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Increased expressions of cellular ATP-binding cassette
transporters may be a promising diagnostic marker for

colorectal cancer
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Objectives: To measure the blood expression levels
of related drug-resistant ATP-binding cassette (ABC)
transporters in colorectal cancer (CRC) patients and
to assess these examined transporters for whether they
present significant expression in connection with the
tumor appearance of CRC.

Methods: In this case-control study, the messenger
ribonucleic acids were isolated from the blood of 62
CRC patients who were recruited from King Abdulaziz
University Hospital Oncology Clinic and 46 controls
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from King Fahad General Hospital Blood Bank (Jeddah,
Saudi Arabia) from September 2016 to March 2017. The
Biomedical Ethics Unit at King Abdulaziz University,
Jeddah, Saudi Arabia approved this study. The expressions
of ABC transporters were measured using quantitative
polymerase chain reaction. GraphPad Prism 5 and REST
2009 Software were used to correlate the expressions
with clinicopathological independent stages and body
mass index. A p-value of less than 0.05 was considered
significant.

Results: The results showed that the 3 ABC transporters,
particularly ABCC1 (p<0.0001), were highly expressed
in the blood of CRC patients compared with controls.
However, none of the 3 transporters was related to the
progression of CRC, age, gender, or body mass index.

Conclusion: The expressions of ABC transporters were
found to be significantly higher in CRC patients, and
they may act as diagnostic markers and should potentially
be tested for their contribution to drug sensitivity in

CRC patients.
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olorectal cancer (CRC) is a type of cancer that

has been classified as a prime reason for cancer-
related death around the world.! Since 2002, CRC has
been recorded as the most common cancer in Saudi
Arabia.? There are many reasons for this enhanced
incidence, such as the age of the population, increase in
unhealthy dietary habits, low physical activity, obesity,
and smoking.>> Moreover, there are some genetic and
environmental factors that boost carcinogenesis in the
colon epithelial cells by supporting the cumulative
gathering of epigenetic and genetic alterations that turn
on the oncogenes and turn off the tumor suppressor
genes.® These features can be a sign for diagnosing
CRC. Such a diagnosis could either stem from a
patient’s exhibiting symptoms or be an outcome of an
examination.’

During treatment, the effectiveness of therapy
may decrease, which can lead to a reduction in
the  pharmacokinetics, pharmacodynamics, and
pharmacogenomics of the drug; this is clinically known
as drug resistance.® Cellular mechanisms of multidrug
resistance (MDR) refer to the decrease in anticancer
drugs’ intracellular collection due to the passage of
the drugs out of cancer cells via various membrane
transporters.®” Four types of membrane transporters
are involved in MDR; among them is the ATP-powered
pumps (ATP-binding cassette [ABC] transporters).'!!

ATP-binding cassette transporters are implicated in
the cellular prefix of many molecule groups, such aslipids,
cholesterol, sterols, bile acid, retinoic acid derivatives,
iron, peptides, and nucleosides. There are 49 ABC
transporter members, which can be phylogenetically
divided into 7 classes (A-G).'>" Three types of ABC
transporters (ABCB1, ABCC1, and ABCG2) are
involved in drug resistance against antimicrobial and
anticancer drugs. In cancer cells, several members of the
B subfamily, particularly ABCB1, are known to confer
multidrug resistance (MDR)." The ABCC subfamily
encodes many transporters that are linked with MDR.
There are various actions of the ABCC transporters
involved, namely, ion channels, the activity of toxin
excretion, and reception on the cell surface.” The
ABCG subfamily contains several half transporters that
are involved in atherosclerosis and sterol accumulation
disorders. In MDR, ABCG2 works on transporting
certain chlorophyll metabolites and steroids (estradiol,
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cholesterol, progesterone, and testosterone), as well as
organic anions.*

In treatment, ABC transporters seem to play a
role in completing the therapy or achieving recovery.
5-fluorouracil ~ (5-FU)-based = chemotherapy  still
leads as one of the main types of therapy for CRC
patients since the 1950s. Irinotecan, oxaliplatin, and
capecitabine are chemotherapy drugs that have recently
been developed.’®"”  Combining leucovorin and
5-FU with irinotecan or oxaliplatin is the traditional
treatment for precedent CRC encompasses. In CRC,
cetuximab and bevacizumab are medical treatments
that represent a huge advancement in the development
of monoclonal antibodies. Regardless of the progression
in the rates of response with various modified treatment
strategies, the 5-year survival rate for metastatic CRC
(mCRC) patients is only slightly above 12% due to
overexpression of ABC transporters.”’ As far as we are
aware, there are no reports in Saudi Arabia that have
measured the messenger ribonucleic acids (mRNA)
expression of major drug-resistant ABC transporters,
ABCBI1, ABCC1, and ABCG2, in the blood of CRC
patients. Therefore, the aim of the study is to identify
the expression of these transporters to delineate their
contribution to CRC prognosis and diagnosis.

