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Abstract: Background: Genetic polymorphisms of the telomerase reverse transcriptase (TERT) gene influence an in-
dividual susceptibility to lung cancer. We examined the relationship between TERT single nucleotide polymorphisms
(SNPs) and lung cancer occurrence and determined if smoking or alcohol consumption affects this relationship in
lung cancer patients. Methods: Ten SNPs and inferred TERT haplotypes associated with increased risk of lung can-
cer were evaluated in a Han Chinese population-based study including 228 lung cancer patients and 310 healthy
control individuals. Relationships between the patients’ genotypes and risk factors were investigated by estimating
odds ratios (ORs) and 95% confidence intervals (Cls) using unconditional logistic regression analysis. Results: Minor
allelesrs2853672 and rs2736098 conferred significantly increased lung cancer risk in both allelic and genotypic
association analyses (codominant, recessive, and log-additive models), while rs4246742 showed a protective ef-
fect against lung cancer in codominant and recessive models. Smoking increased the effect of rs2736098 on lung
cancer risk, but the interaction between rs2736098 and smoking was only significant in the overdominant model
(P=0.03). No evidence was found that alcohol consumption influenced or interacted with TERT polymorphism on
lung cancer risk. Conclusions: Our results confirmed that TERT genetic polymorphisms contribute to lung cancer
susceptibility in Chinese populations and of ten interact with smoking as a lung cancer risk factor. However, these
associations should be further explored in larger and varying populations.
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Introduction

In many countries, including China, the inci-
dence and mortality rates of lung cancer are
greater than those from any other type of can-
cer [1]. Despite considerable therapeutic prog-
ress, the prognosis of non-small cell lung can-
cer (NSCLC) patients remains poor, and their
five-year survival rates are less than 15% [2].
Finding markers associated with lung cancer
risk is vital to early detection and discovery of
novel chemo-preventive agents.

Lung cancer development appears to result
from a complex interaction between environ-
mental exposures and genetic factors. At pres-
ent, cigarette smoking is the most important
risk factor for lung cancer [3], and recent epide-

miological studies [4, 5] indicate alcohol con-
sumption plays a potential role in lung carcino-
genesis. In addition, genome-wide association
(GWA) studies have determined common varia-
tions at three separate chromosomal regions
(5p15, 6p21, and 15025) influence the risk
of developing lung cancer [6-9]. Genes encod-
ing telomerase reverse transcriptase (TERT)
and cleft lip and palate transmembranel-like
protein, located in region 5p15.33, a crucial
genomic region for telomere biology, showed
associations with lung cancer risk [6, 7, 9, 10].

The TERT enzyme is the catalytic subunit of
telomerase that elongates telomeres and is a
key regulator of telomerase activity [11]. TERT
is not expressed in most normal cells but is sig-
nificantly overexpressed in cells involved in
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85%-90% of human cancers, indicating telom-
erase activation is necessary for healthy cells
to transform into malignant ones [12, 13].
Telomerase activation, which depends on TERT
expression, has been linked to tumor develop-
ment in many types of cancer and is the rate-
limiting step of regulating telomerase activity
involved in tumorigenesis [14]. Many GWA stud-
ies have shown that approximately 30 single-
nucleotide polymorphisms (SNPs)in the TERT
gene affect an individual's susceptibility of
developing many tumor types [6, 7, 9, 10, 15,
16]. More specifically, two comprehensive
meta-analyses studying SNP rs2736100 con-
firmed its significantly positive association with
lung cancer risk in whites and Asians, especial-
ly with respect to adenocarcinoma, the most
common type of lung cancer [16, 17]. Ad-
ditionally, the association between rs2736100
and adenocarcinoma development was stron-
ger in females and in individuals who had never
smoked [9, 18]. Another TERT locus, rs273-
6098, may also lead to significantly increased
risk for lung cancer development in white and
Asian populations [19-23].

Unlike rs2736100 and rs2736098, associa-
tions between other TERT loci (rs2853676,
rs2242652, rs2736122, and rs2075786) and
lung cancer risk in previous studies are incon-
sistent and conflicting, likely due to the differ-
ent ethnicities and patient sample sizes inve-
stigated in those studies. For example, rs20-
75786, an intronic TERT gene polymorphism,
confers an increased risk of developing NSCLC
on African-American females, but not white
[24]. However, Hsiung et al. negated its associ-
ation with lung cancer risk in non-smoking
Asian females [9]. Another SNP, rs2853677,
exerted a significantly increased effect on lung
cancer development in white and African-
American females, but this association was not
observed in Asians [24, 25]. Moreover, though
many studies have shown environmental risk
factors may interact with susceptibility loci to
induce lung carcinogenesis, specific interac-
tions between TERT genetic polymorphisms
and environmental exposures remain unre-
ported.

Therefore, to comprehensively assess the
effect of TERT genetic polymorphisms on lung
cancer risk, we conducted a Han Chinese pop-
ulation-based study including 228 lung cancer
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patients and 301 unrelated healthy individuals.
We focused on the interactions between 10
common but relatively uncharacterized vari-
ants of the TERT gene and cigarette smoking or
alcohol consumption to explore the genetic
and environmental risk factors of lung cancer
development.

