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Abstract

Background: Several genome-wide association studies on lung cancer (LC) have reported similar findings of a new
susceptibility locus, 3q28. After that, a number of studies reported that the rs10937405, and rs4488809 polymorphism in
chromosome 3q28 has been implicated in LC risk. However, the studies have yielded contradictory results.

Methods: PubMed, ISI web of science, EMBASE and the Chinese National Knowledge Infrastructure databases were
systematically searched to identify relevant studies. Data were abstracted independently by two reviewers. A meta-analysis
was performed to examine the association between rs10937405, rs4488809 polymorphism at 3q28 and susceptibility to LC.
Odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated. Heterogeneity and publication bias were also
tested.

Results: A total of 9 studies including 35,961 LC cases and 57,790 controls were involved in this meta-analysis. An overall
random-effects per-allele OR of1.19 (95% CI: 1.14–1.25; P,1025) and 1.19 (95% CI: 1.13–1.25; P,1025) was found for the
rs10937405 and rs4488809 polymorphism respectively. Similar results were also observed using dominant or recessive
genetic model. After stratified by ethnicity, significant associations were found among East Asians (per-allele OR= 1.22, 95%
CI: 1.17–1.27; P,1025); whereas no significant associations were found among Caucasians for rs10937405. In the sub-group
analysis by sample size, significantly increased risks were found for these polymorphisms in all genetic models. When
analyzed according to histological type, the effects of rs10937405, and rs4488809 at 3q28 on the risk of lung cancer were
significant mostly for lung adenocarcinoma.

Conclusions: Our findings demonstrated that rs10937405-G allele and rs4488809-G allele might be risk-conferring factors
for the development of lung cancer, especially for East Asian populations.
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Introduction

Lung cancer (LC) is the most common malignancy and the

leading cause of cancer death worldwide, with an estimated 5-year

survival rate of 15% [1]. The various histological forms of LC are

typically divided into small cell lung cancer (SCLC) and non-small

cell lung cancer (NSCLC) comprising adenocarcinoma and

squamous tumors. Each of the LC types has different clinicopath-

ological characteristics reflective of differences in carcinogenesis

[2]. Despite much investigation, the causes are not yet fully

understood. Epidemiological evidence suggests that exposure to

tobacco-associated carcinogens is clearly implicated in its aetiology

[3]. However, it has also been reported that only, 20% of smokers

develop LC, suggesting that genetic variations and other

environmental factors also play important roles in determining

individual differences in LC susceptibility [4,5].

Recently, spectacular advance was made in identifying suscep-

tible genes involved in LC through genome-wide association

strategy (GWAS). Genomic regions at chromosomes 15q25.1

(CHRNA5, CHRNA3 and CHRNA4) [6–8], 5p15.33 (TERT-

CLPTM1L) [9,10] and 6p21.33 (BAT3-MSH5) [9] have been

identified to be associated with susceptibility to LC by GWAS in

populations of European descent. However, studies have also

shown the presence of genetic heterogeneity in LC susceptibility

between populations of European descent and Asians [6–8]. A

recent GWAS on lung adenocarcinoma risk in the Japanese and

Korean populations identified a new locus, 3q28 (TP63) [11].

Subsequently, a significant but weaker association of 3q28
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variations with lung adenocarcinoma risk was validated in

Europeans [12]. To date, many case–control studies have been

carried out to investigate the role of TP63 at 3q28 polymorphism

in genetic susceptibility to LC among various populations. Genetic

association studies can be problematic to reproduce due to

insufficient power, multiple hypothesis testing, population strati-

fication, source of controls, publication bias, and phenotypic

heterogeneity. Therefore, we carried out a comprehensive meta-

analysis on all eligible studies to estimate the overall LC risk of

3q28 polymorphism as well as to quantify the between-study

heterogeneity and potential bias.

