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Based on the important role of microRNA (miRNA) biosynthesis genes in carcinogenesis, we hypothesized that
polymorphisms in the miRNA biosynthesis genes may modulate susceptibility to lung cancer. To test this hypothesis,

we conducted a two-stage study to evaluate the associations between single nucleotide polymorphisms (SNPs) in the
miRNA biosynthesis genes and the risk of lung cancer. In stage 1 of the study, 24 SNPs in the 11 miRNA biosynthesis
genes (DROSHA, DGCR8, RAN, XPO5, DICER, AGO1, AGO2, HIWI, GEMIN3, GEMIN4, and TRBP) were genotyped in
100 lung cancer patients and 100 healthy controls using a sequenome mass spectrometry-based genotyping assay.

One promising SNP (AGO1 rs636832A>G) was selected for stage 2 of the study, and genotyped by a melting-curve
analysis using fluorescence-labeled hybridization probes in an independent set of 552 cases and 552 controls. The
AGO1 rs636832A>G exhibited highly consistent results between the two stages of the study. In combined analysis,

the 636832A>G was associated with a significantly decreased risk of lung cancer in a dose-dependent manner
(Ptrend ¼ 6.0� 10�4). Individuals with at least one rs636832G allele were at a significantly decreased risk of lung cancer
compared with those with the AA genotype (adjusted odds ratio¼ 0.67, 95% confidence interval¼ 0.53–0.84,

P¼ 4.0� 10�4). This finding suggests that the AGO1 rs636832A>G might be a useful marker for determining
the susceptibility to lung cancer and that the AGO1 gene might be involved in the development of lung cancer.
� 2010 Wiley-Liss, Inc.
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INTRODUCTION

MicroRNAs (miRNAs) are noncoding, single-
stranded RNAs of �22 nucleotides that repress gene
expression by interacting with messenger RNA, by
inhibiting mRNA translation or by inducing mRNA
cleavage, depending on the degree of their comple-
mentarity to target sequences [1–3]. To date, more
than 500 human miRNAs have been identified and
up to 30% of protein-coding human genes are
estimated to be regulated by miRNAs [2–5]. A
growing body of evidence has revealed that miRNAs
regulate a variety of biological processes, such as
organ development, cell proliferation, cell differ-
entiation, and apoptosis [6,7]. Moreover, several
studies indicate that miRNAs play an important role
in the development and progression of human
cancers, including lung cancer, by regulating the
expression of proto-oncogenes or tumor suppressor
genes [8,9].

MiRNAs are generated by a two-step processing
pathway. MiRNA genes are generally transcribed by
RNA polymerase II to form large primary miRNAs,
which are capped and polyadenylated [10]. After
transcription, primary miRNAs are cropped in the
nucleus by the microprocessor machinery, which
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includes the RNAse III DROSHA and the double-
strand RNA binding protein DGCR8/PASHA [11].
This processing releases �70 nucleotide precursor
miRNAs [12], which are exported to the cytoplasm
by the RAN-GTP-dependent transporter exportin 5
(XPO5) [13]. In the second step, precursor miRNA
is processed by another RNAse III enzyme DICER to
generate double-stranded �22 nucleotide miRNA
molecules [14]. One strand of the miRNA duplex
is incorporated into a ribonucleoprotein effector
complex, termed RNA-induced silencing complex
(RISC), which includes Argonaute proteins (AGO1,
AGO2, and HIWI), human immunodeficiency
virus transactivating response RNA binding protein
(TRBP), GEMIN3, and GEMIN4 [15,16].

In addition to deregulation of miRNAs, altered
regulation of the miRNA processing genes has been
implicated in tumorigenesis [17–20]. It has been
reported that aberrant expression of DICER modifies
the development of lung cancers [17]. Knockdown
of the miRNA processing enzymes (DROSHA and
DICER) in cell lines has been shown to globally
reduce miRNA expression, and thereby enhance
cellular transformation and tumorigenesis [18]. The
Argonaute proteins have also been associated with
various cancers [19]. TRBP has also been shown to
have oncogenic potential, and can induce tumors in
nude mice [21]. Taken together, these emerging lines
of evidence suggest that miRNA processing proteins
may play important roles in cancer development and
progression.

