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ABSTRACT

We examined whether genetic polymorphisms of efflux transporters in hepatocytes are associated with susceptibility to
develop hepatocellular carcinoma (HCC). Genetic polymorphisms of drug transporters expressed in hepatocytes were
analyzed using DNA samples from hepatitis C virus (HCV)-seropositive cirrhotic patients with HCC (n = 58), and al-
lele and haplotype frequencies were compared with those in healthy subjects (n = 61). To search for single nucleotide
polymorphisms (SNPs) in HCC susceptibility genes, 34 SNPs in 6 efflux transporters [MDR1 (ABCB1), ABCC1,
ABCC2, ABCC3, ABCG?2 and ABCB11] were determined. No significant association was observed for any single SNP;
however, some haplotypes in ABCC1 and ABCB11 were associated with HCC. Furthermore, three combinations of
SNPs (3435C > T in ABCB1 and 825T > C in ABCC1), (3435C > T in ABCB1 and -15281 -15278CTCT > delete in
ABCBI11), and (825T > C in ABCC1 and -15281 -15278CTCT > delete in ABCB11) were significantly associated with
HCC. The present study suggests that genetic variations of ABC transporters such as ABCB1, ABCB11, and ABCC1
are associated with susceptibility to develop HCC, implying that aberrant hepatic clearance of toxic substances may
increase the risk of hepatocarcinogenesis. Further studies of how these polymorphisms are associated with phenotypic
differences are warranted.
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1. Introduction exogenous mutagenic/carcinogenic substances, prevent-
ing their accumulation in hepatocytes. This function is
maintained by a drug efflux transporter system that com-
prises mainly the ABC-transporter proteins [5,6]. There-
fore, mutation(s) of these proteins may impair the protec-
tive system against accumulation of hazardous com-
pounds that may lead to HCC.

Recently, various drug transporters expressed in hepa-
tocellular membranes have been studied in terms of ve-
ctorial direction, substrates, and the pharmacokinetics
(PK)/pharmacodynamics (PD) of clinically relevant
drugs. Among the efflux transporters, ABC transporters
such as multidrug resistance 1 (MDRI1, p-glycoprotein)

Hepatocellular carcinoma (HCC) is a frequent complica-
tion in advanced chronic liver disease, and is a major
cause of death worldwide. In Japan, the high prevalence
of HCC has largely been attributed to chronic infection
by hepatitis virus, especially hepatitis C virus (HCV)
[1-3]. HCV infection with persistent inflammation leads
to sequential progression from acute to chronic hepatitis,
cirrhosis, and eventually HCC in some cases. Since the
development of HCC is a multistep process, numerous
host factors (including gender, age, ethnicity, and stage
of liver disease), viral factors (including viral genotype
and levels), and environmental factors (including car-

cinogens, medications, and food) have been reported to are important in the detoxification of xenobiotics. For
be involved [4]. Further, oxidative products from endo- example, p-glycoprotein acts as an efflux pump for the
genous and exogenous substances may accumulate in carcinogen benzo[a]pyrene in human breast cancer cells
hepatocytes, possibly leading to hepatocarcinogenesis. [7.8].

One important protective function of the liver is the bil- An increasing number of single nucleotide polymor-

iary and sinusoidal clearance of such endogenous and  phisms (SNPs) in drug transporter genes are being iden-
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tified in humans [8], and may account for many of the
significant individual differences in susceptibility to ex-
ogenous and endogenous mutagenic and carcinogenic
insults. An example is 3972C > T mutation in ABCC2
(MRP2 gene); the risk of intrahepatic cholestasis of
pregnancy for 3972T/T carriers has been reported to be
4-fold higher in comparison with 3972C/C carriers [9].
With regard the mutation 421C > A in ABCG2 (BCRP
gene), 421C > A was associated with risks of diffuse
large B-cell lymphoma and renal cell carcinoma [10,11].
Thus, the role of genetic polymorphisms of drug trans-
porters in the development of HCC in patients infected
with HCV is of interest. In this study, we selected 6 can-
didate genes encoding efflux transporters, which are in-
volved in the hepatobiliary transport of endogenous and
exogenous compounds in humans [8], and compared the
allelic and haplotypic frequencies based on 34 SNPs be-
tween HCV-positive HCC patients and healthy subjects.

