Int J Clin Exp Pathol 2016;9(2):2235-2240
www.ijcep.com /ISSN:1936-2625/IJCEP0009559

Original Article
MDR1 polymorphisms are associated with sensitivity to
platinum-based chemotherapy in gastric cancer
Jianqiang Zhao1, Aimei Ouyang2, Xinyou Su2, Yan Dou1
Departments of 1Oncology, 2Radiology, Jinan Central Hospital, Shandong University, Jinan, Shandong, China
Received April 24, 2015; Accepted June 20, 2015; Epub February 1, 2016; Published February 15, 2016
Abstract: Objective: The study aimed to investigate the relationship of multidrug resistance gene 1 (MDR1) C1236T,
G2677T/A and C3435T polymorphisms with sensitivity to platinum-based chemotherapy in gastric cancer. Methods:
96 patients who had experienced 6 months of platinum-based chemotherapy after the first operation were collected
in the study. The genotypes of MDR1 C1236T, G2677T/A and C3435T loci in peripheral blood from all subjects were
tested by matrix assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry. Haploview 4.2
software was utilized to analyze the linkage disequilibrium and haplotypes of MDR1 polymorphisms. Odds ratio and
95% confidence interval (CI), calculated by χ2 test, represent the relation of MDR1 polymorphisms with sensitivity
to chemotherapy. Results: The sensitivity to platinum-based therapy of each patient was evaluated, so the patients
were divided into two groups: sensitivity and resistance groups. In the analysis, TT genotype of 1236C/T was significantly correlated with enhanced sensitivity to platinum-based therapy (OR: 0.21, 95% CI: 0.05-0.88). Among the
genotypes of G2677T/A polymorphism, TA appeared to increase the sensitivity to the therapy (OR: 7.22, 95% CI:
1.08-48.48). As for C3435T, TT genotype carriers exhibited higher sensitivity to platinum therapy compared to CC
(OR: 2.83, 95% CI: 1.05-7.66). Only the haplotypes with frequencies more than 5% were analyzed, in which TTT haplotype showed strong association with sensitivity to platinum therapy (OR: 3.52, 95% CI: 1.07-11.58). Conclusion:
MDR1 C1236T, G2677T/A and C3435T polymorphisms may be related to the sensitivity to platinum-based chemotherapy in gastric cancer.
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Introduction
Gastric cancer is one of the malignant tumors
seriously threatening human health and lives
[1]. The effect of surgery alone is limited
because majority of patients are at the
advanced stage when diagnosed. 70% of
patients have received radical operation; however, 30%~40% of them will relapse. At the
moment, therapeutic effects of chemotherapy
are still unsatisfactory even though it becomes
increasingly important in combined treatments
for gastric cancer. In first-line chemotherapy for
advanced gastric cancer, the efficiency of single drug is about 14%~44%, while that of combined treatments is only 30%~50% [2, 3].
Tumors with same histological type exhibit differently in response to the same drug, and multidrug resistance (MDR) is prevalent in tumors,
which will impact the chemotherapy effect. To
explore the roles of MDR-related genes in drugs

response will help us better understand the
underlying mechanism of drug resistance and
improve the treatments efficiency of tumors.
Multiple drug resistance 1 (MDR1) gene is
located on the long arm of human chromosome
7 (7q21.1). P-glycoprotein (P-gp), encoded by
MDR1 gene, can transport intracellular drugs
outside the cell using energy released by ATP
hydrolysis [4, 5]. P-gp-transported substrates
include chemotherapy drugs, cardiovascular
drugs, immune inhibitors and HIV protease
inhibitors [6]. MDR1 polymorphisms could influence pharmacokinetics of many drugs such as
chemotherapy drugs and immune inhibitors
[7-10]. The present study was designed to
examine C1236T, G2677T/A and C3435T polymorphisms of MDR1 and to analyze the correlation of them with the sensitivity to platinumbased chemotherapy in gastric cancer, which
will contribute to exploring the strategy of per-
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Table 1. Association of MDR1 polymorphisms with sensitivity to platinum therapy
Site
1236C/T

G2677T/A

C3435T

CC

Sensitive group
CR+PR (n=56)
12 (21.42)

Resistant group
SD+PD (n=40)
3 (7.50)

CT
TT
GG
GT
GA
TT
TA
AA
CC
CT
TT

27 (48.21)
17 (30.36)
3 (5.36)
16 (28.57)
11 (19.64)
7 (12.50)
13 (23.21)
6 (10.71)
12 (21.43)
18 (32.14)
26 (46.43)

17 (42.50)
20 (50.00)
5 (12.50)
14 (35.00)
8 (20.00)
5 (12.50)
3 (7.50)
5 (12.50)
17 (42.50)
10 (25.00)
13 (32.50)