Single nucleotide polymorphisms (SNPs) are the
most common human genetic variants and may

contribute to an individual’s susceptibility to cancer.
Many studies have demonstrated that some SNPs
affect either the expression or activities of various
enzymes, and are therefore associated with cancer
risk [21,22]. Based on the important role of miRNA
processing genes in carcinogenesis, we hypothesized
that SNPs in the miRNA processing genes may
influence their expression or activity, thereby mod-
ulating susceptibility to lung cancer. To test this
hypothesis, we conducted a two-stage study to
evaluate the associations between SNPs in the
miRNA processing genes (DROSHA, DGCR8, RAN,
XPO5, DICER, AGO1, AGO2, HIWI, GEMIN3,
GEMIN4, and TRBP) and lung cancer risk.

METHODS

Study Design and Population

A two-stage study design was used to comprehen-
sively evaluate SNPs in the miRNA processing genes
in relation to lung cancer risk and then to validate
promising associations in a second independent
patient population (Table 1). Cases (n¼100) in
stage 1 of the study were randomly selected from
432 patients who were newly diagnosed with lung
cancer at the Kyungpook National University Hos-
pital (KNUH) in Daegu, Korea between January 2001
and February 2002. The control subjects (n¼100)
were randomly selected from a pool of healthy
volunteers who visited the general health check-up
center at KNUH during the same period. The details
of this study population, including the participation
rate, are described elsewhere [22].

Table 1. Characteristics of the Study Population

Variables

Stage 1 Stage 2

Cases
(n¼ 100)

Controls
(n¼ 100) P

Cases
(n¼ 552)

Controls
(n¼ 552) P

Age (yr) 61.5� 10.9 61.5� 11.3 1.00a 60.9� 8.5 60.5� 9.0 0.52a

Sex
Male 80 (80.0)b 80 (80.0) 1.00c 453 (82.1) 453 (82.1) 1.00c

Female 20 (20.0) 20 (20.0) 99 (17.9) 99 (17.9)
Smoking status 0.001c <0.0001c

Current 69 (69.0) 52 (52.0) 355 (64.3) 259 (46.9)
Former 5 (5.0) 23 (23.0) 99 (17.9) 153 (27.7)
Never 26 (26.0) 25 (25.0) 98 (17.8) 140 (25.4)
Pack-yearsd 37.8� 18.8 31.2� 17.8 0.03a 39.8� 17.9 32.6� 17.3 <0.0001a

Histological types
Squamous cell ca. 40 (40.0) 247 (44.8)
Adenoca. 40 (40.0) 204 (37.0)
Large cell ca. 0 (0.0) 9 (1.6)
Small cell ca. 20 (20.0) 92 (16.7)

at-Test.
bNumbers in parenthesis, column percentage.
cw2 test.
dIn current and former smokers.

914 KIM ET AL.

Molecular Carcinogenesis



The stage 2 study population consisted of 552 lung
cancer cases and 552 healthy controls who were
enrolled using the same method as described for our
previous study. Briefly, the eligible cases included all
the patients who were newly diagnosed with primary
lung cancer between January 2003 and June 2004 at
the KNUH and agreed to this study (participation
rate, 97.2%). There were no gender, histologic, or
stage restrictions; however, those patients �75 yr of
age or those who had a prior history of cancer were
excluded from this study. The control subjects were
randomly selected from a pool of healthy volunteers
who visited the general health check-up center at
KNUH during the same period. All the subjects
enrolled in this study (cases and controls) were
ethnic Koreans who resided in Daegu City or the
surrounding regions. This study was approved by
the Institutional Review Board of the Kyungpook
National University Hospital, and written informed
consent was obtained from each participant.

