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Association Between the Telomerase rs2736098 TT
Genotype and a Lower Risk of Chronic Hepatitis B and
Cirrhosis in Chinese Males

Guanghui Cheng, MSc'*, Xiaotian Yuan, BSc'®, Fang Wang, MD?, Qing Sun, BSc', Qian Xin, PhD', Kailin Li, MSc', Chao Sun, MSc',
Zhaomin Lin, PhD', Yun Luan, PhD', Yiteng Xu, MD', Ping Li, PhD*, Feng Kong, MD' and Dawei Xu, MD, PhD'?

OBJECTIVES: Chronic hepatitis B (CHB) is caused by infection of hepatitis B virus (HBV) and liver cirrhosis (LC) is its most
common complication. The accumulated evidence indicates a genetic context of HBV infection phenotypes. Here we determine a
potential association of CHB/LC with the genetic variant of telomerase reverse transcriptase (TERT), a key player in aging including
immune-senescence.

METHODS: The study included 227 Chinese CHB patients and 315 sex/age-matched healthy controls. TERT rs2736098 and
1s2736100 genotyping was performed using pre-designed TagMan SNP genotyping assay kits. Leukocyte telomere length (LTL)
was determined using quantitative PCR.

RESULTS: The rs2736098_CT/CC genotypes were significantly associated with risk of CHB compared to the TT one (OR 2.265, 95%
Cl 1.202-4.269, P = 0.015). A similar association was also found in CHB patients with cirrhosis (CT/CC vs TT: OR 2.398, 95% CI
1.168-4.922, P = 0.02). Further analyses showed that the rs2736098_TT genotype difference occurred between male controls and
patients (P = 0.008) and male CT/CC-carriers exhibited highly increased risk of CHB compared to male controls (CT+CC vs TT, OR
3.182, 95% Cl 1.350-7.500, P=0.01). There was no difference in the rs2736100 variants between controls and CHB patients. LTL
was not different between cases and controls.

CONCLUSIONS: The TERT rs2736098_TT genotype is associated with a lower CHB and LC risk in Chinese males, which may have
implications in CHB pathogenesis and prevention.
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INTRODUCTION

Close to 400 million individuals are chronically infected with
hepatitis B virus (HBV) worldwide and approximately one
million of them die from HBV-related liver diseases including
chronic hepatitis B (CHB), liver cirrhosis (LC) and hepatocellular
carcinoma (HCC) annually." The accumulated evidence has
indicated the host-genetic background of susceptibility to HBV
infection and CHB. Indeed, early epidemiological studies

Telomerase is a RNA-dependent DNA polymerase that
elongates telomeric DNA.2° Most normal human somatic cells
lack telomerase activity due to the tight transcriptional repression
of its rate-limiting, catalytic component telomerase reverse
transcriptase (TERT) gene.?>2 This, together with the end-
replication problem, leads to progressive telomere shortening
with each round of cell division or with increased age, and when
they become too short (dysfunctional) to protect chromosomes,
the DNA damage response is activated, thereby triggering the

strongly suggested a genetic context of infection phenotypes,
while recent GWAS and genetic analyses further identified a
panel of genetic variants associated with HBV infection and
CHB susceptibility. Because the host immune system respon-
sive for both innate immune and adaptive immunity plays a key
role in controlling HBV infection and outcomes,?® its associa-
tion with genetic variants of immuno-modulatory factors has
been extensively explored. So far, variations in genes encoding
IL-6, IL-1, IL-10, PPARYy, HLAs, TNFa, IFNy, TIM3, CTLA4 and
others have been found to significantly influence HBV infection
and CHB predisposition.*'®

permanent growth arrest of cells (replicative senescence).2>22 By
regulating telomere length and many other biological activities,
telomerase or TERT plays critical parts in human health.?°
Importantly, it has been shown that abnormal telomere length is
associated with chronic liver diseases, and telomerase provides a
protection against liver fibrosis.?>2® In addition, shorter telomere
in immune cells is associated with a lower activity against viral
infection.?” These findings suggest that TERT or telomerase may
be involved in HBV infection-related CHB and LC.

There are multiple single-nucleotide polymorphisms in the
TERT gene, among which rs2736100 and rs2736098 are most
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studied. These variants have been shown to be associated
with cancer, atherosclerosis, depression and other health
problems.28~4% Given the findings documented above, we
sought to ask whether the rs2736100 and rs2736098
genotypes modify susceptibility to CHB and its LC complica-
tion. Our results reveal a significant association between the
TERT rs2736098_TT genotype and reduced risk of CHB and
LC in Chinese males.

