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ABSTRACT

Objective: Colorectal carcinoma (CRC) is the third most frequent
cancer in the world and a heterogenious disease which aroze
from one or a combination of different genetic mechanisms. The
multiple drug resistance-1 (MDRT) gene which encodes P-glyco-
protein (P-gp) plays a part in the bioavailability of drugs and cell
toxicity. In the current study, we aimed to investigate the pos-
sible relation between the MDRT gene C3435T polymorphism
and CRC risk in the Turkish population.

Material and Methods: Forty three patients (26 men, 17 women)
with CRC and 48 healthy controls (34 men, 14 women) were includ-
ed in the study. The MDR1 C3435T genotypes were determined
by the Restriction Fragment Length Polymorphism (RFLP) method.

Results: Statistical significance was obtained in terms of geno-
type distributions of MDR1 C3435T genotypes between study
groups. The frequencies of MDR1 C3435T CC, TT and CT geno-
types in the CRC patient group were found as 16.3%, 32.6% and
51.2%, respectively. The frequency of the homozygous TT geno-
type was found as 32.6% in CRC patients while it was identified
as 14.6% in controls (p=0.04; OR=2.82, 95% CI: 1.01-7.87). When
the patients were compared with the healthy population, TT
genotype carriers of MDR1 C3435T polymorphism were found
at 2.8-fold (p<0.05 ) increased risk for the development of CRC.

Conclusion: Our results show that the MDR1 C3435T polymor-
phism might be one of the genetic risk factors for CRC develop-
ment in the Turkish population.

Keywords: MDR1, C3435T, polymorphism, colorectal cancer,
Turkish population

OZET

Amag: Bir veya coklu genetik mekanizmalarin kombinas-
yonuyla olusan heterojen bir hastalik olan kolorektal kanser
(KRK) diinyada en sik gérilen Uglincl kanserdir. P-glikopro-
teini (P-gp) kodlayan ¢oklu ilag direnci geni-1 (Multiple drug
resistance-1 (MDRT)) ilaglarin biyoyararlanimi ve hicre toksisi-
tesinde rol oynar. Bu calismada, Tlrk populasyonunda MDR1
geni C3435T polimorfizmi ve KRK riski arasindaki olasi iligkiyi
arastirmayi amacladik.

Gerec ve Yontemler: Calismamiza KRK hastasi (26 erkek, 17 ka-
din) 43 kisi ve 48 saglikli kontrol (34 erkek, 14 kadin) dahil edil-
mistir. MDR1 C3435T genotipleri Restriksiyon Fragman Uzunluk
Polimorfizmi RFUP) yéntemiyle belirlenmistir.

Bulgular: MDR1 C3435T genotiplerinin dagilimi agisindan ¢a-
lisma gruplari arasinda istatistiksel anlamlilik elde edilmistir.
KRK hasta grubunda MDR1 C3435T CC, TT ve CT genotiple-
rinin sikhgi sirasiyla %16,3, %32,6 ve %51,2 olarak bulunmus-
tur. Homozigot TT genotipi frekansi KRK hastalarinda %32,6
bulunurken kontrollerde %14,6 (p=0,04; OR=2,82, 95% ClI:
1,01-7,87) olarak tespit edilmistir. Hastalar ve saglikli kontrol-
ler karsilastinldiginda MDR1 C3435T polimorfizmi TT genotipi
tastyicilan KRK gelisimi igin 2,8 kat (p<0,05) artmis risk altinda
bulunmustur.

Sonug: Sonuglarimiz MDR1 C3435T polimorfizminin Tirk popu-
lasyonunda KRK gelisimi icin genetik risk faktérlerinden biri ola-
bilecegini gostermektedir.

Anahtar Kelimeler: MDR1, C3435T, polimorfizm, kolorektal kan-
ser, Turk poptlasyonu
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INTRODUCTION

Colorectal carcinoma (CRC) is the third most frequent
cancer in the world which is responsible for 9.2% of death
from cancer in both sexes according to Globocan 2018
data (1). Approximately 90% of the CRC cases are spo-
radic, while less than 10% of them have genetic predis-
position (2). CRC is a heterogenious disease which arose
from one or a combination of different genetic mecha-
nisms, such as chromosomal instability (CIN), CpG island
methylator phenotype (CIMP), or microsatellite instability
(MSI) leading to malign transformation. Several genes are
found in association with the risk of CRC development in
numerous studies (2, 3).

