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Abstract A possible association between multiple drug resis-
tance 1 gene (MDR1) polymorphisms and the risk of devel-
oping hepatocellular carcinoma (HCC) is currently under de-
bate, and evidence from various epidemiological studies has
yielded controversial results. To derive a more precise estima-
tion of the association between MDR1 polymorphisms and
HCC risk, the present meta-analysis was performed. A total
of 8 studies containing 11 cohorts with 4407 cases and 4436
controls were included by systematic literature search of
EMBASE, PubMed, Web of Science, and CNKI. All poly-
morphisms were classified as mutant/wild-type alleles. In par-
ticular, the variation type, functional impact, and protein

domain location of the polymorphisms were assessed and
used as stratified indicators. The pooled odds ratio (OR) with
95 % confidence interval (CI) was calculated to evaluate the
association. Overall, our results suggested that the mutant al-
leles of the MDR1 gene were associated with a significantly
increased risk for HCC under all genetic models (allelic mod-
el: OR=1.28, 95 % CI=1.20–1.36, P<0.001; dominant mod-
el: OR=1.27, 95 % CI=1.16–1.38, P<0.001; recessive mod-
el: OR=1.59, 95 % CI=1.36–1.85, P<0.001). Furthermore,
increased risks for HCC were also revealed in stratified anal-
yses by ethnicity, sample size, and quality scores of cohorts as
well as variation type, functional impact, and protein domain
location of polymorphisms. In conclusion, the present meta-
analysis suggested that the presence of MDR1 mutant alleles
might be a risk factor for HCC.
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Introduction

Hepatocellular carcinoma (HCC) ranks as the fifth most fre-
quent cancer and the second leading cause of cancer death
globally [1]. In China, it is the second most common cancer,
and Chinese cases represent half of the total HCC cases world-
wide [2]. The high incidence of Chinese HCC is mainly at-
tributed to the prevalence of hepatitis virus infection, especial-
ly hepatitis B virus (HBV). HBV infection and subsequent
persistent inflammation result in the sequential development
of chronic hepatitis, cirrhosis, and HCC [3]. Moreover, etio-
logical studies have implicated that many host factors (includ-
ing gender, age, and ethnicity), viral factors (including viral
genotypes and replication levels), and environmental factors
(including aflatoxin exposure, alcohol drinking, and tobacco
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smoking) are involved in HCC susceptibility [4, 5]. In addi-
tion, there is increasing evidence indicating the association
between genetic variants and the risk of HCC [6–8]. Among
all the genetic factors, the single nucleotide polymorphisms
(SNPs) are the most widely studied genetic variations.

Chronic inflammation caused by potential risk factors may
result in hepatic accumulation of oxidative and other
genotoxic products, possibly leading to the initiation of mul-
tistage hepatocarcinogenesis [9–11]. Biliary and sinusoidal
clearance of such endogenous and exogenous carcinogenic
substances is one of the most important protective functions
of the liver. This function is largely achieved by a drug efflux
transporter system that comprises mainly ATP-binding cas-
sette transporter (ABC transporter) proteins [12, 13]. There-
fore, polymorphisms of these proteins might compromise the
efflux of mutagenic factors that could contribute to HCC.

Multiple drug resistance 1 gene (MDR1)-encoded P-
glycoprotein (P-gp), one of the most important ABC trans-
porters, is widely expressed in normal cells of various organs,
including the liver, kidney, and brain [14–16]. MDR1 is ex-
tensively involved in the absorption and elimination of vari-
ous harmful substances and also participates in regulating cell
growth, differentiation, and death [17–19]. Of note, studies
have indicated that SNPs in the MDR1 gene have an impor-
tant impact on the expression and function of P-gp, therefore
influencing susceptibility to numerous diseases, including
HCC [20–26]. To date, more than 50 SNPs in the MDR1 gene
have been documented [27, 28], and an association between
these SNPs and the risk of HCC has been proposed; however,
contradictory results have been reported and studies focused
on one particular polymorphism are also limited [29–36]. Sig-
nificant correlations of MDR1 polymorphisms and HCC risk
were observed in several studies, whereas no significant asso-
ciations were detected in others [29–36]. Therefore, we in-
cluded all studies on association between MDR1 SNPs and
the risk for HCC and classified the included SNPs as mutant/
wild type. To precisely estimate the association of MDR1
mutant/wild-type alleles with HCC susceptibility, we per-
formed the first meta-analysis on all eligible studies.