METHODS

Study populations. The case-control individuals include
542 unrelated Chinese adults consisting of 227 CHB patients
and 315 healthy controls. All 227 patients were active CHB
and recruited from Infectious Diseases Inpatient, the Shan-
dong University Second Hospital, between January 2014 and
October 2015. Three hundred and fifteen healthy adults who
were age- and sex-matched to cases were recruited as
controls, from Physical Examination Center of the Shandong
University Second Hospital. The study was approved by the
Ethics Review Committee of Shandong University Second
Hospital and written informed consent was obtained from the
participants. All experiments were performed in accordance
with relevant guidelines and regulations.

DNA extraction and genotyping of the TERT rs2736100
and rs2736098 variants. Genomic DNA was extracted
from peripheral blood cells using QIAGEN DNA extraction
kits. The TERT rs2736100 (AC) and rs2736098 (T/C)
genotyping was carried out using pre-designed TagMan
SNP genotyping assay kits on an ABI PRISM 7900 HT
Sequence Detection System (Applied Biosystems, Foster
City, CA), as described.>*3° Both positive and negative
controls were included in all assays and the running condition
was as followed: 95 °C for 10 min, followed by 40 cycles of
92 °C for 15s and 60 °C for 1 min.

Leukocyte telomere length assay. Genomic DNA was
isolated from peripheral blood cells as above and leukocyte
telomere length (LTL) was assessed using real-time PCR as
previously described.*'*? Briefly, 2 ng of DNA were used for
each PCR reaction. The primer sequences for human
telomere (Tel 1b and Tel 2b) and pB-globin (HBG3 and
HBG4) were: Tel1b: 5-CGGTTTGTTTGGGTTTGGGT-TTGG
GTTTGGGTTTGGGTT-3’; Tel2b: 5-GGCTTGCCTTACCCT
TACCCTTACCC-TTACCCTTACCCT-3; HBG3: 5-TGTGC
TGGCCCATCACTTTG-3’, and HBG4: 5'-ACCAGCCA-CCA
CTTTCTGATAGG-3'. T/HBG values were determined using
the formula 77S=27"2%" where ACt=average Ctiiomere —
average Ctggopin. The T/S ratio was arbitrarily expressed
as LTL.

Statistical analyses. Required sample size for association
studies was calculated using QUANTO (Version 1.2, Uni-
versity of Southern California) and a power >0.80 is
acceptable. The evaluation of distribution differences of
selected variables and alleles of the TERT rs2736100 and
rs2736098 between CHB patients and healthy controls were
done using y* test. Hardy-Weinberg equilibrium of the
genotype distribution among the controls was tested by a
goodness-of-fit ¥* test. Unconditional univariate and multi-
variate logistic regression analyses were used to estimate
ORs for risk of CHB or LC and their 95% Cls. The LTL
difference between patients and healthy controls was
assessed using the Mann-Whitney U-tests. All the tests
were computed using SigmaStat3.1 software (Systat Soft-
ware, Inc., Richmond, CA, USA). For comparison of
rs2736098 and rs2736100 genotypes between healthy
controls and CHB patients, P values were adjusted by
Bonferroni correction and a statistical significance should be
<0.025. P values of <0.05 were considered as statistically
significant for all other comparisons.

Table 1 TERTrs2736098 and 2736100 genotyping in healthy adults and CHB patients

HA CHB Odds ratio (95% CI) P value?®
N 315 227
Sex
M 210 153
F 105 74
M/F Ratio 2.0 2.0
Age (years) 44 +15 43+13
Genotypes
rs2736098 (N) 304 (100%) 219 (100%)
T 41 (13.4) 14 (6.4) 1.0 (ref.)
CT 146 (47.7) 111 (50.7) 2.227 (1.157-4.286) 0.022
ccC 119 (38.9) 94 (42.9) 2.313 (1.191-4.495) 0.018
CT+CC 265 205 2.265 (1.202—4.269) 0.015
rs2736100 (N) 306 (100%) 227 (100%)
AA 115 (37.3) 94 (41.4) 1.0 (ref)
CA 139 (45.5) 101 (44.5) 0.889 (0.612 to 1.292) 0.602
cc 52 (17.2) 32 (14.1) 0.753 (0.449—1.264) 0.344
CA+CC 191 133 0.852 (0.600-1.210) 0.421

CHB, chronic hepatitis B; Cl, confidence interval; HA, Healthy adults; ref., reference.

