base
template for replication [14,15]. HTERT prevents
the harmful consequences of exposed DNA ends,
such as chromosomal end-to-end fusions and nu-
cleolytic processing [10].

Telomerase is expressed in germ cells, active-
ly proliferating cells of renewing tissues, and im-
mortalized cells [17]. The progressive reduction of
telomerase expression in postnatal somatic cells
with consequent telomere shortening with every
mitotic division is related to cellular senescence
[18]. Activation of telomerase and stabilization of
telomeres are consistent with the hypothesis that
telomere maintenance is essential for cancer cells
to achieve immortality [19].

Telomerase activity of variable level has been
detected in approximately 80-90% of human can-
cer specimens [20-22]. HTERT expression may be
affected by different genetic and epigenetic mecha-

nisms, e.g. mutations, gene rearrangements, the
presence of SNPs, methylation, etc.

The purpose of the present study was to assess:
(@) the presence of mutations and -245T > C SNP
variant in the promoter of hTERT; (b) the presence
of hTERT amplification; (c) the promoter methyla-
tion status, and (d) to search for a possible associa-
tion between molecular and clinical/pathological
characteristics of renal cell carcinomas in Serbian
population.

Methods

Samples

This retrospective study included 31 formalin-fixed,
paraffin-embedded (FFPE) samples and 23 blood sam-
ples, originating from 54 patients with RCC (surgically
treated at the Clinic of Urology, Clinical Centre of Ser-
bia and the Clinical Hospital Center “Dragisa Misovic-
Dedinje”, diagnosed at the Institute of Pathology, School
of Medicine, University of Belgrade). The study protocol
was approved by the Ethics Committee of both institutes.
The study was performed in accordance with the Decla-
ration of Helsinki. Of the 54 patients, 31 (57.4%) were
male and 23 (42.6%) female; the median age at the time
of surgical treatment was 59 years (range 33-85) (Table
1). On the basis of the median size of the tumors, they
were classified as small-sized (<50mm) and large-sized
(=50mm). Thirty cases (55.5%) were classified as grade I/
II (low grade) and 24 (44.5%) as grade III/IV (high grade).
Stages T1 and T2 were classified as low-stage tumors
(28 out of 54 cases; 51.9%). T3 and T4 were high-stage
tumors (26 cases; 48.1%). Three different histological
types of RCC were present: clear cell (ccRCC) - 36 cases
(66.7%), papillary (pRCC) - 13 patients (24.1%) and chro-
mophobe (chRCC) - 5 patients (9.2%). Median survival
time was 38 months, ranging from 11 to 54 months.

DNA extraction

Genomic DNA was extracted from FFPE samples af-
ter de-paraffinisation, using standard phenol-chloroform
extraction protocol, and from blood using high salt ex-
traction method.

Table 1. Distribution of hTERT SNP genotypes, hTERT gene amplification and promoter hypermethylation in relation

to patients age and gender

hTERT polymorphism

hTERT amplification

hTERT methylation

wt het/mut  p value no yes p value no yes p value
n (%) n (%) n (%) n (%) n (%) n (%)
Age (years) 0.571 0.634 0.119
<59 14 (50) 11 (48) 11 (84.6) 2 (154) 8 (61.5) 5(38.5)
=59 14 (48.3) 15(51.7) 14 (77.8) 4(22.2) 6 (33.3) 12 (66.7)
Gender 0.289 0.083 0.108
Male 18 (58.1) 13 (41.9) 14 (93.3) 1(6.7) 9 (60) 6 (40)
Female 10 (43.5) 13 (56.5) 11 (68.8) 5(31.3) 5(31.3) 11 (68.8)
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PCR amplification and sequencing

A fragment of 343 bp corresponding the region
from -278 to +65 within hTERT gene was amplified
with the following primers: forward 5’-AGCACCTCGCG-
GTAGTGG-3’ and reverse 5-GGATTCGCGGGCACA-
GAC-3’. The PCR amplifications were performed using
PCR Master Mix (2X) (Thermo Fisher Scientific, Vilnius,
Lithuania) in 20 pl reaction volume with 0.25 pM of each
primer. The temperature conditions were: 95°C for 5 min,
followed by 35 cycles of denaturation at 94°C for 45 s, an-
nealing at 55°C for 45 s, and extension at 72°C, for 1 min,
and a final extension at 72°C for 5 min. The presence
of PCR products was confirmed by electrophoresis on
8% PAA gels. The amplification products were directly
sequenced in forward and reverse directions using the
ABI Big Dye Terminator chemistry and an ABI 3500
instrument (Applied Biosystems, Foster City, CA, USA).
The sequences were analyzed using the Sequencher soft-
ware (Gene Codes Corporation, Ann Arbor, MI). Identi-
fied sequence changes were confirmed by analyzing each
sample in duplicate.

