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Abstract
AIM: To investigate the functional consequences 
of rs2736100 polymorphism in telomere length and 
examine its link to gastric cancer risk.

METHODS: Telomere length and human telomerase 
reverse transcriptase (hTERT) mRNA expression were 
measured in 35 gastric cancer tissues and 5 cell lines 
and correlated to rs2736100 polymorphism. The 
relationship between rs2736100 polymorphism and 
the risk of gastric cancer were examined in 243 gastric 
cancer patients and 246 healthy individuals.

RESULTS: The rs2736100 A allele carrier is closely 
associated with reduced hTERT mRNA expression and 
shortened telomere length in gastric cancer tissue 
and cell lines. When gastric cancers were stratified 
by histological subtype, telomere length and hTERT 
mRNA levels were significantly increased in those with 
the C/C genotype in intestinal-type gastric cancer, but 
not in diffuse-type gastric cancer. Interestingly, there 
was no significant difference in the genotype and allele 
frequencies of the rs2736100 polymorphism between 
the patients with gastric cancer and healthy controls.

CONCLUSION: The rs2736100 polymorphism of the 
hTERT  gene is involved in the regulation of hTERT 
expression and telomere length, but not in the risk of 
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telomerase-associated factors[6]. In most normal human 
somatic tissues, telomerase activity is undetectable, 
whereas it is frequently detectable in almost all types 
of human cancers, suggesting the importance of 
telomerase in the development of cancer[7]. Defects 
in telomere maintenance contribute to the initiation 
of genomic instability during carcinogenesis, including 
gastric cancer[8]. The telomerase reverse transcriptase 
(TERT) gene is located in chromosome 5p15.33 and 
a variant rs2736100 localized in the second intron of 
the gene. The rs2736100 C allele is one of the eight 
variants associated with long telomeres in white blood 
cells[9]. We previously reported that telomere length in 
35 gastric cancer tissues was shortened significantly, 
compared with the corresponding non-cancerous gastric 
mucosae, and was positively correlated with human 
telomerase reverse transcriptase (hTERT) expression[10]. 
This led us to hypothesize that the rs2736100 poly
morphism is closely associated with telomere length 
and gastric cancer risk. 

In the present study, we investigated whether the 
rs2736100 single‑nucleotide polymorphism (SNP) 
of the hTERT gene is associated with hTERT mRNA 
expression level and telomere length, and examined 
the ability of rs2736100 to predict gastric cancer risk. 
Overall, we found that rs2736100 A allele carrier is 
closely associated with shortened telomere length and 
reduced hTERT mRNA expression in gastric cancer, 
especially in intestinal-type. However, genotype and 
allele frequencies of rs2736100 polymorphism were 
not associated with an increased risk for gastric cancer 
in this population.

MATERIALS AND METHODS
Samples 
In this study, archival non-cancerous gastric mucosa 
specimens from 243 gastric cancer patients who 
underwent subtotal or total gastrectomy at the Catholic 
University of Korea, College of Medicine in Seoul, 
were enrolled. All gastric cancers specimens were 
pathologically confirmed as gastric adenocarcinoma. 
None of the patients received chemotherapy or 
radiotherapy before surgery. The healthy control 
subjects (n = 246) were collected from residents of the 
same racial and geographic area without personal or 
familial history of malignancy and other major disease. 
To exclude the effects of ethnic differences, only 
Koreans were included in this study. Informed consents 
were obtained according to the Helsinki Declaration. 
This study was approved by the institutional review 
board of the Catholic University of Korea, College of 
Medicine (CUMC09U089).

AGS, MKN-1, MKN-45, SNU-638, and Kato-
Ⅲ gastric cancer cell lines were obtained from the 
American Type Culture Collection. These cells were 
cultured at 37 ℃ in 5% CO2 in RPMI-1640 medium 
(Lonza, Basel, Switzerland) supplemented with 10% 
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Core tip: The rs2736100 polymorphism is closely 
associated with reduced human telomerase reverse 
transcriptase (hTERT) mRNA expression and shortened 
telomere length in gastric cancer tissue and cell lines. 
Additionally, telomere length and hTERT  mRNA levels 
were significantly increased in those with the C/C 
genotype in intestinal-type gastric cancer. Notably, 
there was no significant difference in the genotype 
and allele frequencies of the rs2736100 polymorphism 
between the patients with gastric cancer and healthy 
controls. These results suggest that the rs2736100 
polymorphism of the hTERT  gene is involved in the 
regulation of hTERT  expression and telomere length, 
but not in the risk of gastric cancer. 