2P<0.025 as statistically significant according to Bonferroni correction.
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Table 2 Sex difference in the association of rs2736098 with CHB
HA CHB Odds ratio (95% CI) P value
Male

Genotypes (N) 204 (100%) 147 (100%)

TT 28 (13.7) 7 (4.8) 1.0 (ref.)

CT 75 (36.8) 75 (51.0) 4.000 (1.646-9.720) 0.002

CcC 101 (49.5) 65 (44.2) 2.574 (1.063-6.237) 0.051

CT+CC 176 140 3.182 (1.350-7.500) 0.010

Female

Genotypes (N) 102 (100%) 72 (100%)

TT 13 (12.7) 7 (9.7) 1.0 (ref)

CT 48 (47.1) 36 (50.0) 1.122 (0.401-3.137) 0.968

CcC 41 (40.2) 29 (40.3) 1.631 (0.587-4.532) 0.490

CT+CC 89 65 1.356 (0.513-3.588) 0.708
CHB, chronic hepatitis B; Cl, confidence interval; HA, healthy adults; ref., reference.
Table 3 The association of rs2736098 with cirrhosis in CHB

HA CHB with cirrhosis Odds ratio (95% ClI) P value

Genotypes (N) 304 (100%) 165 (100%)

TT 41 (13.4) 10 (6.1) 1.0 (ref.)

CT 146 (47.7) 88 (53.3) 2.471 (1.179-5.180) 0.020

CcC 119 (38.9) 67 (40.6) 2.308 (1.087—4.908) 0.041

CT+CC 265 155 2.398 (1.168-4.922) 0.020

CHB, chronic hepatitis B; Cl, confidence interval; HA, healthy adults; ref., reference.

RESULTS

Demographic and/or clinical characteristics of study
subjects. A total of 227 patients with CHB were genotyped
for TERT rs2736100 and rs2736098 variants. A total of 165
CHB patients had LC complication. Active CHB diagnosis was
made according to abnormal levels of alanine aminotransfer-
ase and/or aspartate transaminase, higher amounts of HBV
DNA quantification and positive HBSeAg. The presence of LC
complication was diagnosed based on liver Ultrasound B and
Computer Tomography examination. None of the patients
developed HCC. Patient age and sex are summarized in
Table 1. In total, 315 healthy adults used as controls were
age- and sex-matched (Table 1), and all of them were negative
for HBV surface antigen and had normal levels of alanine
aminotransferase and aspartate transaminase. The power for
the number of cases and controls in this study, as made using
QUANTO, was 0.968 (>0.80 acceptable).

The TERT rs2736100 variant and CHB risk. The TERT
rs2736100 genotyping was successfully performed on DNA
from 306 of 315 healthy adults and all 227 CHB patients, and
the frequency was summarized in Table 1. The genotype
distributions were 37.3, 45.5, and 17.2% for AA, AC, and CC,
respectively, in healthy adults, while 41.4, 44.5, and 14.1% for
AA, AC, and CC, respectively, in CHB patients (Table 1).
There was no significant difference in the rs2736100
genotype frequency between healthy controls and CHB
patients, which indicates the lack of rs2736100 association
with CHB susceptibility (Table 1).

The TERT rs2736098 variant and CHB risk. The TERT
rs2736098 genotyping was performed on DNA from those
same individuals, and the analysis was successfully in 304 of
315 healthy adults and 219 of 227 CHB patients. As shown in
Table 1, 41 of 304 controls had TT (13.4%), 146 CT (47.7%),
and 119 CC genotype (38.9%), while there were 14 TT (6.4%),
111 CT (50.7%), and 94 CC genotype (42.9%) among 219
cases. The TT genotype was presented at a significantly
higher frequency in the healthy controls compared to that in
the CHB patients (P=0.015). The CT and CC genotypes
exhibited significantly increased risk of CHB (TT vs CT: OR,
2.227,95% Cl, 1.157-4.286, P=0.022; TT vs CC: OR, 2.313,
95% ClI, 1.195-4.495, P=0.018). These results remained
same even when P value <0.025 was considered as
statistically significant after Bonferroni correction.

