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Abstract

Background: Some common genetic variants of TERT-CLPTM1L gene, which encode key protein subunits of telomerase,
have been suggested to play a crucial role in tumorigenesis. The TERT-CLPTM1L polymorphism rs401681 was of special
interest for cancers risk but with inconclusive results.

Methodology/Principal Findings: We performed a comprehensive meta-analysis of 29 publications with a total of 91263
cases and 735952 controls. We assessed the strength of the association between rs401681 and overall cancers risk and
performed subgroup analyses by cancer type, ethnicity, source of control, sample size and expected power. Rs401681 C
allele was found to be associated with marginally increased cancers risk, with per allele OR of 1.04 (95%CI = 1.00–1.08,
Pheterogeneity,0.001) and an expected power of 1.000. Following further stratified analyses, the increased cancers risk were
discovered in subgroups of lung, bladder, prostate, basal cell carcinomas and Asians, while a declined risk of pancreatic
cancer and melanoma were detected.

Conclusions/Significance: These findings suggested that rs401681 C allele was a low-penetrance risk allele for the
development of cancers of lung, bladder, prostate and basal cell carcinoma, but a potential protective allele for melanoma
and pancreatic cancer.
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Introduction

Telomeres are repetitive (TTAGGG)n sequences into arrays of

up to 25 kb and cap the end of linear chromosomes in human

cells. They play a key role in counteracting the end-replication

losses that occur as a consequence of semiconservative replication

of linear DNA molecules [1,2]. They also protect against coding

sequence erosion and consequent DNA damage repair, which

results in genome instability, chromosomal fusions, and rearrange-

ments [3]. Telomerase and the control of telomere length are

intimately linked to the process of tumourigenesis in humans.

Telomerase have been showed to play a role in tumor progression

and metasis by activation of the glycolytic pathway and

suppression of cancer cell differentiation. Abnormal telomere

length has been demonstrated in many cancers [4,5].

5p15.33, which was commonly suggested to mediate the

function of telomerase, contains two key genes: Telomerase

reverse transcriptase (TERT) gene, and cleft lip and palate

transmembrane 1 like gene (CLPTM1L; alias CRR9; MIM

612585). TERT is one of the main functional subunits of the

telomerase enzyme and a key regulator of telomerase. Making use

of the telomeric RNA subunit of telomerase as a template for the

synthesis of single stranded DNA within the telomere, TERT

thereby produce (TTAGGG)n tandem nucleotide repeats [6,7].

TERT is reactivated in cancer cells. Mutations in the coding

regions of TERT can affect telomerase activity and telomere

length, and generate severe clinical phenotypes, including bone

marrow failure syndromes and a substantive increase in cancer

frequency [8]. Although the function of the CLPTM1L is largely

unknown, studies have demonstrated that it may be involved in the

apoptotic response to genotoxic stress induced by cisplatin, as it

encodes a transcript whose over-expression has been shown to

induce apoptosis in cisplatin-resistant-sensitive cells [9,10,11,12].

Moreover, the CLPTM1L variants are hypothesized to enhance

the metabolic activation of the reactive metabolites and/or

formation and persistence of DNA adducts [13]. According to
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Table 1. Study Characteristics in an Analysis of the Association Between Rs401681 Polymorphism and Cancer Risk, 2008–2012.

Author, year of
publication Ethnicity

Genotype
method

Source
of control

Cancer
type

No. of
Cases/Controls MAF OR(95%CI

Expected
Power

McKay:2008 [38] Caucasian TaqMan Population Lung Cancer 2971/3746 42.6 1.19(1.11–1.28) 0.589

Wang: 2008 [23] Caucasian Illumina &
PCR-based
KASPar

Mixed Lung Cancer 7491/8721 40.7 1.15(1.09-1.19) 0.993

Rafnar:2009 [13] Caucasian Illumina Mixed Basal cell
carcinoma

2565/29405 44.0 1.25(1.18–1.34) 0.125

Caucasian Illumina Mixed Lung cancer 4265/34666 44.0 1.15(1.10–1.22) 0.921

Caucasian Illumina Mixed Bladder cancer 4147/34988 46.5 1.12(1.06–1.18) 0.995

Caucasian Illumina Mixed Prostate cancer 9473/37901 44.7 1.07(1.03–1.11) 1.000

Caucasian Illumina Population Cervical cancer 369/28890 45.5 1.31(1.13–1.51) 0.113

