
Dual roles of a variable number of tandem repeat
polymorphism in the TERT gene in lung cancer
Guang Jin,1,2 Seung Soo Yoo,3 Sukki Cho,4 Hyo-Sung Jeon,1 Won-Kee Lee,5 Hyo-Gyoung Kang,1 Yi Young Choi,1

Jin Eun Choi,1 Sung-Ick Cha,3 Eung Bae Lee,4 Chang Ho Kim,3 Tae Hoon Jung,3 Young Tae Kim6,7 and
Jae Yong Park1,3,7

1Department of Biochemistry and Cell Biology, School of Medicine, Kyungpook National University, Daegu, South Korea; 2Department of Pharmacology,
Yanbian University School of Basic Medicine, Yanji, Jilin Province, China; 3Department of Internal Medicine, Kyungpook National University Hospital;
4Department of Thoracic Surgery, Kyungpook National University Hospital; 5Department of Preventive Medicine, School of Medicine, Kyungpook National
University, Daegu; 6Department of Thoracic and Cardiovascular Surgery, Seoul National University College of Medicine, Seoul, Korea

(Received August 6, 2010 ⁄ Revised September 14, 2010 ⁄ Accepted September 16, 2010 ⁄ Accepted manuscript online October 25, 2010 ⁄ Article first published online November 18, 2010)
7To whom correspondence should be addressed.
E-mail: ytkim@snu.ac.kr; jaeyong@knu.ac.kr
This study was conducted to determine the impact of a functional
tandem repeat minisatellite (MNS16A) polymorphism in the
telomerase reverse transcriptase (TERT) gene on the risk of lung
cancer, as well as on survival of patients with non-small-cell lung
cancer (NSCLC). The effect of the MNS16A variable number of tan-
dem repeat (VNTR) polymorphism on the risk of lung cancer was
evaluated in a case–control study that consisted of 937 lung cancer
patients and 943 healthy controls. The effect of the polymorphism
on survival outcome was evaluated in 703 patients with surgically
resected NSCLC. Compared with the VNTR-302 allele, the VNTR-243
allele was associated with a significantly increased risk of lung
cancer (adjusted odds ratio, 1.55; 95% confidence interval [CI],
1.07–2.25; P = 0.02). In addition, the genotypes carrying at least
one VNTR-243 allele were associated with a significantly increased
risk of lung cancer compared with the genotypes with no VNTR-
243 allele (adjusted odds ratio, 1.61; 95% CI, 1.09–2.38; P = 0.02). In
contrast to the effect of the polymorphism on the risk of lung can-
cer, the genotypes carrying at least one VNTR-243 allele were asso-
ciated with a significantly better overall survival in patients with
surgically resected NSCLC (adjusted hazard ratio, 0.51; 95% CI,
0.28–0.93; P = 0.03). These findings suggest that the MNS16A VNTR
polymorphism in the TERT gene has dual, conflicting roles in lung
carcinogenesis. This polymorphism may increase the risk of lung
cancer development, and may improve survival in lung cancer
patients. (Cancer Sci 2011; 102: 144–149)

T elomeres are specialized nucleoprotein complexes com-
posed of long arrays of double-stranded TTAGGG repeats,

a G-rich 3¢ single strand overhanging, and associated telomere-
binding proteins.(1,2) Telomeres function to cap the ends of
chromosomes and protect chromosomes from degradation,
end-to-end fusion and atypical recombination; thus, telomeres
are essential for maintaining the integrity and stability of
chromosomes.(3,4) In addition to the end protective function, the
progressive shortening of telomeres serves as a ‘‘mitotic clock’’,
which limits the lifespan of somatic cells.(3,5) Telomeres are
maintained by telomerase, a ribonucleoprotein complex that
consists of the catalytic component telomerase reverse transcrip-
tase (TERT) and a telomerase RNA template. TERT synthesizes
TTAGGG repeats from the RNA template and is the key deter-
minant of telomerase activity.(6–9)