We further compared the rs2736098 allele distribution in male
and female individuals separately. The highly significant lower
TT genotype was observed in male cases (4.8%) compared to
that in male controls (13.7%; Table 2, TT vs CT: OR, 4.0, 95%
Cl, 1.646-9.720, P=0.002; TT vs CC: OR, 2.574, 95% CI,
1.063-6.237, P=0.018). In contrast, a slight difference inthe TT
genotype was seen between female controls (12.7%) and
patients (9.7%), which was not significant (controls vs cases in
female, P>0.05 in all the comparisons; Table 2).

The TERT rs2736098 variant and LC risk in CHB patients.
Telomerase is known to protect liver from non-HBV-related
cirrhosis,?® and we are thus interested in the relationship of
rs2736098 variants with CHB-mediated LC. Among 165 CHB
patients with the LC complication, 155 of them were available
for the rs2736098 genotyping. Compared with healthy
controls, patients with LC exhibited a significantly lower
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frequency of the TT type (Tables 3, 13.4 vs 6.1%). Both CT
and CC genotypes were significantly associated with a higher
risk of LC development in CHB patients (Table 3, TT vs CT:
OR, 2.471, 95% CI, 1.179-5.180, P=0.02; TT vs CC: OR,
2.309, 95% ClI, 1.087-4.908, P=0.041).

Leukocyte telomere length in CHB patients. Finally, we
determined telomere length in leukocytes from healthy adults
and CHB patients, and then compared its difference between
two groups. LTL was 1.01 +£0.47 and 0.94 + 0. 60 for HA and
CHB, respectively (Figure 1a), and there was no significant
difference (P=0.182). Because the rs2376098 variants were
previously shown to be correlated with LTL,%%*% we further
made a comparison among individuals with different
rs2736098 alleles. In healthy controls, TT-, CT-, and CC-
carriers had LTL 0.85+0.36, 0.89+0.36, and 1.00+0.44,
respectively (age-corrected values; Figure 1b). LTL in CHB
patients was: TT: 0.83+0.40, CT: 0.89+0.49, and CC:
1.03+0.689 (Figure 1). There was a trend of LTL increase
from TT-, CT- to CC-carriers in both healthy controls and CHB
patients, however, none of these differences were significant
(Figure 1b). LTL between controls and patients bearing the
same genotype did not differ significantly either (Figure 1b).

DISCUSSION

The variants of the TERT gene have been observed to be
associated with a significantly higher susceptibility to cancer and
aging-related disorders,>®>3® however, their relationship with
chronic virus infection is unclear. In the present study, we
investigated the influence of the TERT genetic variants on risk of
CHB and LC. Our results reveal significantly higher frequencies
of the rs2736098_TT in healthy controls than in CHB patients,
which suggest that the TERT rs2736098_TT genotype exerts a
protective effect on susceptibility to CHB and LC. To our
knowledge, this is the first report demonstrating an association
between the rs2736098 variant and CHB or its complications.

During HBV infection, complete HBV clearance occurs in
more than 90% of infected adults, while 5-10% of them has viral
persistence, thereby leading to CHB, and then further devel-
opment of cirrhosis or even HCC." Cell-mediated immune
response is believed to contribute to variable clinical outcomes
of HBV infection. Telomerase or TERT and telomeres have long
been recognized to play pivotal parts in regulating immunolo-
gical activity.***° Activation of telomerase via induction of TERT
expression occurs in activated lymphocytes for their expansion
in response to infectious challenge.***® Shorter LTL was
associated with increased susceptibility to experimentally
induced acute upper respiratory infection and clinical illness in
adults.?” Mechanistically, shorter telomeres limit proliferation
potentials of immune cells and compromise immune response
to pathogens, thereby lowering host resistance to infection.***°
It is thus likely that TERT variants modify risk of CHB by
influencing host immune function.

However, the LTL comparison between healthy controls and
CHB patients did not reveal a significant difference, which
indicates that telomere homeostasis is not significantly impaired
in CHB patients. In addition, the rs2736098 TT and CC
genotype-carriers were previously shown to harbor shortest
and longest LTL, respectively, while the CT variant was
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Figure 1 Leukocyte telomere length (LTL) in healthy adults (HA) and patients with

chronic hepatitis B (CHB) and relation with the rs2736098 genotyping. Genomic DNA
from HA and CHB peripheral leukocytes analyzed for telomere length using gPCR,
and relative LTL was calculated as described in Methods. (a) Comparison of LTL
between HA and CHB patients. (b) LTL in HA and CHB patients bearing different
rs2736098 genotypes. The LTL values shown were age-corrected.