Caucasian Illumina Mixed Breast cancer 3645/30030 44.2 0.98(0.94–1.02) 1.000

Caucasian Illumina Mixed Colorectal
cancer

2495/29817 44.3 0.95(0.92–0.99) 1.000

Caucasian Illumina Population Melanoma 2443/30839 46.0 0.88(0.82–0.95) 0.933

Caucasian Illumina Population Endometrial
cancer

470/28890 45.5 1.21(1.06–1.38) 0.451

Caucasian Illumina Population Kidney cancer 987/30722 44.2 1.08(0.97–1.19) 0.983

Caucasian Illumina Population Lymphoma 248/28890 45.5 0.87(0.72–1.05) 0.688

Caucasian Illumina Population Multiple myeloma 126/28890 45.5 1.21(0.93–1.58) 0.476

Caucasian Illumina Population Ovarian cancer 497/28890 45.5 0.98(0.84–1.14) 0.984

Caucasian Illumina Population Pancreatic cancer 301/28890 45.5 0.99(0.81–1.21) 0.957

Caucasian Illumina Population Squamous cell
carcinoma

547/28890 45.5 1.14(1.00–1.30) 0.778

Caucasian Illumina Population Stomach cancer 762/28890 45.5 0.96(0.86–1.07) 0.996

Caucasian Illumina Population Thyroid cancer 528/28890 45.5 0.97(0.85–1.10) 0.992

Song:2009 [39] Caucasian Illumina Population Glioblastoma
multiforme

149/149 40.9 0.90(0.61–1.34) 0.655

Stacey:2009 [24] Caucasian Illumina Mixed Basal cell
carcinoma

3468/38107 45.0 1.20(1.13–1.27) 0.500

Caucasian Illumina Population Squamous cell
carcinoma

1103/35824 45.0 1.04(0.94–1.16) 0.995

Caucasian Illumina Mixed Melanoma 3843/41963 45.0 0.86(0.81–0.91) 0.891

Zienolddiny:2009 [10] Caucasian TaqMan Nested in
cohort

Lung Cancer 341/431 46.9 1.20(0.98–1.47) 0.500

Gudmundsson:2010 [40] Caucasian Illumina Mixed Prostate cancer 1762/36375 42.2 1.07(0.86–1.33) 0.849

Kohno:2010 [41] Asian TaqMan Mixed Lung Cancer 2343/1173 33.4 1.14(1.01–1.25) 0.862

Liu: 2010 [42] Caucasian TaqMan Hospital SCCHN 1079/1115 45.2 1.05(0.93–1.18) 0.988

Miki:2010 [43] Asian Illumina Population Lung Cancer 1004/1900 31.9 1.17(1.04–1.31) 0.670

Petersen:2010 [22] Mixed Illumina Mixed Pancreatic Cancer 3532/3642 44.7 0.84(0.79–0.90) 0.633

Pooley:2010 [25] Caucasian TaqMan Mixed Breast Cancer 6800/6608 44.5 0.99(0.94–1.04) 1.000

Caucasian TaqMan Mixed Colorectal Cancer 2259/2181 45.0 0.98(0.90–1.06) 1.000

Caucasian TaqMan Mixed Melanoma 787/999 46.2 1.01(0.87–1.19) 0.980

Prescott:2010 [44] Caucasian TaqMan Nested in
cohort

Endometrial
Cancer

674/1685 45.0 0.97(0.85–1.12) 0.981

Rothman:2010 [45] Caucasian Illumina Mixed Bladder Cancer 3526/5117 45.2 1.09(1.03,1.16) 0.999

Turnbull:2010 [46] Caucasian Illumina Mixed Testicular germ
cell tumor

979/4947 44.4 0.79(0.71–0.87) 0.158

Yoon: 2010 [19] Asian Affymetrix &
TaqMan &
Invader assay

Population Lung Cancer 1425/3011 32.1 1.26(1.15–1.40) 0.182

Beesley:2011 [47] Caucasian iPLEX Mixed Serous epithelial
ovarian cancer

801/3247 43.0 0.90(0.80–1.01) 0.916

Gago-Dominguez:
2011 [48]

Caucasian TaqMan Population Bladder Cancer 472/554 44.2 1.18(0.98–1.41) 0.573
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the latest dbSNP databse (http://www.ncbi.nlm.nih.gov/SNP),