Multidrug resistance (MDR) proteins are part of the
ATP-binding cassette (ABC) transporter superfamily and
characterized as three different forms: atypical MDR,
classical MDR and non-Pgp MDR (4). Many investigations
have been performed regarding their function in trans-
porting cytotoxic drugs out of the cell and their potential
role as a target in cancer therapy (5).

The MDR1/ABCB1 gene which is known as the “Classi-
cal” MDR phenotype, is located on chromosome 7p21.12
and is highly polymorphic. It is first described in cancer
cells and encodes P-glycoprotein (P-gp) which is a trans-
membrane protein with 170 kd molecular weight (6, 7).
P-gp is principally expressed in the excretory organs like
the kidney, liver, and intestines and promotes the excre-
tion of drugs and xenobiotics into the bile and urine,
thereby limiting intestinal drug absorption (8-10). More-
over, P-gp, as a gate-keeper of the blood-brain barrier,
prevents the delivery of several drugs into the central
nervous system (9).

Several single nucleotide polymorphisms (SNP) have
been investigated within the MDR1 gene up to now.
Most of them are found as intronic or silent, while some
of them have been shown to be related to the changes in
expression of the P-gp which affect tissue concentration
of P-gp substrates (11-13).

A silent polymorphism in the middle of exon 26 of the
MDR1 gene (C3435T) rs1045642 was found to be in
relation with different types of human cancers such as
breast, kidney, and liver (14-17). Reduced levels of the
intestinal P-gp in TT genotype carriers was compared
to subjects with CC genotype in the study of Hoffmey-
er et al. (11). Contrary to several studies which demon-
strated the relation between the 3435TT genotype and
decreased levels of P-gp expression, Nakamura et al.
found that the CC genotype was associated with de-
creased P-gp expression levels (11-13). Ethnic differenc-
es in allelic frequencies of the C3435T polymorphism
were also observed (18-20).
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The aim of the current study was to investigate the pos-
sible association between MDR1 C3435T SNP and CRC
development in the Turkish population.

MATERIALS AND METHODS

Patient selection

Forty-three CRC patients (26 men, 17 women) diagnosed
by radiologic and endoscopic methods, and surgical
findings together with a pathologic examination were
included in the study. Collection of blood samples were
performed before cancer therapy. Patients who applied
for non-neoplastic diseases such as trauma or inguinal
hernia to general surgery and orthopedia clinics in the
same hospital were included in the control group (34 men,
24 women). Ethical approval of the study was obtained
from the Ethical Committee of the Istanbul Education
and Research Hospital (Date: 23.06.2017, No: 1015).
All procedures involving human participants were in
accordance with the ethical standards of the institutional
committee and the Declaration of Helsinki. Written
informed consent was received from all participants prior
to collecting their biological samples.

DNA extraction

Blood samples were collected into EDTA containing
tubes, and the DNA was isolated from peripheral blood
according to a salting out procedure (21).

Genotyping

Genotypes of the MDRT C3435T polymorphism were
identified with a restriction fragment length poly-
morphism (RFLP) (22). The following primer sets
were used for polymerase chain reaction (PCR);
P1 (5-ACTCTTGTTTTCAGCTGCTTG-3") and P2
(5'-AGAGACTTACATTAGGCAGTGACTC-3). PCR was
carried out using 200 ng of DNA, 200 pmol/l of dATP,
dCTP, dGDP and TTP (MBI Fermantas, Vilnius, Lithuania),
250 ng of primers; 1.5 mmol/l of magnesium chloride,
and 2U of Tag DNA polymerase (MBI Fermantas, Vilni-
us, Lithuania) in a total volume of 100 pl at GeneAmp
PCR Systems 9700 thermal cycler (Perkin Elmer). Cycling
conditions of PCR were as follows: 94°C (2 min) (initial
denaturation) followed by 35 cycles at 94°C (30 s) (de-
naturation), at 56°C (30 s) (annealing), and at 72°C (30 s)
(extension). The terminal elongation step was applied at
72°C (7 min). The C3435T genotypes were determined by
digestion of a PCR product with Dpnll (Mbol) restriction
enzyme at 37°C (4 h). Agarose gel with a density of 3%
was used for seperation of DNA fragments.