SNPs and Genotyping

Twenty-four SNPs in the 11 miRNA processing
genes were evaluated in stage 1 of the study. The
24 SNPs were reported as potential functional poly-
morphisms through extensive mining of the data-
bases in the previous study [23], and genotyped using
a sequenome mass spectrometry-based genotyping
assay. Of the 24 SNPs, 6 variants for which the
minor allele frequency (MAF) was �5% in the
controls (DGCR8 rs417309, DICER rs13078, GEMIN3
rs197388 and rs197414, GEMIN4 rs1062923, and
TRBP rs784567) were excluded from further analysis.
Therefore, 18 SNPs in 10 genes were retained for an
association analysis. The nucleotide substitutions,
amino acid changes, and reference SNP identifica-
tion numbers of the 24 SNPs are shown in Table 2.

In stage 2 of the study, 1 promising SNP (AGO1
rs636832) was genotyped by a melting-curve analysis
using fluorescence-labeled hybridization probes
(LightCycler 4801: Roche Diagnostic, Mannheim,
Germany). Genotyping analysis was performed
‘‘blind’’ with respect to the case/control status in
order to ensure quality control. Approximately 10%
of samples were randomly selected to be genotyped
again by a different investigator, and the results
showed 100% concordance.

Statistical Analysis

The Hardy–Weinberg equilibrium was tested by
comparing the observed and expected genotype
frequencies using a w2 test with 1 degree of freedom
for the cases and controls separately. Allele and
genotype frequencies in the cases and controls were
compared using a w2 test. In order to minimize type II
errors, the SNPs for the stage 2 validation study were
selected using a cut-off a error level of 0.10 (P< 0.10)
for the difference in either allele or genotype
frequency between the cases and controls in the

stage 1 of the study. The linkage disequilibrium (LD)
between SNPs was measured by using HaploView
(http://broad.mit.edu/mpg/haploview). LD blocks
were inferred from the definition proposed by
Gabriel et al. [24]. The haplotypes and their frequen-
cies were estimated based on a Bayesian algorithm
using the Phase program [25]. The cancer risk
associated with the genotypes and haplotypes was
estimated as an odds ratio (OR) and 95% confidence
interval (CI) using logistic regression. Crude ORs and
ORs adjusted for possible confounders (gender as a
nominal variable; age and pack-years smoked as
continuous variables) were calculated. A heteroge-
neity test was performed to compare the ORs of
the two study samples and different subgroups. We
also performed a stratified analysis by age, gender,
smoking status, and tumor histology to further
explore the association between genotypes/haplo-
types and the risk of lung cancer in each stratum. For
the gene–smoking interaction analyses, we used the
following three approaches to evaluate the consis-
tency of results: (i) stratification analysis; (ii) gene–
smoking joint effects; and (iii) a logistic regression
model, including the interaction term between
genotype/haplotype and smoking. For these analy-
ses, the subjects were categorized into three groups
according to the level of smoking exposure: never-
smokers; light smokers (ever-smokers�33 pack-years)
and heavy smokers (ever-smokers >33 pack-years).
All the analyses were performed using Statistical
Analysis Software for Windows, version 9.1.3 (SAS
Institute, Cary, NC).

RESULTS

Of the SNPs examined in the stage 1 study, the
MAF of the AGO1 rs636832A>G was significantly
different between the cases and controls (0.184 vs.
0.268, P¼ 0.046; Table 2). Individuals with the
rs636832 AG or GG genotype were at a significantly
decreased risk of lung cancer compared those
with the AA genotype (adjusted OR¼ 0.53, 95%
CI¼0.30–0.96, P¼0.035; Table 3).

To confirm the observed association of the AGO1
rs636832A>G with the risk of lung cancer, we
undertook a replication study using an independent
sample. Agreement with the results of the stage 1
study, the genotype distribution, and MAF of the
rs636832A>G among the cases was significantly
different from the controls (P¼ 0.02 and P¼0.004,
respectively). In addition, there was no evidence of
heterogeneity in ORs between the two studies
(P¼ 0.41, 0.72, and 0.41 for the AG, GG, and
AGþGG genotypes vs. the AA genotype, respec-
tively; Table 3). In combined analysis of the two
stages of the study, the rs636832A>G was associated
with a significantly decreased risk of lung cancer
in a dose-dependent manner (Ptrend¼6.0�10�4).
Individuals with at least one rs636832G allele were
at a significantly decreased risk of lung cancer
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compared with those with the AA genotype (adjusted
OR¼0.67, 95% CI¼0.53–0.84, P¼4.0�10�4).