It has been proposed that telomere shortening and telomerase
play dual roles in carcinogenesis. During the early phase of can-
cer development, telomere shortening can induce chromosomal
instability, which is perpetuated through fusion–bridge–break-
age cycles that increases the risk of cancer development. In this
phase, telomerase, the main positive regulator of telomere
length, helps to stabilize chromosomal instability and thus
reduce cancer development.(10–12) In support of this hypothesis,
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several studies have reported that individuals with constitution-
ally short telomeres have a higher risk of developing can-
cers.(13–15) In addition, it has been reported that humans with
dyskeratosis congenita, a hereditary disease with a partial telo-
merase deficiency, have an increased risk of developing malig-
nant lesions.(16,17) In contrast to the early phase of cancer
development, after telomerase is re-activated and the telomere
attrition is stabilized, short telomeres inhibit tumor progression.
In this later phase of cancer development, activation of telomer-
ase can immortalize transformed cells and thereby promote
cancer growth.(10–12) Indeed, several studies have demonstrated
that the levels of telomerase expression ⁄ activity in cancer
tissues correlate with advanced stage and poor prognosis in
human cancers.(18,19)

Several studies have documented considerable inter-individ-
ual variation in telomere length and telomerase activity among
healthy individuals of the same age.(20–22) Like many other phe-
notypic traits, functional polymorphisms in the TERT gene con-
tribute to variation in the telomerase activity in the general
population. Recently, the polymorphic tandem repeats minisatel-
lite, MNS16A, in the downstream region of the TERT gene locus
was demonstrated to influence the expression of antisense TERT
mRNA.(23) Moreover, this MNS16A variable number of tandem
repeat (VNTR) polymorphism has been reported to be associ-
ated with the risk of breast cancer.(24) Therefore, to investigate
the role of the MNS16A VNTR polymorphism on the risk of
lung cancer, we conducted a case–control study in a Korean
population. In addition, we examined the effect of the MNS16
VNTR polymorphism on the survival outcome of patients with
lung cancer.

Materials and Methods

Study population. The case–control study consisted of 937
lung cancer patients and 943 healthy controls. The eligible cases
included all patients newly diagnosed with primary lung cancer
between January 2004 and June 2006 at Kyungpook National
University Hospital (KNUH) in Daegu, Korea, who agreed to
participate in the study (participation rate, 96.4%). This case–
control study was approved by the Institutional Review Boards
of the KNUH and written informed consent was obtained from
each participant. After informed consent was obtained, each
subject donated 20 mL of blood, which was used for DNA
extraction and genotyping. There were no gender, histological
or stage restrictions; however, patients ‡75 years of age or
those who had a history of cancer were excluded from the
present study. The cases included 420 (44.8%) squamous cell
doi: 10.1111/j.1349-7006.2010.01782.x
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Table 1. Characteristics of the case–control study population

Variable
Cases

(n = 937)†

Controls

(n = 943)
P

Age (years) 61.7 ± 9.2 61.5 ± 9.1 0.67‡

Gender

Male 738 (78.8) 739 (78.4) 0.83§

Female 199 (21.2) 204 (21.6)

Smoking status

Current 541 (57.7) 340 (36.1) <0.001§

Former 224 (23.9) 301 (31.9)

Never 172 (18.4) 302 (32.0)

Pack–years– 40.5 ± 20.2 30.9 ± 17.0 <0.001‡

Histological type

Squamous cell carcinoma 420 (44.8)

Adeno carcinoma 367 (39.2)

Small-cell carcinoma 134 (14.3)

Large-cell carcinoma 16 (1.7)

†Numbers in parentheses indicate percentage. ‡t-test. §v2 test. –In
current and former smokers.
carcinomas, 367 (39.2%) adenocarcinomas, 134 (14.3%) small-
cell lung carcinomas (SCLC) and 16 (1.7%) large-cell carcino-
mas. The control subjects were randomly selected from a pool
of healthy volunteers who visited the general health check-up
center at the KNUH during the same period. The control sub-
jects were frequency matched (1:1) to the cases based on gender
and age (±5 years). A total of 2985 (1552 males and 1433
females) of 6972 healthy subjects agreed to participate in the
present study (participation rate, 42.8%). Compared with sub-
jects that refused to participate, the enrolled subjects showed
similar age and gender distributions. From 2985 healthy volun-
teers, we randomly selected 943 control subjects by generating a
random number using SAS version 8.12 (SAS Institute, Cary,
NC, USA). All subjects enrolled in this study were ethnic Kore-
ans who resided in Daegu City or the surrounding regions.