Materials and Methods

Literature Search Strategy
Genetic association studies published before the end of October

2013 on LC and polymorphisms within chromosome 3q28 were

identified through a search of PubMed, Web of Science,

EMBASE, and CNKI (Chinese National Knowledge Infrastruc-

ture) without language restriction. Search term combinations were

keywords relating to the chromosome 3q28 (e.g., ‘‘3q28’’,

‘‘rs10937405’’, ‘‘rs4488809’’, ‘‘tp63’’) in combination with words

related to LC (e.g., lung cancer’ or ‘lung carcinoma’ or ‘malignant

lung neoplasm). In addition, studies were identified by a manual

search of the reference lists of reviews and retrieved studies. All

studies were carefully evaluated to identify duplicate data. Criteria

used to determine duplicate data included study period, hospital,

treatment information and any additional inclusion criteria.

Eligible Studies and Data Extraction
To include relevant studies in this meta-analysis, the following

criteria were used: (1) case-control or cohort studies, (2) assessing

the association between 3q28 polymorphisms and LC risk, (3)

identification of LC cases was confirmed histologically or

pathologically, and (4) providing sufficient data to calculate the

odds ratio (OR) with its 95 confidence interval (CI) and P-value.

The major reasons for exclusion of studies were (1) overlapping

data, (2) case-only studies, (3) family-based studies and review

articles. If more than one article using the same data was

published, only the study with the largest dataset was included into

the meta-analysis.

Two investigators extracted information from all eligible

publications independently according to the inclusion criteria

listed above. For conflicting evaluation, an agreement was reached

following discussion among all authors. For each study, the

following characteristics were collected: first author’s name, year of

publication, ethnicity, identification of cancer cases, histological

type, age, sex, smoking status (never smokers or ever smokers),

source of control groups (population-based controls and hospital-

based controls), matching factors, Hardy-Weinberg equilibrium

(HWE) status among controls, number of cases and controls,

genotype frequency and genotyping methods. For studies includ-

ing subjects of different ethnic groups, data were extracted

separately and categorized as East Asians and Caucasians.

Quality Assessment
For association studies with inconsistent results on the same

polymorphisms, the methodological quality should be assessed by

appropriate criteria to limit the risk of introducing bias into meta-

analyses or systematic reviews. A procedure known as ‘extended-

quality score’, has been developed to assess the quality of

association studies. The procedure scores each paper categorizing

it as having ‘high’, ‘median’ or ‘poor’ quality. Detailed procedure

of the quality assessment was previously described [13].
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Statistical Methods
Deviation from HWE for controls was examined by x2 tests.

OR with 95% CIs was used to assess the strength of association

between the 3q28 polymorphisms (rs10937405, and rs4488809)

and LC risk. The per-allele OR of the risk allele was estimated.

Then we estimated the risks of these polymorphisms on LC under

dominant and recessive genetic models. Random-effects and fixed-

effect summary measures were calculated as inverse-variance-

weighted average of the log odds ratio. The results of random-

effects summary were reported in the text because it takes into

account the variation between studies. Heterogeneity across

individual studies was calculated using the Cochran x2 based Q

test and I2 test followed by subsidiary analysis or by random-effects

regression models with restricted maximum likelihood estimation

[14,15]. Generally, I2 values ,25% correspond to no or little

heterogeneity, values 25–50% correspond to moderate heteroge-

neity, and values .50% correspond to strong heterogeneity

between studies. Sources of heterogeneity were investigated by

stratified meta-analyses based on ethnicity, and sample size (No.

cases $1000 or ,1000). Ethnic group was defined as East Asians

(i.e., Chinese, Japanese, and Korean), and Caucasians (i.e. people

of European origin). In addition, ethnicity, sample size, age, sex

and genotyping method was analyzed as covariates in meta-

regression. The significance of the pooled OR was determined by

Z test. Publication bias was assessed with the Egger test and Begg

test [16,17]. Sensitivity analysis was performed by removing each

individual study in turn from the total and re-analyzing the

remainder. The analysis was conducted using the Stata software

version 10.0 (Stata Corporation, College Station, TX). All the P-

values were for two-sided analysis and values of P,0.05 were

considered statistically significant.