Choi BJ, Yoon JH, Kim O, Choi WS, Nam SW, Lee JY, Park 
WS. Influence of the hTERT rs2736100 polymorphism on 
telomere length in gastric cancer. World J Gastroenterol 2015; 
21(31): 9328-9336  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i31/9328.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9328

INTRODUCTION
Gastric cancer remains one of the malignancies with 
the highest incidence and mortality rates worldwide, 
accounting for approximately 10% of all newly 
diagnosed cancers[1-3]. Gastric mucosal inflammation is 
generally believed to be caused by chronic Helicobacter 
pylori (H. pylori) infection and atrophic gastritis, while 
intestinal metaplasia and dysplasia represent different 
stages of the gastric carcinogenesis cascade[4,5]. Thus, 
gastric carcinogenesis is a multistep process involving 
genetic and epigenetic changes in oncogenes, tumor-
suppressor genes, cell adhesion molecules and DNA 
repair genes. There are two main types of gastric 
adenocarcinoma according to the Lauren classification 
defined as intestinal-type and diffuse-type. Of these, 
intestinal-type carcinomas showed obvious glandular 
differentiation, whereas diffuse-type carcinomas 
are typically poorly differentiated. The phenotype 
variation has led to substantial research interest on the 
regulation of genes. Although numerous advances in 
the understanding of gastric cancer have been made, 
the precise molecular mechanism underlying gastric 
carcinogenesis is not yet fully understood. 

Telomere length in healthy cells is highly regulated in 
a tissue- and cell type-specific manner and is dependent 
on mitotic turnover rate, telomerase activity, and 



heat-inactivated fetal bovine serum.

DNA and RNA extraction 
Non-neoplastic cells from specimens of gastric 
cancer patients were obtained from frozen cancer-
free gastric mucosa. For healthy control population, 
a leukocyte cell pellet from each blood sample was 
obtained from the Buffy coat by centrifugation of 2 
mL of whole blood. The cell pellet was used for DNA 
extraction. The Qiagen DNA Blood Mini Kit (Qiagen, 
Valencia, CA, United States) was used according to the 
manufacturer’s instructions to obtain genomic DNA. 
The DNA purity and concentration were determined by 
Nanodrop® ND-1000 spectrophotometer (Nanodrop 
technologies, Wilmingon, DE, United States). 

After quantification of mRNA extracted from frozen 
gastric mucosae, cDNA was synthesized using the 
reverse transcription kit from Roche Molecular System 
(Roche, Mannheim, Germany), according to the 
manufacturer’s protocol. 

Measurement of telomere length and hTERT expression 
in gastric cancer tissues and cell lines
Previously, we examined telomere length in 35 gastric 
cancer tissues by real-time quantitative polymerase 
chain reaction (qPCR)[10]. Briefly, after quantifying 
the genomic DNAs extracted from each sample, 
real-time SYBR Green qPCR was performed on a 
Stratagene Mx 3000P qPCR system (Stratagene, La 
Jolla, CA, United States). Sequences of the primers are 
described in Table 1. All samples were subjected to PCR 
amplification with specific oligonucleotide primers for 
the constitutively expressed single gene copy number 
(36B4) and normalized. The ratio of telomere repeat 
copy number to single-copy gene number (T/S ratio) 
was determined using the comparative Ct method. 

Sample T/S ratios were then divided with the T/S ratio 
of a reference DNA included in each plate, generating 
relative telomere length values. Each sample was 
loaded in triplicate, and all PCR-plates included a 
standard curve for PCR efficiency calculations. 