2. Materials and Methods
2.1. Subjects and DNA Samples

Fifty-eight Japanese cirrhotic patients with HCC were
studied. Cirrhosis and HCC were diagnosed by liver bi-
opsy or computed tomography and ultrasonography. Pa-
tient characteristics are summarized in Table 1. Periph-
eral blood was collected after obtaining written informed
consent. The samples were numbered, unlinked, and test-
ed anonymously. DNA was extracted by the standard
protocol. The use of patient blood samples for this study

had been approved by Jikei University Ethics Committee.

For comparison, genomic DNA was also obtained from
61 Japanese healthy volunteers (aged 20 to 40 years).
Each subject was physically normal and had no antece-
dent history of significant medical illness or hypersensi-
tivity to any drug. Their body mass indices ranged be-

tween 18 and 26 kg/m®. Their health status was judged to
be normal based on a physical examination, screening of
blood chemistry, complete blood count, urinalysis, elec-
trocardiogram, and chest X-ray conducted before the
study. Written informed consent was obtained from all
participants before the study.

2.2. Genotyping

Among various efflux transporters, we analyzed the fol-
lowing six ABC (ATP-binding cassette) transporters:
multidrug resistance 1 (MDRI1, p-glycoprotein; gene
name, ABCB1); multidrug resistance-associated protein 1
(MRP1, 4ABCC1), 2 (MRP2/cMOAT, ABCC2) and 3
(MRP3, ABCC3); breast cancer resistance protein (BCRP,
ABCG?2); and bile salt export pump (BSEP, ABCB11).
The polymorphisms examined are listed in Table 2. All
occur at certain frequencies or are reported to have func-
tional variability [12-18]. Bile salt export pump (BSEP)
contributes to the efflux of bile acids or bile salts across
the canalicular membrane in the liver [19,20]. Although
defects of the gene encoding BSEP can lead to a heredi-
tary disorder, progressive familial intrahepatic cholesta-
sis IT (PFIC 1II) [21,22], all coding exons, all exon-intron
junctions, and some 5’ upstream regions were screened
because we hypothesized that certain polymorphisms
may be associated with lower transport activity.

376C > T and 421C > A in ABCG2, and 3435C > T in
ABCBI1 were determined using an ABI PRISM 7000 Se-
quence Detection System (Applied Biosystems, Foster,
CA) with TagMan SNP genotyping assays. -1767G > A
in ABCC3 were analyzed by polymerase chain reaction-
restriction fragment length polymorphism (PCR-
RFLP). The other polymorphisms were detected by
PCR-single strand conformation polymorphism (PCR-
SSCP). The accuracy of PCR-SSCP-based-genotyping

Table 1. Patients’ characteristics.

variable unit Mean + SD range
gender M/F 43/15

age years old 70+ 7 (53~87)
clinical stage (T.N.M)} VI/T/TVa/TVb 11/29/15/2/1

Child-Pugh? A/B/C 48/7/3

AST (IU/L) 74+ 31 (26~157)
ALT (IU/L) 68 + 62 (11~459)
total protein (g/dl) 7.6+0.8 (5.5~9.5)
albumin (g/dD) 37+£0.5 (2.5~4.6)
total bilirubin (mg/dl) 1.3+22 (0.3~16.5)
prothrombin index (%) 79+12 (44~100)

Data are mean + SD. Parenthesis indicates the range of data. ¥, TMN classification; f, Child-Pugh classification A, B, C;
AST, asparate aminotransferase; ALT, alanine aminotransferase. Normal ranges (Central Chemical Laboratory, Daisan
Hospital, The Jikei University School of Medicine, Tokyo): AST 5-28 TU/L; ALT 5-35 IU/L; total protein 6.8—8.3 g/dl;
albumin 3.5-5.2 g/dl; total bilirubin 0.2—-0.8 mg/dl; prothrombin index 80-100% (prothrombin index obtained by dividing
the prothrombin time of the patient by the reference value of control subjects).
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Table 2. Polymorphisms examined in the present study.