correlated with medium levels of LTL.®? Consistently, Atzmon
et al. found a significant association between rs2736098 and
LTL.*® However, we did not find this scenario in both healthy
controls and CHB patients, indicating that the association
between rs2736098_TT allele and a lower CHB risk is unlikely
attributable to telomere length regulation. However, the sample
size in the present study is relatively small, which might
be a potential reason behind the dissociation between the
rs2736098 genotype and phenotype (LTL). On the other hand,
telomere lengthening is the canonical function of telomerase or
TERT, but recent studies have demonstrated its multiple
properties independently of telomere homeostasis.**™" Ecto-
pic expression of TERT was shown to promote mobilization of
stem cells and proliferation of many types of cells via
upregulation of stem cell factors, growth factors or their receptor
expression;®27>* telomerase and TERT is capable of protecting
cells from apoptosis mediated by various insults.*®-0-55%¢
Mechanistically, TERT can act as co-factors to stimulate gene
transcription.*® It is thus likely that the rs2736098_TT allele
boosts hostimmune response for HBV clearance via a telomere
lengthening-independent manner. However, the exact under-
lying mechanism calls for further investigations.

Telomere and telomerase or TERT have been shown to be
involved in the pathogenesis of chronic liver diseases including
LC.2%2® Telomerase-deficient mice at late generations exhibit
shortened telomeres and diminished capacity for liver regen-
eration, and undergo accelerated development of cirrhosis
after liver injury, whereas re-expression of telomerase activity is
shown to improve liver function and protect mice from
development of hepatic steatosis and fibrosis.?® Similar
pathological alterations including accelerated telomere attrition
and regenerative exhaustion of liver cells were observed in
patients with loss-of-function of telomerase genes.?*?* On the
other hand, telomere over-erosion also occurs in CHB-related
cirrhosis due to a higher turn-over of hepatocytes to compen-
sate for liver damage. Conceivably, HBV infection and shorter
telomeres cooperate to accelerate the development of LC.
However, it is currently unclear whether this mechanism is
involved in the rs2736098_CT/CC-related risk of LC.

Intriguingly, we only observed the effect of rs2736098
variants on risk of male CHB patients. It is well-known that
estrogen protects females from HBV infection and CHB by



directly inhibiting HBV replication.’” On the other hand,
however, estrogen is also a strong activator of TERT transcrip-
tion and telomerase.®®%° There may thus be a possibility that a
potent controlling of TERT expression by estrogen masks the
effect of the rs2736098 genotypes in female CHB patients.
Further studies are required to elucidate this issue.

In summary, the finding presented here demonstrates that the
TERTrs2736098 variants significantly contribute to the suscept-
ibility of CHB and its cirrhosis complication in Chinese males,
providing new insights into telomerase biology and etiology of
CHB and LC. These results also raise a number of intriguing
questions: How those different TERT genotypes modify the risk
of CHB and LC, and why their influence only occurs in males. In
addition, because CHB is a key factor that drives development of
HCC, while telomerase and TERT are essential in oncogenesis,
it is important to further dissect the relationship between
rs22736098 variants and CHB or HBV-related HCC. Elucidation
of all these issues will certainly contribute to the management
and prevention of CHB and its complications.
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Study Highlights

WHAT IS CURRENT KNOWLEDGE

v The accumulated evidence has indicated the host-genetic
background of susceptibility to chronic hepatitis B (CHB).

v Telomerase is involved in liver inflammation and cirrhosis.

WHAT IS NEW HERE

v The telomerase (TERT) rs2736098_TT genotype is
associated with a lower risk of CHB in Chinese males.

v The TERT rs2736098_TT genotype may reduce the onset
of cirrhosis resulting from CHB.

TRANSLATIONAL IMPACT

v The TERT rs2736098 genotyping may identify individuals
with increased susceptibility to CHB, thereby allowing
precision prevention of CHB.

Association of TERT rs2736098 Genotype With Hepatitis B
Cheng et al.

N —

w

S

o

o

oo

21.
22.
23.
24.
25.
26.

. Cohen S, Janicki-Deverts D, Turner RB et al. Association between telomere length and

28.

30.

31.

32.

. Trepo C, Chan HL, Lok A. Hepatitis B virus infection. Lancet 2014; 384: 2053-2063.
. Maini MK, Gehring AJ. The role of innate immunity in the immunopathology and treatment of

HBV infection. J Hepatol 2016; 64 (1 Suppl): S60-S70.

. Bertoletti A, Ferrari C. Adaptive immunity in HBV infection. J Hepatol 2016; 64 (1 Suppl):

§71-883.