Results

Characteristics of Studies
Based on our search strategy, the primary screening produced

97 potentially relevant articles. 88 articles were excluded because

they clearly did not meet the inclusion criteria or overlapping

Figure 1. Forest plot for the meta-analysis of the association between rs10937405 polymorphism and lung risk.
doi:10.1371/journal.pone.0087004.g001
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references. A total of 9 eligible studies [11,12,18–24] were

included in the meta-analysis involving 35,961 LC cases and

57,790 controls. The literature selection process was showed in

Figure S1. Among them, 23 data sets were identified for the

rs10937405 polymorphism, including a total of 31,109 cases and

51,999 controls, and for the rs4488809 polymorphism 18 data sets

were identified covering a total of 19,790 cases and 26,264

controls. The genotype distributions in the controls for all studies

were consistent with HWE. Severn studies were given high quality,

and two studies were given median quality. No ‘poor quality’ study

was found. Characteristics of studies included in the current meta-

analysis are presented in Table 1.

Association of rs10937405 Polymorphism with Lung
Cancer
Overall, there was evidence of an association between increased

risk of LC and the rs10937405 polymorphism in different genetic

models when all the eligible studies were pooled into the meta-

analysis. Using random effect model, the summary per-allele OR

of the rs10937405 G variant for LC was 1.19 [95% CI: 1.14–1.25,

P(Z),1025, P(Q),1025; Figure 1], with corresponding results

under dominant and recessive genetic models of 1.27 [95% CI:

1.15–1.40, P(Z),1025, P(Q),1024] and 1.25 [95% CI: 1.19–

1.33, P(Z),1025, P(Q),1024], respectively. After adjusting for

multiple testing using Bonferroni correction, all significant

associations for rs10937405 under various genetic models

remained. Significant heterogeneity was present among the 23

data sets (P,0.05). In meta-regression analysis, age (P= 0.26), sex

(P= 0.11), sample size (P = 0.06), and genotyping method

(P= 0.78), did not significantly explained such heterogeneity. By

contrast, ethnicity (P = 0.001) was significantly correlated with the

magnitude of the genetic effect.

When studies were stratified for ethnicity, significant risks were

found among East Asians in all genetic model [G allele:

OR=1.22, 95% CI: 1.17–1.27; dominant model: OR=1.26,

95% CI: 1.13–1.38; recessive model: OR=1.28, 95% CI: 1.17–

1.36]. However, no significant results were detected in the

Caucasian populations [G allele: OR=1.07, 95% CI: 1.00–1.16;

dominant model: OR=1.08, 95% CI: 0.99–1.21; recessive model:

OR=1.10, 95% CI: 1.00–1.21]. Subsidiary analyses of sample

size yielded a per-allele OR for small studies of 1.27 [95% CI:

1.17–1.37, P(Z),1025] and for large studies of 1.16 [95% CI:

1.10–1.22, P(Z),1025; Table 2].

In subgroup analyses by histological types of LC, we found that

the rs10937405 polymorphism was significantly associated with

lung adenocarcinoma [G allele: OR=1.26, 95% CI: 1.21–1.30,

P(Z),1025] and squamous cell carcinoma [G allele: OR=1.14,

95% CI: 1.06–1.22, P(Z),1024], while no significant associations

were detected for small cell carcinoma (Table 3). We investigated

the relationship between the polymorphism and known environ-

mental tobacco exposures. The effect of environmental tobacco

smoke was similar for never smokers with per-allele OR of 1.27

(95% CI: 1.21–1.33), compared to ever smokers (OR=1.26, 95%

CI: 1.18–1.34). Furthermore, we stratified the included studies by

sex. Similarly, statistically significant results were also observed in

both male and female (Table 3).

Association of rs4488809 Polymorphism with Lung
Cancer
For LC risk and the rs4488809 polymorphism, our meta-

analysis gave an overall OR of 1.19 (95% CI: 1.13–1.25, P,1025;

Figure 2) with statistically significant between-study heterogeneity

(P,1025). Significantly increased LC risks were also found using
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dominant [OR=1.24, 95% CI: 1.11–1.38, P(Z),1025;

P(Q),1024] and recessive model [OR=1.25, 95% CI: 1.14–

1.37, P(Z),1025; P(Q) = 0.01]. Since all included studies con-

cerning rs4488809 polymorphism were conducted in East Asian

populations, we then conducted subgroup analysis by sample size.