In addition, hTERT mRNA transcript expression was 
examined in 5 gastric cancer cell lines and 35 gastric 
cancer tissues by real time reverse transcription PCR. 
After cDNA synthesis, 50 ng cDNA was amplified using 
Fullvelocity SYBR Green QPCR Master Mix (Stratagene) 
and 20 pmol/μL each of the forward and reverse 
primers on the Stratagene Mx 3000P QPCR system. 
To ensure the fidelity of mRNA extraction and reverse 
transcription, all samples were subjected to PCR 
amplification with oligonucleotide primers specific for 
the constitutively expressed gene, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), and normalized. 
Sequences of the primers are described in Table 1. The 
standard curve method was used for quantification 
of the relative amounts of gene expression products. 
All samples were tested in duplicate, and the average 
values were used for quantification. 

Since gastrokine 1 (GKN1) induces senescence 
and apoptosis in gastric cancer cells by regulating 
telomere length and hTERT expression[10], hTERT 
mRNA expression were measured in 5 gastric cancer 
cell lines after treatment with recombinant GKN1 (10 
nmol/L, A&R therapeutics, Daejeon, South Korea) and 
correlated to rs2736100 polymorphism. To identify 
the effect of GKN1 on hTERT expression, non-treated 
gastric cells were used as a control. The effects of 
GKN1 were presented as the fold changes in hTERT 
expression relative to control. 

PCR-restriction fragment length polymorphism analysis 
for rs2736100 polymorphism
Genomic DNAs were amplified with primers covering the 
rs2736100 polymorphism in the human hTERT gene. 
For PCR, the primer sequences were described in Table 
1. The PCR procedure was performed under standard 
conditions in a 20 µL reaction mixture containing 2 µL of 
template DNA, 0.5 µmol/L of each primer, 0.2 µmol/L of 
each deoxynucleotide triphosphate, 1.5 mmol/L MgCl2, 
0.4 unit of Ampli Taq gold polymerase (Perkin-Elmer, 
Foster City, CA, United States), and 2 µL of 10 × buffer. 
The reaction mixture was denatured for 12 min at 95 ℃ 
and then incubated for 40 cycles (denaturing for 30 s 
at 95 ℃, annealing for 30 s at 55.4 ℃ and extension for 
30 s at 72 ℃). A final extension step was performed for 
5 min at 72 ℃. After amplification, the PCR products for 
rs2736100 polymorphism of hTERT were digested with 
5 U of restriction enzyme SfcI at 37 ℃ for 4 h. DNA 
fragments then were electrophoresed on a 3% agarose 
gel. To ensure the reliability of the restriction fragment 
length polymorphism results, 50 (20.6%) PCR products 
of 243 gastric cancer cases were sequenced using the 
fluorescent dideoxy chain termination method with on 
ABI 3730XL Analyzer (Applied Biosystems, Foster city, 
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Table 1  The Primer sequences used in this study

Gene Primer sequences

hTERT 
rs2736100

F: 5’-GGT GCC TCC AGA AAA GCA G-3’
R: 5’-GAC ACG GAT CCA GGA CCT C-3’

Telomere 
standard

5’-TTA GGG TTA GGG TTA GGG TTA GGG TTA GGG 
TTA GGG TTA GGG TTA GGG TTA GGG TTA GGG 
TTA GGG TTA GGG TTA GGG TTA GGG-3’

36B4 standard 5’-CAG CAA GTG GGA AGG TGT AAT CCG TCT CCA 
CAG ACA AGG CCA GGA CTC GTT TGT ACC CGT 
TGA TGA TAG AAT GGG-3’

Telomere F: 5’-CGG TTT GTT TGG GTT TGG GTT TGG GTT TGG 
GTT TGG GTT-3’
R: 5’-GGC TTG CCT TAC CCT TAC CCT TAC CCT TAC 
CCT TAC CCT-3’

36B4 F: 5’-CAG CAA GTG GGA AGG TGT AAT CC-3’
R: 5’-CCC ATT CTA TCA TCA ACG GGT ACA A-3’

hTERT F: 5’-ATG CGA CAG TTC GTG GCT CA-3’
R: 5’-ATC CCC TGG CAC TGG ACG TA-3’

GAPDH F: 5’- AAA TCA AGT GGG GCG ATG CTG-3’
R: 5’- GCA GAG ATG ATG ACC CTT TTG-3’

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; hTERT: Human 
telomerase reverse transcriptase.
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site. After digestion with SfcI, three genotypes were 
demonstrated; C/C homozygote, yielding 106- and 
55-bp fragments; C/A heterozygote, yielding 161-, 
106-, and 55-bp fragments; and A/A homozygote as, 
161-bp fragment (Figure 1). 