more than 3001 polymorphisms have been identified in the

TERT-CLPTM1L locus. A series of cancer related single nucleotide

polymorphisms (SNPs) have been reported in this region

[14,15,16,17]. A TERT-CLPTM1L SNP, rs401681 (C.T, located

in the intron 13 of CLPTM1L and 27 kb from the TERT gene), is

one of the most extensively studied SNPs. It has been reported to be

associated with an increased risk of lung cancer through genome-

wide association studies (GWAS) [18,19,20,21,22]. However, the

reported genetic effects varied across the published studies. For

example, an early study reported that the rs401681 T allele(the

minor allele) was not associated with risk of lung cancer in 341 cases

and 431 controls in Caucasians (Ptrend = 0.259) [10], but another

study with 2396 lung cancer cases and 3001 controls showed that

the T allele was associated with a remarkably decreased risk of lung

cancer in the same ethnicity (per allele OR = 0.87; 95% CI = 0.84–

0.92) [23]. Additionally, a recent GWAS composed with 20726

cancer patients and 134650 controls suggested that the rs401681 C

allele was associated with increased risk of lung, bladder, prostate

and basal cell carcinomas [13]. More recently, the rs401681 C allele

was inversely showed protective effect on melanoma risk in a study

of 3843 cutaneous melanoma patients and 41963 controls [24],

while another study did not find any significant association between

rs401681 and risk of melanoma [25].

As above, the results remain controversial and ambiguous.

Meanwhile, a single study might have been underpowered to

detect the overall effects. A quantitative synthesis of the

accumulated data from different studies is important to provide

evidence on the association of rs401681 polymorphism with

cancers risk. Thus, in this study, a comprehensive meta-analysis

including the latest and relevant articles was conducted to explore

whether rs401681 contribute to cancers risk.

Materials and Methods

We conducted a systematic review and meta-analysis in

accordance with the guidelines provided by the Human Genome

Epidemiology Network [26].

Search Strategy
A systematic literature searching was performed on PubMed,

HuGE Navigator, Google Scholar and ISI Web of Science up to

the end of July, 2012. The search strategy was based on

combinations of ‘‘rs401681’’, ‘‘TERT’’, ‘‘telomerase reverse

transcriptase,’’ ‘‘5p15.33,’’ ‘‘CLPTM1L,’’ or ‘‘CLPTM1-like’’;

‘‘polymorphism,’’ ‘‘gene,’’ ‘‘variant’’, ‘‘locus’’ or ‘‘SNP’’; ‘‘associ-

ation’’ or ‘‘risk’’; ‘‘tumor’’, ‘‘cancer’’, ‘‘malignance’’, ‘‘neoplasm’’

or ‘‘carcinoma’’. In addition, references of the retrieved articles

were scanned. Reviews, comments, and letters were also checked

for additional studies.

Inclusion and Exclusion Criteria
Articles which met the following criteria were included: (1)

published in English; (2) the outcome was cancers; (3) tested for

rs401681 polymorphism of TERT-CLPTM1L locus; (4) reported

race and numbers of affected and unaffected subjects; (5) sufficient

data for calculating an odds ratio (OR) with 95 percent confidence

interval (95% CI) in additive model (two studies showed allelic

ORs were also included because of large sample size and powerful

influences [13,24]).

Exclusion criteria were:(1) investigations in subjects with family

cancer risks or cancer-prone disposition; (2) unpublished studies;

(3) abstract, case report, comment, review and editorial; (4)

Whenever reports pertained to overlapping patients, we retained

only the largest study to avoid duplication of information.

Table 1. Cont.

Author, year of
publication Ethnicity

Genotype
method

Source
of control

Cancer
type

No. of
Cases/Controls MAF OR(95%CI

Expected
Power

Asian TaqMan Population Bladder cancer 500/529 33.8 1.20(1.00–1.45) 0.500

Hu:2011 [49] Asian Affymetrix Hospital Lung cancer 2331/3077 32.3 1.10(1.01–1.19) 0.985

Kanetsky:2011 [26] Caucasian Affymetrix Hospital Testicular germ
cell tumor

349/914 42.2 0.94(0.79–1.12) 0.918

Nan:2011 [50] Caucasian TaqMan Nested in
cohort

Melanoma 208/809 43.0 0.73(0.59–0.90) 0.115

Caucasian TaqMan Nested in cohort Squamous cell
carcinoma

266/809 43.0 1.04(0.86–1.28) 0.912

Caucasian TaqMan Nested in cohort Basal cell carcinoma 283/809 43.0 1.12(0.92–1.35) 0.765

Pande:2011 [51] Caucasian Illumina Hospital Lung Cancer 1681/1235 45.3 1.28(1.15–1.43) 0.127

Rizzato:2011 [52] Caucasian PCR-based KASPar Mixed Pancreatic ductal
adenocarcinoma

661/1267 42.5 0.85(0.74–0.97) 0.638

Bae:2012 [53] Asian PCR Hospital Lung cancer 1086/1079 31.3 1.07(0.94–1.22) 0.957

Chen:2012 [54] Asian TaqMan Hospital Lung cancer 195/228 27.9 0.98(0.73–1.32) 0.863