Materials and methods
Study populations

This study included 228 lung cancer patients
and 301 healthy control patients. To exclude
the possible effects of ethnicity, all subjects in
this study were genetically unrelated ethnic
Han Chinese individuals from Xi’an, the capital
of Shaanxi province. The eligible patients were
recruited at the Department of Respiration
from the First Affiliated Hospital of the Medi-
cal College of Xi'an Jiaotong University from
October 2011 to September 2012.

All patients were recently diagnosed with lung
cancer identified by histological observation.
No patients had a previous history of other can-
cers, chemotherapy, or radiotherapy, and the
patients were chosen regardless of age, gen-
der, or disease stage. In addition, 310 healthy
unrelated individuals were selected during the
same time period from the medical examina-
tion center of Xi'an Jiaotong University based
on standard recruitment and exclusion criteria
to ensure they had no chronic or severe endo-
crinological, metabolic, or nutritional diseases.

Demographic data collection

A standardized epidemiological questionnaire
was completed for each patient and control
individual by a trained interviewer to collect
demographic data (age, sex, ethnicity, and edu-
cation level) and clinical information (smoking
habits, alcohol use, and family history of can-
cer). Smokers and drinkers were classified into
two categories ever and never. For smoking,
those individuals who smoked < 2 cigarettes
per week or < 100 cigarettes per year were
defined as non-smokers, otherwise, the indi-
viduals were considered as smokers. For alco-
hol drinking, persons who were ingesting more
than once per week in the past 6 months were
considered to be drinkers, otherwise, the indi-
viduals were considered as non-drinkers. Par-
ticipants were informed of the purpose and
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Table 1. General characteristics of the study popu-

lation

Variables PaNtlgz)ts Con(t(;)c;lsN P value

Age (years)
Mean + SD 58.7+10 50.2+8.1 < 0.0071°
<50 49 (21.5) 166 (55.1) < 0.001°
>50 179 (78.5) 135 (44.9)

Sex
Male 178 (78.1) 188 (62.5) < 0.001°
Female 50 (21.9) 113 (37.5)

Smoking status
Ever-smokers
Non-smokers 63 (27.6) 210 (69.8)

Alcohol consumption

Ever-drinkers 37 (16.2) 66(21.9) 0.101°

Non-drinkers 191 (83.8) 235 (78.1)
TOTAL 228 301

165 (72.4) 91(30.2) < 0.001°

aP values were calculated by Student’s t tests. °P values were

calculated from two-sided Chi-squared tests.

experimental procedures of the study, and writ-
ten informed consent was obtained from each
participant. This study was conducted under
the approval of the Human Research Committee
of the First Affiliated Hospital of Xi'an Jiaotong
University and Northwest University.

SNP selection and genotyping

Based on previous GWA studies of lung cancer,
10 susceptibility loci in the TERT gene were
selected as candidate SNPs. The SNPs include
common variations with minor allele frequen-
cies (MAF) greater than 0.05 in the HapMap
Chinese Han Beijing population.

Blood samples were collected from all partici-
pants at the time of recruitment. Genomic DNA
was extracted from peripheral blood obtained
from each participant using GoldMag-Mini
Whole Blood Genomic DNA Purification Kit
(GoldMag Co. Ltd., Xi'an City, China) according
to the manufacturer’s protocol. DNA concentra-
tion was measured by aNanoDrop 2000 (Gene
Company Ltd., Hong Kong, China). Polymerase
chain reaction and extension primers (Table
S1) were designed using MassARRAY Assay
Design 3.0 software (Sequenom, Inc., San
Diego, CA, USA). SNP genotyping procedures
were performed according to the manufactur-
er's iPLEX Application Guide (Sequenom, Inc.).
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Statistical analysis

The MAF, pairwise linkage disequilibrium (LD)
across all SNPs, and the Hardy-Weinberg
equilibrium for each SNP in the control indi-
viduals were measured by using HAPLOVIEW
v4.2 (Daly Lab, Cambridge, MA, USA). The
haplotypes and their frequencies were esti-
mated based on a Bayesian algorithm using
SNPstats [26] (http://bioinfo.iconcologia.net/
snpstats/start.htm).

The statistical analyses were performed using
SPSS16.0 (SPSS Inc, USA), Plink v1.07 (http://
pngu.mgh.harvard.edu/~purcell/plink/) and
SNPstats. A Chi-squared test was used to
examine differences in the distributions of
demographic characteristics among cancer
patients and controls, and the Student’s t test
was performed to evaluate the any significant
differences in age. Unconditional logistic re-
gression analysis was used to calculate the
adjusted odds ratios (ORs) and 95% confi-
dence intervals (Cls) of the relationship be-
tween TERT SNPs and lung cancer risk, and
participants’ age was transformed into a binary
covariate by using 50 years as the threshold
age. Plink software performed the allele-based
association test across the overall population.
We also performed a stratified analysis by age,
sex, smoking status, and alcohol use to further
explore the association between SNPs and the
risk of lung cancer in each stratum. Moreover,
SNPstats were utilized to estimate ORs and Cls
of the link between cancer risk and patient gen-
otypes and haplotypes. A genotypic association
analysis was performed under the following
genetic models: codominant, dominant, reces-
sive, overdominant, and log-additive. Further,
potential interactions between genotypes and
either smoking or alcohol consumption with
respect to lung cancer were analyzed by a
crossover table method using SNPstats. All
analyses were performed with adjustments
made for potential confounding factors such as
age, gender, smoking status, or alcohol use. All
tests were two-sided, and P < 0.05 was consid-
ered significant.

