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| Abstract: Breast cancer (BC) is encountered most frequently in developed or developing countries. It is the most common cancer in humans following lung

cancer, and it is the most common cancer type resulting in mortality in women. Genetic polymorphisms are among the genetic factors that play an important role in
the development of the breast cancer. The purpose of this study was to investigate the effect of five functional single nucleotide polymorphisms (SNPs) of hTERT
(152736109 G>A, 152735940 T>C, 152853669 A>G, 152736098 G>A, and 12736100 T>G) on susceptibility to BC in Turkish population. The genotype frequency
of hTERT 152736109 G>A, 152735940 T>C, 152853669 A>G, 152736098 G>A, and 152736100 T>G polymorphisms were determined by using a polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) and TagMan methods in 123 subjects with GC and 122 healthy control subjects. The mean age
value of the BC patients was 51.58+11.28 (among them 8 subjects <35 and 115 subjects >35). In this study, it was found that there was no statistical difference
between hTERT 152736109 G>A, 152735940 T>C, 152853669 A>G, 12736098 G>A, and 152736100 T>G polymorphisms that can be associated with risk of BC.

}y

Introduction

Breast cancer (BC) is the second most common
cancer in worldwide and it is the main cause of cancer
related deaths among women with an estimated nearly
1.7 million new cases and 522,000 deaths in 2012 (1-
3). Breast cancer already is the most common form of
cancer in Turkey, with 15,230 diagnosed cases in 2012
(2). This number is predicted to rise to about 25,462 in
2035, according to data from GLOBOCAN 2012 (2).
Simply, the number of breast cancer suffering Turkish
women will increase by almost 60 percent by 2035.
Besides a complicated combination of epidemiological
and environmental risk factors, numerous single nucle-
otide polymorphisms (SNPs) in low-penetrance genes
are known to be related with susceptibility, response to
treatment and prognosis of BC, proposing a significant
contribution of genetic factors to BC (4,5). So, determi-
nation and inclusion of functional SNPs to traditional
diagnostic methods might be possible to decrease BC-
related death by virtue of early diagnosis, patient care,
and personalized medicine.

Telomeres are extremely conserved specific ribonu-
cleoprotein complexes and localized at the end of entire
linear eukaryotic chromosomes that prevent the chro-
mosomes from degradation, rearrangement, end-to-end
fusion, and atypical recombination; thus, telomeres play
a crucial role in the preservation of chromosome stabil-

ity and entirety as well as genomic stability throughout
the process of cellular division (6,7). When telomeric
tandem nucleotide repeats lengths are progressively
shortened to a critical value with every cell cycles, acti-
vate the DNA damage checkpoints, drive the cells into
the senescence, and finally trigger apoptosis which has
been connected with the prevention of the cells against
genomic instability and carcinogenesis (6-8). Telomer-
ase recognizes the 3’ hydroxyl at the end of the G-strand
overhang and adds telomeric tandem nucleotide repeats
onto eukaryotic linear chromosome ends (6,8). Telom-
erase is a ribonucleoprotein that comprise of the telom-
erase reverse transcriptase (TERT), a telomerase RNA
component (TERC) that behaves as a template for DNA
synthesis and the protein complex which binds and sta-
bilizes TERC (6). Theoretically, functional genetic vari-
ants in h7ERT gene, which potentially effect telomere
length, and activity of telomerase, might play a crucial
role in the process of carcinogenesis. The hTERT gene,
mapped to chromosome 5p15.33, is about 41 kb pairs
in size and is composed of 15 introns and 16 exons (9).

As it can be understood from the literature, telomer-
ase plays important roles in carcinogenesis. The main
aim of the current study was to investigate whether
hTERT 152736109 G>A, 152735940 T>C, 152853669
A>G, 152736098 G>A, and rs2736100 T>G common
functional polymorphisms could contribute to any role
on susceptibility to BC in Turkish population. To best
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of our knowledge, there is no study have been conduct-
ed in determining the role of hTERT 152736109 G>A,
152735940 T>C, 152853669 A>G, 152736098 G>A, and
1$2736100 T>G polymorphisms in BC susceptibility.