The effect of the MNS16A VNTR polymorphism on survival
outcome was evaluated in 703 patients with pathological stages
I, II or IIIA (micro-invasive N2) non-small-cell lung cancer
(NSCLC) who underwent curative surgical resection at KNUH
between September 1998 and August 2006 (n = 391) and Seoul
National University Hospital between January 2001 and Decem-
ber 2006 (n = 312). Patients who received chemotherapy or
radiotherapy prior to surgery were excluded to avoid the effects
on DNA. This study was approved by the Institutional Review
Boards of the KNUH and Seoul National University Hospital;
written informed consent was obtained from each participant.
All tissues were obtained at the time of surgery and then rapidly
frozen in liquid nitrogen and stored at )80�C until the genotyp-
ing was conducted. The histological type of lung cancers was as
follows: 334 cases (47.5%) squamous cell carcinomas; 345
cases (49.1%) adenocarcinomas; and 24 cases (3.4%) large-cell
carcinomas. The pathological staging of the tumors, which was
determined according to the International System for Staging
Lung Cancer,(25) was as follows: stage I, 465 patients (66.1%);
stage II, 135 patients (19.2%); and stage IIIA, 103 patients
(14.7%).

Genotyping. A polymerase chain reaction (PCR) was used to
genotype the MNS16A VNTR polymorphism with the primer
set, as previously reported.(23) The forward primer sequence was
5¢-AGGATTCTGATCTCTGAAGGGTG-3¢ and the reverse pri-
mer sequence was 5¢-TCTGCCTGAGGAAGGACGTATG-3¢.
The PCR profile consisted of an initial denaturation step of 95�C
for 5 min, followed by 35 cycles of 95�C for 30 s, 60�C for
30 s, 72�C for 30 s and a final elongation step of 72�C for
10 min. The PCR products were visualized on 2% agarose gel
and stained with ethidium bromide for visualization under UV
light. To ensure quality control, the genotyping analysis was
performed ‘‘blind’’ with respect to case ⁄ control status. Approxi-
mately 10% of the samples were randomly selected to be geno-
typed again by a different researcher and the results were 100%
concordant.

Statistical analysis. Differences in the distribution of demo-
graphic characteristics and the variant alleles and genotypes of
the MNS16A VNTR polymorphism between the cases and con-
trols were compared using the Student’s t-test for continuous
variables and a chi square test for categorical variables. The
associations between MNS16A VNTR genotypes and the risk of
lung cancer were estimated by computing odds ratios (OR) and
the 95% confidence intervals (CI) from logistic regression analy-
sis with and without possible confounding factors (gender as a
nominal variable; and age and pack–years of smoking as contin-
uous variables). In addition to the overall association analysis,
we performed a stratified analysis by age (median age,
£62 years, and >62 years), gender and tumor histology to fur-
ther explore the association between MNS16A VNTR genotypes
and the risk of lung cancer in each stratum. For the gene–smok-
ing interaction analyses, we used three approaches to evaluate
the consistency of the results: (i) a logistic regression model
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including the interaction term between the genotype and smok-
ing; (ii) stratified analyses by smoking status; and (iii) geno-
type–smoking joint effects. Overall survival (OS) was measured
from the day of surgery until the date of death or to the date of
the last follow up. The survival estimates were calculated using
the Kaplan–Meier method. The differences in OS across differ-
ent genotypes were compared using the log-rank test. Hazard
ratios (HR) and 95% CI were estimated using multivariate Cox
proportional hazards models, with adjustment for age (median
age, £64 vs >64 years), gender (female vs male), smoking status
(never-smokers vs ever-smokers) and pathological stage (I vs II–
IIIA). All analyses were performed using the Statistical Analysis
System for Windows (version 9.1).