Results
Population characteristics

The distribution of selected characteristics of
study subjects (n=529; 228 patients and 301
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Table 2. Genotypic information of selected TERT SNPs and their minor allelic associations with lung

cancer risk
SNP No. SNP ID Location Allele A%/B MAF HWE p OR® 95% Cl P value
ase  Control

1 rs2736122 Intron13 T/C 0.057 0.042 0.49 1.86 0.94-3.68 0.074
2 rs2736114 Intron10 A/G 0.057 0.042 0.43 1.92 0.97-3.83  0.063
3 rs2075786 Intron10 Cc/T 0.145 0.146 0.79 1.10 0.72-1.68 0.666
4 rs4246742 Intron9 T/A 0.307 0.36 0.22 0.75 0.55-1.02  0.069
5 rs10069690 Intron4 T/C 0.211 0.166 0.26 1.32 0.91-1.91  0.140
6 rs2242652 Intron4 T/C 0.206 0.161 0.33 1.35 0.93-1.96 0.112
7 rs34829399 Intron2 T/C 0.07 0.05 0.36 1.25 0.67-2.32 0.484
8 rs2853676 Intron2 A/G 0.185 0.166 0.11 1.12 0.77-1.63  0.549
9 rs2853672 Intron2 G/T 0.5 0.446 0.14 1.37 1.03-1.83 0.032
10 rs2736098 Exon2 A/G 0.377 0.323 0.27 1.47 1.07-2.02 0.017

aMinor allele; "Adjusted by sex, age, and smoking or drinking status. SNP: single nucleotide polymorphism; MAF: minor allele

frequency; HWE: Hardy-Weinberg equilibrium.

healthy control individuals) are summarized in
Table 1. Because control subjects were not
selected based on age and sex, we observed
significant differences in age (P < 0.001) and
sex ratios (P < 0.001) between lung cancer
patients and controls. Specifically, the mean
age of the patients was greater than that of the
control group (58.7+10 years vs. 50.248.1
years, respectively), and males were more prev-
alent among patients than controls (78.1% vs.
62.5%, respectively). In addition, subjects older
than 50 years were more common in the patient
group than in the control group (78.5% vs.
44.9%; P < 0.001).

We also observed significant differences in
smoking status between patients and controls.
More smokers were represented in the lung
cancer patients compared with controls (72.4%
vs. 30.2%, respectively; P < 0.001). By con-
trast, no significant difference was found be-
tween the patients and controls with regards to
alcohol consumption (P=0.101).

Genetic polymorphisms and linkage disequi-
librium

The MAFs of tested TERT polymorphisms and
their allelic associations in patients and con-
trols are presented in Table 2. The genotype
distribution for the 10 SNPs was in Hardy-
Weinberg equilibrium (P > 0.05) in the control
group. In control individuals, only SNPs rs-
2736122 and rs2736114 exhibited a MAF
slightly lower than 0.05. Pairwise LD values
between SNPs were also calculated, which are
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shown in Figure S1. In the controls, paired loci
rs2736122 and rs2736114 (D'=1; r?>=0.97),
rs2242652 and rs10069690 (D'=0.99; r?=
0.96) were almost completely linked; rs28-
53672 and rs2736098 (D'=0.98; r?=0.58),
rs2736122 and rs2075786 (D'=1; r?=0.22),
rs2736114 and rs2075786 (D=1, r?>=0.24),
andrs2853672 and rs2853676(D'=1, r>=0.23)
were also highly linked (Figure S1A). Similar LD
pattern among the above loci were also
observed in patients (Figure S1B). However, we
also found different LD relationship among
other SNPs between patients and controls. In
the control group, only weak linkage was exist-
ed between rs4246742 and rs2242652 or
rs10069690 (D’ < 0.3), but in patient groups
their linkage was increased (D'=0.7).

Association of SNPs with lung cancer

We investigated if the minor allele of each SNP
was a cancer risk factor compared with the
wild-type allele. Only rs2853672 (adjusted OR=
1.37, Cl: 1.03-1.83; P=0.032) and rs2736098
(adjusted OR=1.47, CI: 1.07-2.02; P=0.017)
conferred significantly elevated risk in this
model (Table 2).

Subsequent stratified analysis data using co-
variates (sex, age, smoking status, and alcohol
consumption) are shown in Table S2. Highly-
linked SNPs rs2853672 and rs2853676 were
significantly associated with increased risk of
lung cancer among males, subjects older than
50 years, ever-smokers, and non-drinkers (P <
0.05). Other highly-linked SNPs, rs2736122
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Table 3. Logistic regression analysis of the association between TERT genetic polymorphisms and