Materials and Methods

Ethics statement

The study was approved by the Human Ethics Com-
mittee of the Faculty of Medicine, Mustafa Kemal Uni-
versity (Hatay, Turkey). All the participators ensured
their written informed consent to be included in the
study concerning the use of their blood specimens for
research studies. The study continued in agreement with
the statement on the Declaration of Helsinki confirmed
by the World Medical Association meeting in Edin-
burgh.

Study population

This hospital-based case—control study comprised
a total of 245 women subjects including 123 BC cases
and 122 healthy controls. Clinicopathological features
of all subjects are presented in Table 1. Informed con-
sent about the study was taken from all the participants.
All participants were over 18 years old and genetically
unrelated Turkish and were from the surrounding areas
of southern Turkey. Healthy control frequencies were
matched to BC cases on age and recruited from volun-
teers who came to the hospital for their routine check-
ups. Selection criteria for controls included no evidence
of any personal history of cancer or other malignant con-
ditions. All BC cases were newly diagnosed, clinically
and histologically confirmed with primary BC and were
gathered from the Department of Medical Oncology be-
tween October 2013 and November 2014. Classification
of BC was carried out according to the seventh edition
of the American Joint Committee on Cancer (AJCC) tu-
mor—node—metastasis (TNM) staging system (10).

All clinical and pathological data of patients are
taken as follows. Clinicopathological variables of BC
patients including age, age at onset, histologic type of
cancer, TNM stage, tumor size, lymph node status, nod-
al status, distant metastasis, histological grade, estrogen
receptor (ER) status, progesterone receptor (PR) status,
human epidermal growth factor receptor 2 (HER-2/neu)
status, lymphovascular invasion, and perineural inva-
sion were collected from the patients’ medical records
with the help of the oncologist.

DNA extraction

According to the ethical and legal standards, re-
searchers who performed laboratory analysis were
blinded to the identification and status of subjects. For
this purpose whole blood specimens were handled and
made anonymous. Whole blood samples were collected
into a test tube containing EDTA from BC patients and
healthy controls. None of the BC patients received che-
motherapy or radiotherapy prior to whole blood collec-
tion. Genomic DNA was isolated from the whole blood
specimen of all participants using the AxyPrep Blood
Genomic DNAMiniprep KitAP-MN-BLGDNA-250
(Wujiang, Jiangsu, China) according to the manufac-
turer’s directions. The quantity and quality of DNA
was identified by the Qubit® Fluorometer (Invitrogen,

Carlsbad, CA, USA).

Genotyping of hTERT rs2736109 G>A,
rs2735940 T>C, rs2853669 A>G, rs2736098 G>A,
and rs2736100 T>G polymorphisms

Genotyping of hT7TERT rs2853669 A>G poly-
morphism was carried out by using the commer-
cially available TagMan allelic discrimination assay

Table 1. Clinicopathological features of breast cancer patients.

Variable N=123 (%)
Age at diagnosis, mean£SD (range 25-77) 51.58+11.28
Age at diagnosis
<35 8 (6.50%)
115
=35 (93.50%)
Histologic type of cancer
. . 100
Infiltrating ductal carcinoma (81.30%)

Infiltrating lobular carcinoma 13 (10.57%)

Mixed 10 (8.13%)
TNM classification

I 8 (6.50 %)

11 49 (39.84%)

e

v %)
Tumor Size

Tl 27 (21.95%)

T2 55 (44.71%)

T3 29(23.58%)

T4 12 (9.76%)

Lymph node status
Negative (-)
Positive (+)
Nodal status

26 (21.14%)
97 (78.86%)

NO 26 (21.14%)
N1 40 (32.52%)
N2 25 (20.33%)
N3 32 (26.02%)

Distant metastasis

MO (Present) 93 (75.61%)

M1 (Absent) 30 (24.39%)
Histological grade

I (good) 13 (10.57%)

II (intermediate) 63 (51.22%)

11T (poor) 47 (38.21%)

Estrogen receptor status

ER negative (-) 31 (25.20%)

ER positive (+) 92 (74.80%)
Progesterone receptor status
PR negative (-) 48 (39.02%)