Results

Association of MNS16A VNTR genotypes with the risk of lung
cancer. The demographics of the cases and controls enrolled in
the case–control study are shown in Table 1. There were no sig-
nificant differences in the mean age or gender distribution
between the cases and controls. However, there were more cur-
rent smokers among the cases than the controls (P < 0.001), and
the number of pack–years in smokers was significantly higher in
the cases than in the controls (40.5 ± 20.2 vs 30.9 ± 17.0 pack–
years; P < 0.001). These differences were subsequently con-
trolled for in the multivariate analyses.

In the present study, seven VNTR genotypes by four different
sized VNTR alleles (VNTR-302, VNTR-272, VNTR-243, and
VNTR-333) were identified. The distributions of the VNTR
alleles and genotypes among the cases were significantly differ-
ent from the controls (P = 0.02 and P = 0.05, respectively;
Table 2). Compared with the VNTR-302 allele, the VNTR-243
allele was associated with a significantly increased risk of lung
cancer (adjusted OR [aOR], 1.55; 95% CI, 1.07–2.25;
P = 0.02). When the VNTR-302 ⁄ VNTR-302 genotype, the most
common genotype in both cases and controls (87.4% and
89.1%, respectively), was used as a reference group, the VNTR-
302 ⁄ VNTR-243 genotype was associated with a significantly
increased risk of lung cancer (aOR, 1.54; 95% CI, 1.04–2.29;
P = 0.03). We next classified the four VNTR alleles as long (L),
middle (M) or short (S) alleles as follows: L, VNTR-302 or -
333; M, VNTR-272; and S, VNTR-243. The seven genotypes
were then categorized into the following three groups: group I,
L ⁄ L genotype; group II, L ⁄ M or M ⁄ M genotype; and group III,
L ⁄ S, M ⁄ S or S ⁄ S genotype. As shown in Table 2, group III car-
rying at least one S allele was associated with a significantly
Cancer Sci | January 2011 | vol. 102 | no. 1 | 145
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Table 2. Logistic regression analyses for associations between

telomerase reverse transcriptase (TERT) MNS16A variable number of

tandem repeat genotypes and the risk of lung cancer

Allele ⁄
genotype

Cases,

n (%)

Controls,

n (%)