Genotype

Table 2. LD analysis between MDR1 polymorphisms (r2)
SNP
1236C/T
G2677T/A
C3435T

1236C/T
1.00
0.42
0.67

G2677T/A
0.42
1.00
0.73

sonalized medication, enhancing the specificity
and sensitivity of treatments, and further providing new chemotherapy ideas for gastric cancer in clinic.
Materials and methods
Subjects
The subjects were diagnosed by pathology as
diffuse-type and intestinal-type gastric cancer.
They were all unrelated Han population of
Shanghai region, hospitalized in Jinan Central
Hospital. In diffuse-type gastric cancer, there
were 51 cases, 31 males and 20 females, with a median age of 53.71±11.96, while 45
patients of intestinal-type gastric cancer contained 26 males and 19 females with an average age of 52.31±12.34. All these patients
were included according to the following criteria: diagnosed as gastric cancer by pathology
tests; experienced no chemotherapy or radiotherapy before surgery, but underwent systematically standard treatments after first surgery
in the hospital; treated by platinum-based chemotherapy after surgery. The individuals were
excluded if they suffered systemic multiple
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X2

P

OR (95% CI)

-

-

1.00

1.734
5.018
0.633
0.938
0.833
4.594
0.540
2.998
4.314

0.188
0.025
0.426
0.333
0.361
0.032
0.463
0.083
0.038

0.40 (0.10-1.62)
0.21 (0.05-0.88)
1.00
1.90 (0.38-9.44)
2.29 (0.42-12.50)
2.33 (0.37-14.61)
7.22 (1.08-48.48)
2.00 (0.31-12.84)
1.00
2.55 (0.88-7.43)
2.83 (1.05-7.66)

organ failure, gastric cancer relapse or other
malignancies.
Chemotherapy regimens
Patients all received the chemotherapy regimen of FOLFOX4 (L-OHP+5-FU+CF). The specific performance was as follows: L-OHP 130 mg/
m2 was used once per day; 5-FU 750 mg/m2
was given continuously by intravenous infusion
for 48 h once to twice per day; CF 200 mg/m2
was utilized one to three times per day and
repeated every two weeks. The aforementioned
process was kept for 4 weeks as one treatment
cycle. Rene Titi and Tropisetron were used to
symptomatically treat the side effects produced by chemotherapy.
Efficacy evaluation
Efficacy evaluation was conducted after 6
cycles of chemotherapy. According to WHO efficacy evaluation criterion, complete remission
(CR) is defined as the complete disappearance
of all target lesions along with no new lesion
and serum CA125 is less than 35 U/ml; partial
remission (PR) refers to the sum reduction of
maximum diameter in lesions no less than 30%
continuously for 4 weeks, and serum CA125>35
U/ml or less than 50% of original value in diameter; stable disease (SD) means that the sum of
maximum diameter in lesions is not reduced to
reach that of PR or not increased to that of
progressive disease (PD), and serum CA125
expresses no significant increase; PD indicates
that the increase in sum maximum diameter of
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Table 3. Association of MDR1 haplotypes with sensitivity to platinum drugs
Haplotype
CAC
TTT
TGC
CGC

Sensitive group CR+PR
(2 n =112)
7 (6.25)
40 (35.71)
15 (13.39)
20 (17.86)

Resistant group
SD+PD (2 n =80)
8 (10.00)
13 (16.25)
20 (25.00)
12 (15.00)

lesions is no less than 20% or new lesions
appear, and serum level of CA125 is upregulated. According to the criterion, sensitivity to platinum drugs refers to CR and PR or no progress
for more than 6 months after first chemotherapy, while drug resistance means SD and PD
after the first chemotherapy or tumor relapses
within 6 months.
MDR1 polymorphisms
96 DNA samples were extracted from the anticoagulant whole blood containing 0.4% ethylenediamine tetraacetic acid dipotassium (EDTAK2) using whole blood genome DNA extraction kit (Centrifugal columnar). DNA samples
were tested and checked on quality control by
agarose gel electrophoresis and gel imaging
system. 3 chosen polymorphisms in MDR1 gene were tested using matrix assisted laser
desorption ionizing-time of flight mass spectrometry (MALDI-TOF).
Statistical analysis
Data processing was completed in SPSS18.0
software. Haplotype analysis of MDR1 polymorphisms were conducted by Haploview 4.2 software. Odds ratio (OR) with 95% confidence
interval (CI) represent the association between
MDR1 polymorphisms with sensitivity to platinum-based chemotherapy. x2 test was adopted
to calculate OR and 95% CI. All the tests were
two-tailed and P<0.05 refers to significant
differences.
Results
Correlation of MDR1 polymorphisms with sensitivity to platinum drugs
Table 1 listed the genotypes frequencies of
MDR1 polymorphisms. The frequency of MDR1
1236C/T TT genotype was lower in sensitivity
group than that of resistant group (30.36% vs.
50.00%, P<0.05). OR and 95% CI provided the
2237

χ2

P

OR (95% CI)