lung cancer risk

SNP Model Genotype  Group=Control Group=Patient OR? (95% Cl) P value
rs4246742 Codominant A/A 127 (42.3%) 109 (47.8%) 1.00 0.09
T/A 129 (43%) 98 (43%) 0.91 (0.58-1.43)
/T 44 (14.7%) 21 (9.2%) 0.46 (0.23-0.94)
Dominant A/A 127 (42.3%) 109 (47.8%) 1.00 0.26
T/AT/T 173 (57.7%) 119 (52.2%) 0.78 (0.51-1.20)
Recessive A/A-T/A 256 (85.3%) 207 (90.8%) 1.00 0.031
iva) 44 (14.7%) 21 (9.2%) 0.48 (0.25-0.95)
Overdominant  A/A-T/T 171 (57%) 130 (57%) 1.00 0.77
T/A 129 (43%) 98 (43%) 1.07 (0.69-1.64)
Log-additive 0.74 (0.54-1.02) 0.065
rs2853672 Codominant /T 97 (32.5%) 59 (25.9%) 1.00 0.021
G/T 135 (45.3%) 110 (48.2%) 1.93 (1.15-3.25)
G/G 66 (22.1%) 59 (25.9%) 2.03 (1.12-3.68)
Dominant iva) 97 (32.5%) 59 (25.9%) 1.00 0.0055
G/T-G/G 201 (67.5%) 169 (74.1%) 1.97 (1.21-3.19)
Recessive T/T-G/T 232 (77.8%) 169 (74.1%) 1.00 0.24
G/G 66 (22.1%) 59 (25.9%) 1.35 (0.82-2.21)
Overdominant  T/T-G/G 163 (54.7%) 118 (51.8%) 1.00 0.13
G/T 135 (45.3%) 110 (48.2%) 1.39 (0.90-2.14)
Log-additive - 1.43 (1.07-1.93) 0.016
rs2736098 Codominant G/G 132 (44.3%) 88 (38.6%) 1.00 0.02
A/G 139 (46.6%) 108 (47.4%) 1.74 (1.09-2.78)
A/A 7 (9.1%) 32 (14%) 2.29(1.11-4.72)
Dominant G/G 132 (44.3%) 88 (38.6%) 1.00 0.007
A/G-A/A 166 (55.7%) 140 (61.4%) 1.84 (1.17-2.87)
Recessive G/G-A/G 271 (90 9%) 196 (86%) 1.00 0.12
A/A 7 (9.1%) 32 (14%) 1.70 (0.87-3.34)
Overdominant  G/G-A/A 159 (53.4%) 120 (52.6%) 1.00 0.095
A/G 139 (46.6%) 108 (47.4%) 1.45 (0.94-2.24)
Log-additive - - - 1.58 (1.13-2.20) 0.0061

eAdjusted by sex, age, and smoking or drinking status.

and rs2736114 (similar to rs2736098), exhib-
ited an approximately four-fold increased risk
of lung cancer among ever-smokers (P < 0.05).
In contrast, rs4246742 was inversely associ-
ated with lung cancer risk in ever-smokers
(adjusted OR=0.58, CI: 0.38-0.58; P=0.011)
and alcohol drinkers (adjusted OR=0.51, CI:
0.26-1.0; P=0.049).

Genotypic model analysis showed that rs-
4246742, rs2853672, and rs2736098 were
associated with lung cancer risk (Table 3).
Using the AA and TA genotypes combined as a
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reference, the TT genotype of rs4246742 was
significantly associated with a decreased risk
of lung cancer (adjusted OR=0.48, Cl: 0.25-
0.95; P=0.031, recessive model). With the AA
genotype as a reference, the OR for the TT gen-
otype was 0.46 (Cl: 0.23-0.94; P=0.09, codom-
inant model). Conversely, rs2853672 and rs-
2736098 were associated with an increased
risk of lung cancer in the codominant, domi-
nant, and log-additive models. Compared to the
homozygous major allele carriers of these two
variants, risks of heterozygous and homozy-
gous minor allele carriers of rs2853672 (GT:
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Table 4. Haplotype distributions of TERT polymorphisms and their association with lung cancer risk