Methylation specific PCR

The hTERT promoter methylation status was de-
termined by methylation specific PCR (MSP). Genomic
DNA was modified by sodium bisulphite treatment with
EZ-DNA methylation kit, according to manufacturer’s
recommendations (Zymo Research, Orange, CA, USA).
In order to detect DNA sequence alterations after bisul-
phite treatment, MSP was used to distinguish methylated
from unmethylated alleles. Two separate PCR reactions
were using the following primers: Uf: 5-TTGAGAATTT-
GTAAAGAGAAATGATG-3’ and Ur: 5’-CTAAAAACAAAC-
CCAAAAACACA-3’ for unmethylated promoter (product
length 133 bp) and Mf: 5-TTGAGAATTTGTAAAGAGA-
AATGAC-3’ and Mr: 5-TAAAAACGAACCCGAAAACG-3’
for methylated promoter (product length 131 bp). PCR
amplification was performed in a total volume of 50 pl
and the reaction mix contained 1 x PCR Buffer (10 mM
Tris-HCl, 50 mM KCl, 0.1% Triton X-100), 8 mM MgCl,,
1.25 mM dNTPs, 0.6 pM primers (Invitrogen, Life Tech-
nologies, Carlsbad, CA, USA), 0.4 pg/pl BSA, 5% DMSO,
1.5U Tagq polymerase (Thermo Scientific, Hudson, NH,
USA) and 3 pl of bisulfite treated DNA as a template.
Amplification was under the following conditions: initial
denaturation at 95°C for 5 min, followed by 40 cycles 95°C
denaturation for 30 s, annealing for 30 s at 55°C, 72°C
extensions for 30 s, and final extension at 72°C for 4 min.
Genomic DNA from lymphocytes of healthy donors was
used as control for unmethylated genes and the same
DNA, treated in vitro with SssI methyltransferase, was
used as control for methylated genes. PCR products were
loaded on 8% PAA gels, stained with ethidium bromide and
visualized under the UV light. HTERT gene promoter was
considered as (1) non-methylated, when only the reaction
with the unmethylated (U) primers showed amplification
and (2) methylated/partially methylated, when amplifica-
tion was present only with the methylated (M) primer
pair or with both (U and M). Random re-amplification of
20% of samples was done and there were no discrepancies
between methylation statuses determined in duplicate.

Quantitative Real time PCR (qPCR) analysis

A quantitative real-time polymerase chain reaction
(gPCR) and comparative cycle threshold (Ct) method of
quantitation of hTERT gene was performed using Sensi-
FAST™ SYBR® Hi-ROX Kit (Bioline, London, UK), accord-
ing to the manufacturer's recommendation. In parallel,
B-globin gene was amplified as a reference for normali-
zation. All real-time PCR experiments were performed
in duplicate. Primers used for the amplification were:
5’-CACCCGTCCTGCCCCTTCACCTT-3’ and 5-GGCTTCC-
CACGTGCGCAGCAGGA-3’ for hTERT and 5’-TGTGCTG-
GCCCATCACTTTG-3" and 5’-ACCAGCCACCACTTTCTGA-
TAGG-3’ for B-globin. The Ct value was calculated for
each sample and the amplification levels were calculated
as 2-8aCt. Amplification level of hTERT was normalized
against B-globin and a gene dose greater than 2.5 was
considered as amplification.

Statistics

Statistical analyses were performed using SPSS Sta-
tistics for Windows Software (Version 22.0, IBM Corp,
Armonk, NY). Descriptive analysis of data included
mean + standard deviation and percentages. Pearson’s
chi-square test (x2) and Mann-Whitney U-test were used
to determine statistical significance between categorical
and numerical data, respectively. All p values of 0.05 or
less were considered as statistically significant.

Results

Mutations and SNPs screening

Sequencing of the 343 bp long promoter region
spanning from -278 to +65 within the hTERT gene
did not reveal activating mutations in any of the
31 RCC tumor specimens. Sequencing, however,
detected the presence of a SNP at -245 bp position
(rs28536069), a T to C transition. In order to perform
an association study between SNP presence and
clinical parameters, we increased the initial sample
with 23 new DNAs obtained from blood of addition-
al 23 RCC patients and determined their genotypes.

Out of 54 analyzed RCC cases, the variant allele
was present in homozygous form in only 4 cases
(7.4%) and in heterozygous in 22 cases (40.7%),
while the remaining 28 cases (51.9%) were ho-
mozygous for the wild type allele. The probability
of having a low grade RCC was 3 times higher in
carriers of the variant allele than in wild type (TT)
homozygotes (Table 2).

hTERT amplification

Gene amplification was detected in 6 (19.4%) of
the 31 analyzed tumor samples. There was no as-
sociation between hTERT amplification and epide-
miological (Table 1), clinical and pathological find-
ings (Table 2). The levels of amplification ranged
between 2.60 and 7.61.
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Table 2. Distribution of hTERT SNP genotypes, gene amplification and promoter hypermethylation in relation to clini-