Methods. Chemical reagents and kits. The
QIAamp RNA blood mini kit (catalog no: 52304)
was purchased from QIAGEN (Germany). The
high capacity complementary deoxyribonucleic acid
(cDNA) reverse transcription kit (catalog no: 4368814)
was purchased from Thermo Fisher Scientific (Vilnius,
Lithuania). RNase inhibitor (catalog no. N8080119)
was purchased from Thermo Fisher Scientific,
(USA). Universal 2xPowerUP™ SYBR® Green Master
Mix Kit (catalog no: A25741) was ordered from
(Thermo Fisher Scientific, USA).

Subject and samples. In this case-control study, 2-ml
whole blood EDTA vacutainer tubes were collected
from 108 Saudi participants (62 CRC patients and
46 controls, aged 30 to 80 years) in the study period
(September 2016 to March 2017) in Jeddah, Western
Region of Saudi Arabia. Colorectal cancer patients were
recruited from King Abdulaziz University Hospital,
Jeddah, Saudi Arabia (oncology clinics), whereas the
controls were selected randomly from King Fahad
General Hospital (blood bank). The inclusion criteria
for CRC participants were Saudi patients recently
diagnosed with colon carcinoma or adenocarcinoma.
Those patients were selected based on their biopsies or
colonoscopy medical reports confirming the diagnosis
comprising an updated personal and clinical history,
treatment regimen, and tumor pathology data.
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On the other hand, the exclusion criteria were
non-Saudi patients or those having colon cancer as a
secondary tumor. The controls were selected if they
met the following criteria: had no current metabolic
or previous cancer incidence and showed general good
health status based on their clinical examination and
laboratory investigations. Any control with previous
family history of CRC was excluded from the study.

This study followed the principles of the Declarations
of Helsinki in dealing with patients’ information,
samples, and results. All participants read and signed
a consent form. The practical work was performed at
the King Fahad Medical Research Center (Cancer
Mutagenesis Unit), King Abdulaziz University, Jeddah,
Saudi Arabia. The research committee of the Biomedical
Ethics Unit at Faculty of Medicine, King Abdulaziz
University approved this study (under reference number
261-15).

Extraction and purification of mRNA samples. Intact
RNA samples (ng/pl) were extracted from blood using
a QIAamp RNA blood mini kit. The concentrations of
extracted RNA samples were immediately determined
with a Nanodrop spectrophotometer (A, nm). The
A260 readings were carried out at greater than 0.15
to ensure the significance of intact and purified RNA
samples, and the readings’ ratio (A260/A280) ranged
from 1.9 to 2.1. Any samples that failed to fulfill these
reading parameters were immediately replaced with
other samples. All extracted RNA samples were kept at
-80°C until analysis.

Synthesis of complementary DNA (cDNA). The
cDNAs (20 pl) were reverse transcribed from highly
purified extracted RNA samples (300 ng/ul) using the
random primer scheme of a high capacity cDNA Reverse
Transcription kit. Then, to prevent the degradation of
RNA during the reverse transcription process, RNase
inhibitor was added to the cDNA synthesis reagents.

Quantitative polymerase chain reaction (qPCR)
primer design and preparation. Specifically designed
primers for qPCR were used to measure the expression
of ABC transporters alongside the housekeeping gene
glyceraldehyde-3-phosphate (GAPDH). By using the
USCS genome online services, primer sequences of the
3 ABC transporters were obtained. After confirming all
the primer characteristics, the exons of mRNA (Homo
sapiens) were taken and then the specific primer pairs
were designed using the Primer 3 Software. A further
verification was performed for the designed primers
using the USCS browser (i7 silico PCR). Then, nuclease-
free water was added to each freeze-dried powder primer
to form a final 100 uM stock primer.