Next, to investigate whether the genotype of 
rs2736100 polymorphism contributes to hTERT 
expression, the genotypes of 5 gastric cancer cell lines 
were compared with hTERT mRNA expression. As 
shown in Figure 2A, the genotype of AGS and MKN1cells 
was C/C homozygote, MKN-45 and SNU-638 were 
heterozygote, and KATO-Ⅲ was A/A homozygote. 
Interestingly, hTERT mRNA expression was markedly 
increased in AGS and MKN1 cells with C/C homozygote 
and reduced in KATO-Ⅲ cells with A/A homozygote, 
compared the cells with C/A heterozygote (Figure 2B). 
Consistent with our previous results[10], GKN1 treatment 
significantly down-regulated hTERT mRNA expression 
in all gastric cancer cell lines, especially in MKN-45 and 
SNU-638 cells with C/A heterozygote and KATO-Ⅲ 
cell with A/A homozygote (Figure 2C), suggesting that 
hTERT mRNA expression level is closely associated with 
the genotype of the rs2736100 polymorphism. 

Previously, telomere length and hTERT mRNA levels 
in gastric cancer were measured in 35 subjects[10]. As 
shown in Figure 3A, the genotype of rs2736100 poly
morphism of the hTERT gene was closely associated 
with hTERT mRNA and telomere length in gastric 
cancers (P = 0.0026 and P = 0.0199, respectively). 
When we compared the genotype of rs2736100 
polymorphism with telomere length and hTERT mRNA 
levels, subjects carrying the A allele (A/A and C/A 
genotypes) showed lower hTERT mRNA levels and 
shortened telomere length, compared with those who 
had C/C homozygote genotype (P = 0.0016 and P = 
0.0098, respectively) (Figure 3B). 

When we stratified the gastric cancers by the Lauren 
classification, the telomere length was shortened in 
diffuse-type gastric cancer (P = 0.0251). However, 
there was no difference in hTERT mRNA expression 
between intestinal- and diffuse-type gastric cancers (P 
= 0.1485) (Figure 4A). When we combined C/A and 
A/A genotypes, telomere length and hTERT mRNA 
levels were significantly increased in those with the C/C 
genotype in intestinal-type gastric cancer (P = 0.0069 
and P = 0.0204, respectively) (Figure 4B). However, 
the genotype of rs2736100 polymorphism was not 
associated with telomere length and hTERT expression 
in those with diffuse-type gastric cancer (P = 0.1414 
and P = 0.2298, respectively) (Figure 4C). 

Association of rs2736100 polymorphism with risk of 
gastric cancer
Next, to determine whether the rs2736100 polymor
phism is associated with risk of gastric cancer in the 
Korean population, we investigated the genotype and 
allele frequencies of rs2736100 polymorphism in 243 
gastric cancer patients and 246 healthy individuals. 

CA, United States).

Statistical analysis
We firstly examined the association of hTERT poly
morphism (rs2736100) with hTERT mRNA expression 
and telomere length in gastric cancer cell lines and 
tissues by student t-test and χ2 test. Next, we conducted 
a two-tailed t-test to determine the differences in the 
percentages of genotypes and alleles between patients 
and healthy controls, and between the two histological 
types. The strength of association between allele 
frequencies and the stomach cancer was estimated by 
calculating the OR and 95%CI by logistic regression 
analysis using genotype or the number of allele as a 
regressor. An adjusted analysis was also performed by 
logistic regression analysis after adjustment for gender 
and age. A P values < 0.05 were considered to be 
statistically significant. The statistical methods of this 
study were reviewed by Professor Yong Gyu Park from 
The Catholic University of Korea. 

RESULTS
Characterization of the study population
A total of 243 patients and 246 healthy individuals 
were included in this study. The 243 cases included 
174 men (71.6%) and 69 women (28.4%) with a 
median age of 62.5 (22-83) years at initial diagnosis. 
Histologically, 145 cases were of intestinal-type 
(59.6%) and 98 were of diffuse-type (40.4%) gastric 
cancers. The average age was 63 ± 12 in cancer 
patients and 44 ± 8 in control group. Age of 50 was 
used for stratification and χ 2 test showed that age 
distribution had no statistical difference between two 
groups (P = 0.5721 and P = 0.6110, respectively).