Haplotype SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7 SNP8 SNP9 SNP10 Total Control Patient OR® P
(95% ClI) value
1 c G T A C c C G T G 0.3044 0.3175 0.2991 1
2 c G T T C c C G T G 04219 0432 041  0.66(0.34-1.31) 0.24
3 c G T T C c C G G A 0.0971 0.0888 0.1096 2.12(1.10-4.09) 0.025
4 C G T A C c C G G A 0.0885 0.0964 0.0886 1.59 (0.61-4.15) 0.34
5 c G T A T T C A G G 0.0513 0.0341 0.0763 3.17(1.22-8.24) 0.018
6 c G T A T T C A G A 0.027 0.0288 0.0272 0.87 (0.26-2.88) 0.82
7 ¢ G c T C c C G T G 0.0269 0.0345 0.018 0.20(0.03-1.31) 0.094
8 ¢ G T A T T C G G A 0.0243 0.0223 0.0261 1.78(0.44-7.24) 0.42
9 c G T A C c T G T G 0.0226 0.0225 0.0126 0.75(0.15-3.79) 0.72
10 c G T A c c c A G G 0.0205 0.0162 0.0255 1.15(0.30-4.42) 0.84
11 c G T T c c c A G A 0.017 0.0207 0.0126 0.84(0.22-3.23) 0.81
12 c G c A c c c G T G 0.015 0.0201 0.0067 2.03(0.09-44.21) 0.65
13 c G T A C c T G G A 0.0143 0.0086 0.0144 1.04(0.16-6.60) 0.97
14 c G c T C c C G G A 00132 0 0.02 3.02(0.43-21.45) 0.27
15 T A c A C c C G G A 0.0129 0.0119 0.0137 3.04(0.14-67.31) 0.48
16 c G T T T T C A G G 00128 0.0193 0 0.21(0.02-1.96) 0.17
17 C G T T C c C G G G 00115 0.0169 0
18 c G c A T T C A G G 0.0112 0.0132 0.0058
Rare 0.1076 0.0962 0.1438
“Adjusted by sex, age, and smoking or drinking status.
Table 5. Interaction between rs2736098 genotypes and smoking with respect to lung cancer
Genetic Non-smoker Ever-smoker P value
Genotype - - ) )
model Controls Patients OR (95% Cl)  Controls Patients OR (95% Cl) interaction
Codominant G/G 86 26 1 46 62 11.35 (4.97-25.93) 0.11
A/G 103 26 1.02 (0.51-2.03) 36 82 31.00 (12.87-74.65)
A/A 20 11 1.88 (0.72-4.90) 7 21 29.04 (8.51-99.06)
Dominant G/G 86 26 1 46 62 11.68 (5.11-26.70) 0.065
A/G-A/A 123 37 1.18 (0.62-2.24) 43 103 31.60(13.42-74.39)
Recessive G/G-A/G 189 52 1 82 144 17.60 (8.97-34.53) 0.78
A/A 20 11 1.85 (0.77-4.48) 7 21 26.76 (8.50-84.18)
Overdominant G/G-A/A 106 37 1.00 53 83 11.53 (5.35-24.85) 0.03
A/G 103 26 0.87 (0.46-1.65) 36 82 26.35(11.41-60.85)

adjusted OR=1.93, CI: 1.15-3.25; TT: adjusted
OR=2.03, CI: 1.12-3.68; P=0.021) and rs-
2736098 (GA: adjusted OR=1.74, Cl: 1.09-
2.78; AA: adjusted OR=2.29, Cl: 1.11-4.72;
P=0.02) were all significantly increased. When
heterozygous and homozygous carriers of the
minor alleles of rs2853672 and rs2736098
were combined, their risks for lung cancer we-
re all significantly elevated (GT+TT: adjusted
OR=1.97, Cl: 1.21-3.19, P=0.0055; GA+AA:
adjusted OR=1.84, CI: 1.17-2.87, P=0.007,
respectively).

Association of haplotypes with lung cancer

Based on SNP genotypic information, we used
the maximum expectation method to estimate
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TERT gene haplotype distribution frequencies
in the population. We identified 74 haplotypes,
18 of which exhibited frequencies greater than
0.01 in the study group (Table 4) and account-
ed for approximately 89% of all haplotypes
observed. The most common haplotypes were
1, 2, 3, 4, and 5, with frequencies of 0.3044,
0.1219, 0.0971, 0.0885, and 0.0513, respec-
tively, accounting for 66.3% of all haplotypes
inferred. Of the 18 haplotypes, only the distri-
butions of haplotypes 3 and 5 significantly dif-
fered in cancer patients vs. controls (P=0.025
and 0.018, respectively). Using subjects carry-
ing haplotype 1 as the reference group, carriers
with haplotype 3 or haplotype 5 showed a two-
fold (OR=2.12, Cl: 1.10-4.09, P=0.025) or
three-fold (OR=3.17, Cl: 1.22-8.24, P=0.018)
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significantly increased risk of lung cancer.
Haplotype 3 was composed of variant alleles of
rs4246742, rs2853676, and rs2736098 and
the reference allele of all other SNPs. Haplotype
5 consisted of the variant alleles of rs100696-
90, rs2242652, rs2853676, and rs2853672
and the reference allele of all other SNPs.

Effect of genetic-environmental interactions on
lung cancer risk

Possible interaction effects of genetic poly-
morphisms and either cigarette smoking or
alcohol consumption on lung cancer risk were
analyzed. We found a significant interaction
between rs2736098 and smoking (Table 5).
Risks of smokers with any genotype of rs-
2736098 were higher than non-smokers with
corresponding genotypes. Among smokers,
risks for subjects carrying the variant genotype
of rs2736098 were all higher than those carry-
ing the reference genotype in dominant (A/G or
A/Avs. G/G), codominant (A/G-A/Avs. G/G), and
recessive models (A/Avs. G/Gvs. A/G). In the
overdominant model, using non-smokers with
non-A/G genotypes as the reference group,
ever-smokers with the G/G-A/A (adjusted
OR=11.53, CI=5.35-24.85) or A/G (adjusted
OR=26.35, Cl=11.41-60.85) genotype were
associated with an increased risk of lung can-
cer. The multiplicative interaction between rs-
2736098 genotypes and smoking only reached
statistical significance in the over dominant
model (P=0.03). To date, we have not identified
any TERT gene SNP that significantly interacted
with alcohol consumption to affect lung cancer
risk (data not shown).

Discussion

In this study, we explored the association
between genetic variants of the TERT gene and
lung cancer in a Chinese population and ana-
lyzed interactions between TERT polymorph-
isms and environmental risk factors, such as
smoking and alcohol consumption. We found
that TERT SNPs rs4246742, rs2853672, and
rs2736098 were significantly associated with
lung cancer risk. Among the 10 SNPs analyzed,
only rs2736098 significantly interacted with
smoking, as ever-smokers showed a stronger
risk of lung cancer.

