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Abstract: We conducted a case-control study to investigate the role of ABCB1 C3435T and G2677T/A in the suscep-
tibility and prognosis of colorectal cancer patients. A total of 316 patients with colorectal cancer and 316 controls
were collected between January 2009 and January 2011. Genotyping of ABCB1 C3435T and G2677T/A was con-
ducted by the methods of Polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP). Condi-
tional logistic regression analysis showed that subjects carrying CT and CC genotypes of ABCB1 C3435T were more
frequently observed in colorectal cancer patients when compared with controls, and the adjusted ORs were 1.62
(1.05-2.52) and 2.05 (1.25-3.36), respectively. By Cox regression analysis, we found that the TT genotype of ABCB1
C3435T was significantly associated with shorter PFS and OS in patients with colorectal cancer when compared
with CC genotype, with adjusted HR (95% ClI) of 2.57 (1.14-6.04) and 2.54 (1.05-6.61), respectively. We found that
the ABCB1 C3435T polymorphism could affect the susceptibility and clinical outcome of colorectal cancer patients.
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Introduction

Colorectal cancer is the third most common
cancer worldwide, and it is estimated that there
were 663,000 cases in males and 571,000
cases in females [1]. In China, colorectal can-
cer is the fourth leading cause of cancer death
[1]. The incidence and mortality of colorectal
cancer has greatly increased since the rapid
change of dietary and life styles and inherited
genetic background [2]. Standard treatment of
colorectal cancer involves neoadjuvant therapy
before surgical resection, and followed by che-
motherapy after operation [3]. Despite of this,
about many colorectal cancer patients showed
recurrence or metastasis during five years
period.

Individualized chemotherapy through molecu-
lar biomarkers may improve individuals' re-
sponse to chemotherapy, and thus prolong the
life of colorectal cancer patients. Thus, better
understanding the role of molecular biomark-
ers on the chemotherapy could play an impor-
tant role in guide patients to have an individual-

ized chemotherapy, and colorectal cancer
patients could benefit more from chemotherapy
to prolong their survival time.

It is well known that gene polymorphisms could
affect the drug absorption, distribution, metab-
olism and excretion if these gene polymor-
phisms can influence the clinical response to
chemotherapeutics [4]. APT-binding cassette
transporters, namely ABC proteins, are main
types of transport suferfamilies and are respon-
sible for mediate efflux of many endogenous
substrates, xenobiothics and chemotherapeu-
tic agents as well as drug resistance in many
cancers [4-6]. P-glycoprotein (P-gp) is encoded
by the ATP-binding cassette B1 (ABCB1) gene
and is located on the luminal side of intestinal
epithelial cells, and it is an efflux transporter
and is responsible for protecting the gut from
endogenous exogenous toxins [5, 6]. It is report-
ed that the ABCB1 C3435T and G2677T/A are
the most frequent two gene polymorphisms of
ABCB1 gene, and they are correlated with
altered P-gp and lowered intestinal P-glyco-
protein expression [7, 8]. Recently, several stud-
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ies have investigated that ABCB1 polymor-
phisms contribute to the risk of colorectal can-
cer in several kinds of populations, but the
results are inconsistent [9-17]. Recently, few
studies investigate the role of ABCB1 gene
polymorphisms with the development and prog-
nosis of colorectal cancer in a Chinese
population.

Therefore, we conducted this case-control
study to analyze the genetic polymorphisms in
the drug transporter ABCB1, and investigate
the role of ABCB1 C3435T and G267 7T/Ain the
susceptibility and prognosis of colorectal can-
cer patients.

Materials and methods
Patient recruitment and data collection

A total of 316 patients with colorectal cancer
were collected from the Affiliated Hospital of
Inner Mongolia Medical University between
January 2009 and January 2011. All the
patients were histologically confirmed to be
colorectal cancer. The pathologically diagnosed
were conducted at the Pathology Department
in our hospital. Patients who had secondary or
recurrent tumors and a history of other malig-
nant neoplasm were excluded from this study.

316 hospital-based subjects without malignan-
cy were randomly selected from a health exami-
nation center as controls, and they were
matched with colorectal cancer patients by sex
and age. Controls that have a history of other
malignant neoplasm and any digestive disease
were excluded from our study.

The clinical characteristics of colorectal cancer
patients and controls were gained through a
self-designed questionnaires and medical
records. The tumor differentiation or pathologi-
cal grade of these colorectal cancer patients
were conducted according to the World Health
Organization criteria. All the patients received
chemotherapy regimens, such as oxaliplatin-
based chemotherapy, leucovorin plus 5-fluoro-
uracil (FU), or FU alone.

