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nucleotide polymorphism C218T in drug transporter
ABCC1 gene and increased risk of colon cancer
Meaad M. Abdulkhaleq, BSc, MSc, Ayat B. Al-Ghafari, MSc, PhD, Ann Yezerski, MSc, PhD, Huda A. Al Doghaither, MSc, PhD,
Atlal M. Abusanad, MSc, MBBS, FRCPC, Ulfat M. Omar, MSc, PhD.

ABSTRACT

 في جنيC218T وG128C  حتديد دور املتغيرات الوراثية:األهداف
 اململكة العربية، بخطر اإلصابة بسرطان القولون في جدةABCC1
.السعودية
51  دراسة حلاالت إفرادية مقترنة بحاالت أخرى ضابطة على:الطريقة
 أخذت. شخص من األصحاء65مريض بسرطان القولون واملستقيم و
جميع عينات املرضى من مستشفى جامعة امللك عبد العزيز ومدينة
.م2017 م حتى أبريل2015 امللك عبد اهلل الطبية خالل الفترة من يناير
متت املوافقة على الدراسة من قبل وحدة األخالقيات الطبية احليوية
) وأجريت التجارب في وحدة الكيمياء احليوية261-15 :(رقم
 جامعة امللك عبد،التجريبية في مركز امللك فهد للبحوث الطبية
 مت حتديد التوزيع الوراثي وترددات األليالت بواسطة التفاعل.العزيز
 وتقنيات اختالف أشكال أطوال الشدف املتقطعة-املبلمر املتسلسل
 مت استخدام اختبار مربع كاي لتحديد توزيع.)PCR-RFLP(
األليالت واألمناط اجلينية ونسبة األرجحية واملخاطرة وفترات الثقة
 ذات0.05  وقد اعتبرت جميع القيم االحتمالية األقل من.95%
.دالالت إحصائية

 أظهرت النتائج وجود عالقة جديدة بني النمط اجليني:النتائج
 وزيادة خطر تطور سرطان القولون [نسبة األرجحيةC218T املختلف
،1.92= و نسبة املخاطرة،)1.56-7.48(  فترة الثقة95% ،3.4 =
 وقد ارتبطت هذه النسب.p=0.002 )1.26-2.93(  فترة الثقة95%
، في املقابل.)باملراحل املتقدمة من املرض (املراحل الثالثة والرابعة
 وخطر اإلصابةG128C لم يكن هناك أي ارتباط احصائي كبير بني
.بسرطان القولون
 كشفت النتائج اجلديدة للدراسة أن النمط الوراثي املختلف:اخلامتة
 قد يزيد من خطر االصابة بسرطانABCC1  في جنيC218T
 يوصى بإجراء املزيد من الدراسات لتوضيح اآلليات على.القولون
.عدد أكبر من العينات
Objectives: To determine the role of G128C and
C218T variants in ABCC1 gene with the risk of
developing colon cancer in Jeddah, Kingdom of Saudi
Arabia.
Methods: This case-control study was conducted on
51 colon cancer patients and 65 controls from King
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Abdulaziz University Hospital and King Abdullah
Medical City in the period from January 2015 to April
2017, and was approved by the Unit of Biomedical
Ethics (no: 261-15). Experiments were performed
in the experimental biochemistry unit at King Fahd
Medical Research Center. The genotype distributions
and allele frequencies were determined by polymerase

chain reaction-restriction fragments length
polymorphism (PCR-RFLP) and DNA sequencing.

A Chi-square test was used to determine allele and
genotype distributions, odds ratio (OR), risk ratio
(RR) and 95% confidence intervals (CI). P-values of
<0.05 were considered statistically significant.
Results: The results showed a novel association
between heterozygous (CT) genotype for variant
C218T and increased risk of colon cancer [OR=3.4,
95% CI (1.56-7.48), and RR=1.92, 95% CI
(1.26-2.93), p=0.002]. These ratios were correlated
with high-grade stages (III and IV). In contrast, for
variant G128C, there was no significant association
with the risk of developing colon cancer.
Conclusion: The novel findings of the study revealed
that the CT genotype of variant C218T in ABCC1
gene may increase the risk of developing colon cancer.
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C