Materials and methods

Literature search strategy and selection criteria

We performed a systematic review and meta-analysis in ac-
cordance with the guidelines of PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) statement [37] (Additional file 1). We searched
PubMed, Web of Science, EMBASE, and CNKI without lan-
guage limitations till December 1, 2014. The following search
algorithm was used: (Bhepatocellular carcinoma^ or
Bhepatocellular neoplasm^ or Bliver cancer^ or BHCC^) and

(Bmultiple drug resistance 1 gene^ or BMDR1^ or BABCB1^
or BP-glycoprotein^ or BP-pg^) and (Bpolymorphism^ or
Bvariation^ or Bsusceptibility^). Additionally, all the refer-
ences cited in the included articles were hand-searched to
identify potentially eligible studies.

Inclusion and exclusion criteria

We included studies that (i) evaluated MDR1 gene polymor-
phisms and HCC risk, (ii) designed as case-control studies,
and (iii) provided data for calculating odds ratios (ORs) with
corresponding 95 % confidence intervals (CIs). Studies were
excluded if (i) no specific controls have been selected, like
review, comment articles, and case-only studies; (ii) sufficient
data to estimate ORs with 95%CIs is lacking; and (iii) there is
duplication of previous publications or samples.

Data extraction

Two reviewers (Z.C. Wand L.Z. L) independently carried out
the data extraction process using a predefined standard form.
Disagreements were discussed and resolved with consensus.
The following information were collected: first author’s name,
year of publication, ethnicity, number of patients and controls,
age, gender, genotyping method, polymorphism site, exon
location, variation type, amino acid alteration, and genotype
frequency of cases and controls, respectively. All polymor-
phisms were classified as mutant/wild-type alleles to unify
the statistical analyses.

When the mutant alleles of polymorphism site lead to a
nonsynonymous change in the amino acid sequence, function-
al impacts of corresponding amino acid changes were estimat-
ed using online MutationAssessor [38]. The functional im-
pacts were evaluated as neutral, low, or medium impacts ac-
cording to the estimated potential impacts on the biological
activity of MDR1. The locations of altered amino acids in the
MDR1 structure were also assessed according to Uniprot.org
(http://www.uniprot.org/uniprot/P08183; see details in
Additional file 2). Allele frequencies were calculated from
the corresponding genotype distributions if not given
directly. For the studies that investigated different
polymorphisms in one cohort [30, 32, 34], the datasets were
recognized as independent studies. Study quality was assessed
independently by Z.C. W. and L.Z. L using the 10-point scor-
ing scale for quality of genetic association studies proposed by
Clark and Baudouin [39].

Statistical methods

We estimated the HCC risk associated with mutant alleles
(using 2 as a representative example) at different polymor-
phism sites compared with the wild-type alleles (using 1 as a
representative example) under the following genotypic
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models: allele (2 vs. 1); co-dominant (2/2 vs. 1/1, 2/2 vs. 1/2,
and 1/2 vs. 1/1); dominant (2/2+1/2 vs. 1/1); and recessive
(2/2 vs. 1/2+1/1). Pooled ORs with corresponding 95 % CIs
were calculated to assess the strength of associations between
the MDR1 polymorphisms and HCC risk. A P value below
0.05 was considered statistically significant.

Q tests and I2 tests were performed to test the heterogeneity
(indicated large heterogeneity) [40]. A fixed effects model
was used when there was no heterogeneity (P≥0.10 and I2≤
50 %); otherwise (P<0.10 and I2>50 %), a random effects
model was used [41]. Hardy-Weinberg equilibrium (HWE) in
controls of each cohort was assessed using the online HWE
calculator (http://ihg.gsf.de/cgi-bin/hw/hwa1.pl) (P<0.05
indicated significant disequilibrium).