cal and pathological data

hTERT polymorphism

hTERT amplification hTERT methylation

wt het/mut  p value no yes p value no yes p value
n (%) n (%) n (%) n (%) n (%) n (%)
Histological type 0.282 0441 0.047
pRCC 8(61.5) 5(38.5) 6 (85.7) 1(14.3) 5(71.4) 2 (28.0)
ccRCC 19 (52.8) 17 (47.2) 16(842)  3(15.8) 9(474) 10 (52.6)
chRCC 1 (20) 4 (80) 3 (60) 2 (40) 0(0) 5 (100)
Stage 0.777 0.162 0.542
Low 14 (50) 14 (50) 13 (72.2) 5(27.8) 9 (50) 9 (50)
High 14 (53.8) 12 (46.2) 12(923)  1(7.7) 5(385)  8(6l.5)
Grade 0.046 0.656 0.925
Low 12 (40) 18 (60) 15(833)  3(16.7) 8(444) 10 (55.6)
High 16 (66.7) 8 (33.3) 10 (76.9) 3(23.1) 6 (46.2) 7 (53.8)
Tumor size, mm 0419 0.791 0.092
<50 12 (46.2) 14 (53.8) 11 (78.6) 3(21.4) 4 (28.6) 10 (71.4)
>50 16 (57.1) 12 (42.9) 14 (824) 3 (17.6) 10(58.8) 7 (41.2)
Survival, months 0.571 0.656 0.524
<38 14 (56) 11 (44) 10 (76.9) 3 (23.1) 5(385)  8(6l.5)
238 14 (483) 15(51.7) 15 (83.3) 3(16.7) 9 (50) 9 (50)
hTERT methylation In the present study we sequenced the hTERT

HTERT promoter was methylated in 17 of the
31 tumor samples (54.8%). Interestingly, in 71% of
papillary carcinomas the promoter was unmethyl-
ated, whereas in 100% of chromophobe carcinomas
it was methylated (Table 2).

Discussion

RCCis included among the most lethal cancers
of the urinary system. Given its biological and clin-
ical heterogeneity, new markers that would better
determine RCC behavior are still needed.

Telomeres and telomerase have an important
role in the initiation and progression of malignan-
cies [23,24]. A majority of cancers are found to up-
regulate the expression of telomerase, conferring
cancer cells the capacity to proliferate indefinitely
[25]. hTERT gene expression is regulated at various
molecular levels, but the transcription level seems
to be the most important. Several genetic and epi-
genetic factors, such as promoter mutations, gene
amplification and rearrangements, the presence
of SNPs, methylation, etc. affect transcription and
may influence hTERT expression and function [20].

There are still many controversies regarding
the role that hTERT plays in RCC development in
general, and in particular regarding the frequency
of somatic mutations in the promoter, the level of
activity/expression of telomerase in different RCC
subtypes, the impact of SNPs etc [27].
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promoter region of 31 tumor samples of RCC pa-
tients and no activating mutations in the expect-
ed spots could be identified. A limited number of
studies have dealt with hTERT mutations in RCC
and relatively low incidence of mutations, ranging
between 6 and 13% have been reported [5,27,28],
which is in line with our findings. The low fre-
quencies of hTERT mutations in RCC are in sharp
contrast with the results for urothelial tumors in
which up to 100% of cases harbored hTERT muta-
tions [29,30].

We further analyzed the frequency of gene
amplification and found that almost 20% of RCC
patients harbored this genetic alteration. A similar
frequency of TERT gene amplification was detected
in acral lentiginous melanoma and was correlated
with poor outcome [31]. High frequencies of hTERT
amplification (79%) were previously described in
Merkel cell carcinoma [32] and were also associ-
ated with poor prognosis. In our sample, hTERT
amplification did not appear to be informative in
terms of disease outcome prediction as no asso-
ciation between amplification and specific tumor
behavior could be established.

HTERT promoter methylation has not been
investigated previously in RCCs. Our study is the
first to consider the possible association of this epi-
genetic phenomenon with RCC behavior. Interest-
ingly, hTERT promoter methylation was a rather
frequent event, pointing to the importance of this



HTERT and single nucleotide polymorphism in renal cell carcinoma

1891

mechanism of hTERT gene regulation in some RCC
subtypes. In total, over one half of tumor DNA
samples exhibited promoter methylation, which is
quite similar to findings in urothelial carcinoma of
the bladder [33]. However, methylation strongly
depended on the histological type; methylation fre-
quencies were 29, 53 and 100% in pRCC, ccRCC and
chRCC respectively, and thus it seemed to be a hall-
mark of chRCC, as all the samples were methylated.
This finding, however, must be taken with caution
due to the small number of analyzed samples.
Such a high frequency of promoter methylation
(100%) is not common, but has previously been
described in different tumors and different genes.
For instance, in mucoepidermoid carcinomas of
the salivary glands p14 gene was methylated in
100% of the cases [34]. HTERT was also found to
be methylated in 100% of oral squamous cell car-
cinomas [35]. A recent comprehensive study of the
genomic landscape of chRCC established that this
rare type of RCC displayed more hypomethylation
than hypermethylation events compared to ccRCC,
but the authors did not mention hTERT. They also
noted that differences in DNA methylation pattern
between the two types were considerable [306].
Promoter sequencing of tumor DNA samples
revealed a relatively high frequency of the poly-
morphism rs2853669. Thus, in order to increase
the power of the association study, we decided to
analyze additional DNAs originating from patients’
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