. Wei Y, Tian Q, Li L, Zhang D. Association between IFN-gamma genetic polymorphisms and

susceptibility to hepatitis B virus infection: a meta-analysis. Ann Human Biol 2015; 19: 1-10.

. Zhang Y, Guo D, Zhao Y et al. The effect of cytokine profiles on the viral response to

re-treatment in antiviral-experienced patients with chronic hepatitis C virus infection. Antiviral
Res 2011; 92: 247-254.

. Liao Y, Cai B, Li Y et al. Association of HLA-DP/DQ, STAT4 and IL-28B variants with HBV

viral clearance in Tibetans and Uygurs in China. Liver Int 2015; 35: 886-896.

. Chen K, Min H, Wu X et al. JAK1 gene polymorphisms are associated with the outcomes of

hepatitis B virus infection, but not with alpha interferon therapy response in a Han Chinese
population. Genetic Test Mol Biomark 2012; 16: 1206-1210.

. Cheong HS, Lee JH, Yu SJ et al. Association of VARS2-SFTA2 polymorphisms with the risk

of chronic hepatitis B in a Korean population. Liver Int 2015; 35: 1934-1940.

. Guo X, Zhang Y, Li J et al. Strong influence of human leukocyte antigen (HLA)-DP gene

variants on development of persistent chronic hepatitis B virus carriers in the Han Chinese
population. Hepatology 2011; 53: 422-428.

. Hu J, Li QL, Hou SH et al. Association of inducible T cell costimulator polymorphisms with

susceptibility and outcome of hepatitis B virus infection in a Chinese han population. Scandin
J Immunol 2015; 82: 275-281.

. Jiang DK, Ma XP, Wu X et al. Genetic variations in STAT4,C2,HLA-DRB1 and HLA-DQ

associated with risk of hepatitis B virus-related liver cirrhosis. Sci Rep 2015; 5: 16278.

. Karamitros T, Papatheodoridis G, Dimopoulou E et al. The interferon receptor-1 promoter

polymorphisms affect the outcome of Caucasians with HBeAg-negative chronic HBV
infection. Liver Int 2015; 35: 2506-2513.

. Karra VK, Gumma PK, Chowdhury SJ et al. IL-18 polymorphisms in hepatitis B virus related

liver disease. Cytokine 2015; 73: 277-282.

. Kimkong I, Tangkijvanich P, Hirankarn N. Association of interferon-alpha gene polymorphisms

with chronic hepatitis B virus infection. Int J Immunogenet 2015; 40: 476-481.

. Liu'L, Zhang J, Lu Y et al. Correlations between ASCC3 gene polymorphisms and chronic

hepatitis B in a chinese han population. PloS ONE 2015; 10: e0141861.

. Nishida N, Ohashi J, Khor SS et al. Understanding of HLA-conferred susceptibility to chronic

hepatitis B infection requires HLA genotyping-based association analysis. Sci Rep 2015; 6:
24767.

. Seto WK, Wong DK, Kopaniszen M et al. HLA-DP and IL28B polymorphisms: influence of

host genome on hepatitis B surface antigen seroclearance in chronic hepatitis B. Clin Infect
Dis 2013; 56: 1695-1703.

. Sodsai P, Surakiatchanukul T, Kupatawintu P et al. Association of cytokine and cytokine

receptor gene polymorphisms with the risk of chronic hepatitis B. Asian Pacific J Allerg
Immunol 2013; 31: 277-285.

. Stelma F, Jansen L, Sinnige MJ et al. HLA-C and KIR combined genotype as new response

marker for HBeAg-positive chronic hepatitis B patients treated with interferon-based
combination therapy. J Viral Hepatitis 2016; 23: 652-659.

. Kong F, Zheng C, Xu D. Telomerase as a "stemness" enzyme. Sci China Life Sci2014; 57:

564-570.

Daniel M, Peek GW, Tollefsbol TO. Regulation of the human catalytic subunit of telomerase
(hTERT). Gene 2012; 498: 135-146.

Druliner BR, Ruan X, Johnson R et al. Time lapse to colorectal cancer: telomere dynamics
define the malignant potential of polyps. Clin Translat Gastroenterol 2016; 7: e188.
Calado RT, Brudno J, Mehta P et al. Constitutional telomerase mutations are genetic risk
factors for cirrhosis. Hepatology 2011; 53: 1600-1607.