PR positive (+)
HER-2/neu status
Negative (-)
Positive (+)
Lymphovascular invasion
Negative (-)
Positive(+)
Perineural invasion
Negative (-)
Positive (+)

75 (60.98%)

96 (78.05%)
27 (21.95%)

57 (46.34%)
66 (53.66%)

81 (65.85%)
42 (34.15%)
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C__ 8773290 10 (Applied Biosystems Inc., Foster
City, CA, USA) according to the manufacturer's direc-
tions. Real-time PCR reactions were done in the Light-
Cycler 96 real-time PCR (Roche Diagnostics GmbH,
Mannheim, Germany) according to the standard cycling
conditions: 95°C for 10 min, followed by 40 cycles
of 95°C for 15 s, and 60°C for 1 min. Genotype call-
ing for each subject was determined automatically by
the LightCycler Genotyping software (Roche Diag-
nostics GmbH, Mannheim, Germany). PCR was car-
ried out in a total volume of 10 puL containing 5 pL 2x
TagMan®Universal MasterMix II (Applied Biosystems
Inc., Foster City, CA, USA), 900 nM of each primer
(Applied Biosystems Inc., Foster City, CA, USA), 200
nM of each probe (Applied Biosystems Inc., Foster
City, CA, USA), and approximately 10 ng gDNA. The
context sequence (VIC/FAM) were (written 5’ — 3'):
GTCCCCAGTCCCTCCGCCACGTGGG(A/G)AGC-
GCGGTCCTGGGCGTCTGTGCCC.

PCR-RFLP analyses were performed to detect the
genotypes of the hTERT 152736109 G>A, 152735940
T>C, 152736098 G>A, and 152736100 T>G polymor-
phisms. The nucleotide sequence of primers, length of
amplified DNA fragments, restriction pattern, and re-
striction enzymes used are presented in Table 2. The
25 pL PCR mixture comprised approximately 125 ng
gDNA, with 0.5 uM of both primers, 0.2 mM of each
dNTP, 1X PCR buffer, 1.5 mM MgCI2, and 0.5 unit (U)
Taq DNA polymerase (Sigma-Aldrich, St. Louis, MO,
USA). The following PCR cycling conditions were used:
an initial denaturation step of Smin at 95 °C; 30 cycles
of 30 s at 94 °C, 30 s at 57 °C (for rs2736109 GNAan-
drs2735940TNC) or 56 °C (for rs2736100 TNG), and
30 s at 72 °C; a final elongation step of 7 min at 72
°C. As a negative control, PCR mixture without gDNA
sample was used to provide a contamination free PCR
product. After approval of successful PCR amplification
by 1.5% agarose gel electrophoresis, each PCR product
was digested overnight with 10 U of restriction endo-
nuclease enzymes (New England Biolabs Inc., Beverly,
MA) at 37 °C and electrophoresed on 3% agarose gel
containing 0.5 pg/mL ethidium bromide and visualized

under UV illumination.

To provide quality control, 15% of the study popu-
lation were randomly selected without knowledge of
the subjects’ case-control status and subjected to repeat
analysis by different persons; reproducibility was 100%.
The success rate of genotyping was 100%, and 123 BC
patients and 122 healthy controls were finally included
for subsequent statistical analyses.