Influence of rs2736100 polymorphism on telomere 
length and hTERT mRNA expression 
A 161-bp PCR fragment containing the hTERT SfcI 
polymorphic site was amplified. The A allele has no 
restriction site and the C allele has one restriction 
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161 bp

106 bp

55 bp

M A/A A/A C/C C/A C/A

Figure 1  Genotypes of rs2736100 by polymerase chain reaction-restriction 
fragment length polymorphism. SfcI restriction enzyme recognizes and cuts 
the polymerase chain reaction (PCR) product of C-type allele. Lane M: 50 base 
pair ladder; Lane 1 and 2: SfcI digested PCR product is homozygous (A/A); 
Lane 3: SfcI digested PCR product is homozygous (C/C); Lane 4 and 5: SfcI 
digested PCR product is heterozygous (C/A).
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The distribution of genotypes in cancer group and 
control group was conformed to be in Hardy-Weinberg 
equilibrium, indicating that genotype distribution 

of both groups was a representative of the general 
population. The frequencies of the rs2736100 C/C, 
C/A, and A/A genotypes were 42.0% (102/243), 
44.0% (107/243), and 14.0% (34/243), respectively, 
in gastric cancer patients and 35.0% (86/246), 
49.6% (122/246) and 15.4% (38/246), respectively, 
in the healthy controls (Table 2). Statistically, no 
differences in the genotype and allele frequency of 
hTERT rs2736100 were observed between the healthy 
controls and gastric cancer patients (P = 0.2797 and P 
= 0.1727, respectively). 

When the data were stratified according to 
histological subtype of gastric cancer, there was no 
significant difference in the risk of gastric cancer 
between intestinal- and diffuse-type (P = 0.5448) (Table 
3). Compared with genotypes of healthy controls, no 
significant difference in the risk of intestinal- and diffuse-
type gastric cancers was found in the carriers with an 
A allele (A/C or A/A genotypes) and those with the C/C 
genotype (P = 0.0528 and P = 0.6256) (Table 3). These 
findings suggest that rs2736100 polymorphism of the 
hTERT gene may not be associated with susceptibility to 
the development and differentiation of gastric cancer in 
Korean population. 

DISCUSSION
Normal cells divide for a limited number of times, 
whereas cancer cells usually have the ability to 
proliferate indefinitely[11]. In healthy cells, telomere 
length is highly regulated in a tissue- and cell type-
specific manner and is dependent on mitotic turnover 
rate, telomerase activity, and telomerase-associated 
factors[12]. Telomerase, which adds TTAGGG sequences 
to the 3’ ends of telomeric DNA and promotes genomic 
stability, is a critical determinant of telomere length[13]. 
Telomeres play an important role in the maintenance of 
genomic stability and defects in telomere maintenance 
contribute to the initiation of genomic instability 
during carcinogenesis, including gastric cancer[8,14,15]. 
Interestingly, telomere shortening and dysfunction have 
been suggested to contribute to cancer susceptibility by 
increasing the risk of chromosomal aberrations caused 
by the breakage-fusion-bridge cycle[16]. Since cells with 
sufficiently shortened telomere enter an irreversible 
growth arrest called cellular senescence, it is necessary 
to elucidate mechanisms of telomere length regulation 
for the development of novel anti-cancer agents.