The association between the AGO1 rs636832A>G
and the risk of lung cancer was further examined
after stratifying the subjects according to age,
smoking status, and histologic types of lung cancer.
The protective effect of the rs636832G allele on the
risk of lung cancer was similar in younger and older
individuals (P-value of test for homogeneity¼0.86,
data not shown). When stratified according to
the smoking status, the protective effect of the
rs636832G allele was significant in the smokers
(adjusted OR¼0.67, 95% CI¼ 0.53–0.91, P¼ 0.002),
but not in never-smokers (P¼0.16). When the ever-
smokers were dichotomized by the pack-years of
smoking, the protective effect of the rs636832G
allele was significant in heavy smokers (adjusted
OR¼0.60, 95% CI¼0.41–0.86, P¼0.006), whereas
there was no significant association in light smokers
(P¼ 0.11). Lung cancers are comprised of different
histologic types, and the carcinogenesis pathways
are different according to the histologic type of lung
cancer. Therefore, the effect of the rs636832A>G
genotypes on the risk of lung cancer was estimated
according to the histologic type of lung cancer.
The protective effect of the rs636832G allele was
more pronounced in patients with adenocarcinoma
(adjusted OR¼0.56, 95% CI¼0.41–0.77, P¼3�10�4,
Table 4).

In addition to the stratification analyses, the joint
effect of the rs636832A>G genotypes and smoking
status on the risk of lung cancer was also determined
(Table 5). When the group of never-smokers with the
protective rs636832G allele was used as the reference
group, the group of heavy smokers with the rs636832
AA genotype was found to have the highest risk of
lung cancer (adjusted OR¼ 5.30, 95% CI¼3.13–
9.00, P<1�10�4). Nevertheless, we did not find
statistically significant evidence of a gene–smoking
interaction in the multivariate logistic regression
analysis (P¼0.29 for multiplicative interaction).

DISCUSSION

We evaluated the potential associations between
genetic variations in the miRNA biosynthesis genes
and the risk of lung cancer in a two-stage case–
control study. Of the 24 SNPs examined, one SNP
(AGO1 rs636832A>G) was convincingly replicated
across both stages of the study. In the combined
analysis of two stages of the study, the rs636832 AG
or GG genotype was associated with a 33% reduced
risk of lung cancer compared to the AA genotype.
This finding suggests that the AGO1 rs636832A>G
might be a useful marker for determining the
susceptibility to lung cancer, and that the AGO1
gene might be involved in the development of
lung cancer. This is the first study to evaluate the
associations of miRNA biosynthesis gene polymor-
phisms in relation to lung cancer risk.

T
a
b
le

3
.

A
ss

o
ci

a
ti
o
n

B
e
tw

e
e
n

A
G

O
1

rs
6
3
6
8
3
2
A
>

G
G

e
n
o
ty

p
e
s

a
n
d

Lu
n
g

C
a
n
ce

r
R
is

k

G
e
n
o
ty

p
e

S
ta

g
e

1
S
ta

g
e

2

P
Hc

S
ta

g
e

1
þ

st
a
g
e

2

N
o
.

o
f

su
b
je

ct
sa

P
A

d
ju

st
e
d

O
R

(9
5
%

C
I)

b
P

b
N

o
.

o
f

su
b
je

ct
sa

P
A

d
ju

st
e
d

O
R

(9
5
%

C
I)

b
P

b
N

o
.

o
f

su
b
je

ct
sa

P
A

d
ju

st
e
d

O
R

(9
5
%

C
I)

b
P

b

A
A

6
5
/5

0
0
.1

0
8

1
3
4
1
/2

9
5

0
.0

2
1

4
0
6
/3

4
5

0
.0

0
3

1
.0

0
A

G
3
0
/4

2
0
.5

4
(0

.3
0

–
0
.9

9
)