gene position polymorphism amino acid substitution reference
ABCE1 exon 21 2677G>T/A 893Ala > Ser/Thr o-11
exon 26 3435C>T 1145Ile (syn) [o-11]
exon 8 825T>C 275Val (syn)
exon 9 1062T > C 354Asn (syn)
intron 9 1218 +8A > G -
ABCC1 [12]
exon 13 1684T > C 562Leu (syn)
exon 16 2007C>T 669Pro (syn)
exon 17 2168G > A Arg723GIn
promoter -24C>T -
exon 10 1249G > A 417Val > Ile
2302C>T 768Arg > T
ABCC2 exon 18 g=w [12]
2366C > T 789Ser > Phe
exon 28 3972C>T 1324lle (syn)
exon 31 4348G> A 1450Ala > Thr
ABCC3 promoter -1767G > A - 13
exon 2 135G>T 45Leu (syn) (13]
exon 4 376C>T 126GIn > stop
ABCG2 [14]
exon 5 421C> A 141GIn > Lys
ABCB11 promoter -15281 -15278CTCT > delete [15]

was confirmed by direct sequencing using a Big-Dye
Terminator Cycle Sequencing kit (Applied Biosystems).
The primers and restriction enzymes used in this study are
listed in Table 3. The primers designed for ABCB11 were
based on the following sequences; GenBank acession
numbers AC008177.3 (for promoter and exons 1-21) and
AC069137.6 (for exons 22-28) (Table 4). The specificity
of all primers was confirmed by direct sequencing.

2.3. Haplotype Analysis

For each gene, a haplotype analysis was performed with
Arlequin ver. 3.11
(http://cmpg.unibe.ch/software/arlequin3/). The Arlequin
software package estimates haplotype frequencies using
the expectation-maximization (EM) algorithm. Only
polymorphisms, except those in intronic regions, with a
relative frequency > 0.05 were included in the analysis in
either patients or healthy volunteers.

2.4. Analysis of Combinations of Polymorphisms
in Different genes

In addition to the single gene testing, the influence of
combinations of polymorphisms in different genes on
HCC was assessed. In this analysis, we compared geno-
typic frequencies between subjects with and without
variant types.

2.5. Statistical Analysis

All genotypes were tested as to whether they were dis-
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tributed according to the Hardy-Weinberg equilibrium.
The association between different genotypes and the
presence of HCC was evaluated using the chi-square test.
For all tests, a P value less than 0.05 was considered sig-
nificant. The odds ratio and a 95% confidence interval
(CL.) were also calculated.

3. Results

Table 5 shows the polymorphisms of interest identified in
the 6 genes, together with their allelic frequencies. In
ABCBI11, we identified 16 polymorphisms. Among them,
1331C > T (444Val > Ala) in exon 13 and 2594C > T
(865Ala > Val) in exon 21 were non-synonymous variants.
In the single gene testing, all 95% CI. values crossed 1.0,
indicating no association between any SNPs and HCC.
Results of the haplotype assessment of HCC are
shown in Table 6. Significant associations were observ-
ed in the 4BCC1 (p = 0.010) and ABCB11 (p = 0.028)
genes. In ABCC1, seven haplotype patterns were as-
sessed on the basis of five SNPs (i.e., 825T > C, 1062T >
C, 1684T > C, 2007C > T, and 2168G > A). CCCCG and
TTCCG were the most frequently observed haplotypes in
the patient and control groups (CCCCG: 0.37 vs. 0.23;
TTCCG: 0.25 vs. 0.36), respectively. The frequency of
TTCCA was 0.06 in patients, while this haplotype was
not observed in the control group. In ABCB11, eight hap-
lotypes were assessed based on five polymorphisms
(-15281 -15278 CTCT > delete, 108T > C, 807T > C,
1331T > C, and 3084A > G). DelTTCG was the most fre-
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Table 3. Primer sets for PCR-SSCP and PCR-RFLP determinations, and RELP conditions.

gene polymorphism forward primer reverse primer

ABCBI 2677G > T/A 5-TACCCATCATCATTGCAATAGCAG-3" 5'-TTTAGTTTGACTCACCTTCCC-3'
825T>C S'TGGTAGGGGGCTGCATCTCTG 3' 5S'CAAAGCCAAGGAGGGAAAATG 3'
1062T > C