Human telomerase is composed of two subunits: 
telomerase RNA (hTERC) which serves as the template 
for telomere elongation and telomerase reverse 
transcriptase (hTERT) which possesses the catalytic 
activity to synthesize DNA from the RNA template[17-19]. 
The SNP rs2736100 is one of the most common 
variants of the hTERT gene associated with cancer 
risk[20-23]. In particular, it has been reported that the 
C allele of rs2736100 was significantly associated 
with longer telomere length of germ-cells[9,24]. Since 
telomerase activity was presently increased in most 
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treated gastric cancer cells were assessed by real time QPCR. GKN1 treatment 
markedly down-regulated hTERT mRNA expression, especially in MKN-45 and 
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hTERT: Human telomerase reverse transcriptase.
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cancer cells, it is possible that the C allele is closely 
associated with increased hTERT expression and a 
higher telomerase activity, suggesting that this SNP acts 
on the hTERT gene encoding the reverse transcriptase 
of the telomerase complex, essential for maintaining 
the telomere length. In this study, we also found that 
hTERT mRNA expression level markedly increased in 
the gastric cancer cells with C/C homozygote and was 
reduced in cells with A/A homozygote, compared the 
cells with C/A heterozygote (Figure 2). Furthermore, 
the rs2736100 C allele specifically influences the 
cellular response to anti-mitotic agents[25]. Our 
previous study indicated that GKN1 may inhibit the 
telomere elongation by suppressing c-myc-induced 
hTERT expression[10]. Thus, we investigated whether 
the effect of GKN1 on hTERT expression is associated 
with the rs2736100 polymorphism in 5 gastric cancer 
cell lines. Expectedly, GKN1 treatment significantly 

down-regulated hTERT mRNA expression in MKN-45 
and SNU-638 cells with C/A heterozygote and KATO-
Ⅲ cells with A/A homozygote (Figure 2C). Taken 
together, these results suggest that hTERT mRNA 
expression level is closely associated with rs2736100 
polymorphism. However, further studies are strongly 
needed to identify the molecular mechanisms by which 
GKN1 regulates the rs2736100 polymorphism. 

Next, we further confirmed the effect of rs2736100 
polymorphism on hTERT mRNA expression and 
telomere length in gastric cancer tissues (Figure 3A 
and B). As shown in Figure 3B, the cases carrying 
the A allele (A/A and C/A genotypes) showed lower 
hTERT mRNA levels and shortened telomere length, 
compared with those who had C/C homozygote 
genotype (P = 0.0016 and P = 0.0098, respectively). 
Although the sample size (n = 35) was limited, it is 
likely that genotype of the rs2736100 polymorphism 

9333 August 21, 2015|Volume 21|Issue 31|WJG|www.wjgnet.com

C/C C/A A/A

Genotype

P  = 0.0063

P  = 0.9773

P  = 0.0026

hT
ER

T 
m

R
N

A 
ex

pr
es

si
on

3

2

1

0

P  = 0.0441

C/C C/A A/A

Genotype

P  = 0.5467

P  = 0.0199

Te
lo

m
er

e 
le

ng
th

1.5

1.0

0.5

0.0

hT
ER

T 
m

R
N

A 
ex

pr
es

si
on

C/C C/A + A/A

P  = 0.00163

2

1

0

P  = 0.0098

C/C C/A + A/A

Te
lo

m
er

e 
le

ng
th

1.5

1.0

0.5

0.0

A B
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shortened telomere length, compared with those who had C/C homozygote genotype (P = 0.0016 and P = 0.0098, respectively). hTERT: Human telomerase reverse 
transcriptase. 
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may be closely associated with hTERT expression and 
telomere length in gastric cancers. 

When the gastric cancers were stratified by 
histologic type, the telomere length was significantly 
shortened in the diffuse-type (P = 0.0251), but not 
the intestinal-type (Figure 4A). When we combined 
C/A and A/A genotypes, telomere length and hTERT 
mRNA levels were markedly increased in intestinal-
type gastric cancers with the C/C genotype (P = 0.0069 
and P = 0.0204, respectively) (Figure 4B). However, 
these effects of the rs2736100 polymorphism on 
hTERT expression and telomere length were not 
detected in diffuse-type gastric cancers (P = 0.1414 
and P = 0.2298, respectively) (Figure 4C). Therefore, 
our findings suggest that the rs2736100 polymorphism 
may be involved in telomere length maintenance of 
intestinal-type gastric cancer cells. In the future, to 
determine the significance of rs2736100 polymorphism 
on the differentiation of gastric cancer cells, further 
studies on large-scale should be performed. 