In addition, the sources of heterogeneity were investigated
by subgroup analysis based on the following: ethnicity, sam-
ple sizes (no. of cases ≤1000 or >1000), quality scores (scores
>7 or ≤7), variation type (synonymous or nonsynonymous),
functional impact (neutral/low or medium), positions in cod-
ing sequences (cytoplasmic or transmembrane), and positions
in the functional protein domains (ABC transmembrane type 1
or ABC transporter). Sensitivity analyses were performed by
deletion of a single dataset each time to assess the impact of
the individual dataset to the pooled OR. Begg’s funnel plots
[42] and Egger’s linear regression tests [43] were performed to
evaluate publication bias. All P values were two-sided, and
P<0.05 was considered statistically significant. Statistical
analyses were conducted using Validating Review Manager
Version 5.1 (Copenhagen, The Nordic Cochrane Centre, The
Cochrane Collaboration, 2011) and STATA 11.0 (StataCorp
LP, College Station, TX, USA).

Results

Characteristics of the studies and polymorphisms

The database search yielded 81 relevant studies. After exclud-
ing 73 studies according to the exclusion criteria (Additional
file 3), a total of 8 studies that consisted of 11 cohorts with
4407 cases and 4436 controls [29–36] was enrolled. The char-
acteristics of the included studies are shown in Table 1. All 11
cohorts selected healthy individuals as control, and all cohorts
were consistent with the Hardy-Weinberg equilibrium except
for Minoru F-2 cohort focused on the 3435C>T polymor-
phism of MDR1 [30].

Furthermore, different polymorphisms of the included
studies are listed in Table 2 with exonic location. All polymor-
phisms were classified as mutant/wild-type alleles. In particu-
lar, the corresponding variation type, amino acid alteration
with related functional impact, feature key, calculated posi-
tions in the coding sequence, and positions in the protein
functional domain are also shown (Table 2).

Meta-analysis

In the overall analyses of all 11 cohorts, a significant associ-
ation was detected under all genetic models, suggesting that
the mutant alleles were associated with an increased HCC risk
(Fig. 1 and Table 3): (i) allelic model, 2 vs. 1: OR=1.28, 95 %
CI 1.20–1.36, P<0.001; (ii) dominant model, 2/2+1/2 vs. 1/1:
OR=1.27, 95 % CI 1.16–1.38, P<0.001; (iii) co-dominant
model, 2/2 vs. 1/1: OR=1.81, 95 % CI 1.58–2.07, P<0.001;
(iv) co-dominant model, 2/2 vs. 1/2: OR=1.49, 95% CI 1.30–
1.70, P<0.001; (v) co-dominant model, 1/2 vs. 1/1: OR=1.15,
95 % CI 1.05–1.26, P=0.002; and (vi) recessive model, 2/2
vs. 1/2+1/1: OR=1.59, 95 % CI 1.36–1.85, P<0.001. No
significant heterogeneity among studies was observed.

Subgroup analyses

Subgroup analyses were performed by stratifying of ethnicity,
sample size, quality score, variation type, functional impact,
position in the coding sequence, and protein functional do-
main. Of the 11 cohorts, there were only 2 datasets for the
Japanese subgroup [30], medium functional impact subgroup
[32, 34], and positions in the transmembrane region subgroup
[32, 34], respectively. Therefore meta-analyses were not per-
formed in these subgroups.

In the subgroup analyses by ethnicity, a significant associ-
ation was observed in the Chinese subgroup under the allelic
model (OR=1.28, 95 % CI 1.20–1.36, P<0.00001; Table 4).
Thoughmeta-analyses could not be conducted in the Japanese
subgroup, it was found that neither dataset exhibited signifi-
cant results (Minoru F-1, 2010: OR=1.23, 95%CI 0.74, 2.07;
P=0.43; Minoru F-2, 2010: OR=1.61, 95 % CI 0.95, 2.72;
P=0.72). Likewise, subgroup analyses were performed ac-
cording to the sample size and quality score and the results
indicated significantly increased risks for HCC irrespective of
size and quality (Table 4).