5'CCCCCACGTGTCACAAGTCAT 3' 5'CACGCTGGCCCCAGAGTAACC 3'

1218+8A>G

ABCCl1
1684T > C S'ACTCGGGGCACAGCAGTCAGC 3' S'GAACCCCAAGGCCCCCTCTCG 3'
2007C>T S'TAGCCCGGCAGGCCTCATTCA 3' 5S'AGCTTTTCCTCAGACCACCAG 3'
2168G > A S'GTGGGCCAGCTGTTGTCTCGT 3' 5'GCGGCAACAGCTGACTGATTC 3'
-24C>T 5'-CTGTTCCACTTTCTTTGATGA-3' 5'-TCTTGTTGGTGACCACCCTAA-3'
1249G > A 5'-AGCCACAAAGTAGCAGTGAGG-3' 5-TTACCCACAGAGAGCCACCTA-3'
2302C>T

ABCC2 5-GGAGTAGTGCTTAATATGAAT-3' 5'-CCCACCCCACCTTTATATCTT-3'
2366C>T
3972C>T 5'-AGGAGCTAACACATGGTTGCT-3' 5'-GGGTTAAGCCATCCGTGTCAA-3'
4348G > A 5'-AGGAGCTAACACATGGTTGCT-3' 5'-GGGTTAAGCCATCCGTGTCAA-3'
-1767G > A’ 5'-GCTTAGATATCACCCTGTCCA-3’ 5'-TCCACTCATCCACACATACCC-3’

ABCC3
135G>T 5'-GGCTGCCACAGCACTAAACTG-3’ 5'-CCAGCCCCATCGGTAGGAGAT-3’

+, PCR-RFLP was used for this analysis. The restriction enzyme was BsmA I (at 55°C for 2 hr) for RFLP. G allele was detected

by 281 bp and A allele was detected by 241 bp plus 40 bp.

Table 4. Primer sets for the PCR of ABCB11.