0
.0

4
6

1
7
8
/2

1
2

0
.7

1
(0

.5
5

–
0
.9

2
)

0
.0

1
0
.4

1
2
0
8
/2

5
4

0
.6

7
(0

.5
4

–
0
.8

6
)

0
.0

0
1

G
G

3
/5

0
.4

7
(0

.1
1

–
2
.0

7
)

0
.3

2
3
3
/4

5
0
.6

2
(0

.3
8

–
1
.0

2
)

0
.0

6
0
.7

2
3
6
/5

0
0
.6

0
(0

.3
8

–
0
.9

6
)

0
.0

3
P

tr
e
n
d

0
.0

4
2

0
.0

0
5

0
.0

0
0
6

A
A

6
5
/5

0
0
.0

3
6

1
3
4
1
/2

9
5

0
.0

0
5

1
4
0
6
/3

4
5

0
.0

0
0
7

1
.0

0
A

G
þ

G
G

3
3
/4

7
0
.5

3
(0

.3
0

–
0
.9

6
)

0
.0

3
5

2
1
1
/2

5
7

0
.7

0
(0

.5
4

–
0
.8

9
)

0
.0

0
4

0
.4

1
2
5
0
/3

0
4

0
.6

7
(0

.5
3
-0

.8
4
)d

0
.0

0
0
4

a
C

a
se

n
o
./

co
n
tr

o
l
n
o
.

b
O

d
d
s

ra
ti
o
s

(O
R
s)

,
9
5
%

co
n
fi
d
e
n
ce

in
te

rv
a
ls

(C
Is

)
a
n
d

th
e
ir

co
rr

e
sp

o
n
d
in

g
P
-v

a
lu

e
s

w
e
re

ca
lc

u
la

te
d

w
it
h

lo
g
is

ti
c

re
g
re

ss
io

n
a
n
a
ly

si
s,

a
d
ju

st
e
d

w
it
h

a
g
e
,

g
e
n
d
e
r,

a
n
d

p
a
ck

-y
e
a
rs

o
f

sm
o
k
in

g
.

c
W

a
ld

te
st

fo
r

h
o
m

o
g
e
n
e
it
y

o
f

a
d
ju

st
e
d

O
R
s

b
e
tw

e
e
n

th
e

tw
o

st
u
d
y

sa
m

p
le

s.
d
M

a
n
te

l–
H

a
e
n
sz

e
l
e
st

im
a
te

o
f

th
e

O
R

(9
5
%

C
I)

co
n
tr

o
lle

d
fo

r
th

e
co

n
fo

u
n
d
in

g
e
ff

e
ct

o
f

sm
o
k
in

g
st

a
tu

s
¼

0
.6

9
(0

.5
5

–
0
.8

6
).

MicroRNA BIOSYNTHETIC GENE POLYMORPHISMS IN LUNG CANCER 917

Molecular Carcinogenesis



The design of two independent cohorts for the
discovery and validation sets was a major strength,
which would largely reduce a false positive finding
from the genetic association study [26,27]. In
addition, the observed P-values (Ptrend¼6� 10�4;
and P in a dominant model for the variant rs636832G
allele¼4� 10�4) were compatible with the P-value
(10�4), a more stringent level of statistical signifi-
cance for candidate-gene studies that would avoid
most of the false positive associations arising from
multiple comparisons [26]. Moreover, the popula-
tion in Korea is genetically homogenous, reducing
the risk of confounding due to the population
stratification. In addition, other confounding factors
such as selection bias, information bias, and observer
bias that can result in a false positive association,
were minimized. Taken as a whole, these strengthen
the reliability of our finding of an association
between the AGO1 rs636832A>G and lung cancer
risk.