4.545
0.062
1.047

0.033
0.804
0.306

1.00
3.52 (1.07-11.58)
0.86 (0.25-2.89)
1.90 (0.55-6.59)

evidence that 1236C/T might decrease the
sensitivity to platinum-based therapy (OR: 0.21,
95% CI: 0.05-0.88). The genotypes of G2677T/A
all intended to increase the sensitivity to platinum therapy, while only TA genotype was significantly related with the sensitivity (OR: 7.22,
95% CI: 1.08-48.48). As for C3435T, TT genotype carriers were more likely to experience
higher sensitivity to platinum therapy (OR: 2.83,
95% CI: 1.05-7.66).
Haplotype analysis of MDR1 polymorphisms
The haplotypes were analyzed by Haploview
4.2 software, and the outcome demonstrated
that SNPs of 1236C/T, G2677T/A and C3435T
were found in linkage disequilibrium (LD). The
strength of pairwise LD between the SNPs was
listed in Table 2. Among the 12 haplotypes in
Han population, only the frequencies of four
haplotypes (CAC, TTT, TGC and CGC) were more
than 5%. So our study analyzed the possible
relationship of the included haplotypes with
sensitivity to platinum therapy (Table 3). It
turned out that TTT haplotype could increase
the sensitivity to platinum therapy (OR: 3.52,
95% CI: 1.07-11.58).
Discussion
Gastric cancer is the most common malignant
tumor with high incidence in China. Both of its
morbidity and mortality are at top of the list
among the malignancies. Prevention and treatment of the cancer has taken priority in medical field. Compared with other malignant
tumors, gastric cancer is affected by numerous
factors featured by rapid development, so most
patients are at advanced stage at the time of
first diagnosis. Despite of the systematic treatments, the prognosis of patients in advanced
stage is always poor [11-14].
Gastric cancer is regarded as one of the most
sensitive tumors to cytotoxic chemotherapy
Int J Clin Exp Pathol 2016;9(2):2235-2240
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drugs in solid tumors. Majority of the patients
have received standardized platinum-based
combined chemotherapy. But more than 75%
of patients resistance to platinum chemotherapy drugs experience tumor relapse. It is known
that resistance to platinum drugs is caused by
multiple factors, including tumor properties
and the acquired factors during therapy course.
Current studies have shown that drug resistance of tumors is correlated with many molecular pathways, such as strengthened DNA
repair, increased drug efflux and inactivation of
key molecules [15-17], which can act as relevant factors to predict prognosis of patients in
clinic. Getting more knowledge about drugresistant mechanism and risk factors for the
resistance is one of the approaches to develop
new drugs and mechanisms avoiding drug
resistance.
Single nucleotide polymorphism (SNP) is a common polymorphism form in human inheritance.
DNA sequence polymorphisms caused by SNP
may bring about individual difference in susceptibility to malignancies. Some studies show
that MDR1 gene possesses several SNPs
which are related to the development of malignant tumors, such as breast cancer, leukemia,
colorectal cancer, and glioma [18-21]. C1236T,
G2677T/A and C3435T are the mostly studied
SNPs. Hemauer et al. found that C3435T and
G2677T/A were associated with decreased
level of P-gp protein, while C1236T is related
with increase in P-gp transport activity [22].
Meanwhile, GG genotype of G2677T/A was
observed to be related with highest level of
MDR1 and AT was for the lowest level [23]. Low
level of MDR1 was presented in gastric cancer
cell lines [24]. In vitro experiment indicted that
knockdown of MDR1 could obviously increase
the sensitivity to adriamycin treatment [25].
Further study suggested that P-gp protein
behaved as an oncofetal protein in cells of gastric cancer, which could promote cell survival
[26]. However, the roles of MDR1 polymorphisms in the response process to platinum
drugs of gastric cancer are still not investigated
yet.
In the present study, the sensitivity of 96 gastric cancer patients to platinum-based chemotherapy were examined, and then the connections of MDR1 C1236T, G2677T/A and C3435T
polymorphisms with the sensitivity were ana-
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lyzed. After the data processing, we found that
TT genotype carriers were more likely to suffer
drug resistance. On the contrary, G2677T/A TA
and C3435T TT genotypes tended to increase
the sensitivity to platium therapy, which means
that they could relieve the resistance to platium
drugs. The different results about the three
SNPs may derive from their relationship with
MDR1 or P-gp expression. Further analysis on
haplotypes suggested that TGC tended to
decrease the sensitivity to platium drugs; however, the result was not statistically significant.
TTT haplotype appeared to be an important
regulator in drug response process. It could
increase the sensitivity to platium therapy.
In conclusion, sensitivity to platinum-based
chemotherapy in gastric cancer was found to
be correlated not only with MDR1 polymorphisms (C1236T, G2677T/A and C3435T), but
also with the haplotypes formed by them. The
research will contribute to rationalized treatments for each individual with specific therapy,
thus promotes the treatment efficacy in clinic.
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