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Abstract
Polymorphisms of the methyl-CpG binding domain 1 (MBD1) gene may influence MBD1
activity on gene expression profiles, thereby modulating individual susceptibility to lung cancer.
To test this hypothesis, we investigated the associations of four MBD1 polymorphisms and lung
cancer risk in a Chinese population. Single locus analysis revealed significant associations
between two polymorphisms (rs125555 and rs140689) and lung cancer risk (p�0.011 and p�
0.005, respectively). Since the two polymorphisms were in linkage disequilibrium, further
haplotype analyses were performed and revealed a significant association with lung cancer
(global test p-value�0.0041). Our results suggested that MBD1 polymorphisms might be
involved in the development of lung cancer. Validation of these findings in larger studies of other
populations is needed.
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Introduction

Lung cancer is the leading cause of cancer-related death for men and women in the

world, and there were an estimated 1.35 million new cases worldwide in 2002

(Parkin et al. 2005). Although overwhelming epidemiological evidence exists that

smoking is the primary risk factor for lung cancer, B20% of lifetime smokers

develop lung cancer, suggesting that genetic and epigenetic factors are of importance
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in determining an individual’s susceptibility to lung cancer (Moore et al. 2003, Spitz

et al. 2003).

DNA methylation at position 5 of cytosine in CpG dinucleotides is the major

epigenetic modification of mammalian genomes and is required for transcription,

DNA replication, repair and genome stability (Robertson & Jones 2000). Hyper-

methylation of CpG islands may be implicated in tumorigenesis, acting as a

mechanism to inactivate specific gene expression of a diverse array of genes (Rountree

et al. 2000). Genes that have been reported to be regulated by CpG hypermethylation,

include tumour suppressor genes, cell cycle related genes, DNA mismatch repair

genes, hormone receptors and tissue or cell adhesion molecules (Yan et al. 2001). For

example, tumor-specific deficiencies in the expression of the DNA repair genes

MLH1(Yu et al., 2004) and MGMT (Danam et al., 2005), and the tumor suppressors

p16, CDKN2 and MTS1, have been directly correlated to hypermethylation (Merlo

et al., 1995; Yoon et al., 2003).

The effect of DNA methylation is due in part to structural alteration of DNA,

which prevents some transcription factors from binding to their cognate sequences

(Robertson 2002). In addition, DNA methylation affects chromatin structure due

to recruitment of co-repressors and chromatin-modifying activities by proteins that

bind specifically to methylated DNA. Most of the methyl-DNA binding proteins

described so far belong to the methyl-CpG binding domain (MBD) family,

defined by the methyl-CpG binding domain (Wade 2001). To date, five family

members have been identified in mammals: MeCP2, MBD1, MBD2, MBD3 and

MBD4.

Uniquely among MBD proteins, MBD1 has a methyl-CpG binding domain, two or

three cysteine-rich CXXC motifs, and the C-terminal transcriptional repression

domain (TRD). MBD1 has at least five isoforms that are the result of alternative

splicing within the regions of the CXXC domains and the COOH terminus. These

MBD1 isoforms preferentially repress transcription from the methylated gene

promoters, but the MBD1 isoforms containing three CXXC domains can also repress

transcription from the unmethylated promoters, suggesting that MBD1 plays an

important role for the establishment and maintenance of local chromatin states to

regulate gene activities (Nakao et al. 2001). Recent studies have demonstrated that

MBD1 participated in the transcriptional silencing of MGMT, MLH1 and p53BP2

and so on (Yu et al. 2004, Danam et al. 2005, Lyst et al. 2006). In addition, previous

study has suggested that MBD1 might also be involved in DNA repair through its

interaction with methylpurine DNA glycosylase, which removes the damaged purines

produced by methylating or oxidative agents (Shoda et al. 2003). Mutation analyses

also revealed that a number of mutations in the MBD1 gene exist in colon and lung

cancer cell lines (Bader et al. 2003). All of these studies support the evidence that

MBD1 contributes to the risk of cancer.