Each patient signed an informed consent
before participating into this study. This study
was approved by the Ethics Committee of
Affiliated Hospital of Inner Mongolia Medical
University.
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Our primary end point was overall survival (OS)
calculated as the time from diagnosis until
death from any cause or last known date alive.
Progression-free survival (PFS) following treat-
ment was calculated from the initiation of ther-
apy to first recorded date of progression, death,
or last follow-up evaluation. All the patients
were followed up to death or the end of study
(January 2014).

Genotyping

Each patient was asked to provide a sample of
5 mL venous blood, and was kept at -20°C.
Genomic DNA was extracted from venous blood
using the TIANamp blood DNA kit (Tiangen
Biotech, Beijing, China) according to the manu-
facturer’s instructions. Genotyping of ABCB1
C3435T and G2677T/A was conducted by the
methods of Polymerase chain reaction restric-
tion fragment length polymorphism, (PCR-
RFLP). Primers of ABCB1 C3435T and
G2677T/A which used for PCR-RFLP were
designed using Sequenom Assay Design 3.1
software (Sequenom®). PCR was performed
using 100 ng of genomic DNA, and conducted
in a reaction volume of 20 L, containing 10 ng
of genomic DNA, 200 uM dNTP and 0.5 units of
Taq DNA polymerase as well as 300 yM of prim-
ers. The PCR condition was conducted using
the following steps: 94°C for 2 min, 35 cycles of
94°C for 30 sec, and with an annealing tem-
perature reduced to 64°C for 30 sec and 72°C
for 1 min. For ABCB1 C3435T, the PCR product
was 244 bp, and digested with Mbo |. For
G2677T/A, the PCR product was 224 bp, and
digested with Ban I. Finally, DNA sequencing
was performed to validate the results of
genotyping.

Statistical analysis

All analyses were performed using the Statis-
tical Package for the Social Sciences (SPSS)
software 13.0 for windows. Correlation between
ABCB1 C3435T and G2677T/A polymorphisms
and risk of colorectal cancer was assessed
using Odd Ratios (ORs) and 95% Confidence
Intervals (Cls) from multivariate logistic regres-
sion analysis. Homozygote for the most fre-
quent allele was regarded as the reference
group. Moreover, the association between
ABCB1 C3435T and G2677T/A polymorphisms
and PFS and OS of colorectal cancer was
assessed by Cox proportional hazards model
with hazard ratios (HR) and their confidence
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Table 1. Basic characteristics of included colorectal cancer patients and control subjects

Colorectal cancer patients Control subjects

Variables N = 316 (%) N = 316 (%) X2 value P value
Age, years
Average 63.5 £ 10.9 62.8 £ 11.7

<60 175 (55.38) 179 (56.65)

> 60 141 (44.62) 137 (43.35) 0.11 0.75
Sex

Male 122 (38.61) 122 (38.61)

Female 194 (61.39) 194 (61.39) 0.00 1.00
Smoking status

Never 204 (64.56) 231 (73.10)

Ever 112 (35.44) 85 (26.90) 5.38 0.02
Drinking status

Never 174 (55.06) 188 (59.49)

Ever 142 (44.94) 128 (40.51) 1.27 0.26
Tumor size

<4cm 77 (24.37)

>4 cm 239 (75.63)
Tumor differentiation

Grade 1 21 (6.65)

Grade 2 262 (82.91)

Grade 3 33(10.44)
Lymph mode metastases

No 144 (45.57)

Yes 172 (54.43)
Relapse

No 300 (94.94)

Yes 16 (5.06)

Table 2. Distribution of ABCB1 C3435T and G2677T/A polymorphisms and associations with risk of
colorectal cancer

Colorectal cancer patients  Control subjects

Genotypes N = 316 (%) N = 316 (%) Adjusted OR (95% CI)* P value
ABCB1 C3435T
T 49 (15.51) 77 (24.37) 1.0 (Ref.) -
CT 168 (53.16) 163 (51.58) 1.62 (1.05-2.52) 0.02
CC 99 (31.33) 76 (24.05) 2.05 (1.25-3.36) 0.003
Allele
T 266 (42.09) 317 (50.16) 1.0 (Ref.) -
C 366 (57.91) 315 (49.84) 1.38 (1.10-1.74) 0.004
G2677T/A
GG 39 (12.34) 51 (16.14) 1.0 (Ref.) -
GT/GA 153 (48.42) 149 (47.15) 1.37 (0.83-2.26) 0.19
TT/AA 124 (39.24) 116 (36.71) 1.43 (0.85-2.39) 0.15
Allele
G 231 (73.10) 251 (39.72) 1.0 (Ref.) -
T/A 401 (126.90) 381 (60.28) 1.15 (0.91-1.46) 0.22