In addition to the typical standards used above, we classi-
fied these cohorts by the variation type, impacts on protein
function, and positions in the coding sequence ofMDR1 poly-
morphisms. In the subgroup analyses of variation type, both
synonymous and nonsynonymous subgroups revealed signif-
icant results for increasing HCC risk. Interestingly, larger ORs
were observed in the nonsynonymous subgroup compared
with the synonymous subgroup (nonsynonymous subgroup:
OR=1.31, 95 % CI 1.21–1.41, P<0.00001; synonymous sub-
group: OR=1.22, 95 % CI 1.08–1.37, P=0.001). Subgroup
analyses according to the estimated functional impacts (FI)
indicated that even neutral/low FI resulted in a significantly
higher risk for HCC (neutral/low FI subgroup: OR=1.23,
95 % CI 1.12–1.35, P<0.00001). However, the cohorts with
a medium FI revealed higher ORs (Gao J-2, 2013: OR=1.65,
95 % CI 1.32–2.05, P<0.0001; Li XF, 2013: OR=1.33, 95 %
CI 1.13–1.57, P<0.001). Positions in different coding
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sequence subgroup analyses revealed that cytoplasmic poly-
morphisms correlated with a significantly higher HCC risk
(cytoplasmic subgroup: OR=1.28, 95 % CI 1.19–1.37;
P<0.00001), whereas transmembrane polymorphisms exhib-
ited site-specific results (Gao J-2, 2013: OR=1.65, 95 % CI
1.32–2.05, P<0.0001; Yang D-1, 2013: OR=1.65, 95 % CI
0.98–1.33, P=0.10). Positions in different protein functional
domain subgroup analyses indicated that only polymorphisms
in the ABC transporter domain rather than the ABC trans-
membrane type 1 domain significantly increased HCC risk
(ABC transporter subgroup: OR=1.28, 95 % CI 1.18–1.38,
P<0.0001; ABC transmembrane type 1 subgroup: OR=1.21,
95 % CI 0.98–1.49, P=0.07). The results indicated that poly-
morphisms positioned in the cytoplasmic coding sequence
and ABC transporter domain play a vital role in
hepatocarcinogenesis.

Sensitivity analyses and publication bias

One cohort was excluded at each time to assess the influence
of the individual dataset on the overall results. The overall
significance was not altered when any single cohort was

deleted, suggesting that the results were robust. Begg’s funnel
plots and Egger’s tests were conducted to assess the publica-
tion bias for the available datasets. The funnel plots were
symmetrical (Fig. 2), indicating that there were no publication
biases in the studies of MDR1 polymorphisms (Egger’s test,
P=0.640).

Discussion

HCC is a common malignancy resulting from a complex inter-
action between environmental and genetic factors. With high
interest in gene susceptibility to carcinogenesis, increasing ef-
forts have been devoted to the study of genetic variants and
HCC risk. Human MDR1 is physiologically widely expressed
in the liver, kidney, colon, adrenal gland, and blood-brain barrier
[28]. MDR1 plays an important role in protecting organs from
xenobiotics or toxins, which can cause chronic inflammation
that is thought to be an etiological factor for many diseases,
includingHCC. Several studies have digged into the association
between MDR1 polymorphisms and HCC risk; however, con-
troversial results exist. Hence, we performed the first meta-

Table 3 Allelic and genotypic
meta-analysis of the MDR1 poly-
morphism in all cohorts under al-
ternative genetic models