position forward primer reverse primer
promoter 5-TCCACTCCAGGTTCAGCTTC-3' 5'-CTCTGCCTCAGGAATCTTACA-3'
exon 1 5-CTCAATTTGCCTCTCGTTCCA-3' 5-GCATCCTGTAAGTTTCTATCC-3'
exon 2 5'“TTTCGTTTGGCTACTTTGATT-3' 5'-ATACTTCTACCTACTGTTGCT-3'
exon 3 5'-ATTTCTTAATGACTGCGTTGC-3' 5'-GGGGACATTTGAACCTAACCT-3'
exon 4 5-GTGGTCTTTAAATCCTTATGT-3' 5S-TGTGATGACTTTCCTTACAAA-3'
exon 5 5'-GATGATCTCTGAACCCTTTGT-3' 5'-CAGCCAGTAAAATCCCCTCTA-3'
exon 6 5'“TGAACATTCTTTTCCCTCTTT-3' 5'-ACATTGCATCTCATTGTAGTG-3'
exon 7 5-CTGAATTACTTTCCCCCTTTT-3' 5-CATATTTGACAGTGTATTACT-3'
exon 8 5-GTTTAAAAGGGAAAGACTGAG-3' 5-ATAATTATGTTGCTAACTGTA-3'
exon 9 5'-AATGACAGACTGACTTACCTA-3' 5'-ACTCTGCTTAGCTCCCTCTTG-3'
exon 10 5'-ACTCAAGCATTTTGTCTTCAC-3' 5'-“ATGTCTCGGTCAATAAGTCCA-3'
exon 11 5'-GGAAGACCCAAATGATAGTAA-3' 5'-GAATTAAGGGCCTTGCGATAG-3'
exon 12 5S-TCTTAGTTTGAGTTTACACTG-3' 5S-ATTTACTATTCTGGGGAACAG-3'
exon 13 5'-GGGGCATACATAAACGCACAC-3' 5'-ACTATGCATGCCAGGACAGTC-3'
exon 14 5'-CTGCCCATTGGTCAAGTATGA-3' 5-CTATGACCTCTTAGTTTCTCC-3'
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exon 15 5'-CATCAAATTCTTTTCCCTTCA-3' 5'-GGACCTGTAAAATGGACTAAG-3'
exon 16 5-TGAAATGATGCAAAGGTCAGT-3' 5'-TAGAAAACCGTAAAGCACTAT-3'
exon 17 5S-TCTACTTGGATATGGTTCTGT-3' 5S-ATTTGGAAAGCTTGTAATCTG-3'
exon 18 5'-TAGCTCTGTCAAACCTAACCT-3' 5'-TAGTCTGACTTGAAACACTGC-3'
exon 19 5'-CCATAGACATTTGAGGTCACT-3' 5'-ATGAAAACAAAGAGCGGACTT-3'
exon 20 5'-CAGATCCACAGCTTACATTAG-3' 5'-AAAACATGAAGAGGGAGATG-3'
exon 21 5'-GTAAGAAATGTTATTTTTCAG-3' 5'-CAATCCCACTGGTCCCTATTC-3'
exon 22 5'-GTAATTGGTAAAAGCGACTGT-3' S-TTAAGTGTGCCTGTCTTGTGG-3'
exon 23 5'-CCACTGAAATGTCACGAAAGG-3' 5'-TAACTGACAGAACCAGGCTAT-3'
exon 24 5'-ACCAACCACGCCACCCTGCTC-3' 5'-TTTGTTCAACTCCCACTTATG-3'
exon 25 5'-AGGCTTCAGTAAGAGCATCTC-3' 5'-AGCCCACTTTTAGGGGTTGGA-3'
exon 26 5'-CTGCTGGAATTCTAAAAACCT-3' 5'-TCCCCATCCTTGTCTCTCATA-3'
exon 27 5'-GGAGGACTCACTCACTGTTCC-3' 5'-TGCCATTTTATTAAGGACAAA-3'
exon 28 5-TTGCATCAACTTTCCATCTTC-3' 5'-CCCCTGTAACTGGTGCGTCAT-3'
Table 5. Polymorphisms detected in the six genes of interest with their allelic frequencies.
allelic frequency (%)
patients healthy subjects
gene position polymorphism (n=58) (n=61) odds ratio (95% c.i.)
\' T \'
exon 21 2677G > T/A 455 54.5 50.8 49.2 1.24 (0.74-2.07)
ABCB1
exon 26 3435C>T 51.8 48.2 63.3 36.7 1.61 (0.95-2.72)
exon 8 825T>C 50.9 49.1 61.5 38.5 1.54 (0.92-2.59)
exon 9 1062T > C 50.9 49.1 61.5 38.5 1.54 (0.92-2.59)
intron 9 1218+8A>G 50.9 49.1 61.5 38.5 1.54 (0.92-2.59)
ABCC1
exon 13 1684T > C 25.5 74.5 27.9 72.1 1.13 (0.63-2.03)
exon 16 2007C>T 98.2 1.8 93.4 6.6 0.26 (0.05-1.25)
exon 17 2168G > A 89.3 10.7 90.2 9.8 1.10 (0.47-2.56)
promoter -24C>T 83.6 16.4 84.4 15.6 1.00 (0.49-2.01)
exon 10 1249G > A 82.8 17.2 85.2 14.8 1.20 (0.60-2.41)
2302C>T 100.0 0.0 100.0 0.0 -
ABCC2 exon 18
2366C > T 99.2 0.8 100.0 0.0 -
exon 28 3972C>T 81.0 19.0 82.0 18.0 1.06 (0.55-2.05)
exon 31 4348G> A 100.0 0.0 100.0 0.0 -
promoter -1767G > A 85.5 14.5 83.3 16.7 0.85 (0.42-1.74)
ABCC3
exon 2 135G>T 96.4 3.6 97.5 2.5 1.44 (0.32-6.60)
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Continued Table 5
ABCGH exon 4 376C >T 97.3 2.7 98.4 1.6 1.65(0.27-10.1)
exon 5 421C> A 71.4 28.6 73.8 26.2 1.13 (0.63-2.00)
promoter —15281_—(11212;3 creT> 62.9 37.1 74.6 25.4 1.73 (0.99-3.01)
intron 3 exon3+84C>T 922 7.8 95.1 49 1.63 (0.56-4.72)
exon 4 108T > C 73.3 26.7 71.3 28.7 0.91 (0.51-1.60)
intron 4 exon4+ 188A>G 100.0 0.0 99.2 0.8 -
intron 4 exon 4+ 196T>C 100.0 0.0 99.2 0.8 -
exon 5 270T>C 922 7.8 95.1 49 1.63(0.56-4.72)
exon 9 807T>C 73.3 26.7 70.5 29.5 0.87 (0.50-1.54)
ABCBI1 exon 10 1030G > A 100.0 0.0 99.2 0.8 -
intron 11 exon 11 +57C> A 100.0 0.0 99.2 0.8 -
exon 13 1331C>T 23.3 76.7 254 74.6 1.12 (0.62-2.03)
intron 13 exon 13+ 70T >C 233 76.7 254 74.6 1.12 (0.62-2.03)
intron 18 exon 18 +97A > G 70.7 29.3 63.1 36.9 0.71 (0.41-1.22)
intron 18 exon 18 + 98T >C 70.7 29.3 63.1 36.9 0.71 (0.41-1.22)
intron 18 exon 19— 17C> A 40.5 59.5 39.3 60.7 0.95 (0.57-1.60)
exon 21 2594C>T 99.1 0.9 99.2 0.8 1.05 (0.07-17.0)
exon 24 3084A>G 39.7 60.3 383 61.7 0.95 (0.56-1.60)