The interpretation of our data was limited by
the lack of published evidence showing that AGO1
contributes to the development of lung cancer.
Emerging data indicate an important role for miRNA
biogenesis in tumorigenesis. Impaired miRNA proc-
essing through in vitro targeting Drosha, DGCR8,
and Dicer has been shown to accelerate oncogenic
transformation in mouse lung cancer cell cells and in
vivo tumor development [18]. In addition, a recent
study has shown that the global repression of
miRNAs in human cancers does not coincide
with reductions in the primary miRNA transcripts,
suggesting that altered regulation of the miRNA
processing machinery plays a critical role in carcino-
genesis [28]. AGO1 is a crucial component of the
RISC complex with AGO2 and DICER, and thus plays
an important role in miRNA-mediated gene regu-
lation [16,19,29]. In addition, it has been reported
that AGO1 interacts with the Wingless/Wnt path-
way that involved in lung tumorigenesis [30].
Moreover, the AGO1 gene is located at chromosome
1p34-35, which is frequently deleted in human
cancers, including lung cancer [31,32]. Thus, it is
possible that AGO1 contributes to the development
of lung cancer by either modulating miRNA-medi-
ated gene regulation or interacting with the
Wingless/Wnt pathway. However, this hypothesis
must be verified in future studies.

The rs636832 is located in intron of the AGO1
gene, indicating that the association of the rs636832
with lung cancer may be due to LD with other
functional variant(s) rather than a direct effect of
the rs636832. In order to identify the variant(s) that
may be in strong LD with the rs636832 that could
be actually responsible for the alteration in lung
cancer risk, we screened and estimated the LDs
of all the common variants (with a MAF �0.01)
within an approximately 100-kb long region around
the rs636832 locus (�50 kb upstream and �50 kb
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downstream of the rs636832 locus) using the
HapMap JPT data. Notably, we found that the
rs636832 is located within a large haplotype block
(Figure 1). Therefore, it is possible that the functional
variant(s) in strong LD with the rs636832 may be the
causal variant(s) for the association of the AGO1
rs636832 with lung cancer in the present study.
Thus, the rs11263830 in the AGO1 promoter that
is in strong LD with the rs636832 (jD0j ¼1.0 and
r2¼ 0.95) may be the causal variant. Alternatively, it
is possible that rs11263839 and rs617613 in the
AGO3 promoter in strong LD (jD0j ¼1.00 and
r2¼ 0.90, both) may be potential sources for the
observed effect. However, even though we used a
comprehensive SNPs set that captured all known
common SNPs in HapMap, the HapMap data do not

contain a complete catalogue of all genetic variations
and are derived from a small number of subjects, and
thus fine mapping will be required to identify the
true causal variant.

To date, there were only two published studies on
miRNA biosynthesis gene polymorphisms and can-
cer susceptibility, which were performed by the same
study group at the University of Texas M.D. Ander-
son Center based on US Caucasians [23,33]. Yang
et al. [23] reported that the GEMIN3 rs197414C>A,
and one (CCTGCTT) among the GEMIN4 haplo-
types (rs910924C>T, rs2740348G>C, rs7813C>T,
rs910925C>G, rs3744741C>T, rs1062923T>C,
and rs4968104T>A) were associated with a signifi-
cantly increased risk of bladder cancer. In contrast to
this study [23], Horikawa et al. [33] subsequently

Table 5. Interaction of AGO1 rs636832A>G Genotype and Tobacco Smoking on Lung Cancer Risk

Smoking status Genotype AGþGG OR (95% CI)a AA OR (95% CI)a

Never smoker 50/79b 1.00 (reference) 73/86 1.41 (0.88–2.28)
Smoker
�36 pack-years 80/130 1.47 (0.87–2.50) 136/164 1.99 (1.20–3.29)c

>36 pack-years 114/95 3.10 (1.80–5.35)d 197/95 5.30 (3.13–9.00)d

P¼ 0.29 for the interaction term between genotype and smoking in the multivariate model.
aOdds ratios (ORs) and 95% confidence interval (CIs) were calculated by logistic regression, with AGþGG genotype in never-smokers as
reference group and adjusted for age and gender.
bCase no./control no.
cP¼ 0.008.
dP< 0.0001.