Adjusted†

OR (95% CI)
P

Allele

302 alleles 1749 (93.3) 1781 (94.4) 1.00

272 alleles 44 (2.3) 57 (3.0) 0.82 (0.54–1.26) 0.37

243 alleles 80 (4.3) 48 (2.5) 1.55 (1.07–2.25) 0.02

333 alleles 1 (0.1) 0 (0.0) – –

P = 0.02

Genotype

302 ⁄ 302 819 (87.4) 840 (89.1) 1.00

302 ⁄ 272 37 (4.0) 55 (5.8) 0.75 (0.48–1.18) 0.21

272 ⁄ 272 3 (0.3) 1 (0.1) 2.15 (0.21–21.66) 0.52

302 ⁄ 243 73 (7.8) 46 (4.9) 1.54 (1.04–2.29) 0.03

272 ⁄ 243 1 (0.1) 0 (0.0) – –

243 ⁄ 243 3 (0.3) 1 (0.1) 1.70 (0.28–10.39) 0.57

302 ⁄ 333 1 (0.1) 0 (0.0) – –

P = 0.047

Group of genotype‡

L ⁄ L 820 (87.5) 840 (89.1) 1.00

L ⁄ M + M ⁄ M 40 (4.3) 56 (5.9) 0.75 (0.48–1.17) 0.20

L ⁄ S + M ⁄ S + S ⁄ S 77 (8.2) 47 (5.0) 1.59 (1.08–2.34) 0.02

P = 0.005

L ⁄ L + L ⁄ M + M ⁄ M 860 (91.8) 896 (95.0) 1.00

L ⁄ S + M ⁄ S + S ⁄ S 77 (8.2) 47 (5.0) 1.61 (1.09–2.38) 0.02

P = 0.005

CI, confidence interval; OR, odds ratio. †Adjusted for age, gender and
pack–years of smoking. ‡L, VNTR-302 or -333 allele; M, VNTR-272
allele; and S, VNTR-243 allele.
increased risk of lung cancer compared with group I and the
combined group I + II (aOR, 1.59; 95% CI, 1.08–2.34;
P = 0.02; and aOR, 1.61, 95% CI, 1.09–2.38; P = 0.02, respec-
tively).

The effect of the S allele on the risk of lung cancer was further
examined after stratifying the subjects according to age, gender,
smoking status and tumor histology. The effect of the S allele on
the risk of lung cancer was similar in younger and older individ-
uals (Table 3). When stratified according to smoking status, the
effect of the S allele was significant in ever-smokers (aOR, 1.75;
Table 3. Association between telomerase reverse transcriptase (TERT) M

lung cancer according to age, gender, smoking status and histological typ

Variables
Case

Group I + II† Group III† G

Age (years)

£62 431 (91.9) 38 (8.1)

>62 429 (91.7) 39 (8.3)

Gender

Male 677 (91.7) 61 (8.3)

Female 183 (92.0) 16 (8.0)

Smoking status

Never 159 (92.4) 13 (7.6)

Ever 701 (91.6) 64 (8.4)

Histology††

Squamous cell carcinoma 388 (92.4) 32 (7.6)

Adeno carcinoma 337 (91.8) 30 (8.2)

Small-cell carcinoma 122 (91.0) 12 (9.0)

CI, confidence interval; OR, odds ratio. †Group I, L ⁄ L genotype; group II, L
‡Adjusted for gender and pack–years of smoking. §Adjusted for age and p
large-cell carcinomas were excluded from this analysis. ‡‡Adjusted for age
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95% CI, 1.13–2.72; P = 0.01), but not in never-smokers (aOR,
1.16; 95% CI, 0.53–2.56; P = 0.71). When stratified according
to tumor histology, the effect of the S allele on lung cancer risk
was observed in three major histological types of lung cancer.

In addition to the stratification analysis, the joint effect of the
MNS16A VNTR genotypes and smoking status on the risk of
lung cancer was also determined (Table 4). When the never-
smokers with the group I + II genotype was used as the refer-
ence group, the heavy smokers with the group III genotype were
found to have the highest risk of lung cancer (aOR, 9.56; 95%
CI, 5.42–16.87; P = 6 · 10)14).

Association of MNS16A genotypes with survival outcome of
patients with lung cancer. We evaluated the associations
between MNS16A VNTR genotypes and the survival outcome
of patients with surgically resected NSCLC. The clinical and
pathological characteristics of the patients and the association
with OS are shown in Table 5. There were 249 deaths (35.4%).
The estimated 5-year OS for all patients was 60.5%. Upon
univariate analysis, the age, gender, smoking status and patho-
logical stage were significantly associated with OS. Patients
with at least one S allele (group III) had a significantly better
OS compared with the group I + II patients (adjusted HR
[aHR], 0.51, 95% CI, 0.58–0.93; P = 0.03; Table 6 and Fig. 1).
Based on multivariate survival analysis using Cox’s proportional
hazard model, the MNS16 VNTR polymorphism was an inde-
pendent prognostic factor along with the age (HR for >64 years
old vs £64 years old, 1.41; 95% CI, 1.09–1.83; P = 0.01), gen-
der (HR for male vs female, 2.50; 95% CI, 1.53–4.09;
P = 0.0003) and pathological stage (HR for stage II or III vs
stage I, 1.83; 95% CI, 1.40–2.39; P < 0.0001).