Hartmann D, Srivastava U, Thaler M et al. Telomerase gene mutations are associated with
cirrhosis formation. Hepatology 2011; 53: 1608-1617.

Rudolph KL, Chang S, Millard M et al. Inhibition of experimental liver cirrhosis in mice by
telomerase gene delivery. Science 2000; 287: 1253-1258.

Donati B, Valenti L. Telomeres, NAFLD and chronic liver disease. IntJ Mol Sci2016; 17: 383.

experimentally induced upper respiratory viral infection in healthy adults. JAMA 2013; 309:
699-705.

Zhang C, Tian YP, Wang Y et al. hTERT rs2736098 genetic variants and susceptibility of
hepatocellular carcinoma in the Chinese population: a case-control study. Hepatobiliary
Pancreat Dis Int 2013; 12: 74-79.

. Mocellin S, Verdi D, Pooley KA et al. Telomerase reverse transcriptase locus polymorphisms

and cancer risk: a field synopsis and meta-analysis. J Nat Cancer Inst 2012; 104: 840-854.
Yuan X, Meng Y, Li P et al. The association between the TERT rs2736100 AC genotype and
reduced risk of upper tract urothelial carcinomas in a Han Chinese population. Oncotarget
2016; 7: 31972-31979.

Chen XF, Cai S, Chen QG et al. Multiple variants of TERT and CLPTM1L constitute risk
factors for lung adenocarcinoma. Genet Mol Res 2012; 11: 370-378.

de Martino M, Taus C, Lucca | et al. Association of human telomerase reverse transcriptase
gene polymorphisms, serum levels, and telomere length with renal cell carcinoma risk and
pathology. Mol Carcinogen 2016; 55: 1458-1466.

Clinical and Translational Gastroenterology



Association of TERT rs2736098 Genotype With Hepatitis B
Cheng et al.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,
45,

46.

47.

48.

. Feng L, Nian SY, Zhang J. The GG genotype of telomerase reverse transcriptase at genetic
locus rs2736100 is associated with human atherosclerosis risk in the Han Chinese
population. PloS one 2014; 9: €85719.

Mehle C, Piatyszek MA, Ljungberg B et al. hTERT cancer risk genotypes are associated with
telomere length. Genetic Epidemiol 2012; 36: 368-372.

Oddsson A, Kristinsson SY, Helgason H et al. The germline sequence variant
rs2736100_C in TERT associates with myeloproliferative neoplasms. Leukemia 2014; 28:
1371-1374.

Qi HY, Zou P, Zhao L et al. TERT rs2736098 polymorphism and cancer risk: results of a
meta-analysis. Asian Pac J Cancer Prev 2012; 13: 3483-3488.

Truong T, Hung RJ, Amos Cl et al. Replication of lung cancer susceptibility loci at
chromosomes 15025, 5p15, and 6p21: a pooled analysis from the International Lung Cancer
Consortium. J Nat Cancer Inst 2010; 102: 959-971.

Wei YB, Martinsson L, Liu JJ et al. hTERT genetic variation in depression. J Affect Dis 2015;
189: 62-69.

Wu H, Qiao N, Wang Y et al. Association between the telomerase reverse transcriptase
(TERT) rs2736098 polymorphism and cancer risk: evidence from a case-control study of
non-small-cell lung cancer and a meta-analysis. PloS one 2013; 8: e76372.

Dahlstrém J, Liu T, Saft L et al. TERT rs2736100 Genotypes are associated with differential
risk of myeloproliferative neoplasms in Swedish and Chinese male patient populations. Ann
Hematol 2016; 95: 1825-1832.

Li P, Hou M, Lou F et al. Telomere dysfunction induced by chemotherapeutic agents and
radiation in normal human cells. Int J Biochem Cell Biol 2012; 44: 1531-1540.

Cawthon RM. Telomere measurement by quantitative PCR. Nucleic Acids Res 2002;
30: e47.

Atzmon G, Cho M, Cawthon RM et al. Evolution in health and medicine Sackler colloquium:
Genetic variation in human telomerase is associated with telomere length in Ashkenazi
centenarians. Proc Nat Acad Sci USA 2011; 107 (Suppl 1): 1710-1717.

Weng NP. Telomeres and immune competency. Cur Opin Immunol 2012; 24: 470-475.
Ge Z, Liu C, Bjorkholm M et al. Mitogen-activated protein kinase cascade-mediated histone
H3 phosphorylation is critical for telomerase reverse transcriptase expression/telomerase
activation induced by proliferation. Mol Cell Biol 2006; 26: 230-237.