In the stratified analysis by sample size, significant risks were found

among larger studies in all genetic models (G allele: OR=1.24,

95% CI: 1.20–1.28, P,1025; dominant model: OR=1.39, 95%

CI: 1.31–1.48, P,1025; recessive model: OR=1.30, 95% CI:

1.22–1.37, P,1025) without significant between-study heteroge-

neity (P.0.05 for all genetic models). Similar significant associ-

ations were also observed among small studies using dominant and

recessive genetic models (Table 4). After adjusting for multiple

testing using Bonferroni correction, all significant associations for

rs4488809 remained.

In subgroup analyses by histological types of LC, we found that

the rs4488809 polymorphism was significantly associated with

lung adenocarcinoma [G allele: OR=1.19, 95% CI: 1.10–1.29,

P(Z),1025] However, no significant associations were detected for

squamous cell carcinoma or small cell carcinoma (Table 3).

Associations of the polymorphism with LC risk were observed both

in ever smokers and never smokers and both male and female

(Table 3).

In meta-regression, sample size (P = 0.02) explained a large part

of the heterogeneity, whereas sex distribution (P = 0.29), mean age

(P = 0.14), and genotyping method (P= 0.31) explained little

heterogeneity.

Sensitivity Analyses and Publication Bias
A single study involved in the meta-analysis was deleted each

time to reflect the influence of the individual data-set to the pooled

ORs, and the corresponding pooled ORs were not qualitatively

altered (Figure S2 and S3). The shape of the funnel plots was

symmetrical for these polymorphisms (Figure S4 and S5). The

statistical results still did not show small study effects in these

studies rs4488809 (Egger test, P = 0.30) and rs10937405 (Egger

test, P = 0.06).

Discussion

GWAS have led to the identification of multiple new genetic

variants associated with lung cancer risk. Most of these lung cancer

GWAS and replication studies have been conducted in European

populations [6–10] and to a lesser extent in East Asians [11,18,19].

However, there are significant differences in allele frequencies and

the prevalence of lung cancer among different populations. It is,

therefore, important to quantitatively assess the effects of the

GWAS-identified markers in different ethnic populations and

explore potential heterogeneity of published data. Meta-analysis is

a means of increasing the effective sample size under investigation

through the pooling of data from individual association studies,

thus enhancing the statistical power of the analysis for the

estimation of genetic effects [25]. This is the first comprehensive

meta-analysis, which comprise a total of 35,961 cases and 57,790

controls from 9 case–control studies, examining the association of

two commonly studied polymorphisms of 3q28 (rs10937405, and

rs4488809) with lung cancer risk. Our results demonstrated that

rs10937405-G allele, and rs4488809-G allele is a risk factor for

developing lung cancer.

In the stratified analysis by ethnicity, significant associations

were found in East Asians for rs10937405 polymorphism in all

genetic models; while no associations were found in Caucasians,

suggesting a possible role of ethnic differences in genetic

backgrounds and the environment they lived in [26]. In fact, the

distribution of the risk G allele varies extensively between different

races, with a prevalence of ,70% among East Asians [19–22],

and ,55% among Caucasians [12,23]. Thus, failing to identify

any significant association in Caucasian populations could be due

to substantially lower statistical power caused by the relatively

lower prevalence of G allele of rs10937405. Therefore, additional

studies are warranted to further validate ethnic difference in the

Table 3. Per-allele OR and 95% CI association between 3q28 common variations and lung cancer risk by histologic type, smoking
status, and sex.

