Int J Mol Epidemiol Genet 2010;1(1):11-18
www.ijmeg.org/IJMEGO06001

Original Article
Candidate variants at 6p21.33 and 6p22.1 and risk of
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Abstract: Chromosome 6p21.33, containing BAT3 and MSH5 genes, together with chromosome 6p22.1 were
recently identified as susceptible regions for lung cancer in Caucasian populations. These findings interest us in
assessing whether genetic variants in these regions also contribute to lung cancer risk in Chinese populations. We
genotyped the most significant single nucleotide polymorphism (SNP) (rs9295740) reported in Caucasian
populations at Chromosome 6p22.1 and one common potentially functional variant (rs2075789) located at exon
2 of MSH5 in a case-control study including 1009 histologically confirmed non-small cell lung cancer (NSCLC)
cases and 1127 cancer-free controls in a Chinese population. We found that the distributions of genotypes of
both SNPs between cases and controls were not significantly different (P = 0.624 for rs9295740 and P = 0.937
for rs2075789). Logistic regression analyses revealed neither of the two SNPs was significantly associated with
altered risk of NSCLC in dominant or recessive genetic models. When we compared the combined variant
genotypes (GA+AA) with the common homozygote GG, assuming a dominant genetic model, the adjusted ORs
were 1.03 (95% Cl = 0.86-1.25) for rs9295740 and 1.03 (95% Cl = 0.85-1.25) for rs2075789. In addition, no
significant associations were observed in subgroups stratified by age, gender, smoking status or histologic types.
Our results indicate that the most significant SNP rs9295740 identified in Caucasians in 6p22.1 and the
potentially functional SNP rs2075789 in 6p21.33, seem not applicable to Chinese populations as susceptible
markers for lung cancer. Re-sequencing and fine-mapping this region, along with extensive functional evaluations,
is required.
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Introduction to lung cancer, especially for sporadic cases, is
still undefined.

Lung cancer (#211980) is the most common

cancer as well as the leading cause of cancer
related deaths worldwide [1], and approxi-
mately 80% were non-small cell lung
carcinomas (NSCLCs). Although tobacco
smoking is the most important cause of lung
cancer, less than 20% of the smokers develop
lung cancer [2], suggesting that genetic
susceptibility plays an important role in the
etiology of lung cancer. More and more studies
have focused on the heritable component of
lung cancer and there is increasing evidence
supporting that host genetic factors may
modify the risk of lung cancer development
[3]. However, the genetic basis of susceptibility

The genome-wide association (GWA) approach
has been the most powerful and efficient way
thus far in identifying genetic variants,
especially single nucleotide polymorphisms
(SNPs), associated with complex human
diseases. This approach enables investigators
to identify novel loci or genes for various
diseases and quantitative traits. The first wave
of large-scale, high-density genome-wide
association studies has improved our
understanding of the genetic basis of several
kinds of diseases, including cancer. Three
genome-wide association studies in popula-
tions of European ancestry (EA) have mapped
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a lung cancer susceptibility locus to chromo-
some 15025 containing nicotinic acetylcholine
receptor genes (CHRNA3, CHRNA5 and
CHRNB4) [4-6]. More recently, Wang et al. [7]
further found strong evidence for a lung cancer
susceptible region at 6p21.33. Two highly
correlated markers (r2 = 0.99) for lung cancer
risk were identified, rs3117582 localized to
intron 1 of BAT3 and rs3131379 localized to
intron 10 of MSH5. Besides, a risk locus
(rs9295740) at the chromosome 6p22.1,
which has extensive linkage disequilibrium
(LD) with 6p21.33, was also identified.
rs4324798 located at chromosome 6p was
also identified as a possible risk locus of lung
cancer (P<5x109%) by Hung et al. [4], although
not exceeding the genome-wide significance
level. These findings interest us in assessing
whether these genetic variants identified in
Caucasians also contribute to lung cancer risk
in  Chinese populations. Because SNPs
rs3131379 and rs3117582 located at
6p21.33 as well as rs4324798 were not
polymorphic in Asians, we therefore genotyped
the most significant SNP rs9295740 in 6p22.1
and a potentially functional SNP rs2075789 in
6p21.33, in an ongoing case-control study with
1009 NSCLC cases and 1127 frequency-
matched cancer-free controls to evaluate the
associations of genetic variants in these
regions with lung cancer risk in our Chinese
population.