olon cancer is one of the most common cancers
worldwide and is characterized by a high mortality
rate. In the Kingdom of Saudi Arabia (KSA), this type
of cancer represents the first most common cancers
among men and the third among women.1 Although
the number of colon cancer patients in the KSA is
considered low, compared to other countries, there has
been progressive increase over the last 20 years.2 Genetic
and environmental factors were found to increase the
likelihood of developing colon cancer in KSA.3 Generally,
the application of chemotherapy in cancer treatments
is controlled by several factors, such as sensitivity to
chemotherapeutic drugs used for treatment.4 One of
the mechanisms that affect the individual’s sensitivity to
drugs and subsequently increases the risk of developing
cancer is the expression of drug transporters on the
surface of cancer cells.5 Adenosine Triphosphate (ATP)
binding cassette (ABC) transporters play an essential
role in the development of many diseases, including
cancers, through the mechanism of drug resistance.
Adenosine Triphosphate binding cassette transporters
contain 7 subgroups (ABCA to ABCG).5,6 Nine out
of 13 members of the ABCC subfamily are involved
in drug resistance.7 ABCC1 or MRP1 was the first
identified member of the ABCC subfamily in a drugresistant cell line (small cell lung cancer).8 The ABCC1
gene contains 31 exons, which are translated into
1,531 amino acids protein with a molecular weight of
190-kDa.9 The expression of genetic variants, either
mutations or single nucleotide polymorphisms (SNPs),
in the ABCC1 gene showed a high degree of variability
among populations, which might affect the individuals’
responses to drugs significantly. Some of these data
showed that genetic variability in ABCC1 gene could
predict the toxicity in patients with breast cancer.10
Moreover, genetic mutations in ABCC1 gene, in
conjugation with variants of another ABC transporter
member, ABCB1, can increase the chance of developing
lung cancer.11 However, fewer studies that correlate
ABCC1 genetic variations with the development of
colon cancer were performed. Therefore, more studies
should be conducted to show the correlation between
genetic variations in the ABCC1 gene and the risk of
colon cancer or to confirm the preliminary observations.
As far as we are aware, this is the first study that aims

Disclosure. This study was funded by the King Abdulaziz
City of Science and Technology, Riyadh, Saudi Arabia
(Grant No: LGP-36-15).

to determine the effect of 2 major SNPs (G128C and
C218T) in the ABCC1 gene on the risk of colon cancer
development in the KSA.
Methods. Subjects and samples. This case-control
study was conducted on 116 participants, comprising
colon cancer patients (n=51) and healthy controls (n=65)
who visited the oncology centers and blood banks in King
Abdullah Medical City and King Abdulaziz University
Hospital (KAUH) in Jeddah in the period from January
2015 until April 2017. The study was approved by the
Unit of Biomedical Ethics at the Faculty of Medicine
in King Abdulaziz University (KAU), Jeddah, KSA
(No:261-15). This study was conducted according to
the principles of the Declarations of Helsinki in dealing
with patients’ information, samples, and results. The
inclusion criteria of the patients were as follows: all
patients were from Saudi ethnicity, age ranged (30-80),
recently diagnosed with histopathology to have colon
cancer at any stage, agreed to participate and to give
blood sample, and most importantly agreed to proceed
for any future harmless investigations, if required. The
exclusion criteria for the patients were mostly focused
on excluding any metastatic cancer patients and
involving only localized cancer in colon. Regarding
the inclusion criteria for the controls, they were from
Saudi origin matched by age and gender with the colon
cancer patients, having no history of colon cancer or
any other type of cancers, and they must be selected
randomly from blood bank units, whereas, the most
exclusion criterion was excluding any control under
certain diet or taking any medications during sample
collection period. After participants read and signed an
informed consent form, 5ml whole blood sample was
collected in an ethylenediaminetetraacetic acid (EDTA)
tube. Genomic deoxyribonucleic acid (gDNA) was
then extracted from the peripheral blood leukocytes
using a QIAamp DNA Mini kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions.
The concentration and quality of each extracted gDNA
sample was assessed by measuring the absorbance at
2 wavelengths (260 and 280nm) on a NanoDrop™
2000/2000c Spectrophotometer. The practical work
was carried out in the experimental biochemistry unit at
King Fahd Medical Research Center at King Abdulaziz
University, Jeddah, KSA.
Genotyping SNPs G128C and C218T in ABCC1
gene. The several genotypes of SNPs G128C and
C218T in the ABCC1 gene were determined using a
polymerase chain reaction-restriction fragments length
polymorphism (PCR-RFLP) assay. The genotypes then
were confirmed by a DNA sequencing. The PCR primers
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and conditions that were used to amplify exon 2 were
designed by Dr. Ann Yezerski (for SNP G128C) or, as
described previously, by Yin et al12 (for SNP C218T)
(Table 1). For a 25 µl PCR reaction, 1 µl genomic DNA
template (50 ng), 12.5 µl USB® HotStart-IT® FideliTaq™
PCR Master Mix (2X) (Affymetrix/USB™, product
number 71156), 9.5 µl RNase free water (Affymetrix/
USB™, product number 7732-18-5), and 1 µl of each
primer (0.2 µmol) were used. The PCR condition was
as follows: initial denaturation at 95ºC for 5 min. This
was followed by 25 cycles of denaturation at 95˚C for
30 sec, annealing at 59˚C for 30 sec (for G128C) or at
62˚C for 30 sec (for C218T), and extension at 72˚C
for 1 min. A final extension was run at 72˚C for 5 min
before the PCR products were separated on 2% agarose
gel and visualized after ethidium bromide staining. The
genotype analysis was performed with RFLP and DNAsequencing.
Statistical analysis. A χ2 test in GraphPad Prism
software version 7.00 (San Diego, California, USA)
was used to compare the allele frequency, genotype
distribution, odds ratio (OR), risk ratio (RR) and 95%
confidence interval (CI) of each variant with what
was expected for a population in the Hardy-Weinberg
equilibrium model. The p-values of <0.05 were
considered statistically significant.
Results. Genotype distribution and allele frequency
of ABCC1 G128C in colon cancer and control subjects.
Polymerase chain reaction-restriction fragments
length polymorphism and DNA-sequencing analyses