Klein,2012 [55] Mixed MassARRAY Nested in cohort Prostate cancer 943/2829 45.0 0.99(0.89–1.11) 0.999

Ma:2012 [56] Asian MassARRAY Community Bladder cancer 184/962 33.0 1.04(0.83–1.32) 0.880

Willis:2012 [57] Caucasian Illumina Community Pancreatic cancer 390/149 43.0 0.82(0.62–1.10) 0.468

Zheng:2012 [58] African Illumina Mixed Breast cancer 1509/1383 39.9 0.94(0.84,1.05) 0.986

Abbreviations: PCR, polymerase chain reaction; SCCHN,Squamous cell carcinoma of the head and neck.
doi:10.1371/journal.pone.0050650.t001
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Data Extraction
The following information from each study was extracted by

two investigators independently: (1) publication data, first author,

year of publication; (2) cancer types; (3) ethnicity, source of control

group and genotyping method; (4) minor allele frequency(MAF),

genotype information (first priority) and/or additive OR and 95%

CI, as additive model could recruit the largest number of subjects

compared with any other genetic models in this meta-analysis; (5)

for studies including subjects of different cancer types or

ethnicities, data were extracted separately; (6) several included

articles reported consortium or multistage results with multiple

independent populations, if the summary OR did not show, these

populations were listed as separated data sets. Discrepancies were

resolved through discussion.

Statistical Analysis
Deviation from the Hardy–Weinberg equilibrium (HWE)

among controls subjects was tested by a x2-test and a P,0.05

was considered as significant disequilibrium. The strength of the

association between rs401681 polymorphism and overall cancers

risk was measured by OR and corresponding 95%CI. Heteroge-

neity across studies was checked using the Cochran’s Q-test and

considered significant at P,0.05 [27]. When homogeneity existed,

the fixed model (Mantel-Haenszel method) was used to calculate

the summary ORs and 95% CIs; otherwise, the random-effects

model (the DerSimonian and Laird method) was utilized [27]. The

quantity I2 that presents the percentage of total variation across

studies as a result of heterogeneity was also calculated [28].The

potential source of heterogeneity among studies was explored by

stratification and meta-regression analyses. Studies were catego-

rized into different subgroups by type of cancer, ethnicity, source

of control, sample size and expected power. If one cancer type

contained less than three individual studies, it was combined into

the ‘‘other cancers’’ group. When it comes to ethnicity, data sets

were categorized as Caucasian, Asian and others. Meta-regression

was performed to explore the source of heterogeneity among

covariables,such as ethnicities, genotyping methods, source of

controls, cancer types, sample size (,1000 and$1000 subjects)

and expected power (,0.5, 0.5 to 0.8 and.0.8) [29,30]. Inverted

funnel plots and the Egger’s test were used to examine publication

bias [31]. Additionally, sensitivity analyses were performed by

including and excluding studies not in HWE, and by removing

sequential of individual studies. What’s more, we estimated the

expected power of each individual study and subgroup analyses as

determined by the probability of detecting a true association

between rs401681 and cancers risk at the 0.05 level of significance,

assuming OR of 1.2 (for a risk effect) or 0.83 (for a protective

effect), with an alpha level equal to the observed P value [32]. All

the P values were two sided, and all analyses were done in STATA

statistical software (version10.0; Stata Corporation, college

Station, Texas).

Results

Characteristics of All Included Studies
As shown in Figure 1, 34 eligible original studies which

through a comprehensive literature search up to the end of July,

2012, seemed to meet the inclusion criteria. However, after further

examination, five studies were excluded because: three studies

used subjects with family cancer history or cancer-prone

disposition [33,34,35]; one study was overlapped with the study

of Rafnar et al and had a smaller sample size [36], one study did

not provide sufficient data [37]. Final data pool was consisted of 29

publications with 52 data sets. The research strategy was

illustrated in Figure 1 and Table S1.