Discussion

Telomerase plays an important role in the development and pro-
gression of lung cancer. Therefore, it is assumed that functional
polymorphisms that affect TERT gene expression or activity
might contribute not only to the susceptibility to lung cancer but
also to the prognosis of patients with lung cancer. In the present
study, we investigated the effect of the MNS16A VNTR on the
risk of lung cancer and the prognosis of patients with surgically
resected NSCLC. Interestingly, the VNTR-243 allele was asso-
ciated with an increased risk of lung cancer, whereas it was
associated with a better survival outcome in patients with lung
cancer. These findings suggest that alteration of the antisense
NS16A variable number of tandem repeat genotypes and the risk of

es of lung cancer

Control
Adjusted OR (95% CI) P

roup I + II† Group III†

487 (95.1) 25 (4.9) 1.63 (0.95–2.78)‡ 0.08

409 (94.9) 22 (5.1) 1.57 (0.89–2.76)‡ 0.12

705 (95.4) 34 (4.6) 1.67 (1.06–2.62)§ 0.03

191 (93.6) 13 (6.4) 1.40 (0.65–3.02)§ 0.39

287 (95.0) 15 (5.0) 1.16 (0.53–2.56)– 0.71

609 (95.0) 32 (5.0) 1.75 (1.13–2.72)– 0.01

896 (95.0) 47 (5.0) 1.58 (0.93–2.68)‡‡ 0.09

896 (95.0) 47 (5.0) 1.61 (0.99–2.62)‡‡ 0.05

896 (95.0) 47 (5.0) 2.12 (1.05–4.31)‡‡ 0.04

⁄ M + M ⁄ M genotype; and group III, L ⁄ S + M ⁄ S + S ⁄ S genotype.
ack–years of smoking. –Adjusted for age and gender. ††Sixteen
, gender and pack–years of smoking.
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Table 4. Interaction of telomerase reverse transcriptase (TERT) MNS16A variable number of tandem repeat genotypes and smoking on lung

cancer risk

Smoking status Genotype, group I + II† OR (95% CI)‡ P‡ Genotype, group III† OR (95% CI)‡ P‡

Never 159 ⁄ 287 1.00 13 ⁄ 15 1.23 (0.56–2.68) 0.61

Ever 701 ⁄ 609 5.40 (3.67–7.94) 1 · 10)17 64 ⁄ 32 9.56 (5.42–16.87) 6 · 10)15

CI, confidence interval; OR, odds ratio. †Group I, L ⁄ L genotype; group II, L ⁄ M + M ⁄ M genotype; and group III, L ⁄ S + M ⁄ S + S ⁄ S genotype. ‡Data
were calculated by logistic regression, with never-smokers with group I + II genotypes as a reference group and adjusted for age and gender.

Table 5. Univariate analysis for overall survival by demographics,

smoking status, histological type, pathological stage and adjuvant

chemotherapy

Variables
No.

cases

No. deaths

(%)†

5Y-OSR

(%)‡

Log-rank

P

Overall 703 249 (35.4) 60.5

Age (years)

£64 400 128 (32.0) 64.8 0.01

>64 303 121 (39.9) 54.6

Gender

Male 517 208 (40.2) 55.7 <0.0001

Female 186 41 (22.0) 74.5

Smoking status

Never 216 61 (28.2) 69.0 0.003

Ever 487 188 (38.6) 56.7

Histological type

Squamous cell carcinoma 334 127 (38.0) 57.8 0.14

Adenocarcinoma 345 111 (32.2) 63.6

Large cell carcinoma 24 11 (45.8) 54.4

Pathological stage

I 465 137 (29.5) 64.9 <0.0001

II 135 62 (45.9) 56.7

IIIA 103 50 (48.5) 45.8

Adjuvant treatment§

Yes 65 36 (55.4) 40.7 0.37

No 110 37 (33.6) 47.0

†Row percentage. ‡Five-year overall survival rate (5Y-OSR) indicates
proportion of survival derived from Kaplan–Meier analysis. §Of the
patients with pathological stage II + IIIA, 55 cases received
chemotherapy, eight cases received radiotherapy and two cases
received both chemotherapy and radiotherapy.
TERT mRNA expression level by the MNS16A VNTR has a
dual, conflicting role in lung carcinogenesis. Specifically, the
MNS16A VNTR-243 allele may increase the risk of lung cancer
development and may improve survival in lung cancer patients.