To date, more than 30 TERT variants associat-
ed with cancer susceptibility have been identi-
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fied by GWA studies [6, 7, 9, 10, 15, 16]. Based
on their allelic distributions in the HapMap
Chinese population, we selected 10 common
(frequencies greater than 0.05), but relatively
less-studied SNPs to investigate their rela-
tionship with lung cancer risk. Genotypic data
showed the frequencies of the 10 SNPs in the
control group were comparable to those in the
HapMap Chinese population. All alleles were at
Hardy-Weinberg equilibrium, indicating the con-
trol genotypes in this study are representative
of the general population. From the pairwise LD
analysis, we determined some of the SNPs
were highly linked, such as rs2736122/rs273-
6144 and rs2242652/rs10069690, suggest-
ing one SNP of each pair can indicate the pres-
ence of the other SNP in genetic association
studies. We also analyzed TERT haplotype st-
ructure and identified 18 haplotypes with fre-
quencies above 0.01. Association analysis
between TERT genetic polymorphisms and lung
cancer risk was then performed at both single
variant and haplotype levels.

First, we investigated the effect of a single
TERT SNP on lung cancer risk in allelic and
genotypic models. The results showed that
three common variants, rs4246742, rs2853-
672, and rs2736098 were significantly associ-
ated with lung cancer risk. Locus rs2736098, a
very common synonymous SNP (A305A) locat-
ed in exon 2 of the TERT gene, is associated
with telomere extension but not TERT expres-
sion [10]. Considerable studies have shown
rs2736098 increased cancer susceptibility,
including risk of lung cancer [6, 10, 19, 21, 22],
bladder cancer [10, 27], prostate cancer [10],
nasopharyngeal carcinoma [28], glioma [29],
hepatocellular carcinoma [30], and cervical
cancer [31]. However, the same SNP conferred
a protective effect against breast cancer [32]
and squamous cell carcinoma of the head and
neck [33]. Other meta-analyses confirmed its
strong correlation with lung cancer and bladder
cancer but not with prostate cancer and CNS
tumors [16, 20, 23]. Consistent with previous
studies, our data demonstrated the minor allele
of rs2736098 conferred increased risk of lung
cancer in both allelic and genotypic analysis
(codominant, recessive, log-additive models).
Similarly to rs2736098, rs2853672 showed an
increased effect on lung cancer risk in this
study, whereas few data regarding this SNP
were previously available. Several studies re-
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ported rs4246742 did not significantly affect
lung cancer risk in white [6] or Asian non-smok-
ing females [9]. However, our data showed the
risk of homozygous minor allele (T) carriers was
significantly lower in the recessive model, com-
pared to carriers of the major allele (A), indicat-
ing the TT genotype provided a beneficial im-
pact against lung carcinogenesis. Therefore,
further large-scale studies are needed to verify
the role of rs2853672 and rs4246742 in lung
cancer development. Other SNPs tested in
our study did not significantly affect lung can-
cer risk. These data support previous stud=
ies, which determined rs2853676, rs2242652,
and rs2736122 are not associated with in-
creased lung cancer risk in white [6, 7] or nev-
er-smoking females in Asia [9]. In contrast,
SNPs rs2075786 and rs2853677 conferred an
increased risk in Africa-American females, but
not white females [24].

Secondly, we investigated possible associa-
tions between TERT haplotypes and lung can-
cer risk by focusing on any additive effects of
carrying multiple variants of TERT. Haplotypes
3 and 5 were significantly associated with a
two-fold and three-fold increased risk of lung
cancer, respectively. Haplotype 3 was com-
posed of variant alleles of rs4246742, rs28-
53676, and rs2736098, and haplotype 5 con-
sisted of the variant alleles of rs10069690,
rs2242652, rs2853676, and rs2853672. The
risks associated with either of these two haplo-
types were stronger than that of any single SNP.
Interestingly, the protective effect of rs4246742
in haplotype 3 was reduced when other covari-
ants occurred, suggesting TERT haplotyping
may provide a more precise and comprehen-
sive evaluation of genetic susceptibility to can-
cer than single variant analysis.

Finally, we assessed interactions between
TERT polymorphism and environmental factors
for lung cancer. Only rs2736098 exhibited a
significant multiplicative interaction with smok-
ing in the over dominant model. Specifically, we
sometimes observed ever-smokers with a het-
erozygous or homozygous mutant genotype
had a higher risk for lung cancer than corre-
sponding non-smokers or ever-smokers with
the homozygous reference genotype, suggest-
ing cigarette smoking could intensify the effect
of rs2736098 on lung cancer development.
Subgroup analysis consistently showed that
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the impact of rs2736098 on lung cancer risk
was significantly higher in ever-smokers.

The role of alcohol consumption in lung cancer
development was inconclusive in various stud-
ies and may be confounded by cigarette smok-
ing [4]. In our study, alcohol consumption was
not a risk factor for lung cancer, and no signifi-
cant interactions were observed between TERT
genetic polymorphisms and alcohol consump-
tion. However, due to relatively small sub-
groups, findings from these gene-environment
interaction analyses must be interpreted with
caution.