Materials and methods
Study population

This ongoing molecular epidemiological study
of lung cancer was approved by the
Institutional Review Board of Nanjing Medical
University. Details of the study design were
described previously [8]. Briefly, all subjects
were genetically-unrelated ethnic Han Chinese
and were from Nanjing City and surrounding
regions in Jiangsu Province of eastern China.
The incident lung cancer patients were
histopathologically diagnosed and recruited
from July 2003 to July 2008 at the Cancer
Hospital of Jiangsu province (Nanjing), the
First Affiliated Hospital of Nanjing Medical
University and the Nanjing Thoracic Hospital,
Nanjing, China, without the restrictions of age,
sex and histology. As a results, a total of 1009
NSCLC cases were obtained. The 1127 cancer-
free controls were randomly selected from a
pool of 30,000 individuals participated in a
community-based screening program for non-
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infectious diseases conducted in Jiangsu
province during the same time period as the
cases were recruited. The control subjects had
no history of cancer and were frequency-
matched to the cases on age and sex. Each
participant was scheduled for an interview
after written informed consent was obtained,
and a structured questionnaire was adminis-
tered by trained interviewers to collect
information on demographic data and environ-
mental exposure history. After interview,
approximately 5 ml venous blood sample was
collected from each participant.

Individuals who smoked at least one cigarette
per day for over one year were defined as ever
smokers, otherwise they were considered as
nonsmokers. Cumulative smoking dose was
measured by pack-years smoked ([cigarettes
per day/20] x smoking years). Light and heavy
smokers were categorized according to the
50th percentile of pack-years from the control
subjects (i.e. <25 pack-years and >25 pack-
years).

With such a sample size, the power of our test
was 38.04% and 33.87% to detect the allele
effect of rs9295740 and rs2075789, respect-
tively, in our population, with an estimated OR
of 1.20.

Selections of SNPs

Three SNPs, rs3131379 and rs3117582
located at 6p21.33 and rs9295740 located at
6p22.1, were identified as the most significant
loci associated with lung cancer risk at 6p in
populations of European ancestry according to
the results of the GWAS conducted by Wang et
al. [7]. rs4324798 located at chromosome 6p
was also identified as a possible risk locus of
lung cancer by Hung et al. [4]. However, by
searching the HapMap database (HapMap
Data Rel 23a/phase Il Mar 08), we found that
rs3131379, rs3117582 and rs4324798 were
not polymorphic in Asians with minor allele
frequencies (MAFs) = O in both Chinese Beijing
(CHB) and Japanese Tokyo (JPT) populations.
Since rs3131379 and 3117582 localized in
intron 1 of BAT3 and intron 10 of MSHS5,
respectively, which were two strong candidate
genes for lung cancer susceptibility, we further
screened the potentially functional variants
(including variants in the promoter, 5’- and 3'-
untranslated regions, as well as non-
synonymous variants in the coding region) of
the BAT3 and MSH5 genes in the NCBI dbSNP

Int J Mol Epidemiol Genet 2010:1(1):11-18



6p21.33-6p22.1 polymorphisms and lung cancer

(http://www.ncbi. nim.nih.gov/SNP, build 129)
to search for candidate variants with MAF >
0.05 in Chinese populations. Only one SNP
(rs2075789 G>A) located at exon 2 of MSH5
with amino acid change from Pro to Ser was
identified. Finally, the SNPs rs9295740 in
6p22.1 and rs2075789 in 6p21.33 were
chosen for genotyping in the present study.

Genotyping

Genomic DNA was extracted from a leukocyte
pellet by phenol-chloroform method. Both
SNPs (rs9295740 and rs2075789) were
genotyped using PCR-restriction fragment
length polymorphism (RFLP) method. We used
a pair of primers of 5’- GGCAGTTCAAATTCTTT
GATATTA -3’ (sense) and 5’- GAGCACTTAGAG
TTCTGGGG -3’ (antisense) to amplify a 129-bp
PCR product for rs9295740, which was
digested by restriction enzyme of Asel (New
England BiolLabs, Beverly, MA) and separated
on a 3% agarose gel. The A allele produces two
fragments of 107- and 22-bp while the G allele
results in a single 129-bp fragment. For
rs2075789, the primers were 5- CGGCTCC
CAACCCTCTTT -3’ (sense) and 5’- TTCCGAACCG
CCCTCACT -3’ (antisense) and the 262-bp PCR
fragment was digested by Bsrl (New England
BioLabs, Beverly, MA). The product with G
allele are divided into 134- and 128-bp
fragments while the A allele keeps one
fragment of 262-bp.