As shown in Table 1 and Table S2, 91263 cases and 735952

controls were relevant to the association between rs401681 and

cancers risk [10,13,19,22,23,24,25,26,38,39,40,41,42,43,44,45,4

6,47,48,49,50,51,52,53,54,55,56,57,58]. SNPs in all studies were

in agreement with HWE except one study [51]. Of these, there

Figure 1. Literature search and study selection procedures for a meta-analysis of TERT-CLTPM1L polymorphism rs401681 and
cancers risk.
doi:10.1371/journal.pone.0050650.g001
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were 20 population-based or community-based data sets, 20 data

sets with mixed controls, six hospital-based data sets, six data sets

nested in cohort studies; one data set for cancers of cervical,

glioblastoma multiforme, kidney, stomach, thyroid, lymphoma or

multiple myeloma, two data sets of ovarian, colorectal, endome-

trial or testicular germ cell tumors; three data sets of breast,

prostate or basal cell carcinomas; four data sets of pancreatic,

squamous cell carcinomas or melanoma; five data sets of bladder

cancer, eleven data sets of lung cancer. Four data sets were of

small sample size (,1000 subjects) and 48 were of large sample

size ($1000 subjects). The number of data sets possessed low

(,0.5), moderate (0.5 to 0.8) or high (.0.8) expected power were

9,12 and 31, respectively. Genotyping methods included Affyme-

trix, Illumina, MassARRAY, iPLEX and TaqMan and so on.

Among 52 data sets included in this meta-analysis, 41 were

conducted in Caucasians, eight in Asians, one was in Africans and

Figure 2. ORs of overall cancer risks associated with rs401681 under the additive model by random effects. For each data set, the OR
and 95% CI was plotted with a box and a horizontal line. The symbol filled diamond indicates pooled OR and its 95% CI. Stacey1-3 represented
studies for cancers of basal cell, squamous cell carcinomas and melanoma, respectively; Rafnar1-17 represented studies for basal cell, lung, bladder,
prostate, cervical, breast, colorectal, melanoma, endometrial, kidney, lymphoma, multiple myeloma, ovarian, pancreatic, squamous cell, stomach and
thyroid, respectively; Gago-Dominguez1-2 represented studies for bladder cancer in Caucasians and Asians, respectively; Pooley1-3 represented
studies for breast, colorectal cancers and melanoma, respectively; Nan1-3 represented studies for melanoma, squamous cell and basal cell
carcinomas, respectively.
doi:10.1371/journal.pone.0050650.g002
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Table 2. Results from Stratified Analysis of the Rs401681 and Cancer Risk, 2008–2011.

Category No. of

Random
effect
model

Fixed
effect
model Q Pa I2 (%) tb Pb

Expected
power

data
sets cases controls OR(95%CI) P OR(95%CI) P

Overall 52 91263 735952 1.04(1.00–1.08) 0.028 395.50 ,0.001 87.1 20.10 0.923 1.000

Cancer type

Lung Cancer 11 25133 59267 1.16(1.13–
1.19)

,0.001 10.92 0.364 8.4 0.02 0.986 1.000

Bladder Cancer 5 8829 42150 1.11(1.07–
1.15)

,0.001 1.79 0.774 0 0.62 0.578 1.000

Melanoma 4 7281 74610 0.87(0.83–
0.91)

,0.001 6.30 0.098 52.4 0.02 0.988 0.970

Squamous Cell
Carcinoma

4 2995 66638 1.06(1.00–
1.13)

0.050 1.27 0.737 0 0.15 0.892 1.000

Pancreatic Cancer 4 4884 33948 0.85(0.80–
0.90)

,0.001 2.07 0.558 0 0.81 0.501 0.793

Basal cell
carcinoma

3 6316 68321 1.22(1.17–
1.27)

,0.001 1.66 0.436 0 20.79 0.576 1.000

Breast Cancer 3 11954 38021 0.98(0.95–
1.01)

0.189 0.71 0.701 0 21.37 0.402 1.000

Prostate Cancer 3 12178 77105 1.06(1.02–
1.10)

0.002 1.80 0.406 0 20.71 0.605 1.000

Other cancers 15 11693 275892 0.98(0.93–1.04) 0.505 49.70 ,0.001 71.8 0.89 0.388 1.000

Ethnicity

Caucasian 41 76211 716139 1.03(0.99–1.07) 0.094 322.82 ,0.001 87.6 20.41 0.686 1.000

lung cancer 5 16749 48799 1.17(1.13–
1.20)

,0.001 3.59 0.465 0 1.000

Melanoma 4 7281 74610 0.87(0.83–
0.91)

,0.001 6.30 0.098 52.4 0.980

Squamous Cell
Carcinoma

4 2995 66638 1.06(1.00–
1.13)

0.074 1.27 0.737 0 1.000

Pancreatic cancer 3 1352 30306 0.88 (0.78–
0.97)

0.010 1.65 0.438 0 0.880

Bladder cancer 3 8145 40659 1.11(1.07–
1.15)

,0.001 0.88 0.645 0 1.000

Basal cell carcinoma 3 6316 68321 1.22(1.17–
1.27)

,0.001 1.66 0.436 0 1.000

other cancers 19 33373 386806 0.99(0.95–1.03) 0.619 73.36 ,0.001 75.5 1.000

Asian 8 9068 11959 1.14(1.09–
1.19)