In ABCB11 gene, numbering of nucleotides is according to the GenBank accession numbers AC008177.3 (promoter and exons

1-21) and AC069137.6 (exons 22-28). Positions of polymorphisms are counted with respect to the BSEP translation initiation

site being +1 and the 5'-following base being -1. r: reference type, v: variant type.

Table 6. Haplotype assessment and HCC.

ABCC1 haplotype pattern frequency
patient control
cccceca 0.37 0.23
TTCCG 0.25 0.36
TTTCG 0.19 0.19
CCTCG 0.07 0.07
TTCCA 0.06 0.00
CCCCA 0.05 0.08
TTCTG 0.02 0.05

¥=16.75 (p =0.010)

ABCBI1 haplotype pattern frequency
patient control
Del TTCG 0.24 0.17
CcCcCcCG 0.15 0.13
CTTTG 0.13 0.12
CTTCA 0.13 0.06
CTTTA 0.10 0.10
CCCCA 0.08 0.15
Del TTCA 0.06 0.05
CTTCG 0.06 0.19

¥ =15.69 (p = 0.028)

Copyright © 2010 SciRes.

quently observed haplotype (0.24) in the patient group,
while CTTCG was the major pattern (0.19) in the control
group. The frequency of CTTCA was higher in patients
than in controls (0.13 vs. 0.06), but the frequency of
CCCCA was lower in patients than in control group
(0.08 vs. 0.15).

We tested the association of all combinations of poly-
morphisms of different genes with HCC, and identified
three as candidate markers for susceptibility to HCC
(Table 7). All candidates were a combination of two of
the following three efflux ABC transporters; ABCB1
(3435C>T), ABCC1 (825T > C) and ABCB11 (—15281 _
—15278 CTCT > delete). The frequencies of the three
mutations in the three genes in both patients and healthy
subjects obeyed the Hardy-Weinberg law, indicating nor-
mal distribution of the genetic mutations in the subjects
of our study. The three combinations were: [ABCB1 and
ABCC1, odds ratio (95% CI) = 4.44 (1.13-17.5)],
[ABCB1 and ABCBI11, 4.47 (1.26-15.9)], and [4BCC1
and ABCB11,3.79 (1.21-11.9)].