Allele/genotype HCC Control HCC vs. control Heterogeneity

OR CI P I2 (%) P

2 vs. 1 8814 8872 1.28 [1.20, 1.36] <0.001 35 0.12

2/2 vs. 1/1 2501 2592 1.81 [1.58, 2.07] <0.001 15 0.31

2/2 vs. 1/2 2619 2381 1.49 [1.30, 1.70] <0.001 10 0.35

1/2 vs. 1/1 3694 3957 1.15 [1.05, 1.26] 0.002 2 0.42

2/2+1/2 vs. 1/1 4407 4436 1.27 [1.16, 1.38] <0.001 20 0.25

2/2 vs. 1/2+1/1 4407 4436 1.59 [1.36, 1.85] <0.001 26 0.19

1/1, 1/2, and 2/2 represent wild homozygous genotype, wild/mutant heterozygous genotype, and mutant homo-
zygous genotype, respectively

HCC hepatocellular carcinoma, CI confidence interval, OR odds ratio

Fig. 1 Forest plot presenting the meta-analysis of MDR1 polymor-
phisms and the susceptibility to hepatocellular carcinoma under the allelic
model in all cohorts. The horizontal lines represent 95 % confidence

intervals for estimating the outcome of the mutant allele versus the
wild-type allele in the meta-analysis. Blue squares denote overall esti-
mates of the effects
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analysis to clarify the inconsistency among available studies.
This meta-analysis included 8 studies (11 cohorts) with 4407

HCC patients and 4436 controls. The sample size is nearly ten
times that of the largest cohort included.

Consistent with the biological function of MDR1, wild-
type MDR1 was found to be protective against HCC develop-
ment [27]. The positive association of a mutant allele in
MDR1 polymorphisms among all cohorts was detected under
allelic and all genotypic models, suggesting that mutant alleles
of the MDR1 gene significantly increased HCC risk. In the
Chinese subgroup, a positive association of a mutant allele
and increased HCC risk was also observed. Meanwhile, sub-
group analyses revealed a significant association in both co-
horts with large and small sample sizes. However, the I2 for a
large sample size cohort (3 %) was substantially smaller than
the I2 for a small sample size cohort (49 %). Likewise, the I2

for the high-quality score cohorts and low-quality score co-
horts exhibited the same trend as the large/small sample size
cohorts. These results indicated that the heterogeneity might
be caused by small sample sizes and low-quality scores.

Unlike traditional meta-analysis for gene polymorphisms,
the present meta-analysis analyzed multiple polymorphism
sites classified as mutant or wild type to explore impacts of

Table 4 Subgroup meta-analyses of the association between MDR1 polymorphisms and hepatocellular carcinoma risk under the allele model

Comparison No. of datasets Case Control OR (95 % CI) P for OR P for heterogeneity I2 (%) Model

Overall 11 8814 8872 1.28 (1.20, 1.36) <0.00001 0.12 35 Fixed

Ethnicity

Chinese 9 8582 8628 1.28 (1.17, 1.41) <0.00001 0.06 47 Random

Japanesea 2 – – – – – – –

Sample size

>1000 5 6752 6870 1.25 (1.17, 1.34) <0.00001 0.39 3 Fixed

≤1000 6 2062 2002 1.29 (1.06, 1.56) 0.01 0.08 49 Random

Quality score

>7 7 5824 5972 1.25 (1.16, 1.35) <0.00001 0.51 0 Fixed

≤7 4 2990 2990 1.34 (1.09, 1.64) 0.005 0.03 68 Random

Variation type

Synonymous 3 2450 2462 1.22 (1.08, 1.37) 0.001 0.14 45 Fixed

Nonsynonymous 7 6364 6410 1.31 (1.21, 1.41) <0.00001 0.17 33 Fixed

Functional impactb

Neutral/low 5 4248 4288 1.23 (1.12, 1.35) <0.00001 0.66 0 Fixed

Mediuma 2 – – – – – – –

Protein structure locationc

Cytoplasmic 8 6698 6750 1.28 (1.19, 1.37) <0.00001 0.41 3 Fixed

Transmembranea 2 – – – – – – –

Protein functional domainc

ABC transmembrane type 1 5 2650 2662 1.21 (0.98, 1.49) 0.07 0.04 60 Random

ABC transporter 5 5458 5540 1.28 (1.18, 1.38) <0.00001 0.60 0 Fixed

OR odds ratio, CI confidence interval, ABC ATP-binding cassette
a The subgroup is not suitable for meta-analysis for insufficient datasets
b The functional impact is evaluated using online MutationAssessor.org
c Location of SNP in the protein structure is assessed by Uniprot.org online service