'Adjusted for sex, age, smoking and drinking status.
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Table 3. Cox regression analysis of ABCB1 C3435T and G2677T/A polymorphisms with the PFS and

OS of colorectal cancer

PFS 0s
?y‘;zo Event (%)  Alive (%)  HR(95%CI)'  Pvalue  Death (%) Alive (%) HR (95% Cl)*  Pvalue
N=107  N=209 N =82 N =234

ABCB1 C3435T

CcC 12 (11.21) 37 (17.70) 1.0 (Ref.) 9 (10.98) 40 (17.09) 1.0 (Ref.)

cT 50(46.73) 118 (56.46) 1.57 (0.69-3.81)  0.25 37 (45.12) 131(55.98)  1.26(0.54-3.21)  0.58

T 45(42.06) 54(25.84)  2.57 (1.14-6.04)  0.01 36 (43.90) 63(26.92)  2.54(1.056.61)  0.03
Allele

c 74(3458) 192 (45.93) 1.0 (Ref.) ; 55 (67.07) 211 (90.17) 1.0 (Ref.) ;

T 140 (65.42) 226 (54.07) 1.61(1.13-2.30)  0.006  109(132.93) 257 (109.83) 1.63(1.11-2.41)  0.009
G2677T/A

cc 11(10.28)  28(13.40) 1.0 (Ref.) ; 8(9.76) 31(13.25) 1.0 (Ref.) ;

CA 50 (46.73) 103 (49.28) 1.24 (0.54-2.98) 0.59 40 (48.78) 113 (48.29) 1.37 (0.56-3.74) 0.47

AA 46 (42.99) 78 (37.32) 1.50 (0.65-3.66) 0.31 33(40.24) 91 (38.89) 1.41 (0.56-3.90) 0.44
Allele

A 72 (33.64) 159 (38.04) 1.0 (Ref.) - 56 (68.29) 175 (74.79) 1.0 (Ref.) -

G 142 (66.36) 259 (61.96) 1.21 (0.85-1.74) 0.28 106 (129.27) 295 (126.07) 1.12 (0.76-1.67) 0.54

*Adjusted for tumor size, tumor differentiation, lymph mode metastases and relapse.

intervals (Cl). PFS and OS curves were plotted
using the Kaplan-Meier method. The All P val-
ues were two-tailed, and difference was consid-
ered statistically significant when a value of P <
0.05.

Results

This study consisted of 316 colorectal cancer
patients and 316 control subjects. The average
age of cases and controls were 63.5 + 10.9
and 62.8 + 11.7 years, respectively. There were
122 males and 194 females in cases and con-
trols, respectively (Table 1). Patients with
colorectal cancer cases were more likely to be
smokers (P < 0.05).

Of 316 colorectal cancer patients, 239
(75.63%) had tumor size > 4 cm, 262 (82.91%)
had tumor differentiation at Grade 2, 172
(54.43%) had lymph mode metastases, and
300 (94.94%) had no relapse.

The allele and genotype distributions of ABCB1
C3435T and G2677T/A were found to be in
Hardy-Weinberg equilibrium in the control
group. Conditional logistic regression analysis
showed that subjects carrying CT and CC geno-
types of ABCB1 C3435T were more frequently
observed in colorectal cancer patients when
compared with controls, and the adjusted ORs
were 1.62 (1.05-2.52) and 2.05 (1.25-3.36),
respectively (Table 2). Moreover, we found that
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patients carrying the C allele of ABCB1 C3435T
had a significantly increased risk of colorectal
cancer relative to the CC genotype, with adjust-
ed OR (95% Cl) of 1.38 (1.10-1.74). However, no
association was found between variants of
ABCB1 G2677T/A polymorphism and risk of
colorectal cancer.

The association between ABCB1 C3435T and
G2677T/A polymorphisms and PFS and OS of
colorectal cancer patients are presented in
Table 3. By Cox regression analysis, we found
that the TT genotype of ABCB1 C3435T was
significantly associated with shorter PFS and
OS in patients with colorectal cancer when
compared with CC genotype, with adjusted HR
(95% CI) of 2.57 (1.14-6.04) and 2.54 (1.05-
6.61), respectively, respectively. By Kaplan-
Meier method, the TT genotype of ABCB1
C3435T showed a tendency towards shorter
PFS and OS in colorectal cancer patients
(Figures 1 and 2).