Single nucleotide polymorphisms (SNPs) are the most common forms of human

genetic variation and may contribute to individual susceptibility to lung cancer. A

previous case�control study in a Korean population showed that the polymorphisms in

MBD1 may modulate an individual’s susceptibility to lung cancer (Jang et al. 2005).

However this has not been confirmed in any other population. Therefore we

conducted a case�control study to evaluate the association between MBD1 geno-

types/haplotypes and the risk of lung cancer in a Chinese population.
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Material and methods

Study populations

The study population and subject characteristics have been described previously (Hu

et al. 2007). In brief, this was a hospital-based case�control study including 500 lung

cancer patients and 517 cancer-free controls. All the subjects were genetically

unrelated ethnic Han Chinese. Patients, who were newly diagnosed with incident

lung cancer according to the National Diagnosis Standard for Lung Cancer, were

consecutively recruited between July 2002 and November 2004 from the Cancer

Hospital of Jiangsu Province, the First Affiliated Hospital of Nanjing Medical

University, without restrictions of age, gender and histology. Those with a history of

previous cancer, metastasized cancer, and previous radiotherapy or chemotherapy

were excluded. The response rate for cases was 90.5%. Cancer-free controls were

randomly selected from 10 500 individuals who participated in a community-based

screening programme for non-infectious diseases conducted in Jiangsu Province

during the same time period when the cases were recruited, with a response rate of

83.8%. These control subjects had no history of cancer and were frequency-matched

to the cases by age (95 years), gender and residential area (urban or rural areas). Each

participant was scheduled for an interview after written informed consent was

obtained, and a structured questionnaire was administered by interviewers to collect

information on demographic data and environmental exposure history including

tobacco smoking. Those who had smoked less than one cigarette per day and for less

than 1 year in their lifetime were defined as non-smokers, otherwise, they were

considered as ever smokers. Those smokers who quit for more than 1 year were

considered as former smokers. Pack-years smoked ((cigarettes per day}20)�years

smoked) were calculated to indicate the cumulative smoking dose. Family history of

cancer was defined as any self-reported cancer in first-degree relatives (parents,

siblings or children). After the interview, approximately 5-ml venous blood sample

was collected from each participant. The study was approved by the Institutional

Review Board of Fudan University.

Genotyping assays

SNPs were selected from the NCBI SNP database (http://www.ncbi.nlm.nih.gov/

projects/SNP/) based on: (1) polymorphism density in genes, (2) predicted function

and genomic context, (3) minor allele frequency, (4) quality of validation evidence and

(5) compatibility with the genotyping platform. A greedy algorithm was used during

the selection process. The more detailed description about the selection method can

be found in our previous articles (Hu et al. 2006, 2007). A total of four SNPs in

MBD1 were selected, including one non-synonymous polymorphism (rs125555,

Pro401Ala) and three intronic variants (rs2851716, rs140689, rs999199).

SNPs were genotyped using the Illumina Genotyping Facility which is a highly

efficient genotyping assay combining the Illumina Golden GateTM assay, SentrixTM

array matrices and SherlockTM scanner technology (Illumina Corp, Foster City, CA,

USA), at the Chinese National Human Genome Center in Shanghai, China. More

detailed descriptions of each step performed by the Illumina Genotyping facility are

available in our previous paper (Hu et al. 2007) and the HapMap website (http://

www.hapmap.org/downloads/protocols_overview.html).
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Statistical analyses

The cases and controls were compared using the Student’s t-test for continuous

variables and the x2 test for categorical variables. The Hardy�Weinberg equilibrium

test was done for each SNP among controls using Fisher’s probability test statistic, as

implemented in the software package SNPassoc (Gonzalez et al. 2007). The single

locus association analysis was estimated by computing the odds ratios (OR) and 95%

confidence intervals (CI) with adjustment for age, gender square root of pack-years of

smoking and family cancer lung history (fmc) using SNPassoc under five genetic

models (co-dominant, dominant, recessive, overdominant and log-additive) (Iniesta et

al. 2005). We also evaluated the interactions of SNPs with gender (male, female),

dichotomized age (560 years, �60 years), fmc and trichotomized cumulative

smoking doses (non-smokers, light smokers: 530 pack-years, heavy smokers: �30

pack-years) under the co-dominant and dominant genetic model. The issue of

multiple-test was controlled by using 10 000-fold permutation test.