,0.001 7.47 0.382 6.3 20.85 0.428 0.990

Others 3 5984 7854 0.91(0.82–1.01) 0.076 7.11 0.029 71.9 0.958

Sources of control

Mixed 20 66351 352537 1.02(0.96–1.07) 0.417 274.27 ,0.001 93.1 20.72 0.482 1.000

Population- or
Community- based

20 15476 368395 1.07(1.00–1.14) 0.030 81.62 ,0.001 76.7 20.12 0.906 1.000

Hospital-based 6 6721 7648 1.08(1.00–1.17) 0.043 11.3 0.046 55.8 21.03 0.36 0.995

Nested in cohort 6 2715 7372 0.99(0.87–1.11) 0.863 15.00 0.010 66.7 0.07 0.95 0.999

Sample size

Small 4 1075 957 0.99(0.85–
1.12)

0.873 4.98 0.173 39.8 21.77 0.219 0.997

Large 48 90188 734995 1.04(1.00–1.08) 0.042 390.27 ,0.001 88.0 0.02 0.981 1.000

Expected power

Low 9 8213 126226 1.10(0.92–1.27) 0.194 116.43 ,0.001 93.1 20.98 0.358 0.882

Moderate 12 14176 108914 1.07(0.96–1.19) 0.212 108.38 ,0.001 89.9 20.06 0.951 0.983

High 31 68874 500812 1.02(0.98–1.05) 0.181 163.05 ,0.001 81.6 20.54 0.596 1.000

aP values were calculated from Cochran’s Q test;
bt and P values were calculated by Egger’s test.
doi:10.1371/journal.pone.0050650.t002

rs401681 and Cancers Risk: A Meta-Analysis

PLOS ONE | www.plosone.org 6 November 2012 | Volume 7 | Issue 11 | e50650



two were of mixed ethnicities. The MAF of control subjects were

44.69% in Caucasians, 32.24% in Asians, 39.90% in Africans,

respectively.

Association between the rs401681 and Overall Cancers
Risk

Rather than using ORs adjusted by covariables, our estimations

were based on the raw data when possible. To assess the effect of

adjustment, summary effect of ORs with and without adjustment

were compared. Although there were subtle differences between

these two sources of ORs in each study, the pooled ORs (95%CI)

were nearly identical (Figure S1). These differences were of low

impact to the synthesis, which were also suggested by other

researchers [59,60,61,62]. Meanwhile, we tried to explore the gap

between allelic and additive ORs, and found them were amazing

close to each other (Figure S2). As a result, two researches, which

only reported allelic ORs for rs401681, were also included to final

meta-analysis [13,24].

As shown in Figure 2, the overall meta-analysis showed that

rs401681 allele C marginally increased overall cancers risk in

additive model (OR = 1.04; 95%CI: 1.00–1.08; Pheterogeneity ,0.001

and I2 = 87.1%), with an expected power of 1.000.

Stratified Analyses
In the stratified analyses by cancer types, as shown in Table 2,

it was found that individuals with the C allele genotypes had

higher risk of lung cancer (per allele OR = 1.16, 95%CI = 1.13–

1.19; Pheterogeneity = 0.364 and I2 = 8.40%), bladder cancer (per

allele OR = 1.11, 95%CI = 1.07–1.15; Pheterogeneity = 0.774 and

I2 = 0), basal cell carcinoma (per allele OR = 1.22, 95%CI = 1.17–

1.27; Pheterogeneity = 0.436 and I2 = 0) and prostate cancer (per

allele OR = 1.06, 95%CI = 1.02–1.10; Pheterogeneity = 0.406 and

I2 = 0), but lower risks of melanoma (per allele OR = 0.87,

95%CI = 0.83–0.91; Pheterogeneity = 0.098 and I2 = 52.4%) and

pancreatic cancer (per allele OR = 0.85, 95%CI = 0.80–0.90;

Pheterogeneity = 0.558 and I2 = 0). Additionally, C allele also

contributed to a marginally higher susceptibly of squamous cell

carcinoma (per allele OR = 1.06; 95%CI: 1.00–1.13; Pheterogeneity =

0.737 and I2 = 0). However, no significant association was observed for

other cancers.

In terms of subgroup analyses by ethnicity, the associations were

significant in Asian populations (per allele OR = 1.14; 95%CI:

1.09–1.19; Pheterogeneity = 0.382 and I2 = 6.30%), while it was

bordline significant in Caucasians (per allele OR = 1.03; 95%CI:

0.99–1.07) with high heterogeneity (Q = 322.82, P,0.001;

I2 = 87.6%). Stratified analysis by cancer types was performed in

Caucasians, the results for lung, melanoma, squamous cell,

pancreatic; bladder and basal cell carcinomas were the same in

Caucasians as that of the overall population because these studies

were mostly conducted in Caucasians (Table 2).