Discussion

ABCB1 (P-glycoprotein, multidrug resistance is
reported to express in normal human tissues
and multidrug-resistant cancer cells, which
contributes to the absorption and distribution
of xenobiotics, toxins and drugs. Previous stud-
ies reported that ABCB1 C3435Tand G2677T/A
gene polymorphisms are associated with alter-
ing expression or transporter activity of P-gp [7,

Int J Clin Exp Pathol 2015;8(3):3083-3089
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Figure 1. Kaplan-Meier estimates of PFS of colorectal cancer with ABCB1
C3435T.
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Figure 2. Kaplan-Meier estimates of OS of colorectal cancer with ABCB1
C3435T.

8, 18, 19], and thus these
two gene polymorphism can
play an important role in
susceptibility of developing
cancer, but their biological
significance is not fully
understood yet. Moreover,
ABCB1 is also a transmem-
brane protein, and it acts as
an energy-dependent drug
efflux pump for chemother-
apeutic drugs [20]. This
gene can elinate the parent
drug through hepatobiliary
and intestinal secretion,
and be involved in prolifera-
tion and survival of epitheli-
al cells and malignant cells
during tumorigenesis [21].
ABCB1 variation may influ-
ence the efflux of chemo-
therapeutic agents from tu-
mor cells or their elimina-
tion from the body, reduce
the plasma concentrations,
and thus influence their
therapeutic efficacy.

This study assessed the
most comprehensive phar-
macogenetic SNPs of APT-
binding cassette which
involved in platinum, adria-
mycin, methotrexate, vin-
cristine and cyclophospha-
mide pathways in the
colorectal cancer patients
receiving chemotherapy.
Identification  of genes
involved in the genetic pre-
disposition or progression
of cancer has an important
rolein clinical practice and
basic medicine research. In
this study, we investigated
the associtions of ABCB1
C3435T and G2677T/A
with develoment and prog-
nosis of colorectal cancer
patients in a Chinese popu-
lation. Our multivariable
logistic analysis showed
that CC genotype of ABCB1
C3435T was associated
with an increased risk of
colorectal cancer, and this
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genotype was significantly associated with
increased risk of death from colorectal cancer.

Several previous studies showed that CC geno-
type or CT genotype could influence the sus-
ceptibility and clinical outcome of colorectal
cancer, which are in line with our results [8, 22,
23]. Andersen et al. conducted a prospective
case-cohort study, and found that C allele of
ABCB1 C3435T was significantly associated
with risk of colorectal cancer, and has interac-
tion with meat intake in relation to colorectal
cancer risk [22]. Khedri et al. reported that sig-
nificantly increased frequencies of the 3435T
allele and the 3435T were observed in patients
with colorectal cancer compared with controls
[23]. However, Bae et al. reported conducted a
case-control study with 111 patients with
colorectal cancer and 93 cancer-free cases,
and found that no significant association
between ABCB1 C3435T and colorectal cancer
risk [24]. De ludicibus et al. reported that
G2677T and C3435T polymorphisms are not
associated with colorectal cancer risk and
prognosis in an ltalian population [25]. The
inconsistent role of these results may be
caused by different ethnicities, sample size,
control subjects or by chance. Further studies
are greatly needed to elucidate the potential
role of ABCB1 C3435T polymorphism tumor
biology.

This study has several major limitations. First,
were several limitations in our study. First,
cases were selected from one hospital, which
may not be representative of the general popu-
lation. There was still a certain risk of selection
bias since they were not a random sample of
the colorectal cancer population and may not
well represent the real situation of these
patients. Second, the relative small number of
colorectal cancer cases could limit the statisti-
cal power to find the difference between
groups. Third, other genes may affect the sus-
ceptibility and clinical outcome of colorectal
cancer patients besides the ABCB1 gene.
Therefore, further large sample and well
designed studies are greatly needed to investi-
gate the association between ABCB1 gene
polymorphisms and clinical outcome of colorec-
tal cancer.

In conclusion, we found that the ABCB1 C3435T
polymorphism could affect the susceptibility
and clinical outcome of colorectal cancer
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patients. Our study provides significant infor-
mation on detective and prognostic value of
ABCB1 C3435T, and ABCB1 C3435T polymor-
phism could be used as predictive markers for
susceptibility and clinical outcome of colorectal
cancer patients.
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