Haploview (Atanassov et al. 2005) and JLIN (Carter et al. 2006) were used to

calculate the two indicators of linkage disequilibrium: the D? index of Lewontin

(Lewontin 1988) and the r2 (square of correlation coefficient) index of Hill and

Robertson (Bellacosa et al. 1999). The haplotypes/diplotypes and their frequencies

were estimated based on a Bayesian algorithm using the Phase program (Stephens &

Donnelly, 2003), which is available at http://www.stat.washington.edu/stephens/

phase.html.

All the statistical analyses were done with R 2.4.1 package (http://CRAN.

R-project.org/) if not mentioned specially.

Results

The distributions of selected characteristics between lung cancer patients and controls

have been described elsewhere (Hu et al. 2007). Overall, cases and controls were

matched well for age and gender (p�0.661 for age, and p�1.000 for gender).

Smoking and self-reported family history of cancer in first-degree relatives were

significant risk factors for lung cancer. Of the 500 cancer patients, 229 had

adenocarcinoma, 141 had squamous cell carcinoma, 34 had small cell carcinoma

and 96 had large cell, mixed cell, or undifferentiated carcinomas.

The genotype distributions of the four polymorphisms among the controls were in

Hardy�Weinberg equilibrium (p�0.05). The critical values of multiple-test were

0.0164 for the dominant model and 0.0176 for the log-additive model, individually,

which were calculated using the 10 000-fold permutation test. Single locus analysis

revealed two SNPs significantly associated with lung cancer (Table I). A decreased risk

of overall lung cancer was found for the variant carriers versus the homozygous wild-

type of rs125555 (OR 0.71, 95% CI 0.54�0.93, p�0.011). Similar protective effects

were also observed among patients with non-small cell lung cancer (NSCLC) but not

small cell lung cancer (SCLC). As for the polymorphism rs140689, an increased risk

was observed for genotype T/A (OR 1.41, 95% CI 1.02�1.96) and T/T (OR 2.99,

95% CI 1.03�8.68) compared with the wild-type A/A (ptrend�0.005 for log-additive

model) in patients with NSCLC. Due to complete linkage disequilibrium (r2�1.0)

with rs125555, SNP rs2851716 showed similar protective effects on lung cancer risk.

Stratified analyses were performed according to gender, age, fmc and pack-years.

Only the significant results are shown in Table II. A significant interaction was found
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Table I. Adjusted OR (95% CI) for lung cancer associated with MBD1 polymorphisms.

All case NSCLC SCLC

Polymorphism Genotype Control (%) n (%) ORa (95% CI) n (%) ORa (95% CI) n (%) ORa (95% CI)

Rs2851716 TT 311 (60.2) 332 (66.4) 1.00 (Ref) 308 (66.1) 1.00 (Ref) 24 (70.6) 1.00 (Ref)

TC 185 (35.8) 148 (29.6) 0.72 (0.55�1.96) 138 (29.6) 0.74 (0.56�0.98) 10 (29.4) 0.73 (0.34�1.60)

CC 21 (4.1) 20 (4.0) 0.77 (0.40�1.48) 20 (4.3) 0.84 (0.43�1.61) � �
TC�CC 206 (39.8) 168 (33.6) 0.73 (0.56�0.95)b 158 (33.9) 0.75 (0.57�0.99) 10 (29.4) 0.64 (0.30�1.39)

rs125555 G/G 311 (60.2) 333 (66.9) 1.00 (Ref) 309 (66.6) 1.00 (Ref) 24 (70.6) 1.00 (Ref)