Statistical analysis

Calculations of power analyses were done prior to
starting of the hospital-based case—control study with
the Quanto (version 1.1.) software (http://hydra.usc.
edu/gxe) (Gauderman and Morrison, 2006). Appropriate
sample size for obtaining 80% power was determined
by using data of MAFs of hTERT rs2736109 G>A,
1s2735940 T>C, 152853669 A>G, 152736098 G>A, and
152736100 T>G polymorphisms from the PubMed da-
tabase of SNPs (dbSNP) (http://www.ncbi.nlm.nih.gov/
snp/). Data handling and management as well as sta-
tistical analyses were performed by Statistical Package
for Social Sciences version 16.0 (SPSS 16.0) software
package (SPSS Inc., Chicago, IL, USA). Student's test
(for continuous variables) and Pearson's chi-squared
(x2) test (for categorical variables) were used to com-
pare the differences in the distributions of demographic
and clinic characteristics as well as genotype/allele fre-
quencies of hTERT rs2736109 G>A, rs2735940 T>C,
152853669 A>G, 152736098 G>A, and 152736100 T>G
polymorphisms among BC cases and healthy control
subjects. Comparing observed and expected genotypes
frequencies of hTERT 152736109 G>A, 152735940
T>C, 132853669 A>G, 152736098 G>A, and 152736100
T>G polymorphisms in the healthy control group was
tested for Hardy—Weinberg equilibrium (HWE) using
HWE calculator software (http://www.oege.org/soft-
ware/hwe-mrcalc.shtml) (Rodriguez et al., 2009). Rela-
tions between hTERT polymorphisms (rs2736109 G>A,
1s2735940 T>C, 152853669 A>G, 152736098 G>A, and
1s2736100 T>G) and BC risk, haplotype estimation and
the corresponding ORs and 95% Cls values, and link-
age disequilibrium (LD) were analyzed using online

Table 2. Primer sequences, amplicon size, restriction enzyme and restriction pattern for h\TERT 152736109 G>A, 152735940 T>C, 152736098 G>A,

and rs2736100 T>G polymorphisms.

. . Restriction enzyme and ..
Polymorphism Primer sequences Length (bp) restriction recognition sites Restriction pattern (bp)
?GZ éég A%?S Joe e Mbol AJA 4TI
1s2736109G>A ¢ S TTA GGA TTA CAG 471 5°..|GATC...3’ ‘éig ;;}1’ fg‘; 187
GTCGCTCITC 3 ' ’
caTTICTTCTOS Nisp T 235
2733940 T>C g5 TcG TCT TGT AAA 2 5°.C|CGG..3" gg SRR
TAC TTAGGATTCC 3’ B
F: 5'CGT GGT TTC TGT
G/G: 115,99
GTG GTG TC 3’ PspOMI o
152736098 G=A R: 5" CCT TGT CGC CTG 214 5°...G|GGCCC...3’ g;ﬁ ;j 115,99
AGG AGTAG 3’ '
18273610016 ¢ "5:GaA GAA CCA CGC 152 5..C/TRYAG...3’ g/g 11%1’ L?;" 48
AAA GGA C-3’ ' ’
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Table 3. Allele and genotype frequencies in the BC case and the healthy control groups as well as association of hTERT rs2736109 G>A,
152735940 T>C, rs2853669 A>G, 152736098 G>A and 1s2736100 T>G polymorphisms with the risk of BC susceptibility according to different
models of inheritance.

Controls n=122 (%) Breast cancer n=123 (%) OR (95% CI)  P-value* AIC*® BIC®

rs2736109 (-1600 G>A)