Variants Risk allele Subgroup No. data sets No. of case/control Risk allele

OR (95% CI) P(Z) P(Q)a I2 (%) P(Q)b

rs10937405 G Adenocarcinoma 18 11503/35238 1.26 (1.21–1.30) ,1025 0.68 0 ,1025

Squamous cell carcinoma 3 1442/11845 1.14 (1.06–1.22) ,1024 0.60 0

Small cell carcinoma 2 1505/8166 1.03 (0.94–1.13) 0.54 0.54 0

Never smoker 13 6784/13125 1.27 (1.21–1.33) ,1025 0.50 0 0.81

Ever smoker 3 3305/12572 1.26 (1.18–1.34) ,1025 0.60 0

Male 3 3244/14390 1.27 (1.21–1.33) ,1025 0.45 0 0.80

Female 13 6856/12479 1.26 (1.18–1.34) ,1025 0.91 0

rs4488809 G Adenocarcinoma 14 9621/20504 1.19 (1.10–1.29) ,1025 ,1025 72 0.005

Squamous cell carcinoma 3 3381/13292 1.08 (0.87–1.34) 0.46 0.01 35

Small cell carcinoma 1 782/9416 1.05 (0.94–1.16) 0.36 NA NA

Never smoker 12 11543/14710 1.15 (1.05–1.27) 0.003 ,1025 69 0.89

Ever smoker 2 5041/3833 1.21 (1.14–1.29) ,1025 0.99 0

Male 1 5864/6214 1.25 (1.18–1.32) ,1025 NA NA 0.19

Female 12 10720/12329 1.15 (1.05–1.27) 0.003 ,1025 82

aCochran’s chi-square Q statistic test used to assess the heterogeneity in subgroups.
bCochran’s chi-square Q statistic test used to assess the heterogeneity between subgroups.
doi:10.1371/journal.pone.0087004.t003
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effect of this polymorphism on lung cancer risk. Furthermore,

study design or small sample size or some environmental factors

may affect the results. It is possible that variation at this locus has

modest effects on lung cancer, but environmental factors may

predominate in the progress of lung cancer, and mask the effects of

this variation. Specific environmental factors like lifestyle and

smoking that have been already well studied in recent decades [1].

In addition, different populations usually have different linkage

disequilibrium patterns. A polymorphism may be in close linkage

with another nearby causal variant in one ethnic population but

not in another. These polymorphisms may be in close linkage with

different nearby causal variants in different populations. As for

rs4488809, only studies conducted among East Asians were

available currently, further studies including a wider spectrum of

subjects to investigate the role of this variant in different ethnic

populations will be needed to confirm our results.

When analyzed according to histological type, the effects of

rs10937405, and rs4488809 at 3q28 on the risk of lung cancer

were significant mostly for adenocarcinoma. However, adenocar-

cinoma accounts for about 50% of all histological types of lung

cancer [11]. The reason for the observed tumour-specific

difference in the risk conferred by these polymorphisms is

unknown. However, different carcinogenic processes may be

involved in the genesis of various tumour types because of the

presence of functionally different 3q28 polymorphisms. Hence,

future studies should use homogeneous cancer patients. When

stratified by smoking behavior and sex, these SNPs tended to have

similar OR for females and males, never smokers and ever

smokers.

While it will be challenging to identify the precise mechanism by

which 3q28 variation affects lung cancer development, accumu-

lation of DNA damage and lack of response to genotoxic stress is

recognized to contribute to lung carcinogenesis. TP63 (also known

as p63) is a member of the tumor suppressor P53 gene family,

which is pivotal to cellular differentiation and responsiveness to

cellular stress [27]. Exposure of cells to DNA damage leads to

induction of TP63 and both isoforms have the ability to

transactivate TP53 target genes, hence impacting on cellular

responsiveness to DNA damage [28,29]. TP63 is expressed mainly

in two isoforms, the TA and N-terminal-truncated (DN) forms, and

its biological role appears to be more complex than that of a classic

tumor suppressor [30]. TAp63 isoforms appears to be highly

transcriptionally potent and is essential for maintaining adult

epidermal stem cells [31], cell proliferation, differentiation and

Figure 2. Forest plot for the meta-analysis of the association between rs4488809 polymorphism and lung risk.
doi:10.1371/journal.pone.0087004.g002

Lung Cancer Genetics

PLOS ONE | www.plosone.org 6 January 2014 | Volume 9 | Issue 1 | e87004



survival upon NF-kB activation [32]. TP63 overexpressed and

amplified might increase invasiveness and aggressiveness of cells in

normal or hyperplastic epithelial cells [33,34]. Accumulation of

DNA damage and lack of response to genotoxic stress contribute

to an earlier step in carcinogenesis. Because possible candidate

SNPs are located in intron 1 of TP63, which encodes TAp63

isoforms, these results suggest that one or more of these SNPs may

have a functional role in the regulation of TP63 gene expression.

The strengths of this study include the very large sample size, no

deviation from HWE, and the high quality of the qualified studies.