To identify that rs2736100 polymorphism contribute 
to the risk of gastric cancer in the Korean population, 
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Figure 4  Association of the rs2736100 polymorphism with hTERT mRNA expression and telomere length in intestinal- and diffuse-type gastric cancers. A: 
The telomere length shortened in diffuse-type gastric cancer (P = 0.0251), but hTERT mRNA expression was not associated with histologic differentiation of gastric 
cancers (P = 0.1485); B: When we combined C/A and A/A genotypes, telomere length and hTERT mRNA levels were markedly increased in those with the C/C 
genotype in intestinal-type gastric cancer (P = 0.0069 and P = 0.0204, respectively); C: The rs2736100 polymorphism was not associated with hTERT expression and 
telomere length in diffuse-type gastric cancers (P = 0.1414 and P = 0.2298, respectively). hTERT: Human telomerase reverse transcriptase; INT: Intestinal-type gastric 
cancer, DIF: Diffuse-type gastric cancer.

Table 2  Genotype and allele distribution of rs2736100 gene 
polymorphism in gastric cancer patients and controls

Patients 
(n  = 243), 

n  (%)

Controls 
(n  = 246), 

n  (%)

Crude OR 
(95%CI)

Adjusted1 OR 
(95%CI)

CC 102 (42.0)   86 (35.0) 1.00 1.00
CA 107 (44.0) 122 (49.6) 0.739 

(0.502-1.089)
0.741 

(0.447-1.228)
AA   34 (14.0)   38 (15.4) 0.754 

(0.438-1.300)
0.811 

(0.373-1.760)
C:A allele 
frequency2

311:175 
(0.640)

294:198 
(0.598)

Trend test3 P = 0.1501 P = 0.3454

1Adjusted for age (in year) and sex; 2Two-sided χ 2 test: for allele frequencies, 
P = 0.1727; for genotype distribution, P = 0.2797; 3Calculated in the logistic 
regression model using the number of A alleles in the genotypes as a 
continuous variable.
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we investigated the genotype and allele frequencies of 
rs2736100 polymorphism in tissue specimens from 243 
gastric cancer patients and 246 healthy individuals. 
Statistically, no differences in the genotype and allele 
frequencies of hTERT rs2736100 polymorphism 
were observed between the healthy controls and 
gastric cancer patients (P = 0.2797 and P = 0.1727, 
respectively) (Table 2). When gastric cancers were 
stratified according to histological subtype, there was 
no significant difference in the risk of intestinal- and 
diffuse-type gastric cancer between the carriers with 
an A allele (A/C or A/A genotypes) and those with the 
C/C genotype (P = 0.0528 and P = 0.6256) (Table 3), 
compared with genotypes of healthy controls. Thus, we 
conclude that rs2736100 polymorphism of the hTERT 
gene may not be associated with susceptibility to the 
development and differentiation of gastric cancer in 
Korean population.

Although our study had limited statistical power 
probably due to their small sample size, while limited, 
we showed that the rs2736100 polymorphism of hTERT 
significantly affect telomere length and hTERT mRNA 
expression in gastric cancer cell lines and tissues. 
Unexpectedly, genotype and allele frequencies of the 
polymorphism were not associated with susceptibility 
to the development and the differentiation of gastric 
cancer in the Korean population. Further studies on 
large population are strongly necessary to clarify the 
biological significances and the exact effects of these 
polymorphisms in regulating hTERT expression.

COMMENTS
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Telomere length is dependent on mitotic turnover rate, telomerase activity, 
and telomerase-associated factors. Cells with sufficiently shortened telomere 
enter an irreversible growth arrest called cellular senescence. Telomerase 
activity is frequently detected in almost all types of human cancers, suggesting 
the importance of telomerase in cancer development. Single nucleotide 
polymorphism (SNP) in the telomerase reverse transcriptase (TERT) gene 
may influence hTERT expression and telomere length, thereby modulating the 
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Research frontiers
It is necessary to elucidate mechanisms of telomere length regulation for 

the development of novel anti-cancer agents. SNP in the second intron of 
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Telomerase activity was frequently increased in most cancer cells. The 
rs2736100 polymorphism was closely associated with the hTERT expression 
and telomere length in gastric cancer cells and tissues. Treatment with 
Gastrokine 1 (GKN1), an inhibitor of telomere elongation, significantly 
decreased hTERT mRNA expression. However, rs2736100 polymorphism of 
the hTERT gene was not associated with susceptibility to the development and 
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Applications
These results suggest that the rs2736100 polymorphism of hTERT can be used 
as a potential biomarker for the development of anti-cancer agents regulating 
telomere length in gastric cancer cells. 
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