Several limitations of this study should be men-
tioned, such as the small study size. For exam-
ple, the number of subjects with some SNP
homozygous variant genotypes may have been
too few for accurately testing associations with
recessive or log-additive models. In addition,
the statistical power of our stratified and gene-
environment interaction analysis could be influ-
enced by the small samples size of some sub-
groups. The second limitation involves the age
and sex of patients vs. control individuals,
which were not matched during subject selec-
tion. Therefore, we observed significant differ-
encesin both age and sex distributions between
patients and controls. However, these variables
were adjusted in our subsequent regression
analysis.

In conclusion, our data confirmed certain TERT
gene polymorphisms are associated with in-
creased risk of lung cancer in Chinese individu-
als, and lung carcinogenesis may be affected
by interactions between cigarette smoking and
TERT genetic variants. Future population-based
studies with larger sample sizes, and detailed
environmental exposure information is need-
ed to further explore these gene-environment
interactions and their effects on lung cancer
development.
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Table S1. Primers used to amplify TERT genetic polymorphisms analyzed in this study

Primer for extension reac-

SNPs Forward primer for PCR (5’-3’) Reverse Primer for PCR (5’-3’) tions (5-3")
rs4246742  ACGTTGGATGCCTTGATCCACTGTACATGC ACGTTGGATGAGGCCACACAGCCATTTCTC AGGAAAAACCCGGAG
rs10069690 ACGTTGGATGACCCCGTCATCTGAGGAGA  ACGTTGGATGATGTGTGTTGCACACGGGAT cGAGGTGGACAGAGGT
rs2736098 ACGTTGGATGTTTGGAGGGTGCGCTCTCTG ACGTTGGATGTGGTGGCCGCGATGTGGAT  gtCCGCCAGCACCACGC
rs2853672 ACGTTGGATGGGGTGGGAGGTAAGGGTT  ACGTTGGATGCTGGCCGTCAACACACAATT gaAGGTAAGGGTTTTGCAG
rs2242652 ACGTTGGATGAGGCTCTGAGGACCACAAGA ACGTTGGATGACAGCAGGACACGGATCCAG cccctAGGACCACAAGAAGCAGC
rs2736122 ACGTTGGATGAAAGGAGTCAAGCAGCTTGC ACGTTGGATGTCTCTCTCTGCCTCAAATC cccccCGTCAGGGAGATGCAAAC
rs2853676 ACGTTGGATGACTAAGACCCAAGAGGGAAG ACGTTGGATGAGGTTGGAGTGTCTCTGTCT ggatAGGGAAGTCTGACGAAGGC
rs2736114  ACGTTGGATGGCTGTGCTTTAGACAAAGGG ACGTTGGATGAAGCTGACGACTGGTGTTGC GTTCCTGCTCAGGCG
rs2075786 ACGTTGGATGCAGGTTACACACGTGGTGAG ACGTTGGATGAGCCGCCACTCTTGACTTTC gtggGTGCAGGCGGTGACC
[‘II ,,--“ /ll I III\ I /II /II
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Figure S1. Linkage disequilibrium (LD) of polymorphic sites in the TERT gene in controls (A) and lung cancer patients
(B). The LD values are coded with bright red for very strong LD (LOD=2, D’=1), white for no LD (LOD < 2, D’ < 1), and
pink (LOD=2, D’ < 1) or blue (LOD < 2, D’=1) for intermediate LD.
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Table S2. Stratified analysis of allelic associations of selected TERT minor alleles with respect to lung

cancer risk
) MAF 95% Cl
SNP Population ORs? P value HWE P
Cases Controls Lower Upper

rs2736122 Female 0.05 0.044 1.85 0.55 6.25 0.321 0.623
Male 0.059 0.04 1.96 0.84 4.59 0.121 0.184
Age <50 0.066 0.054 1.62 0.62 4.26 0.328 0.438
Age > 50 0.063 0.026 2.32 0.83 6.47 0.109 0.756
Ever-smokers 0.061 0.017 4.15 1.11 15.52 0.035 0.872
Non-smokers 0.048 0.052 1.23 0.48 3.18 0.664 0.556
Drinkers 0.054 0.023 2.71 0.45 16.42 0.278 0.849
Non-drinkers 0.058 0.047 1.91 0.89 4.08 0.096 0.478

rs2736114 Female 0.05 0.04 1.98 0.92 4.29 0.081 0.659
Male 0.059 0.04 1.96 0.84 4.59 0.121 0.182
Age <50 0.065 0.051 1.71 0.65 4.53 0.279 0.363
Age > 50 0.063 0.026 2.31 0.83 6.46 0.11 0.756
Ever-smokers 0.061 0.016 4.17 1.11 15.65 0.034 0.873
Non-smokers 0.048 0.05 1.3 0.5 3.36 0.595 0.49
Drinkers 0.054 0.023 2.76 0.45 16.79 0.27 0.85
Non-drinkers 0.058 0.045 1.98 0.92 4.29 0.081 0.417