4. Discussion

Drug transporters can affect the absorption, distribution,
and excretion of not only drugs but also mutagens and
carcinogens, as well as their metabolites. The genetic
polymorphisms in drug transporters have been linked to

JCT
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Table 7. Association of combination of efflux transporter polymorphisms with HCC.

patients healthy subjects
combined polymorphism (n=58) (n=61) odds ratio (95% c.i.)
v r v
ABCBI1 3435C>T & ABCC1 825T>C 30 12 27 4.44 (1.13~17.5)
ABCBI1 1f111'35§§11jf53257cg(>:TTc&r > delete 2 14 18 4.47(1.26~15.9)
ABCCL 825T > C & 26 14 16 3.79 (1.21~11.9)

ABCB11-15281_-15278CTCT > delete

We compared frequencies between subjects homozygotes for the reference allele (r) and subjects with at least one

variant (v) allele in each gene.

inter-individual differences in PK/PD profiles of clini-
cally relevant drugs [8], leading to expectations that these
polymorphisms may also account for significant individ-
ual differences in susceptibility to exogenous and en-
dogenous mutagenic and carcinogenic insults. In fact, in
the clinical setting, some cases of HCV-related cirrhosis
progress to HCC, while others do not. Among drug
transporters, ABC transporters potentially affect the risk
of carcinogenesis, because their substrates include car-
cinogens such as benzo[a]pyrene and p-glycoprotein,
nitrosamine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-bu-
tanone and MRP1 [23], and 2-amino-1-methyl-6-pheny-
limidazo[4,5-b]pyridine and BCRP [24].

The pharmacogenomic association of 3435C > T in
ABCB1 with renal epithelial tumors [25] and colorectal
cancers has been studied [26]. However, to our knowl-
edge, there are very few reports on its association with
HCC. Although both previous studies indicated that the
3435T allele was a risk factor for developing cancers, we
found no association between any SNP of any gene of
interest and HCC in the present study, suggesting that it
is difficult to predict HCC based on single SNP in a sin-
gle gene (Table 5).

Next, we conducted a haplotype assessment and iden-
tified ABCC1 and ABCBI11 as susceptibility genes of
hepatic carcinogenesis. MRP1 transports various chemi-
cal compounds. Aflatoxin B; (AFB;), a mycotoxin, is a
contaminant of certain food products including grains
and peanuts. AFB, has been shown to be carcinogenic in
the lungs as well as the liver [27]. The high-affinity
transport of glutathione conjugates of AFB; epoxide has
been demonstrated using human MRP1-enriched mem-
brane vesicles [28]. However, the incidence of tumors in
Mrpl(-/-) versus Mrpl(+/+) mice 12 months after eight-
week exposure to AFB, revealed that the expression of
MRP1 provided no protection to the lungs or liver from
the carcinogenicity of this compound [29]. Although
AFB; might be a substrate for MRP1 in vivo, function-

Copyright © 2010 SciRes.

ally redundant ABC transporters may compensate for
MRP1 in MRPI1-deficient animals. Since the level of
MRPI1 in human liver is relatively low in comparison
with that in other organs (e.g., lungs and kidneys), [30]
MRP1 is likely to act as a barrier in cooperation with
other transporters in the liver.

Since chemotherapy has long been a standard treat-
ment to reduce the growth of HCC, the development of
multidrug resistance by ABC transporters is a major ob-
stacle to its success. Bonin et al. [31] investigated the
expression of MRP1, MRP2, MRP3, p-glycoprotein, and
MDR3 in paraffin-embedded tissues by quantitative
RT-PCR. They found that multidrug resistance proteins,
in particular MRP1, MRP2 and p-glycoprotein, were
increased in HCC. The extent of MRP1 expression was
similar in neoplastic and perineoplastic tissue, but this
was not the case for MRP2 and p-glycoprotein. The ex-
pression of MRP1 altered neoplastic proliferation with
some correlation to malignancy [32].

Recently, Knisely et al. [33] studied the association
between PFIC, diagnosed from immunohistochemical
evidence of a deficiency of BSEP and a mutational
analysis of the ABCB11 gene, and HCC in 11 unrelated
children, and concluded that BSEP deficiency increases
the risk of HCC in early life. Increased intracellular con-
centrations of bile acids have reported to be carcinogenic
in human gastrointestinal cancer [34]. Although we had
no PFIC patients and no young children, these reports
support our findings of an association between the trans-
port capability of BSEP and HCC.