showed that among the colon cancer patients (n=51),
59% (n=30) were normal (GG), 41% (n=21) were
heterozygous (GC), and 0% (n=0) were homozygous
(CC). Moreover, among the patients group, the G
allele frequency was 80% and the C allele frequency
was 20%. However, genotype analysis for the control
group (n=65) showed that, 48% (n=31) were normal
(GG), 51% (n=33) were heterozygous (GC), and 2%
(n=1) were homozygous (CC). Among the control
group, the frequency of G allele was 72.5% and
the frequency of C allele was 27.5%. Although the
comparison between patients and controls carrying the
heterozygous genotype showed a slightly increased odds
ratio [OR=1.5, 95% CI (0.72-3.19)], the difference was
non-significant (p=0.30). Patients were within HardyWeinberg equilibrium whereas the controls were out of
Hardy-Weinberg equilibrium. (For patients: χ2=3.55
(0.1<p<0.05) and for controls: χ2=6.05 (0.02<p<0.01);
degree of freedom (DF)=1, according to MedCalc χ2
distribution table values) (Table 2).
Genotype distribution and allele frequency of
ABCC1 C218T in colon cancer and control subjects.
Polymerase chain reaction-restriction fragments length
polymorphism and DNA sequencing analyses showed
that among the colon cancer patients (n=51), 60.8%
(n=31) were normal (CC), 39.21% (n=20) were
heterozygous (CT), and 0% (n=0) were homozygous
(TT). The C allele frequency was 81% and the T allele
frequency was 19%. However, genotype analysis for the
control group (n=65) showed that 29.23% (n=19) were
normal (CC), 64.62% (n=42) were heterozygous (CT),

Table 1 - Polymerase chain reaction-restriction fragments length polymorphism conditions for SNPs G128C and C218T in ABCC1 gene.
SNP
G128C
C218T

Primer sequence
PCR product size Restriction enzyme
[F]: 5’-ACCCCTCGCTGTGTTTGTGTTCG-3’
HpyAV
445 bp
[R]: 5’-ACTGAGGCTTGGGGAGGTTA-3’
(NEB: R0621S)
[F]: 5’- TCAGATGACACCTCTCAACAGAA-3’
Hinf I
183 bp
[R]: 5’- CCAGTTTTCACCTCCCACATTAT-3’
(NEB: R0155S)
SNP - single nucleotide polymorphisms, PCR - polymerase chain reaction

Table 2 - Genotypic and allelic frequencies of ABCC1 gene G128C in patients and controls.
Genotype

Patients (n=51)
n
(%)
30
59
21
41
(0)
21
41

Controls (n=65)
n
(%)
31
48
33
51
1
2
34
53

P*

OR (95% CI)