Wang et al.(23) reported that the MNS16A VNTR is located in
the putative promoter region of the antisense TERT mRNA tran-
script and identified four different sized alleles (VNTR-333, -
302, -272 and -243). The core sequence of MNS16A VNTR is a
23 bp tandem repeat or a 26 bp sequence with a CAT insertion.
Wang et al.(23) found that the VNTR-302 allele, which contains
Table 6. Overall survival according to telomerase reverse transcriptase (T

Genotype group† No. cases (%)‡ No. deaths (%)§ 5Y-

Group I 618 (87.9) 225 (36.4)

Group II 36 (5.1) 13 (36.1)

Group III 49 (7.0) 11 (22.5)

Group I + II 654 (93.0) 238 (36.4)

Group III 49 (7.0) 11 (22.5)

5Y-OSR, 5-year overall survival rate; CI, confidence interval; HR, hazard rat
group III, L ⁄ S + M ⁄ S + S ⁄ S genotype. ‡Column percentage. §Row percenta
Kaplan–Meier analysis. ††HR, 95% CI and their corresponding P-values we
adjusted for age, gender, smoking status, histological type, pathological s
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two 23 bp repeats and three 26 bp repeats, has a significantly
lower promoter activity and antisense TERT mRNA expression
when compared with the VNTR-243 allele, which contains one
23 bp repeat and two 26 bp repeats. Based on this finding, they
suggested that promoter activity depends on the length of the
MNS16A VNTR and the 26 bp sequence with a CAT insertion
functions as a repressor for the promoter of antisense TERT
mRNA. There is growing evidence that naturally occurring anti-
sense RNA transcripts negatively regulate gene expression by
modulating sense RNA transcription, pre-mRNA splicing and
mRNA stability, transport and translation.(26,27) Therefore,
although the biological function of the antisense TERT mRNA
remains unknown, it is likely that the antisense TERT mRNA
acts as a repressor of TERT expression. Given that the VNTR-
243 allele has a significantly higher antisense TERT mRNA
expression compared with the VNTR-302 allele,(23) it can be
expected that the VNTR-243 allele has reduced TERT expression
and thus contributes to carcinogenesis. In accordance with this
hypothesis, it has been reported that the MNS16A VNTR is asso-
ciated with the risk of breast cancer and malignant glioma, as
well as the prognosis of patients with brain cancer.(24,28,29)

A major strength of the present study was that the MNS16A
VNTR was evaluated in relation to the susceptibility to lung
cancer and prognosis of lung cancer patients, which may have a
higher value in unraveling the role of the MNS16A VNTR dur-
ing the multi-step process of carcinogenesis. It has been pro-
posed that telomerase may play both anti- and pro-tumorigenic
roles depending on the phase of carcinogenesis. In the earlier
phases of cancer development, telomerase can help to control
chromosomal instability by maintaining telomere length and
suppress cancer initiation. In contrast, in the later phases of can-
cer development, telomerase is abnormally upregulated and
facilitates tumor progression.(10–12,30,31) In agreement with this
proposal, we demonstrated dual roles of the MNS16A VNTR in
lung carcinogenesis: the higher production allele VNTR-243,
for antisense TERT mRNA, was associated with an increased
risk of lung cancer, whereas it was associated with a better sur-
vival outcome of patients with lung cancer, an opposing effect
on the risk of lung cancer.