Allele
A 101 (41.0%) 99 (40.0%) 1.00 ( Reference)
G 143 (59.0%) 147 (60.0%) 1.05 (0.73-1.50) 0.80
Codominant
AA 24 (19.7%) 20 (16.3%) 1.00 ( Reference) 3449 3554
AG 53 (43.4%) 59 (48.0%) 1.34 (0.66-2.69) 0.42
GG 45 (36.9%) 44 (35.8%) 1.65 (0.57-2.42) 0.67
Dominant
AA 24 (19.7%) 20 (16.3%) 1.00 ( Reference) 3432  350.2
AG+GG 98 (80.3%) 103 (83.7%) 1.26 (0.66-2.43) 0.49
Recessive
AA+AG 77 (63.1%) 79 (64.2%) 1.00 ( Reference) 343.6 350.6
GG 45 (36.9%) 44 (35.8%) 0.95 (0.57-1.60) 0.86
Overdominant
AA+GG 69 (56.6%) 64 (52.0%) 1.00 (Reference) 343.6 350.6
AG 53 (43.4%) 59 (48.0%) 1.20 (0.73-1.99) 0.48
Log-additive -- -- 1.05 (0.74-1.49) 0.80 343.6 350.6
rs2735940 (-1327 T>C)
Allele
C 86 (35.0%) 79 (32.0%) 1.00 ( Reference)
T 158 (65.0%) 167 (68.0%) 1.15(0.79-1.67) 0.46
Codominant
CcC 18 (14.8%) 12 (9.8%) 1.00 ( Reference) 3442 3457
CT 50 (41.0%) 55 (44.7%) 1.65 (0.72-3.76) 0.23
TT 54 (44.3%) 56 (45.5%) 1.56 (0.68-3.53) 0.29
Dominant
CC 18 (14.8%) 12 (9.8%) 1.00 ( Reference) 3422 349.2
CT+TT 104 (85.2%) 111 (90.2%) 1.60 (0.74-3.49) 0.23
Recessive
CC+CT 68 (55.7%) 67 (54.5%) 1.00 ( Reference) 343.6 350.6
TT 54 (44.3%) 56 (45.5%) 1.05 (0.64-1.74) 0.84
Overdominant
CC+TT 72 (59.0%) 68 (55.3%) 1.00 (Reference) 3433 3503
CT 50 (41.0%) 55 (44.7%) 1.16 (0.70-1.93) 0.56
Log-additive -- -- 1.14 (0.79-1.65) 0.47 343.1 350.1
rs2853669 (-245 A>G)
Allele
A 157 (64.0%) 167 (68.0%) 1.00 ( Reference)
G 87 (36.0%) 79 (32.0%) 0.85 (0.59-1.24) 0.41
Codominant
AA 52 (42.6%) 59 (48.0%) 1.00 ( Reference) 3449 3559
AG 53 (43.4%) 49 (39.8%) 0.81 (0.48-1.40) 0.46
GG 17 (13.9%) 15 (12.2%) 0.78 (0.35-1.71) 0.53
Dominant
AA 52 (42.6%) 59 (48.0%) 1.00 ( Reference) 3429 3499
AG+GG 70 (57.4%) 64 (52.0%) 0.81 (0.49-1.33) 0.40
Recessive
AA+AG 105 (86.1%) 108 (87.8%) 1.00 ( Reference) 3435 350.5
GG 17 (13.9%) 15 (12.2%) 0.86 (0.41-1.81) 0.69
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Overdominant
AA+GG
AG
Log-additive
rs2736098 G>A
Allele
G
A
Codominant
GG
GA
AA
Dominant
GG
GA+AA
Recessive
GG+GA
AA
Overdominant
GG+AA
GA
Log-additive
rs2736100 T>G
Allele
T
G
Codominant
TT
TG
GG
Dominant
TT
TG+GG
Recessive
TT+TG
GG
Overdominant
TT+GG
TG
Log-additive

69 (56.6%)
53 (43.4%)

165 (68.0%)
79 (32.0%)

52(42.6%)
61 (50.0%)
9 (7.4%)

52 (42.6%)
70 (57.4%)

113 (92.6%)
9 (7.4%)

61 (50.0%)
61 (50.0%)

89 (36.0%)
155 (64.0%)

22 (18.0%)
45 (36.9%)
55 (45.1%)

22 (18.0%)
100 (82.0%)

67 (54.9%)
55 (45.1%)

77 (63.1%)
45 (36.9%)

74 (60.2%)
49 (39.8%)

176 (72.0%)
70 (28.0%)

63 (51.2%)
50 (40.6%)
10 (8.1%)

63 (51.2%)
60 (48.8%)

113 (91.9%)
10 (8.1%)

73 (59.4%)
50 (40.6%)

90 (37.0%)
156 (63.0%)

16 (13.0%)
58 (47.1%)
49 (39.8%)

16 (13.0%)
107 (87.0%)

74 (60.2%)
49 (39.8%)

65 (52.9%)
58 (47.1%)

1.00 (Reference)
0.86 (0.52-1.43)
0.86 (0.60-1.24)

1.00 ( Reference)
0.83 (0.57-1.22)

1.00 ( Reference)
0.68 (0.40-1.14)
0.92 (0.35-2.43)

1.00 ( Reference)
0.71 (0.43-1.17)

1.00 ( Reference)
1.11 (0.44-2.84)

1.00 (Reference)
0.68 (0.41-1.14)
0.82 (0.55-1.22)

1.00 ( Reference)
0.99 (0.69-1.44)

1.00 ( Reference)
1.77 (0.84-3.76)
1.22 (0.58-2.59)