RR (95% CI)

Normal (GG)
1.00 (Reference)
1.00 (Reference)
Heterozygousb (GC)
0.3
1.52 (0.72-3.19)
1.26 (0.83-1.93)
Homozygous (CC)
1
0
NA
GC + CC
0.3
1.6 (0.77-3.37)
1.31 (0.86-2.00)
Allele
Major (G)
41
80
64
72.5
1.00 (Reference)
1.00 (Reference)
Minor (C)
21
20
34
27.5
0.07
0.57 (0.32-1.04)
0.77 (0.58-1.01)
*
Two-sided X2 test (Pearson p value), OR - odds ratio, RR - risk ratio, CI - confidence interval, NA - not applicable
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Table 3 - Genotypic and allelic frequencies of ABCC1 gene C218T in patients and controls.
Genotype

Patients (n=51)
n
(%)
31
60.78
20
39.21
0
20
39.21

Controls (n=65)
n
(%)
19
29
42
65
4
6
46
70.8

P*

OR (95% CI)

RR (95% CI)

Normal (CC)
1.00 (Reference)
1.00 (Reference)
Heterozygous (CT)
0.002
3.4 (1.56-7.48)
1.92 (1.26-2.93)
Homozygous (TT)
0.03
NA
NA
CT + TT
0.0001
3.8 (1.73-8.15)
2.05 (1.34-3.13)
Allele
Major (C)
41
81
40
61.5
1.00 (Reference)
1.00 (Reference)
Minor (T)
10
19
25
38.5
0.003
2.68 (1.41-5.09)
1.73 (1.16-2.57)
*
Two-sided X2 test (Pearson p value), OR - odds ratio, RR - risk ratio, CI - confidence interval, NA - not applicable

and 6.15% (n=4) were homozygous (TT). Regarding
the allele frequency, the frequency of C allele among the
control group was 61.5% and the T allele was 38.5%.
Patients group distribution was within Hardy-Weinberg
equilibrium (χ2=2.28, DF=1, 0.2<p<0.1), whereas,
controls group was out Hardy-Weinberg equilibrium
(χ2=8.6, DF=1, and 0.005<p<0.002) (Table 3).
Interestingly, comparing patients and controls
carrying heterozygous (CT) genotype with subjects
carrying wild genotype (CC) showed a high degree
of risk, as evidenced by the calculated OR and RR
[OR=3.4, 95% CI (1.56-7.48), and RR=1.92, 95%CI
(1.26-2.93), p=0.002]. Combining the heterozygous
and homozygous (CT+TT) genotypes increased the
risk more rapidly compared to the heterozygous (CT)
or homozygous genotype alone (TT) [OR=3.8, 95%CI
(1.73-8.15), and RR=2.05, 95% CI (1.34-3.13),
p=0.0001]. These values indicated that the heterozygous
(CT) genotype in ABCC1 SNP C218T might play an
important role in increasing the risk of developing
colon cancer (Table 3).
Contribution of genotype distributions of SNPs
G128C and C218T in ABCC1 with clinical stages.
In this research, the TNM staging system was used to
classify the extent of the disease to the different classes
(0-IV). Regarding the correlation among the 3 genotypes
of SNP G128C with clinical stages of colon cancer, the
genotypes in the (n=51, 100%) colon cancer patients
were as follows: for stage I (T1 or T2, N0, M0), n=3,
5.88% were wild type (GG) and heterozygous (GC). For
stage II (T3-4, N0, M0), n=5, 9.8% were wild type (GG)
and n=4, 7.84% were heterozygous (GC). For stage III
(T1-4, N1-4, M0), n=10, 19.61% were wild type (GG)
and n=2, 3.92% were heterozygous (GC). Finally, for
stage IV (Any T, any N, M1), n=12, 23.53% were wild
(GG) and heterozygous (GC). None of the patients at
any stage were classified as homozygous genotype (CC).
Regarding SNP C218T, the (n=51, 100%) colon cancer
patients were as follows: for stage I (T1 or T2, N0, M0),