Statistical analysis

SPSS (version 20.0) was used for statistical analyses. A
chi-square test (X?) was performed for the comparison of
genotype and allele distributions in study groups. ‘Gene
counting methods’ were performed for the calculation
of allele frequencies. Biochemical features of the study
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groups were compared by the Mann Whitney U test. A
p-value of less than 0.05 was considered for statistical
significance.

A sample size calculation was performed using the “PS
Power and Sample Size Calculation” package program,
with inputs of p0 (probability of exposure in controls) and
p1 (probability of exposure in cases) from the Ensemble
genome browser. The type | error probability (o) was
used as 0.05. The statistical power of the relationship
between SRBI rs5888, rs4238 MDR1 C3435T variation and
colorectal cancer risk was obtained as 52.7% in the study.

RESULTS

Demographic and biochemical features of the study
groups are given in Table 1. Mean age of the control
subjects and CRC patients were 57.31£9.99 years and
54.55+13.44 years, respectively. Sex and age frequen-
cies were similar in both groups. Alanine transaminase
(ALT) (p<0.001), alkaline phosphatase (ALP), and blood
urea nitrogen (BUN) (p<0.001) values were found high-
er in CRC group as compared to the control. The MDR1
C3435T genotype and allele frequencies of the study
groups are presented in Table 2. The genotype distri-
butions were found to be significantly different between
CRC patients and the control group. The frequencies of
the CC, TT and CT genotypes of MDRT C3435T among
CRC patients were 16.3%, 32.6% and 51.2%, respective-
ly. The homozygous TT genotype was identified in 32.6%
of CRC patients while it was found in only 14.6% in the
control group (p=0.04; OR=2.82, 95% CI:1.01-7.87). The
heterozygous genotype (CT) was observed in 51.2% of
CRC patients while it was detected in 68.8% among the
control group.

DISCUSSION

The product of the MDR1T gene, P-gp, which is an inte-
gral membrane protein, actively transports relevant drugs

from the inside to the outside of the cell, thereby playing
arole in preventing the accumulation of toxic and carcino-
genic substances inside the cell (9, 10, 23, 24). It also limits
success of cancer therapy by removing chemotherapeu-
tic drugs from tumor cells (25). In several cancer studies,
P-gp over-expression has been related to the poor out-
come of chemotheraphy in breast cancer, acute myeloid
leukaemia, and childhood tumors (10, 16, 26). Altered P-gp
expression and function due to genetic polymorphisms as
well as physiological and environmental factors have been
identified in several studies (8, 26, 27).

The C3435T is a “silent” polymorphism which has no ef-
fect on the amino acid sequence of the MDR1 gene and
is not expected to have a direct effect on P-gp expres-
sion (18, 28). The C3435T polymorphism has been found
to have different effects on gene expression and protein
formation in previous studies. This synonymous poly-
morphism could show its effect by involving in different
mechanisms such as mRNA splicing, protein folding, and
modification of translation efficiency (11-13, 28, 29).

Table 2: Genotype and allele frequencies of MDR1
C3435T in the study groups

Group Control CRC patients
(n=48) (n=43)

Genotypes

cC 16.7 % (8) 16.3% (7)

T 14.6% (7) 32.6% (14)*

CT 68.8% (33) 51.2% (22)

Alleles

C 51.04% (49) 41.86% (36)

T 48.95% (47) 58.13% (50)

n: number of individuals, CRC: Colorectal Cancer; *, p=0.04;
OR=2.82 95% CI:1.01-7.87

Table 1: Demographic and clinical features of the study groups

Control (n=48) CRC patients (n=43) p value
Age (year) 57.31+1.44 54.55+2.87 0.621
Sex (female/male, n) 14/34 17/26 0.297
Smoking (%) 34.5 333 0.933
ALT (U/L) 32.50+£9.31 4470 +2.97 0.001
AST (U/L) 23.67£1.57 26.10+4.93 0.409
ALP (U/L) 79.50+£9.12 102.11+£4.55 0.039
Creatinine (mg/dL) 0.78+0.02 0.92+0.07 0.616
BUN (mg/dL) 0.88+0.02 1.13+0.28 0.001