However, our current study should be interpreted with several

technical limitations in mind. Firstly, the vast majority of white

subjects in the study are of East Asian descent, and statistical

power for analyses in other ethnicities is limited. Because the

sample size was relatively smaller for Caucasian studies, the main

conclusions from this manuscript are based on analyses among

white East Asian populations. Future studies including larger

numbers of Caucasian or African are necessary to clarify the

consistency of findings across ethnic groups. Secondly, our results

were based on unadjusted estimates, while a more precise analysis

should be conducted if individual data were available, which

would allow for the adjustment by other covariates including age,

family history, environmental factors and lifestyle. Thirdly, the

subgroup meta-analyses considering associations between the two

polymorphisms and smoking behavior, sex, as well as between

various histologic type of lung cancer were performed on the basis

of a fraction of all the possible data to be pooled, so selection bias

may have occurred and our results may be overinflated.

Nevertheless, the total number of subjects included in this part

of the analysis comprises the largest sample size so far.

Despite these limitations, our meta-analysis showed that

rs10937405, and rs4488809 polymorphism at 3q28 might be

risk-conferring factor for the development of lung cancer,

especially for East Asian populations. Larger studies of different

ethnic populations, especially with detailed individual information,

are needed to confirm our findings. Since it is unlikely that genetic

variation alone will explain the lung cancer burden, further

research is needed to identify environmental exposures and gene–

environment interactions in these populations. Further, the

functional genetic variants and mechanisms underpinning this

association will require additional studies.

Supporting Information

Figure S1 Study selection process.

(TIF)

Figure S2 Result of sensitivity analyses for 3q28-
rs10937405 polymorphism and LC risk.

(TIF)

Figure S3 Result of sensitivity analyses for 3q28-
rs4488809 polymorphism and LC risk.

(TIF)

Figure S4 Begg’s funnel plot of 3q28-rs10937405 poly-
morphism and lung cancer risk.

(TIF)

Figure S5 Begg’s funnel plot of 3q28-rs4488809 poly-
morphism and lung cancer.

(TIF)

Checklist S1

(DOC)

T
a
b
le

4
.
R
e
su
lt
s
o
f
m
e
ta
-a
n
al
ys
is
fo
r
rs
4
4
8
8
8
0
9
p
o
ly
m
o
rp
h
is
m

an
d
lu
n
g
ca
n
ce
r
ri
sk
.

O
v
e
ra
ll
a
n
d

su
b
g
ro

u
p
s

a
n
a
ly
se

s
N
o
.
o
f

d
a
ta

se
ts

N
o
.
o
f
ca

se
/

co
n
tr
o
l

G
a
ll
e
le

D
o
m
in
a
n
t
m
o
d
e
l

R
e
ce

ss
iv
e
m
o
d
e
l

O
R
(9
5
%

C
I)

P
(Z
)

P
(Q

)a
I2

(%
)

P
(Q

)b
O
R
(9
5
%

C
I)

P
(Z
)

P
(Q

)a
I2

(%
)

P
(Q

)b
O
R
(9
5
%

C
I)

P
(Z
)

P
(Q

)a
I2

(%
)

P
(Q

)b

O
ve
ra
ll

1
8

1
9
7
9
0
/2
6
2
6
4

1
.1
9
(1
.1
3
–
1
.2
5
)

,
1
0
2
5

,
1
0
2
5

6
3

1
.2
4
(1
.1
1
–
1
.3
8
)

,
1
0
2
5

,
1
0
2
4

5
8

1
.2
5
(1
.1
4
–
1
.3
7
)

,
1
0
2
5

0
.0
1

7
0

Sa
m
p
le

si
ze

0
.0
0
3

0
.1
4

0
.2
2

,
1
0
0
0

1
1

2
7
4
1
/3
0
4
2

1
.1
2
(0
.9
7
–
1
.2
8
)

0
.1
1

0
.0
0
1

5
6

3
.2
8
(2
.8
2
–
3
.8
2
)

,
1
0
2
5

0
.0
5

2
8

2
.6
7
(2
.2
0
–
3
.2
5
)

,
1
0
2
5

0
.0
2

6
8

$
1
0
0
0

7
1
7
0
4
9
/2
3
2
2
2

1
.2
4
(1
.2
0
–
1
.2
8
)

,
1
0
2
5

0
.7
3

0
1
.3
9
(1
.3
1
–
1
.4
8
)