All genotyping analyses were blinded without
knowing the case/control status for quality
control. To validate the genotyping results,
10% random selected samples were repeated
and the concordance rate achieved 100%. The
call rates of genotyping reached 98.7% and
99.3% in the cases and the controls,
respectively, for both SNPs. The failure of
genotyping was due to inadequate quality or
quantity of DNA sample. Thus, genotyping of
996 cases and 1119 controls were finally
included in the final analyses.

Statistical analyses

Differences in the distributions of demo-
graphic variables, selected variables, and
frequencies of the genotypes between the
cases and controls were evaluated by two-
sided 42 test. Unconditional logistic regression
was used to estimate crude odds ratios (ORs),
adjusted ORs and their 95% confidential
intervals (Cls), with adjustment for age, sex
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and smoking, where appropriate. Hardy-
Weinberg equilibrium was tested by a
goodness-of-fit 2 test to compare the
observed genotype frequencies to the
expected ones among the control subjects. All
the statistical analyses were performed with
Statistical Analysis System software (v.9.1.3;
SAS Institute, Cary, NC). All statistical tests
were two-sided and P < 0.05 was used as the
criterion of statistical significance.

Results

The characteristics of the 1009 NSCLC
patients and 1127 controls included in the
analysis are summarized in Table 1. There
were no significant differences in terms of
distributions on age (< 60 and > 60 years) and
sex between the cases and the controls (P =
0.643 and 0.772, respectively), suggesting
that our frequency matching of the
demographic characteristics was satisfactory.
As expected, compared with the control
subjects, the cases were more likely to be
smokers (P < 0.001). Among the smokers,
about 68.7% of the NSCLC cases smoked
more than 25 pack-years, which was
significantly higher than that of the controls
(52.2%) (P < 0.001). Of the total 1009 NSCLC
cases, 588 (58.3%) were classified as
adenocarcinoma, 310 (30.7%) as squamous
cell carcinoma and 111 (11.0%) as large cell,
mixed cell carcinomas or undifferentiated
carcinoma (Table 1).

The genotype distributions of the selected
SNPs, rs9295740 and rs2075789, in the
cases and controls are shown in Table 2. The
observed genotype frequencies for these two
polymorphisms were both in agreement with
that expected under the Hardy-Weinberg
equilibrium among the controls (P = 0.775 for
rs9295740, and 0.950 for rs2075789).
Genotype frequencies of rs9295740 (GG, GA
and AA) in the cases (66.3%, 30.6% and 3.1%)
seemed comparable to those in the controls
(67.5%, 29.0% and 3.6%) (P = 0.624). For
rs2075789, similar distributions of the
genotypes (GG, GA and AA) were also observed
among the cases (71.6%, 26.4% and 2.0%)
and the controls (72.0%, 25.8% and 2.1%) (P =
0.937). Logistic regression analyses revealed
that neither SNPs were significantly associated
with the altered risk of NSCLC in dominant or
recessive genetic models. As shown in Table 2,
the adjusted ORs (95 CI%) of variant allele (A
allele) for rs9295740 and rs2075789 were
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Table 1. Distributions of select characteristics among lung cancer cases and cancer-free controls

Cases Controls p*
Characteristics (n=1009) (n=1127)
No. % No. %
Age (years) 0.643
<60 519 51.4 591 52.4
>60 490 48.6 536 47.6
Sex 0.772
Male 754 4.7 836 74.2
Female 255 25.2 291 25.8
Smoking status <0.001
Nonsmoker 357 35.4 625 55.5
Smoker 652 64.6 502 44.5
Smoking levelt <0.001
<25 pack-years 204 313 240 47.8
>25 pack-years 448 68.7 262 52.2
Histological type$
ScC 310 30.7
AC 588 58.3
Other 111 11.0

* Two-sided x2 test. T Categorized by using the 50th percentile of pack-years (cigarettes per day/20 x years
smoked) of the control subjects as the cutoff points. § SCC, squamous cell carcinoma; AC, adenocarcinoma;
Other, includes large cell, mixed cell and undifferentiated carcinoma.