Few studies have investigated the MNS16A VNTR in relation
to human cancers. Wang et al.(24) have reported that the VNTR-
243 and VNTR-272 alleles are associated with a significantly
increased risk of breast cancer compared with the VNTR-302
allele in a Chinese population. In addition, Wang et al.(29) have
ERT) MNS16A variable number of tandem repeat genotypes

OSR (%)– Log-rank P Adjusted HR†† (95% CI) P††

59.3 0.11 1.00

58.9 0.96 (0.55–1.68) 0.88

75.9 0.51 (0.27–0.93) 0.03

59.3 0.04 1.00

75.9 0.51 (0.28–0.93) 0.03

io. †Group I, L ⁄ L genotype; group II, L ⁄ M + M ⁄ M genotype; and
ge. –Five-year survival rate, proportion of survival derived from
re calculated using multivariate Cox proportional hazard models,
tage and adjuvant therapy.
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Fig. 1. Kaplan–Meier overall survival curves accord-
ing to telomerase reverse transcriptase (TERT)
MNS16A variable number of tandem repeat (VNTR)
genotypes. Group I, L ⁄ L genotype; group II, L ⁄ M +
M ⁄ M genotype; and group III, L ⁄ S + M ⁄ S + S ⁄ S
genotype.
reported that the genotypes with at least one VNTR-302 or
VNTR-333 allele exhibited a worse survival outcome compared
with the homozygous genotypes of the VNTR-243 or VNTR-
272 allele in non-Hispanic white patients with glioblastomas
multiforme. These two studies are in agreement with our find-
ings that the VNTR-243 allele was associated with an increased
risk of lung cancer, whereas it was associated with a better sur-
vival outcome in patients with lung cancer. However, although
the VNTR-272 allele was combined with the VNTR-243 allele
as one group in the previous studies,(24,29) we combined the
VNTR-272 and VNTR-302 alleles as one group. Like the
VNTR-302 allele, the VNTR-272 allele contains three 26 bp
repeats, a repressor for promoter of antisense TERT mRNA. In
light of the putative function of the VNTR-272 allele, therefore,
it is more reasonable that the VNTR-272 allele is combined with
the VNTR-302 allele as one group.

In the present study, we detected a joint effect of MNS16A
VNTR genotypes and smoking on the risk of lung cancer. Such
a finding is biologically plausible because smoking has been
shown to induce telomere shortening and to increase telomerase
activity;(32,33) therefore, polymorphisms, including the MNS16A
VNTR that can influence telomere shortening, may have a syn-
ergistic effect with smoking on lung cancer development.

There is growing evidence that inherited genotypes might
affect the disease outcome by influencing the biological charac-
teristics of the disease or an individual’s response to a specific
therapy. In view of this point, the present study was aimed at
evaluating the role of the MNS16A VNTR polymorphism as a
prognostic factor in patients with lung cancer. SCLC is a rapidly
progressive malignancy, which is usually a systemic disease at
the time of initial presentation. Consequently, in the case of
SCLC, surgery is reserved for selected patients and chemother-
apy with or without radiotherapy is the standard therapy for
148
most patients. Therefore, the survival analysis of the present
study was limited to patients with NSCLC who underwent cura-
tive surgical resection. Future studies are needed to evaluate the
role of the MNS16A VNTR as a predictive factor for survival
outcome in SCLC and NSCLC patients receiving a specific
therapy.

Genetic polymorphisms often show a lot of ethnic variation.
In the present study, the frequencies of the VNTR-302, -272 and
-243 alleles among the healthy controls were 0.944, 0.030 and
0.025, respectively, which were significantly different from
those of healthy Chinese (0.947, 0.012 and 0.041, respec-
tively).(24) Therefore, further studies are needed to clarify the
association between the TERT MNS16A VNTR and lung cancer
in diverse ethnic populations.

In conclusion, we found that the TERT MNS16A VNTR poly-
morphism exerts a dual, conflicting effect on the risk and prog-
nosis of lung cancer. This finding suggests that a VNTR
polymorphism in the TERT gene can be used not only as a mar-
ker for the genetic susceptibility to lung cancer, but also as a
prognostic marker for patients with lung cancer. Our findings
need to be validated by further functional studies as well as
well-designed larger studies with diverse ethnic populations.
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