,
1
0
2
5

0
.3
8

1
4

1
.3
0
(1
.2
2
–
1
.3
7
)

,
1
0
2
5

0
.8
1

0

a
C
o
ch
ra
n
’s
ch
i-
sq
u
ar
e
Q

st
at
is
ti
c
te
st

u
se
d
to

as
se
ss

th
e
h
e
te
ro
g
e
n
e
it
y
in

su
b
g
ro
u
p
s.

b
C
o
ch
ra
n
’s
ch
i-
sq
u
ar
e
Q

st
at
is
ti
c
te
st

u
se
d
to

as
se
ss

th
e
h
e
te
ro
g
e
n
e
it
y
b
e
tw

e
e
n
su
b
g
ro
u
p
s.

d
o
i:1
0
.1
3
7
1
/j
o
u
rn
al
.p
o
n
e
.0
0
8
7
0
0
4
.t
0
0
4

Lung Cancer Genetics

PLOS ONE | www.plosone.org 7 January 2014 | Volume 9 | Issue 1 | e87004



Author Contributions

Conceived and designed the experiments: LZ XFW DF YCW. Performed

the experiments: LZ XFW YSM QX FZ. Analyzed the data: LZ XFW

YSM QX FZ. Contributed reagents/materials/analysis tools: LZ XFW

YSM QX FZ. Wrote the paper: LZ XFW DF YCW.

References

1. Walser T, Cui X, Yanagawa J, Lee JM, Heinrich E, et al. (2008) Smoking and

lung cancer: the role of inflammation. Proc Am Thorac Soc 5: 811–5.
2. Daigo Y, Nakamura Y (2008) From cancer genomics to thoracic oncology:

discovery of new biomarkers and therapeutic targets for lung and esophageal
carcinoma. Gen Thorac Cardiovasc Surg 56: 43–53.

3. Vineis P, Alavanja M, Buffler P, Fontham E, Franceschi S, et al. (2004) Tobacco

and cancer: recent epidemiological evidence. J Natl Cancer Inst 96: 99–106.
4. Osann KE (1998) Epidemiology of lung cancer. Curr Opin Pulm Med 4: 198–

204.
5. Hecht SS (2002) Cigarette smoking and lung cancer: chemical mechanisms and

approaches to prevention. Lancet Oncol 3: 461–9.

6. Hung RJ, McKay JD, Gaborieau V, Boffetta P, Hashibe M, et al. (2008) A
susceptibility locus for lung cancer maps to nicotinic acetylcholine receptor

subunit genes on 15q25. Nature 452: 633–7.
7. Amos CI, Wu X, Broderick P, Gorlov IP, Gu J, et al. (2008) Genome-wide

association scan of tag SNPs identifies a susceptibility locus for lung cancer at
15q25.1. Nat Genet 40: 616–22.

8. Thorgeirsson TE, Geller F, Sulem P, Rafnar T, Wiste A, et al. (2008) A variant

associated with nicotine dependence, lung cancer and peripheral arterial disease.
Nature 452: 638–42.

9. Wang Y, Broderick P, Webb E, Wu X, Vijayakrishnan J, et al. (2008) Common
5p15.33 and 6p21.33 variants influence lung cancer risk. Nat Genet 40: 1407–9.

10. McKay JD, Hung RJ, Gaborieau V, Boffetta P, Chabrier A, et al. (2008) Lung

cancer susceptibility locus at 5p15.33. Nat Genet 40: 1404–6.
11. Miki D, Kubo M, Takahashi A, Yoon KA, Kim J, et al. (2010) Variation in

TP63 is associated with lung adenocarcinoma susceptibility in Japanese and
Korean populations. Nat Genet 42: 893–6.

12. Wang Y, Broderick P, Matakidou A, Vijayakrishnan J, Eisen T, et al. (2011)

Variation in TP63 is associated with lung adenocarcinoma in the UK
population. Cancer Epidemiol Biomarkers Prev 20: 1453–62.

13. Li DW, Collier DA, He L (2006) Meta-analysis shows strong positive association
of the neuregulin 1 (NRG1) gene with schizophrenia. Hum Mol Genet 15:

1995–2002.
14. Cochran WG (1954) The combination of estimates from different experiments.