Figure 1. Reconstructed linkage disequilibrium (LD) plot using SNPs with minor allele frequency �1% from
HapMap JPT data in a 100-kb region encompassing AGO1. Haplotype blocks are constructed by the confidence
interval method proposed by Gabriel et al. [33]. The black boxes indicate strong LD (confidence interval for strong
LD: upper 0.98, low 0.7; fraction of strong LD in informative comparisons must be at least 0.95). The white boxes
indicate strong recombination (upper confidence interval maximum 0.9) and the gray boxes indicate
noninformative findings. The triangles indicate haplotype blocks. The numbers in the squares are jD0 j (100�)
values. Vertical bold arrow indicates the AGO1 rs636832 location. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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reported that the same GEMIN4 haplotype, the
CCTNCTT (N indicates rs910925C>G [not exam-
ined]), was associated with a significantly decreased
risk of renal cell carcinoma. However, in the present
study, the GEMIN3 and GEMIN4 SNPs evaluated, as
well as their haplotypes, were not significantly
associated with the risk of lung cancer. Although it
is difficult to decipher the basis for the discrepant
finding from different studies, including an oppo-
sitely directed (flip-flop) association of the GEMIN4
haplotypes in the previous studies [23,33], the
different genetic backgrounds in the study popula-
tions or interactive effects of multiple polymor-
phisms might contribute to the discrepancy [34].
Another possible explanation is that the discrepancy
between the different studies may be that different
cell types of cancer have different etiologies and
different carcinogenesis pathways. There is growing
evidence that miRNA signatures are different accord-
ing to human cancers [9]. Therefore, polymorphisms
in miRNA biosynthesis genes might play different
roles in different cell types of cancer. However,
inadequacies in the study design, such as non-
random sampling, limited sample sizes and the
pitfalls arising from unknown confounders, also
need to be considered.

One must consider a number of limitations of this
study. This study used random sample selection for
cases and controls so that the two groups were not
matched for smoking status and the level of exposure
to smoking, which can confound the association
between the AGO1 rs636832A>G genotype and
lung cancer risk. To determine if smoking is a
confounding variable, we assessed the potential
interaction between genotypes and smoking by a
logistic regression model, including the interaction
term between genotype and smoking, and stratifica-
tion analysis. The interaction term between geno-
type and smoking was not statistically significant
(P¼0.29). In addition, there was no clear evidence
that smoking modified the effect of the AGO1
genotype on the risk of lung cancer in the stratified
analyses (P-value of Wald test for heterogeneity of
adjusted ORs¼ 0.85 and 0.38 for smoking status and
level of exposure to smoking, respectively, Table 4).
Moreover, the P-value of the Breslow–Day test for
homogeneity of the ORs between the never- and
ever-smoker groups was 0.70, and the Mantel–
Haenszel estimate of the OR controlled for the
confounding effect of smoking status was significant
(0.69 [95% CI¼0.55–0.86], Table 3). Therefore, a
confounding bias is unlikely. Our study was limited
by the small sample size in stage 1 of the study, which
did not have sufficient statistical power to detect all
of the genetic factors. However, it would be possible
to identify variants having a relatively large effect on
the risk of lung cancer. It should be considered that
the sample size of the stage 1 study might have a type
II error for detection of genetic variants having small

effects to disease susceptibility. Therefore, additional
studies with larger sample sizes will be required to
confirm our findings.

In conclusion, we found a significant association
between the AGO1 rs636832 and lung cancer risk.
This association was detected in two independent
sets of study populations. This finding suggests that
the AGO1 rs636832 might be a useful marker for
determining the susceptibility to lung cancer. Future
studies on the other sequence variants in the AGO1
locus and their biologic function are needed to
understand the role of the AGO1 gene in determining
lung cancer risk. Because the genetic polymorphisms
often vary between different ethnic groups, further
studies are needed to clarify the association of the
AGO1 rs636832 with lung cancer risk in diverse
ethnic populations.
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