1.04 (95% ClI = 0.85-1.26) and 1.04 (95% Cl =
0.85-1.27), respectively, for one copy and 1.01
(95% Cl = 0.62-1.66) and 0.92 (95% CI =
0.50-1.71), respectively, for two copies,
compared with the common homozygote GG.
When we combined the variant genotypes
(GA+AA) assuming a dominant genetic model,
the adjusted ORs were 1.03 (95% Cl = 0.86-
1.25) for rs9295740 and 1.03 (95% Cl = 0.85-
1.25) for rs2075789, respectively. Similar
results were also observed in the recessive
genetic model by comparing the variant
homozygote AA with the combined genotypes
(GA+GGQG), being ORs of 1.00 (95% CI = 0.61-
1.64) for rs9295740 and 0.91 (95% Cl = 0.49-
1.69) for rs2075789, respectively.

To control the potential confounding factors
and detect the phenotype-specific associa-
tions, the subgroup analyses were performed
according to age, gender, smoking status and
histologic types of lung cancer, when assuming
a dominant genetic model to enhance the
statistic power (Figure 1). However, no
significant associations were observed in any
subgroups for either SNP (Figure 1).

Discussion

In this case-control study of lung cancer in a
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Chinese population, we did not find any
significant associations between genetic
variants of 6p21.33 and 6p22.1 regions and
lung cancer risk, which were identified in
Caucasian populations, indicating the different
susceptibility markers in different ethnic
populations. To the best of our knowledge, this
is the first report that extended the significant
associations of SNPs of 6p regions with lung
cancer from published GWAS of Caucasians to
Asian  populations, showing completely
different findings between Chinese popula-
tions and populations of European ancestry.

The GWAS conducted by Wang et al. [7]
demonstrated a convincing association
between polymorphisms at the chromosome
6p21.33 and lung cancer risk in Caucasians.
rs3117582 at intron 1 of BAT3 and rs3131379
at intron 10 of MSH5 were identified as the
most significant loci in this region. Both BAT3
and MSH5 represent strong candidate genes
for lung cancer susceptibility. BAT3 is an
essential regulator of p53-mediated responses
to genotoxic stress, and controls DNA damage-
induced acetylation of p53 [9]. MSH5 is known
to play functional roles in an array of cellular
processes such as DNA damage response as
well as meiotic homologous recombination,
suggesting critical roles in genome stability
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Table 2. Logistic regression analyses on associations of the SNPs rs9295740 and rs2075789 with
risk of lung cancer

Casest Controls$
Locus Genotype (n=996) (n=1119) Crude OR Adjusted OR*
No. % No. %
rs9295740
Additive model GG 660 ©66.3 755 67.5 1.00 1.00
GA 305 306 324 29.0 1.07(0.89-1.30) 1.04(0.85-1.26)
AA 31 3.1 40 3.6 0.89(0.55-1.43) 1.01(0.62-1.66)
Dominant model GG 660 66.3 755 67.5 1.00 1.00
GA+AA 336 33.7 364 32.6 1.06(0.88-1.27) 1.03(0.86-1.25)
Recessive model GG+GA 965 969 1079 964 1.00 1.00
AA 31 3.1 40 3.6 0.87(0.54-1.40) 1.00(0.61-1.64)
rs2075789
Additive model GG 713 71.6 806 72.0 1.00 1.00
GA 263 26.4 289 25.8 1.03(0.85-1.25) 1.04(0.85-1.27)
AA 20 2.0 24 2.1 0.94(0.52-1.72) 0.92(0.50-1.71)
Dominant model GG 713 71.6 806 72.0 1.00 1.00
GA+AA 283 284 313 28.0 1.02(0.85-1.24) 1.03(0.85-1.25)
Recessive model GG+GA 976 98 1095 979 1.00 1.00
AA 20 2.0 24 2.1 0.94(0.51-1.70) 0.91(0.49-1.69)

* Adjusted by age, sex and smoking status. T Thirteen of the 1009 cases failed to be genotyped for both SNPs.
§ Eight of the 1127 controls failed to be genotyped for both SNPs.