Further analyses also showed marginally significant results in

hospital-based, population or community-based studies and studies

of large sample size or high expected power (Table 2).

Evaluation of Heterogeneity
The source of heterogeneity across studies was explored among

covariables, such as ethnicities, genotyping methods,source of

controls, cancer types, sample size and expected power. Interest-

ing, cancer types were found to contribute to the heterogeneity

across the studies in the overall (Table S3) and subgroups meta-

analyses of Caucasians (data not shown).

Sensitivity Analyses
A one-way sensitivity analysis was conducted to assess the

influence of each individual study on the combined OR, with each

particular data set dropped at a time. A random-effect model was

employed when heterogeneity was indicated. Stability of odds ratio

estimates was confirmed for association between rs401681 and

cancers risk (Figure S3). Meanwhile, after the omission of the

study departure from HWE, the results did not alter notably (data

not shown).

Figure 3. Funnel plot analysis to detect publication bias for the TERT-CLMPT1L polymorphism rs401681 in the involved 52 data sets.
doi:10.1371/journal.pone.0050650.g003
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Publication Bias
Finally, funnel plots and the Egger’s test were used to assess

publication bias. In the funnel plot analysis, the shape of the funnel

plot seemed symmetrical (Figure 3). Furthermore, an Egger’s test

did not detect any publication bias for rs401681 in the overall or

subgroup analyses (Table 2). Therefore, there was no significant

publication bias in the studies included in current analyses.

Discussion

In the present meta-analysis, our results suggested that the

carriers of rs401681 allele C had increased cancers risk, especially

for lung, bladder, prostate and basal cell carcinomas, such effect

was still found in subgroup of Asians; whereas decreased risk for

melanoma and pancreatic cancer. Further exploration of the

functional explanation of this locus is warranted to understand the

mechanisms for these associations.

These findings have some degree of biological plausibility. The

TERT gene is mapped to chromosome 5p15.33 and consists of 16

exons and 15 introns spanning 35 kb of chromosome 1. It encodes

the catalytic subunit of telomerase, functions as telomere

maintenance and may play a role in the determination of cancer

risk [63]. TERT protein shows a high-level of expression in many

tumors and it possibly contributes to unlimited cell division and

carcinogenesis [64,65]. The CLPTM1L gene has been documented

to be upregulated in cisplatin-resistant cell lines and linked with

cisplatin-induced apoptosis [9], and over-expression of CLPTM1L

mRNA have been observed in many cancers [12,13,66]. Variants

in this locus are hypothesized to mediate telomere length and be

associated with multiple malignancies, including cancers of lung,

prostate, urinary bladder, cervix and pancreas [13,20,21,22,67].

The heterogeneity among studies in this meta-analysis was

dramatically reduced in stratified analyses by cancer types. It

suggested a potential modified effect of TERT-CLPTM1L poly-

morphisms by tumor origins and the rational of stratified analyses.

Therefore, we can infer that rs401681 had cancer-specific

contributions and may play different roles in the etiology of

different tumor sites [10,19,22,23,25,26,41,42,44,48,50,68]. For

example, strikingly increased risk was found in smoking related

cancers, such as lung and bladder cancers. It may be explained

that CLPTM1L protein may be involved in the apoptosis response

of genotoxic stress [9,10,11,12]. Further more, Nan and collab-

orators observed a suggestive positive relationship between

rs401681 C allele and shorter relative telomere length [50].

Rafnar et al. suggested rs401681 C allele might be associated with

an acceleration of the gradual shortening of telomeres with age

[13]. Rs401681 was also demonstrated to be associated with risk of

pancreatic cancer for chromosome ends lacking telomeric repeat

sequences was observed in this cancer [69,70]. Possible links

between shorter telomeres and decreased risk of melanoma were

reported [50,67]. This might be because shorter telomere length

conferring a shorter replicative lifespan in melanocyes, thus

providing a more stringent barrier to unlimited cell division

[67]. Declined melanoma risk might also due to the reduction of

nevi size and count in individuals with shorter telomeres [67,71].