Biometrics 10: 101–29.

15. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin
Trials 7: 177–88.

16. Begg CB, Mazumdar M (1994) Operating characteristics of a rank correlation
test for publication bias. Biometrics 50: 1088–101.

17. Egger M, Davey Smith G, Schneider M (1997) Bias in meta-analysis detected by

a simple, graphical test. BMJ 315: 629–34.
18. Hu Z, Wu C, Shi Y, Guo H, Zhao X, et al. (2011) A genome-wide association

study identifies two new lung cancer susceptibility loci at 13q12.12 and 22q12.2
in Han Chinese. Nat Genet 43: 792–6.

19. Shiraishi K, Kunitoh H, Daigo Y, Takahashi A, Goto K, et al. (2012) A genome-

wide association study identifies two new susceptibility loci for lung

adenocarcinoma in the Japanese population. Nat Genet 44: 900–3.

20. Zhang Y, Gu C, Shi H, Zhang A, Kong X, et al. (2012) Association between

C3orf21, TP63 polymorphisms and environment and NSCLC in never-smoking

Chinese population. Gene 497: 93–7.

21. Lan Q, Hsiung CA, Matsuo K, Hong YC, Seow A, et al. (2012) Genome-wide

association analysis identifies new lung cancer susceptibility loci in never-

smoking women in Asia. Nat Genet 44: 1330–5.

22. Hosgood HD 3rd, Wang WC, Hong YC, Wang JC, Chen K, et al. (2012)

Genetic variant in TP63 on locus 3q28 is associated with risk of lung

adenocarcinoma among never-smoking females in Asia. Hum Genet 131: 1197–

203.

23. Timofeeva MN, Hung RJ, Rafnar T, Christiani DC, Field JK, et al. (2012)

Influence of common genetic variation on lung cancer risk: meta-analysis of 14

900 cases and 29 485 controls. Hum Mol Genet 21: 4980–95.

24. Hu QY, Jin TB, Wang L, Zhang L, Geng T, Liang G, et al. (2013) Genetic

variation in the TP63 gene is associated with lung cancer risk in the Han

population. Tumour Biol. DOI 10.1007/s13277-013-1248-3.

25. Munafo MR, Flint J (2004) Meta-analysis of genetic association studies. Trends

Genet 20: 439–444.

26. Hirschhorn JN, Lohmueller K, Byrne E (2002) A comprehensive review of

genetic association studies. Genet Med 4: 45–61.

27. Flores ER (2007) The roles of p63 in cancer. Cell Cycle 6: 300–4.

28. Petitjean A, Ruptier C, Tribollet V, Hautefeuille A, Chardon F, et al. (2008)

Properties of the six isoforms of p63: p53-like regulation in response to genotoxic

stress and cross talk with DeltaNp73. Carcinogenesis 29: 273–81.

29. Katoh I, Aisaki KI, Kurata SI, Ikawa S, Ikawa Y (2000) p51A (TAp63gamma), a

p53 homolog, accumulates in response to DNA damage for cell regulation.

Oncogene 19: 3126–30.

30. Flores ER, Sengupta S, Miller JB, Newman JJ, Bronson R, et al. (2005) Tumor

predisposition in mice mutant for p63 and p73: evidence for broader tumor

suppressor functions for the p53 family. Cancer Cell 7: 363–73.

31. Su X, Paris M, Gi YJ, Tsai KY, Cho MS, et al. (2009) TAp63 prevents

premature aging by promoting adult stem cell maintenance. Cell Stem Cell 5:

64–75.

32. Wu J, Bergholz J, Lu J, Sonenshein GE, Xiao ZX (2010) TAp63 is a

transcriptional target of NF-kappaB. J Cell Biochem 109: 702–10.

33. Finlan LE, Hupp TR (2007) p63: the phantom of the tumor suppressor. Cell

Cycle 6: 1062–71.

34. Hsiao YH, Su YA, Tsai HD, Mason JT, Chou MC, et al. (2010) Increased

invasiveness and aggressiveness in breast epithelia with cytoplasmic p63

expression. Int J Biol Sci 6: 428–42.

Lung Cancer Genetics

PLOS ONE | www.plosone.org 8 January 2014 | Volume 9 | Issue 1 | e87004