The results are shown as mean +SEM (standard error). Mann Whitney U test was performed for the comparison between groups. n: number
of individuals, CRC: Colorectal Cancer, ALT: Alanine transaminase, AST: Aspartate transaminase, ALP: alkaline phosphatase, BUN: Blood

urea nitrogen
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In the study of Hoffmeyer et al, it was firstly showed
that the MDR1 C3435T polymorphism was associated
with MDRT1 expression in the human duodenum. The
study indicated that 3435TT carriers have decreased
expression and P-gp function (11). Similarly, in the study
of Eichelbaum et al. lower P-gp expression and function
was found in MDR1 3435 TT genotype carriers (28). Some
studies demonstrated the relation between the 3435TT
genotype and decreased levels of P-gp expression, while
Nakamura et al. found a positive correlation between CC
genotype and decreased P-gp expression (11-13, 28).

There are several studies investigating the relationship
between the MDRT C3435T polymorphism and CRC risk
(8, 12, 31, 32). Kurzawski et al. first reported that carriers
of the MDRT 3435TT genotype in the Polish population
have a 2.7-fold increased risk for colon cancer develop-
ment (12). Similarly, Ambudkar et al. showed that the
MDR1 3435TT genotype is associated with an increased
risk of developing CRC (8). The increased risk has been
attributed to the formation of functional defects in the
barrier of epithelial cells as a result of downregulation of
P-gp and thus exposure of patients to higher damaging
toxin levels (8). Humeny et al. studied the C3435T poly-
morphism in tumor and normal tissues of CRC patients,
and reported no change in the genotypic frequency
of polymorphism between tumor and normal samples
during colorectal tumorigenesis (30).

Zhao et al. performed a meta-analysis study including
5,485 cases and 5,854 controls and found no significant
associations between the ABC1/ MDR1 C3435T
polymorphism and CRC susceptibility by obtaining
similar results for both Caucasian and Asian populations
(31). However, in the the meta-analysis study of Jin et al.
including 4818 individuals, T allele carriers of the MDR1
C3435T polymorphism had significant lower risk for
CRC development in the Asian population according to
both homozygous comparison (TT vs CC) and recessive
model (TT vs TC+CC). (32). In the study of Ozhan et
al., although no significant association was observed
between the C3435T polymorphism and CRC risk in the
Turkish population, the ABCB1 haplotype Ci,5-Gogr7-Tau3s
was found significantly more frequently in CRC patients
as compared to the control group (p=0.0004, OR=11.96,
95% Cl=2.59-55.32) in the haplotype-based analysis
(33). The effect of SNPs on CRC development differs
according to ethnicity in various studies in the literature.
As an example, the MDM2 SNP309 and x-ray repair
cross-complementing group 1 (XRCC1) Arg399GIn SNPs
were found associated with the risk of CRC in the Asian
population, while the same results were not found in
European populations (34, 35). Additionally, in the study
of Wang et al., the frequency of the MDR1 3435TT allele
among healthy individuals was found to be higher in
Asians and Caucasians ((27.8%, 49.4% respectively) (36).

In the present study, the distrubution of the C3435T
alleles in CRC patients was significantly different from
healthy subjects. According to the results of this study, a
2.8-fold increased risk was found for CRC development
in patients who have the TT genotype of MDRI1
C3435T polymorphism. This finding may support the
hypothesis that the 3435TT genotype plays a negative
role in the expression of P-gp which is involved in the
defense mechanism against detrimental compounds
and carcinogens. However, the frequency of genotypes
in the present study were found to be different from
previous studies (19-21, 31, 36). Half of the individuals
were heterozygous carriers of the variant, while more
than 32% were homozygous carriers of the variant in the
patient group. Also, this control group showed a different
distribution of genotypes as compared with other studies.
The difference might be due to the different number of
subjects and/or different ethnic populations as well as
the heterogenous nature of the disease and the effect of
environmental factors.

The major limitation of the study includes small sized study
groups. In order to shed more light on the association of
the MDR1 C3435T polymorphism with CRC risk, this work
would be better extended with a larger study group that
includes the results of this polymorphism on the expres-
sion levels of the MDR1 gene and protein levels.

To conclude, this is a preliminary study to demonstrate
whether the MDR1 C3435T polymorphism has an ef-
fect in CRC pathogenesis in the the Turkish population.
Based on these findings, we propose that the MDRT1
gene C3435T polymorphism had a possible effect in the
development of CRC in the Turkish population.
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