1.00 ( Reference)
1.47 (0.73-2.96)

1.00 ( Reference)
0.81(0.49-1.34)

1.00 (Reference)
1.53 (0.92-2.54)
1.00 (0.70-1.42)

0.57
0.42

0.35

0.14
0.86

0.18

0.83

0.14
0.33

0.98

0.14
0.60

0.28

0.41

0.10
0.98

3433

343.0

343.4

341.8

343.6

341.5

342.7

342.7

3425

3429

341.0

343.6

350.3

350.0

353.9

348.8

350.6

348.5

349.7

353.2

349.5

350.0

348.0

350.6

Table 4. Allele frequencies of hTERT rs2736109 G>A, rs2735940 T>C, rs2853669 A>G, rs2736098 G>A, and rs2736100 T>G polymorphisms
according to the 1000GENOMES Data.

hTERT polymorphisms
Population ID rs2736109 rs2735940 rs2853669 rs2736098 rs2736100
G allele Aallele Tallele Callele Aallele Gallele G allele A T allele

Allele allele
EAS (East Asian) 0.667 0.333 0.478 0.522 0.623 0.377 0.629 0.371 0.585 0.415
EUR (European) 0.606 0.394 0.511 0.489 0.712 0.288 0.765 0.235 0.501 0.499
AFR (African) 0918 0.082 0.521 0.479 0.924 0.076 0.934 0.066 0.533 0.467
AMR.(Ad Mixed 0.666 0.334 0.432 0.568 0.761 0.239 0.797 0.203 0.572 0.428
American)
SAS (South Asian) 0.378 0.622 0.671 0.329 0.432 0.567 0.497 0.503 0.395 0.605
Present study (Turkish)  0.586 0.414 0.648 0.352 0.643 0.357 0.676 0.324 0.365 0.635
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tool SNPStats: http://bioinfo.iconcologia.net/snpstats/
start.htm. To determine the effects of the of hTERT
polymorphisms (152736109 G>A, 152735940 T>C,
152853669 A>G, 152736098 G>A, and 152736100 T>G
polymorphisms) on BC susceptibility, odds ratios (ORs)
and 95% confidence intervals (CIs) were calculated by
an unconditional logistic regression model adopting co-
dominant, dominant, recessive, overdominant, and log-
additive models of inheritance. To prefer the inheritance
model that best fits the logistic regression data, Akaike's
information criterion and Bayesian information crite-
rion were used. A two-sided P-value less than 0.05 were
regarded as the statically significant level.

Results

Influence of hTERT rs2736109 G>A, rs2735940 T>C,
rs2853669 A>G, rs2736098 G>A, and rs2736100
T>G polymorphisms

A total of 245 Turkish women subjects (122 healthy
controls and 123 BC patients) were genotyped in order
to determine any possible association between BC and
the genotypes of hTERT 152736109 G>A, 152735940
T>C, 152853669 A>G, 152736098 G>A, and 152736100
T>G polymorphisms. These polymorphisms were de-
tected in the groups of BC cases and healthy control
subjects as presented in Table 3. The distribution of
hTERT polymorphisms genotypes in the healthy con-
trol groups were in accordance with Hardy-Weinberg
expectation for 1s2736109 G>A (P>0.05), rs2735940
T>C (P>0.05), 1s2853669 A>G (P>0.05), rs2736098
G>A (P>0.05), and 152736100 T>G (P>0.05). In this
study, the observed frequencies of variant alleles were
very similar or close to those reported in East Asian,
European, and American ancestry, but different from
African and South Asian ancestry (Table 4). The G al-
lele of hTERT 152736109 polymorphism was not asso-
ciated with BC risk when compared with the A allele
of hTERT 132736109 (OR = 1.05, 95% CI 0.73-1.50, P
= 0.8). Similarly, there was no statistical difference in
codominant, dominant, and recessive genetic recessive
models for hTERT 152736109 polymorphism in terms
of susceptibility to BC (Table 3). The T allele of h\TERT
rs2735940 polymorphism was not associated with
BC risk when compared with the C allele of hTERT
132735940 (OR = 1.15, 95% CI 0.79-1.67, P = 0.46).
Additionally, the codominant, dominant, and recessive
genetic recessive models of this polymorphism did not
present any significance to be associated with BC risk.
Likewise, The G allele of hTERT rs2853669 polymor-
phism was not associated with BC risk when compared
with the A allele of hTERT 152853669 (OR = 0.85, 95%
CI 0.59-1.24, P = 0.41). Moreover, the codominant,
dominant, and recessive genetic recessive models of
this polymorphism did not present any significance to
be associated with BC risk for hTERT rs2853669. The
G allele of hTERT 152736098 polymorphism was not as-
sociated with BC risk when compared with the A allele
of hTERT 152736098 (OR = 0.83, 95% CI 0.57-1.22, P
= (0.35). Also, the codominant, dominant, and recessive
genetic recessive models of this polymorphism did not
show any significance to be associated with BC. Lastly,
the T allele of hTERT 1rs2736100 polymorphism was
not associated with BC risk when compared with the G