C/G 185 (35.8) 147 (29.5) 0.71 (0.54�0.94) 137 (29.5) 0.73 (0.55�0.97) 10 (29.4) 0.73 (0.34�1.60)

C/C 21 (4.1) 18 (3.6) 0.67 (0.34�1.33) 18 (3.9) 0.73 (0.37�1.43) � �
C/G�C/C 206 (39.8) 165 (33.1) 0.71 (0.54�0.93)c 155 (33.4) 0.73 (0.56�0.96) 10 (29.4) 0.64 (0.30�1.39)

rs140689 A/A 423 (81.8) 375 (75.0) 1.00 (Ref) 345 (74.0) 1.00 (Ref) 30 (88.2) 1.00 (Ref)

T/A 89 (17.2) 112 (22.4) 1.37 (0.99�1.89) 108 (23.2) 1.41 (1.02�1.96) 4 (11.8) 0.57 (0.19�1.68)

T/T 5 (1.0) 13 (2.6) 2.70 (0.93�7.89)d 13 (2.8) 2.99 (1.03�8.68)e � �
T/A�T/T 94 (18.2) 125 (25.0) 1.44 (1.05�1.98) 121 (26.0) 1.50 (1.09�2.05) 4 (11.8) 0.54 (0.18�1.60)

rs999199 CC 493 (95.4) 482 (96.4) 1.00 (Ref) 449 (96.4) 1.00 (Ref) 33 (97.1) 1.00 (Ref)

AC 24 (4.6) 18 (3.6) 0.79 (0.41�1.51) 17 (3.6) 0.84 (0.44�1.63) 1 (2.9) 0.68 (0.09�5.3)

AA � � � � � � �

aOR (95% CI) were adjusted for age, gender, family history of cancer (fmc), smoking status and pack-years; bp�0.020 for dominant model; cp�0.012 for dominant

model; dp�0.011 for log-additive model; ep�0.005 for log-additive model.

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.
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only between the non-synonymous polymorphism (rs125555, Pro401Ala) and pack-

years (ptrend�0.03996), while the other two SNPs (rs2851716 and rs140689) showed

a marginally significant interaction with pack-years (ptrend�0.051796 and ptrend�
0.053358, respectively). The protective or risk effects mainly exist among non-

smokers and light smokers.

Figure 1 shows that a strong linkage disequilibrium exists among rs125555,

rs140689 and rs999199 (D?�0.8), and SNP rs285176 showed complete linkage

disequilibrium (r2�1.0) with rs125555. Considering the minor allele frequency of

rs999199 was 0.02, further haplotype and diplotype analyses were only carried out

between rs125555 and rs140689. Table III shows the haplotype analysis results, which

revealed that distribution of haplotype among the NSCLC patients was significantly

different from that among the controls (global test p-value�0.0041). Compared with

haplotypes ‘GA’, haplotype ‘GT’ significantly increased the risk of NSCLC (OR 1.45,

95% CI 1.08�1.93, p�0.012), while haplotype ‘CA’ did not show significant

association with lung cancer risk (OR 0.82, 95% CI 0.65�1.04, p�0.10).

We also assessed the association of trichotomized diplotype (0, 1 or 2 copies of the

haplotype) with lung cancer risk. As shown in Table IV, the distributions of two

diplotypes built by haplotypes ‘CA’ and ‘GT’ showed a significant difference between

NSCLC patients and controls (p�0.0386 and p�0.0204, individually). The trend

test revealed a positive association between lung cancer risk and the haplotype copy

number of ‘GT’ (‘1 copy’ OR 1.42, 95% CI 1.03�1.47; ‘2 copies’ OR 2.88, 95% CI

0.98�8.39; ptrend�0.0041).