n=6, 11.76% were wild type (CC) and none of them
were heterozygous (CT) or homozygous (TT). For
stage II (T3-4, N0, M0), n=3, 5.88% were wild type
(CC), n=6, 11.76% were heterozygous (CT), and none
of them were homozygous (TT). For stage III (T1-4,
N1-4, M0), n=8, 15.69% were wild type (CC), n=4,
7.84% were heterozygous (CT), and none of them were
homozygous (TT). Finally, for stage IV (any T, any N,
M1), n=14, 27.45% were wild (CC), n=10, 19.61%
were heterozygous (CT), and none of them were
homozygous (TT). As shown by the percentages, most
of the patients who had heterozygous (GC) or (CT)
genotype, were classified clinically in stages III and
IV. Moreover, there was a remarkable increase in cases
number as the clinical pathological features (prognosis)
of the disease increased (stages III and IV), which might
indicate that heterozygous genotype, particularly in
SNP C218T, contributes to an increased risk of colon
cancer development.
Discussion. Colon cancer is one of the most
aggressive tumors in the world. According to the
latest statistical incidence report by the International
Agency for Research on Cancer (IARC), colon cancer is
considered the third most common cancer in men and
the second most common cancer in women.13 Although
advanced diagnostic methods helped in understanding
the biology of this cancer, it is still characterized by a
high mortality rate. Understanding the personalized
genetic map for each patient will help in developing
the most appropriate treatment for its case. Drug
transporters such as ABC transporters were found
to alter the response of the patient to the treatment
either positively or negatively according to the different
factors that affect the expression and function of
that transporter. Unlike other ABC transporters, the
preliminary findings on the role of ABCC1 transporter
in cancer drug resistance, patient survival rate, and other
clinicopathologic features of cancer are insufficient, and
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therefore, need more studies to confirm this relation.4
The current study was the first study that evaluates the
genotypes distribution and alleles frequency of 2 genetic
variants (G128C and C218T) in ABCC1 gene in colon
cancer patients and compared them to healthy control
subjects, to determine their effects on the risk of colon
cancer development.
Sequencing of the whole ABCC1 gene identified
several genetic variants (mutations and SNPs). However,
the exact effect of these variants is inconsistent, which
makes it difficult to determine the exact role of these
variants in cancer. The non-synonymous SNPs G128C
and C218T have been studied in many diseases and
to a lesser extent in cancer. Most of these studies,
were interested in determining the SNPs’ role in drug
resistance rather than their ability to increase the
risk of the disease.12,14,15 In our study, regarding SNP
G128C, we found that most of the patients were
carrying the normal genotype (GG), followed by the
heterozygous (GC) genotype, and none of them carried
the homozygous genotype (CC). When the genotype
distribution and allele frequency for this SNP were
compared to the control group, the calculated odds
ratio (OR) and risk ratio (RR) showed that this SNP
is not significantly associated with increased risk of
colon cancer development in our study. However, there
was a borderline risk association, which might become
significant with a higher number of samples. In contrast,
heterozygous (CT) genotype in SNP C218T was
found to increase the risk of colon cancer development
3 times over. In agreement with our finding, a study
performed on blood samples of Australian patients
with neuroblastoma, found that SNP G128C was not
associated with patient outcome and expressed at a very
low rate and therefore could not be used as a prognostic
marker for neuroblastoma.16 Another study done on
540 breast cancer patients found also that SNPs G128C
and C218T had no effect on ABCC1 expression, which
indicates that the amino acid substitution that resulted
from those 2 SNPs may not affect the function of the
final protein.17 Moreover, Zhang et al18 found that
SNPs G128C and C218T are not associated with drug
resistance in Chinese lung cancer patients, whereas,
subjects carrying homozygous (AA) genotype of SNP
G2168A in the ABCC1 gene had a higher risk ratio
(RR=3.4 folds) when compared to wild type subjects in
the Chinese population.
In conclusion, the current study identified a novel
relationship between heterozygous (CT) genotype
of SNP C218T and increased risk of colon cancer in
Saudi Arabia. Interestingly, this genotype is associated
with the high-grade colon cancer stages (stages III and
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IV); therefore, it can be used as a prognostic marker for
patients with advanced colon cancer. However, more
investigations are needed to confirm this finding on a
larger population and on human colon cancer tissues.
Study limitations. This study has a number of
limitations, most importantly, the small number of
population used. Therefore, we recommend to repeat
the experiments on larger number of samples or on
cancer tissues and using other techniques such as next
generation sequencing or immunohistochemistry to
reveal the expression of different genetic variants on the
ABCC1 gene which might contribute to colon cancer
tumorigenesis.
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