Ding D, Xi P, Zhou J et al. Human telomerase reverse transcriptase regulates MMP
expression independently of telomerase activity via NF-kappaB-dependent transcription.
Faseb J 2014; 27: 4375-4383.

Liu T, Liang X, Li B et al. Telomerase reverse transcriptase inhibition stimulates
cyclooxygenase 2 expression in cancer cells and synergizes with celecoxib to exert
anti-cancer effects. Br J Cancer 2013; 108: 2272-2280.

Liu Z, Li Q L K et al Telomerase reverse transcriptase promotes epithelial-
mesenchymal transition and stem cell-like traits in cancer cells. Oncogene 2013; 32:
4203-4213.

Clinical and Translational Gastroenterology

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Luiten RM, Pene J, Yssel H et al. Ectopic hTERT expression extends the life span of human
CD4+ helper and regulatory T-cell clones and confers resistance to oxidative stress-induced
apoptosis. Blood 2003; 101: 4512-4519.

Ci X, Li B, Ma X et al. Bortezomib-mediated down-regulation of telomerase and disruption of
telomere homeostasis contributes to apoptosis of malignant cells. Oncotarget 2015; 6:
38079-38092.

Saretzki G. Extra-telomeric functions of human telomerase: cancer, mitochondria and
oxidative stress. Cur Pharmaceut Design 2015; 20: 6386-6403.

Lindvall C, Hou M, Komurasaki T et al. Molecular characterization of human telomerase
reverse transcriptase-immortalized human fibroblasts by gene expression profiling:
activation of the epiregulin gene. Cancer Res 2003; 63: 1743-1747.

Sarin KY, Cheung P, Gilison D et al. Conditional telomerase induction causes proliferation of
hair follicle stem cells. Nature 2005; 436: 1048-1052.

Flores I, Cayuela ML, Blasco MA. Effects of telomerase and telomere length on epidermal
stem cell behavior. Science 2005; 309: 1253-1256.

Zhang X, Li B, de Jonge N et al. The DNA methylation inhibitor induces telomere dysfunction
and apoptosis of leukemia cells that is attenuated by telomerase over-expression.
Oncotarget 2015; 6: 4888-4900.

Massard C, Zermati Y, Pauleau AL et al. hTERT: a novel endogenous inhibitor of the
mitochondrial cell death pathway. Oncogene 2006; 25: 4505-4514.

Wang SH, Yeh SH, Lin WH et al. Estrogen receptor alpha represses transcription of HBV genes
via interaction with hepatocyte nuclear factor 4alpha. Gastroenterology 2012; 142: 989-998 e4.
Misiti S, Nanni S, Fontemaggi G et al. Induction of hTERT expression and telomerase activity
by estrogens in human ovary epithelium cells. Mol Cell Biol 2000; 20: 3764-3771.

Wang Z, Kyo S, Takakura M et al. Progesterone regulates human telomerase reverse
transcriptase gene expression via activation of mitogen-activated protein kinase signaling
pathway. Cancer Res 2000; 60: 5376-5381.

QOO0 Clinical and Translational Gastroenterology is an open-

access journal published by Nature Publishing Group.

This work is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivs 4.0 International License. The images or
other third party material in this article are included in the article’s
Creative Commons license, unless indicated otherwise in the credit line;
if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to
reproduce the material. To view a copy of this license, visit http:/
creativecommons.org/licenses/by-nc-nd/4.0/


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	title_link
	INTRODUCTION
	METHODS
	Study populations
	DNA extraction and genotyping of the TERT rs2736100 and rs2736098 variants
	Leukocyte telomere length assay
	Statistical analyses

	Table 1 TERT rs2736098 and 2736100 genotyping in healthy adults and CHB patients
	RESULTS
	Demographic and/or clinical characteristics of study subjects
	The TERT rs2736100 variant and CHB risk
	The TERT rs2736098 variant and CHB risk
	The TERT rs2736098 variant and LC risk in CHB patients

	Table 2 Sex difference in the association of rs2736098 with CHB
	Table 3 The association of rs2736098 with cirrhosis in CHB
	Leukocyte telomere length in CHB patients

	DISCUSSION
	Figure 1 Leukocyte telomere length (LTL) in healthy adults (HA) and patients with chronic hepatitis B (CHB) and relation with the rs2736098 genotyping.
	Study Highlights
	Study Highlights