and integrity during DNA replication [10].
However, neither rs3131379 nor rs3117582
was polymorphic in Asian populations
according to the HapMap database. Then we
screened the potentially functional variants of
these two genes and found the SNP
rs2075789 with Pro-to-Ser change (P29S) at
exon 2 of MSH5 with MAF>0.05 in Chinese
populations. This missense variant located
within the interacting domain of MSH5 and
resulted in a weakened protein interaction
with MSH4 [11]. However, we did not find any
significant association of rs2075789 with the
risk of lung cancer in our Chinese population,
suggesting that the functional variant MSH5
rs2075789 might contribute little to the lung
carcinogenesis. Since the SNP rs2075789 was
selected based on the functional consideration
and could not tag the variants in 6p21.33
region, failure to detect the effect of
rs2075789 did not necessarily invalidate the
associations between variants at chromosome
6p21.33 and lung cancer risk. Besides, ethnic
differences in both genetic makeups and
environment exposures may interplay in the
etiology of lung cancer. For example, it appears
that Asian smokers are less susceptible to
lung cancer compared with African American
smokers [12] and different  genetic
polymorphisms have been identified in
Chinese compared with those in Caucasians
[13]. Therefore, different genetic markers and
diverse  environmental exposures might
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account for the different effect across the
Caucasians and Asian populations.

The SNP rs9295740 was identified as a risk
locus for lung cancer at another region of
chromosome 6p (6p22.1) by Wang et al, which
was in extensive LD with the region of 6p21.33
[7]. The genotype frequencies of rs9295740
among controls in the present study (GG:
67.5%; GA: 29%; and AA: 3.6%) were very close
to those in Caucasian populations (GG: 68.8%;
GA: 28.1%; and AA: 3.1%). However, similar
distributions of the genotypes (GG, GA and AA)
were also observed among the NSCLC cases
and the controls in this study, suggesting that
there was no main effect of this variant on the
risk of NSCLC in this Chinese population. This
discrepancy may be explained by different
ethnic background and rs9295740 could not
be the true causal locus for lung cancer. The
association with lung cancer risk identified in
Caucasians might be mediated by linkage
disequilibrium with one or more causal loci,
while it is possible that rs9295740 is not
correlated with the causal loci in Chinese
populations. For example, both rs3131379
and rs3117582 were in moderate LD with
rs9295740 (r2 = 0.38 and 0.39, respectively)
in the study of Wang et al [7], but rs3131379
and 3117582 were not polymorphic in
Chinese populations and such correlation
could not be observed.
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Figure 1. Forest plots represent the effect of the SNPs rs9295740 (Figure 1A) in 6p22.1 and rs2075789
(Figure 1B) in 6p21.33 on lung cancer risk among different subgroups. P values are from heterogeneity tests.

AC, adenocarcinoma; SCC, squamous cell
undifferentiated carcinoma.

The results from this study indicate that the
SNP (rs9295740) identified in Caucasian
populations seemed not applicable to Chinese
populations as a biomarker for lung cancer
risk, and the non-synonymous SNP rs2075789
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carcinoma;

other includes large cell, mixed cell and

was not likely to be the causal locus of lung
cancer in the region across 6p21.33-6p22.1.
However, our results were not enough to deny
the associations between variants at
6p21.33-6p22.1 regions and the risk of lung
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cancer in Chinese populations. To further
clarify such associations, re-sequencing and
fine-mapping this region in Chinese popula-
tions is strongly proposed. In addition, more
extensive examination of the transcripts in this
region is required to find out other candidate
genes and to determine the causal variants for
lung cancer risk. The ethnic difference in copy
number variations in those regions may also
need to be examined in the future.

Besides, there was still some limitation in our
study. Although we conducted the replication
study with a large sample size, the power of
our test was only 38.04% to detect the allele
effect of rs9295740 with the OR of 1.20,
which was detected in Caucasians, given the
genotype frequency in this Chinese population
and a significant level of 0.05. However, we
noticed that the ORs of both SNPs detected in
our population were quite around the null
value (OR=1.02 for rs9295740 and OR=1.01
for rs2075789), which may support the
hypothesis of null association.

In conclusion, this is the first study to replicate
the GWAS findings observed in populations of
European ancestry and the results indicate
that the SNP rs9295740 seems not applicable
to Chinese populations as the susceptible
markers for lung cancer, and that the non-
synonymous SNP rs2075789 at exon 2 of
MSH5 may not be causative. Re-sequencing
and fine-mapping in this region, along with
extensive examination of potential functional
variants and further replications in different
populations, are required to identify the exact
casual variants of lung cancer.
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