rs2075786 Female 0.12 0.115 1.2 0.55 2.65 0.644 0.641
Male 0.152 0.165 1.07 0.65 1.77 0.8 0.953
Age <50 0.166 0.144 1.47 0.75 2.88 0.258 0.329
Age > 50 0.144 0.149 0.85 0.5 1.44 0.546 0.503
Ever-smokers 0.155 0.121 1.13 0.64 1.99 0.683 0.508
Non-smokers 0.119 0.157 0.97 0.51 1.83 0.925 0.923
Drinkers 0.108 0.144 0.53 0 1.45 0.216 0.714
Non-drinkers 0.152 0.147 1.26 0.79 2.03 0.337 0.626

rs4246742 Female 0.27 0.341 0.73 0.42 1.25 0.246 0.104
Male 0.317 0.372 0.73 0.49 1.07 0.105 0.77
Age <50 0.304 0.38 0.63 0.37 1.05 0.078 0.111
Age > 50 0.328 0.336 0.74 0.5 1.1 0.138 0.965
Ever-smokers 0.312 0.412 0.58 0.38 0.88 0.011 0.27
Non-smokers 0.294 0.338 0.89 0.57 1.41 0.625 0.538
Drinkers 0.257 0.371 0.51 0.26 1 0.049 0.125
Non-drinkers 0.317 0.357 0.77 0.54 1.09 0.135 0.575

rs10069690 Female 0.21 0.19 1.17 0.63 217 0.625 0.244
Male 0.212 0.152 1.5 0.92 2.43 0.103 0.7
Age <50 0.215 0.174 1.11 0.61 2.03 0.732 0.603
Age > 50 0.212 0.157 1.58 0.96 2.57 0.069 0.264
Ever-smokers 0.21 0.165 1.51 0.86 2.63 0.148 0.719
Non-smokers 0.214 0.167 1.25 0.75 2.09 0.388 0.116
Drinkers 0.189 0.174 1.51 0.64 3.55 0.346 0.997
Non-drinkers 0.216 0.164 1.36 0.9 2.06 0.147 0.2

rs2242652 Female 0.22 0.181 1.1 0.37 3.22 0.867 0.417
Male 0.202 0.149 1.29 0.6 2.79 0.51 0.596
Age <50 0.204 0.168 1 0.31 3.15 0.993 0.866
Age > 50 0.203 0.153 1.46 0.68 3.13 0.336 0.189
Ever-smokers 0.2 0.157 1.94 0.77 4.89 0.158 0.872
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rs34829399

rs2853676

rs2853672

rs2736098

Non-smokers
Drinkers
Non-drinkers
Female

Male

Age <50

Age > 50
Ever-smokers
Non-smokers
Drinkers
Non-drinkers
Female

Male

Age <50

Age > 50
Ever-smokers
Non-smokers
Drinkers
Non-drinkers
Female

Male

Age <50

Age > 50
Ever-smokers
Non-smokers
Drinkers
Non-drinkers
Female

Male

Age <50

Age > 50
Ever-smokers
Non-smokers
Drinkers
Non-drinkers

0.222
0.189
0.209
0.08
0.067
0.065
0.078
0.073
0.063
0.095
0.065
0.22
0.175
0.183
0.186
0.174
0.214
0.176
0.187
0.49
0.503
0.482
0.496
0.497
0.508
0.473
0.505
0.35
0.385
0.394
0.496
0.376
0.381
0.365
0.38

0.163
0.164
0.16
0.054
0.048
0.042
0.06
0.044
0.053
0.03
0.056
0.174
0.16
0.163
0.169
0.189
0.156
0.223
0.15
0.496
0.417
0.482
0.402
0.416
0.46
0.445
0.447
0.35
0.306
0.359
0.402
0.281
0.34
0.269
0.338

0.87
3.84
0.99
1.18
112
1.15
11

1.32
0.74
1.3
11
1.56
1.27
1.47
1.58
1.22
1.01
1.51
1.09
1.72
1.23
1.72
1.82
1.27
1.48
1.52
1.85
1.96
1.62
2.32
4.15
1.23
271
1.91

0.35
0.87
0.49
0.62
0.7
0.64
0.68
0.6
0.79
0.34
0.84
0.68
1.08
0.78
1.03
1.05
0.81
0.53
1.09
0.65
1.14
0.71
1.15
1.14
0.82
0.72
1.06
0.55
0.84
0.62
0.83
111
0.48
0.45
0.89

2.2
16.9

2.23
1.79
2.07
1.78
1.69
2.23
1.59

1.78
2.26
2.07
211
2.39
1.84
1.91
2.09
1.82
2.6
212
2.57
2.92
1.98
3.04
2.17
6.25
4.59
4.26
6.47
15.52
3.18
16.42
4.08

0.772
0.076
0.977
0.611
0.645
0.648
0.704
0.992
0.292
0.439
0.241
0.7
0.018
0.335
0.036
0.029
0.335
0.981
0.014
0.752
0.01
0.464
0.008
0.013
0.284
0.288
0.022
0.321
0.121
0.328
0.109
0.035
0.664
0.278
0.096

0.21
0.8
0.334
0.549
0.491
0.571
0.462
0.661
0.422
0.8
0.368
0.087
0.519
0.137
0.462
0.885
0.038
0.584
0.155
0.019
0.93
0.653
0.106
0.114
0.461
0.243
0.281
0.622
0.059
0.011
0.106
0.991
0.182
0.856
0.172