Discussion

The study was performed to investigate the association between MBD1 polymorph-

isms and lung cancer risk. Two polymorphisms were found to be significantly

associated with lung cancer risk: the non-synonymous polymorphism (rs125555,

Pro401Ala) decreases the lung cancer risk in the dominant genetic model (p�0.011)

and the intronic polymorphism (rs140689) increases the risk in the additive model

(ptrend�0.011). The latter effect was even more pronounced among patients with

NSCLC (ptrend�0.005). As the two polymorphisms were in strong linkage disequili-

brium (D?�0.8), haplotype and diplotype analyses of the two variants were performed

and revealed a significant association with NSCLC. Stratified analysis also indicated

an interaction relationship exist between the nonsynonymous variant rs125555 and

trichotomized pack-years (ptrend�0.040). The lack of association between SNPs and

SCLC could be due to the relative small sample size or the different carcinogenic

aetiology for NSCLC and SCLC.

Since MBD1 has been involved in mediating methylation-associated gene silencing

in various human cancers (Fujita et al., 2000; Merlo et al., 1995; Yu et al., 2004),

polymorphisms in MBD1 may have an influence on MBD1 activity on gene expression

profiles, thereby modulating an individual’s susceptibility to lung cancer. To date, only

one previous study has reported the relationship between MBD1 polymorphisms and

lung cancer risk, in a Korean population (Jang et al. 2005). However this was not

confirmed in other studies with different populations. Our results were consistent with

the previous study of the nonsynonymous polymorphism (rs125555, G0C,

Pro401Ala) on lung cancer risk. FastSNP prediction proved that the polymorphism

might lead to a non-conservative change to the protein structure (Hu et al. 2006). The

612 H. Liu et al.
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Table II. Stratified analysis of MBD1 polymorphisms with NSCLC by cumulative smoking dose (pack-years).

Never smoker Light smoker Heavy smoker

Polymorphism Genotype Case/control OR (95% CI)a Case/control OR (95% CI)a Case/control OR (95% CI)a

rs2851716b TT 108/146 1.00 (Ref) 101/101 1.00 (Ref) 99/64 1.00 (Ref)

TC 42/95 0.59 (0.38�0.93) 39/64 0.57 (0.35�0.94) 57/26 1.42 (0.81�2.51)

CC 6/8 0.93 (0.31�2.80) 7/6 1.09 (0.35�3.41) 7/7 0.58 (0.19�1.79)

TC�CC 48/103 0.62 (0.40�0.95) 46/70 0.62 (0.38�0.99) 64/33 1.24 (0.73�2.11)

rs125555c G/G 109/146 1.00 (Ref) 101/101 1.00 (Ref) 99/64 1.00 (Ref)

C/G 41/95 0.57 (0.36�0.89) 39/64 0.57 (0.35�0.94) 57/26 1.42 (0.81�2.51)

C/C 6/8 0.92 (0.30�2.77) 5/6 0.77 (0.22�2.65) 7/7 0.58 (0.19�1.79)

C/G�C/C 47/103 0.60 (0.39�0.92) 44/70 0.59 (0.36�0.95) 64/33 1.24 (0.73�2.11)

rs140689d A/A 114/208 1.00 (Ref) 109/142 1.00 (Ref) 122/73 1.00 (Ref)

T/A 38/37 1.81 (1.08�3.04) 33/28 1.59 (0.89�2.81) 37/24 0.92 (0.51�1.67)

T/T 4/4 1.52 (0.36�6.34) 5/1 5.40 (0.60�48.53) 4/� �
T/A�T/T 42/41 1.78 (1.08�2.93) 38/29 1.73 (0.99�3.01) 41/24 1.02 (0.57�1.83)

rs999199 CC 150/233 1.00 (Ref) 140/166 1.00 (Ref) 159/94 1.00 (Ref)

AC 6/16 0.62 (0.23�1.64) 7/5 1.56 (0.47�5.14) 4/3 0.63 (0.14�2.94)