Fig. 2 Begg’s funnel plot of pseudo 95 % confidence limits. Evaluation
of publication bias for the association of MDR1 polymorphisms with
hepatocellular carcinoma risk in all cohorts. OR odds ratio, s.e. standard
error
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MDR1 on HCC risk as a whole, and we included variation
type, estimated functional impact, positions in the coding se-
quence, and the protein functional domain as subgroup
stratifiers to assess their site-related influences on HCC risk.
In the variation type subgroup analyses, both synonymous and
nonsynonymous cohorts indicated that mutant alleles signifi-
cant ly corre la ted wi th HCC risk . The effec t of
nonsynonymous variations was largely due to the alteration
of protein structures leading to functional changes in MDR1,
thereby causing toxin accumulation in hepatocytes. In con-
trast, the effect of synonymous variations may partly be due
to impacts on transcriptional and translational processes [44,
45]. Using online MutationAssessor, we calculated the esti-
mated functional impact of different SNPs, and subsequent
functional impact subgroup analyses indicated that even
neutral/low functional impacts had significant results. A me-
dium functional impact may also have significant findings
based on individual datasets. Whether the medium functional
impact subgroup exhibited greater significance could not be
assessed because of the limited data available. Further inves-
tigations on medium functional impact SNPs will be of great
value. In protein structure location-based subgroup analyses,
we found that cytoplasmic variations significantly increased
HCC risk. The transmembrane subgroup only contained two
cohorts, making them unsuitable for meta-analysis. Interest-
ingly, we noted that the two cohorts that investigated trans-
membrane SNPs reported contradictory results, and the larger
sample size one reached a negative conclusion. Therefore, we
cautiously conclude that SNPs in the cytoplasmic region, rath-
er than in the transmembrane region of MDR1, exhibit a sig-
nificant association with increased HCC susceptibility. A pos-
sible explanation is that the cytoplasmic region exhibits mul-
tiple biological activity domains that are responsible for
downstream signaling pathway activation, whereas the trans-
membrane region is only an anchor for MDR1 and appears to
be less important. This hypothesis was further validated by
protein functional domain subgroup analyses, which indicated
that the ABC transporter subgroup exhibits a significant asso-
ciation (P<0.00001), whereas the ABC transmembrane type 1
subgroup exhibits no association with HCC risk.

There are some limitations of our meta-analysis that should
be noticed in interpreting the results. First, the ethnicity of the
majority of cohorts was Chinese. There were insufficient data
for a meta-analysis of Japanese subgroups. Considering that
the SNPs in different populations varied with respect to both
sites and frequency, we must be cautious in our conclusions.
Second, some potential confounding factors that might have
biased this finding could not be assessed due to insufficient
data, such as age, tobacco smoking, alcohol drinking, and
medicine usage. Third, MDR1 possesses at least 50 different
SNPs, but sufficient data were available for only 10 SNPs in
the present meta-analysis and the impact of a specific SNP on
HCC risk cannot be assessed using available data. At least 40

different SNPs and more studies focused on a specific SNP in
a larger HCC cohort require further investigation with respect
to their association with HCC risk.

In conclusion, this study is the first meta-analysis to sum-
marize the association between MDR1 gene polymorphisms
and HCC susceptibility. The results indicated that mutant al-
leles of MDR1 significantly increase HCC risk. Interestingly,
we also, for the first time, revealed that only the SNPs in the
cytoplasmic region significantly correlated with increased
HCC risk, which requires further experimental confirmation.
Further large studies with multi-ethnic groups, high-quality
scores, and different ethnic populations will be necessary to
further validate our conclusions.
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