allele of hTERT rs2736100 (OR = 0.99, 95% CI 0.69-
1.44, P =0.98). This polymorphism also did not present
any significant result in the codominant, dominant, and
recessive genetic recessive models to be associated with
BC.

According to the results presented in Table 3, in all
of the genetic inheritance models, none of the hTERT
152736109 G>A, 12735940 T>C, 152853669 A>G,
152736098 G>A, and rs2736100 T>G polymorphisms
were showed statistical difference that can be related to
BC.

Haplotype Analysis

The total effect of the five hTERT polymorphisms
(2736109 G>A, 152735940 T>C, 132853669 A>G,
rs2736098 G>A, and rs2736100 T>G) on the BC devel-
opment was evaluated by haplotype analysis. Haplotype
analysis results are presented in Table 5. In total, ten
haplotypes were derived from the observed genotypes.
Statistically insignificant value of the overall frequen-
cies of haplotypes was observed between BC patients
and controls (P = 0.07). Grs2736109/Trs2735940/
Ars2853669/Grs2736098/Grs2736100 (htl) was the
most common haplotype in BC cases and controls with
frequencies of 0.205 and 0.291, respectively. Carriers
of Grs2736109/Crs2735940/Ars2853669/Grs2736098/
Trs2736100 (ht2) (P = 0.02) and carries of Ars2736109/
Trs2735940/Grs2853669/Grs2736098/Grs2736100
(ht4) (P =0.04) had an increased risk of BC susceptibil-
ity.

The linkage disequilibrium coefficient ( | D’ |) and
r? among hTERT rs2736109 G>A, 152735940 T>C,
1s2853669 A>G, 152736098 G>A, and r1s2736100
T>G polymorphisms was also calculated and present-
ed in Figure 1. rs2736109 G>A and 152853669 A>G,
1s2735940 T>C and rs2853669 A>QG, rs2735940 T>C
and rs2736098 G>A, rs2735940 T>C and rs2736100
T>G, 152853669 A>G and rs2736100 T>G  were
strongly linked to each other with D' = 0.923, r* = 0.63;
D'=0.947, 1> = 0.23; D' = 0.845, r* = 0.16; D' = 0.785,
r?=0.54; D'=0.768, > = 0.50; respectively (Figure 1).
The remained ones were not in a strong linkage disequi-
librium.

Discussion

At the chromosomal termini, erosion of telomeres
has always been related with carcinogenesis (10). Chro-

152736109 G=A 32735940 T>C 12736100 T>G

32853669 A>G

152736098 G>A

Figure 1. The linkage disequilibrium between hTERT 1s2736109
G>A, 152735940 T>C, 152853669 A>G, rs2736098 G>A, and
r$2736100 T>G polymorphisms in Turkish population.
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Table 5. Association of hTERT haplotypes with the risk of breast cancer.