In this study, after analyzing all the combinations of
SNPs for all the transporter genes examined, three com-
binations of SNPs in two different genes were detected as
candidate markers for susceptibility to HCC: 3435C > T
in ABCB1 and 825T > C in ABCC1, 3435C > T in
ABCBI1 and -15281 -15278CTCT > delete in ABCBI11,
and 825T > C in ABCC1 and -15281 -15278CTCT >
delete in ABCBI11. Interestingly, all the genes encode

JCT



Genetic Polymorphisms of Hepatic ABC-Transporter in Patients with Hepatocellular Carcinoma 121

ABC transporters, suggesting that efflux transporting
systems, which could be involved in protecting tissues
from the accumulation of xenobiotics and resulting tox-
icity, play an important role in the development of HCC.
Among various SNPs in the ABCB1 gene, 3435C > T,
a synonymous variant, has been investigated in greatest
detail in humans [8,14]. Using an immunochemical ap-

proach to quantify P-glycoprotein content, Hoffmeyer et al.

[35] found that 3435C > T was associated with a signifi-
cantly reduced intestinal P-glycoprotein content in sub-
jects with the T/T genotype. However, the association of
3435C > T with expression (both at the protein and
mRNA levels) and in vivo transport activity (including
human studies) is controversial, with increased, decreas-
ed, and unchanged expression/transport being reported
[14]. Therefore, epigenetic concerns have been intro-
duced into the experiments in order to assess the con-
founding results. Recently, Wang et al. [36] reported that
the 3435C > T variant was associated with an allelic ex-
pression imbalance due to decreasing mRNA stability,
leading to decreasing hepatic ABCB1 mRNA levels. On
the other hand, Kimchi-Sarfaty et al. [37] reported that
3435C > T altered the substrate specificity of P-glyco-
protein. They hypothesized that the variant changes the
mRNA translation rate and thereby affected protein
folding.

825T > C in ABCC1 and -15281 -15278CTCT > de-
lete in ABCB11 were synonymous and promoter variants,
respectively. Thus, none of the three candidate variants
including 3435C > T in ABCBI in the combination study
had an influence on the amino acid sequence in each
transporter protein. Similar to 825T > C, the effect of
-15281 -15278CTCT > delete on transport activity has
not yet been well investigated. One luciferase gene re-
porter experiment indicated that promoter constructs in-
cluding -15281 -15278CTCT > delete were not associ-
ated with changes in luciferase activity [18]. All three
candidate variants could be detected at relatively high
frequency even in the healthy subjects, casting doubt on
a significant contribution to the risk of developing HCC;
however, a role for these variants in HCC cannot be ex-
cluded. Based on the present findings, a single mutation
may not be involved in HCC under normal conditions,
but combined with another mutation, may increase sus-
ceptibility to HCC. Indeed, there is substantial evidence
that p-glycoprotein and MRP1 have overlapping func-
tions in tissue defense [5]. Although each transporter
alone would not have sufficient transport capability, to-
gether they are likely to provide protection against the
accumulation of carcinogen(s).

Some carcinogenic substances may undergo activation
or inactivation by hepatic enzymes. This may introduce a
bias in the study, because the difference attributed to

Copyright © 2010 SciRes.

ABC-transporters may arise in fact from metabolizing
enzymes. Further studies including polymorphisms of
genes encoding hepatic metabolizing enzymes such as
cytochrome P450 (CYP) 2D6 and CYP3AS are required.

There are some limitations of the present study. We
genotyped various SNPs that have been shown to be
most functionally significant in previous pharmacoge-
nomic studies or observed at relatively high frequencies
without ethnic diversity. However, since the genotypes
investigated here were not based on known phenotypes,
the usefulness of the results may be limited at this stage.
Furthermore, the numbers of enrolled patients and
healthy subjects were small (around sixty), and the study
had insufficient statistical power to detect even though a
large differences in gene frequency between the two
groups. Therefore, this study represents a preliminary
comparison of frequencies of possible SNPs. Further
studies to confirm the association of the SNPs with HCC
and how these polymorphisms are associated with phe-
notypic differences are warranted in a large population
study.”

In conclusion, the present study suggests that some
SNPs of the ABC transporter genes such as ABCBI,
ABCB11, and ABCC1 are associated with the susceptibil-
ity of developing HCC, implying that aberrant hepatic
clearance of toxic substances may increase the risk of
hepatocarcinogenesis.
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