AA �/� � �/� � �/� �

aOR (95%CI) were adjusted for age, gender, family history of cancer (fmc) and smoking status; bptrend�0.051796 for interaction analysis under co-dominant model;
cptrend�0.03996 for interaction analysis under co-dominant model; dptrend�0.053358 for interaction analysis under co-dominant model.
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exact nature of the functional alterations associated with the polymorphism will

require further exploration with in vitro studies. Although another reported positive

SNP (G-634A, rs732066) was not included in our study, it showed a strong linkage

disequilibrium with Pro401Ala according to the HapMap data of Chinese population

(r2�0.829), and also the FastSNP prediction revealed that the latter had a higher

Figure 1. Linkage analysis of MBD1 polymorphisms in controls by JLIN. Strong linkage disequilibrium

exists among rs125555, rs140689 and rs999199 (D?�0.8), and SNP rs285176 shows complete linkage

disequilibrium with rs125555 (r2�1.0).

Table III. Associations between MBD1 common haplotypes and NSCLC risk.

Haplotype rs125555 rs140689 Case freq Control freq Total freq OR (95% CI)a p-Valueb

1 G A 0.6697 0.6847 0.6776 1.00 (Ref) �
2 C A 0.1866 0.2195 0.2039 0.82 (0.65�1.04) 0.100

3 G T 0.1438 0.0956 0.1185 1.45 (1.08 �1.93) 0.012

aOR (95% CI) was adjusted for age, gender, family history of cancer, smoking status and pack-years; bglobal

test p-value�0.0041.

614 H. Liu et al.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



potential risk than the former (http://fastsnp.ibms.sinica.edu.tw/pages/

PrioritizeResult.jsp?taskid�TK8379&Submit�EN

ST00000269468).

In this study, one intronic variant (rs140689) also showed a risk effect for lung

cancer which has not been reported in any other paper. There is no clear biological

explanation for this result, and we cannot rule out the possibility that our observations

for rs140689 were due to chance. However, according to the bioinformatics prediction

by FastSNP (Yuan et al. 2006), this polymorphism may influence the binding of

transcription factors. Because of functional evidence lacking, it can not be excluded

that the intronic variant maybe just one tagging SNP of other functional SNPs

(Johnson et al., 2001). Replication in a future study is needed.

The present study is a case�control study, with the major weakness that the disease

occurred before patients were included in the study. Thus, the disease might have

influenced some of the results. However, we believe that our results are unlikely to be

attributable to selection bias because we matched the controls to the cases according

to age, gender and residential area. Like most other susceptibility studies, another

weakness is that the selection of SNPs has no biological basis, and the results just

suggest association relationships exist between MBD1 SNPs and lung cancer risk.

Further functional evidence should be provided as for the biological consequences.

Moreover, due to the moderate sample size in the present study, the results also

should be confirmed byother large population-based studies.

In conclusion, we observed significant associations between MBD1 rs125555 and

rs140689 polymorphisms and lung cancer risk especially for patients with NSCLC.

Moreover an interaction between rs125555 and pack-years was also suggested.

Further haplotype and diplotype analyses also supported the hypothesis that the

MBD1 polymorphisms may be involved in the development of lung cancer.

Replication in large epidemiological studies among diverse ethnic populations is

recommended.
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Table IV. Diplotype analysis of MBD1 polymorphisms with NSCLC risk.

0 copy 1 copy 2 copies Global

test

Haplotype

Case/

control

OR

(95% CI)a

Case/

control

OR

(95% CI)a

Case/

control

OR

(95% CI)a ptrend p-value

1 57/46 1.00 (Ref) 193/234 0.72 (0.46�1.13) 216/237 0.85 (0.54�1.33) 0.5249 0.2713

2 311/311 1.00 (Ref) 137/185 0.70 (0.53�0.93) 18/21 0.73 (0.37�1.44) 0.0979 0.0386

3 345/423 1.00 (Ref) 108/89 1.42 (1.03�1.47) 13/5 2.88 (0.98�8.39) 0.0041 0.0204

aOR (95% CI) was adjusted for age, gender, family history of cancer, smoking status and pack-years.
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