hTERT Polymorphisms Frequencies
HaplotyPe 1736100 rs2735940  rs2853669 rs2736098  rs2736100 i“l:irc‘:l B “;ziszz’:er OR (95%C Prvalue

htl G T A G G 0.205 0.291

hi2 G C A G T 0.250 0.192 0.53 (0.30-0.92) 0.02
hi3 A T G A G 0.239 0.194 0.63 (0.36-1.11) 0.1
htd A T G G G 0.088 0.049 0.41 (0.18-0.95) 0.04
his A C A G T 0.035 0.070 1.64 (0.57-4.67) 0.36
ht6 G C A G G 0.036 0.030 0.70 (0.22-2.21) 0.54
he7 G T A G T 0.031 0.035 0.74 (0.19-2.87) 0.67
he8 A T G A T 0.011 0.047 2.19(0.51-9.37) 0.29
ht9 G T A A G 0.034 0.014 0.24 (0.04-1.24) 0.09
ht10 A T A G G 0.012 0.026 1.55 (0.30-7.90) 0.60
rare * * * * * 0.58 (0.22-1.55) 0.28

Global haplotype association P-value: 0.07.

mosomal stability, cellular proliferation, and the main-
tenance of telomere DNA length are dependent on the
TERT, which is a subunit of the telomerase enzyme (12).
In order to understand the tumorigenesis underlying the
BC and explore effective prevention and therapeutic
approaches, the genetic factors that could be linked to
BC susceptibility are needed to be better understood
(13,14). In the present study, molecular epidemiologi-
cal methods were used to find the association between
hTERT 152736109 G>A, 152735940 T>C, 152853669
A>G, 152736098 G>A, and rs2736100 T>G polymor-
phisms on the risk of BC susceptibility and clinicopath-
ologic features of BC through a hospital-based case-
control study in a Turkish population.

Many studies have shown that hTERT polymor-
phisms were associated with other cancers' risk. A
study, which was done by Peng et al. suggested that
hTERT 152736100 polymorphism could increase glioma
risk (15)]. Similarly, Zhou et al. also found that h\TERT
1r$2736100 polymorphism may contribute to glioma sus-
ceptibility (16). Bayram et al. for the first time indicated
that hTERT rs2736109, rs2735940, and rs2736100 were
associated with the risk of gastric cancer susceptibility
(17). Liu et al. reported that rs401681 polymorphism
is associated with an increased prostate risk, especially
among Chinese people (18). Yang and Jiao found that
there was a susceptibility of hTERT 152736100 in the
development of lung cancer (19). Therefore, this study
was conducted in order to determine the association
between hTERT 152736109 G>A, 152735940 T>C,
152853669 A>G, 152736098 G>A, and 152736100 T>G
polymorphisms on the risk of BC susceptibility.

According to the meta-analysis that have been done
by Li et al., it was suggested that TERT rs2736109,
152853669, 152736098, and rs10069690 polymorphisms
were associated with increased risk of developing BC.
However, in the current study, the obtained results sug-
gested that none of the hTERT rs2736109, rs2735940,
152853669, 152736098, and 152736100 polymorphisms
can be associated with BC. Another study reported that
HOTAIR 1920778 polymorphism might play important
roles in the genetic susceptibility of BC. Controversial-
ly, none of the five tested polymorphisms (rs2736109,
rs2735940, rs2853669, rs2736098, and rs2736100)
have shown association with BC. Hashemi et al. sug-

gested that the hTERT rs2736098 variant influence the
risk of BC in an Iranian population in southeast Iran
(20). Zhang et al. found that G allele of rs2736100 and
G allele of rs2853669 in TERT gene, interaction be-
tween 152736100 and smoking, and haplotype contain-
ing the 1s2736100- G and 1s2736109- A alleles were
all associated with increased gastric cancer risk (21).
Both of these two studies disagree with our findings.
However, Shadrina et al. have studied 7ERT polymor-
phisms 1s2853669, rs2736100, and rs7726159 influence
on prostate cancer and breast cancer risk in Russian
population (22). They have determined that none of the
studied polymorphisms have shown an association with
the risk of BC. These results are in agreement with the
current study.

To conclude, although all cases and controls of this
study were collected with very similar inclusion criteria
to other studies, some potential factors such as lifestyle
and diet which can not be taken into account may have
affected the present results. Since there have been many
different results in disagreement with the obtained re-
sults from this study, were presented in previous studies,
further independent studies with larger subject sizes and
multiple populations are needed to verify our results.
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