Compared to the basal and squamous keratinocytes, melanocytes

have a higher tendency to senescence in response to oncogenic

stress, rather than undergoing cell apoptosis. In addition, shorter

telomere length was reported to be associated with an increased

risk of basal cell carcinoma [72]. This is probably suggested the

different roles of replicative senescence in basal keratinocyets and

melanocytes [72]. However, the exact biological function of

rs401681 has not been clarified now. It may be in strong linkage

disequilibrium (LD) with other potential functional or causal

SNPs. For example,rs402710 located in the intron 15 of

CLPTM1L,it is in strong LD with rs401681 (r2 = 0.70 in CEU,

r2 = 0.89 in CHB and r2 = 0.759 in YRI), was predicted to have

potential regulate function by SNPinfo and reported to be

associated with higher levels of bulky aromatic and hydrophobic

DNA adducts [10,73]. Meanwhile, some SNPs in high LD with

rs401681 are also predicted to have potential function by SNPinfo,

including rs31490 (r2 = 0.910 in CEU, located in the transcription

factor binding site of CLPTM1L) and rs414965 with high

regulatory potential scores (located in the intron 11 of CLPTM1L,

r2 = 0.759 in YRI) [73]. Further investigations were required to

explore the role of rs401681 or SNPs in high LD with it in

carcinogenesis, especially in various cancer types.

Furthermore, the different LD pattern of these potential

functional SNPs with rs401681 in different ethnic populations

may explain the different associations between rs401681 and

cancer risk. Therefore, genetic backgrounds might explain, to

some extent, the somewhat conflicting associations in different

populations.

In terms of the control’s sources, the subtotal ORs and 95%CIs

for rs401681 varied. The pooled ORs in population or commu-

nity-based studies were 1.07(95%CI: 1.00–1.14) in additive model

with an expected power of 1.000. Thus, these findings emphasized

that the advantages of population based studies, including greater

efficiency in sample recruitment, external validity than other study

designs [74,75].

There were still some limitations which need to be addressed.

First, although no any publication bias was showed in the funnel

plot and Egger’s tests, selection bias might still exist as non-English

literatures were excluded. Second, the number of published studies

was still insufficiently for the subgroup analyses of some particular

cancer sites, such as endometrial, colorectal and testicular germ

cell carcinomas. It might mask or exaggerate possible true

associations. Third, due to insufficient genotype frequencies, we

were unable to calculate the pooled ORs in other genetic models

except additive model. Four, ORs with and without adjustment

were pooled together, although there was no substantial changes

between these two kinds of ORs in this synthesis, it might be a

consideration source of heterogeneity. However, after restricting to

crude estimations, only 24 data sets were available for synthesis. It

might be non-representative and bias, which could lead to vastly

different conclusions [76]. Additionally, matching was often

assumed to account for confounders in case-control studies (the

majority of studies were designed as case-control studies and had

matched cases and controls in this meta-analysis). Thus, unad-

justed findings represent adjustment that was accounted for by

study design and not by the statistical methods [61]. However, we

placed more emphasis on assessing biases across studies and tried

to reduce potential sources of heterogeneity via stratification and

sensitivity analyses. High expected powers of significant findings in

this meta-analysis revealed great noteworthy and robustness. In

view of this, we were confident that the findings in this meta-

analysis were reliable and reasonable.

In conclusion, cumulated evidence suggested that rs401681 C

allele was a tumor susceptibility allele in the development of lung,

bladder, prostate and basal cell carcinomas, but a potential

protective allele for pancreatic cancer and melanoma. These

results suggested that the TERT-CLTMP1L polymorphism

rs401681 may be potential biomarkers of cancer susceptibility.

However, the effect on cancers risk may be modified by ethnicity,

cancer type, source of controls and sample size. Future studies are

required to validate the current findings.
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Supporting Information

Figure S1 Additive ORs and corresponding 95%CI with
and without adjustment were nearly identical for
rs401681. Gago-Dominguez1-2 represented studies for bladder

cancer in Caucasians and Asians, respectively; Nan1-3 represented

studies for melanoma, squamous cell and basal cell carcinomas,

respectively.

(TIF)

Figure S2 Additive ORs (95%CI) and corresponding
allelic ORs (95%CI) of each data set for rs401681. Gago-

Dominguez1-2 represented studies for bladder cancer in Cauca-

sians and Asians, respectively; Nan1-3 represented studies for

melanoma, squamous cell and basal cell carcinomas, respectively.

(TIF)

Figure S3 One-way sensitivity analyses. The pooled odds

ratios were calculated by omitting each data set at a time.

(TIF)

Table S1 Search Strategies (Searched on 2012-07-20).

(DOCX)

Table S2 Genotype frequencies and Per Allele OR
(95%CI) of Each Data Set enrolled.

(DOCX)

Table S3 Meta-regression to explore the source of
heterogeneity in 52 included data sets.

(DOCX)
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