Quantitative polymerase chain reaction. The
expression levels of ABC transporters were determined
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by qPCR using the SYBR Green protocol. To prepare
the reaction (20 pl/well), 1 pl of corresponding cDNA
was mixed with the appropriate amount of Universal
2xPowerUP™ SYBR® Green Master Mix Kit, nuclease
free water, and 10 uM of each forward and reverse
primer of ABC transporter [ABCB1 forward primer
5-TCCTCTCATGATGCTGGTGT-3" and reverse
primer 5-TGGTCATGTCTTCCTCCAGA-3’;
ABCC1 forward primer
5-GTGGACCTGTTTCGTGACAT-3" and reverse
primer 5~ GGATTAGGGTCGTGGATGGT-3’;
and ABCG2 forward primer
5-TGCTGTCCTTTTGCTCCTGA-3 and reverse
primer 5’ -CAAAGTATCCCAAGGCCTCC-3’]
or housekeeping gene (GAPDH) [forward primer
5’-CACATCGCTCAGACACCATG-3" and reverse
primer 5’~-ACCAGAGTTAAAAGCAGCCC-3’]. Then,
the following settings of the thermal cycler conditions
[Uracil-DNA glycosylase activation step at 50°C for 2
minutes, DNA polymerase Dual-Lock™ step at 95°C
for 2 minutes, denaturation step at 95°C for 15 seconds
(40 cycles), annealing step at 60°C for 1 minute (40
cycles), and extension step at 60°C for 1 minute (40
cycles)] were applied. To ensure the reproducibility
of the expression results, for each ABC transporter, a
duplicate run was performed for each sample, and the
mean was calculated.

Statistical analysis. All statistical analyses were
performed using GraphPad Prism Version 5.0 (GraphPad
Software Inc., San Diego, CA, USA). Descriptive data
were expressed as mean * standard error of the mean
(SEM). The physical parameter comparisons were
calculated by Mann-Whitney test. In contrast, the
analysis of qPCR raw data was performed in 2 steps.
First, the expression data for ABC transporters were
normalized to the expression of GAPDH housekeeping
gene using the REST 2009 software program. Then, the
normalized results were compared using an unpaired
t-test with Welch’s correction to calculate the degree of
differences between 2 independent groups. Moreover,
a one-way ANOVA test was used to determine the
presence of any statistically significant differences
between the means of ABC transporter expression in the
4 clinicopathological independent stages and body mass
index (BMI). The mean and p-values of the one-way
ANOVA test were corrected with Bartlett’s test to verify
that the variances were equal across groups or samples
(population under normal distribution assumption).
A p-value of less than 0.05 was considered statistically
significant.

Results. Expression of ABC transporters in
the blood of CRC patients and controls. With the
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application of the Mann-Whitney test (Table 1), the
analysis showed that there were significant differences
between CRC patients and controls regarding the 3
following physical parameters: body weight, BMI,
and waist-to-hip ratio. These physical parameters were
higher in healthy controls compared with CRC patients.
Other physical parameters, such as age, height, waist
circumference, and hip circumference did not show
significant differences.

Regarding the mRNA expression levels of ABCBI,
ABCCI1, and ABCG2 transporters in the blood of
CRC patients (Figure 1), the results revealed significant
differences in the expression levels of the 3 ABC
transporters in patients compared to the healthy
controls (Table 2).

Relationship  between the expressions of ABC
transporters and CRC progression. Relying on Duke’s
classification, the patients in this study were classified
into 4 different groups, which were as follows:
stage I (n=7, 11.3%), stage II (n=7, 11.3%), stage III
(n=17, 27.4%), and stage IV (n=31, 50%). In this
study, there were no patients determined to be at stage
0. When the expression means of each ABC transporter
were compared in different stages via a one-way

Table 1 - Demographic characteristics of study subjects (N=108).

Characteristic (unit) CRC patients Controls P-value
(n=62) (n=46)

Mean + SEM Mean + SEM
Body weight (kg) 73.76 +2.01 83.78 £ 2.58 0.005
Body mass index 27.08 +0.73 31.04 £ 0.98 0.004
(kg/m?)
Waist-to-hip ratio 0.92 +0.02 0.99 + 0.02 0.02
Age (years) 56.52 + 1.54 52.13+1.83 0.07
Height (cm) 165.1 +1.18 164.5 + 1.17 0.82
Wiaist circumference 101.1 + 2.54 104 +2.83 0.96
(cm)
Hip circumference (cm) 110.5 + 2.39 106.5 + 2.80 0.13

SEM: standard error of the mean, CRC: colorectal cancer

ANOVA test to reveal their contribution to progression,
the results showed non-significant differences for
the 3 ABC transporters (Table 3). The results of the
expression levels for each stage indicated that there
was no considerable influence of these transporters on
the progression of CRC, although their expression was
higher compared to the control group.

Relationship  between the expressions of ABC
transporters and gender, age, and BMI in CRC patients.
To study the effect of ABC transporters on physical
attributes rather than clinical ones, CRC patients
(n=62) were divided according to their gender into
females (n=15, 24.2%) and males (n=47, 75.8%). The
comparison established by the unpaired t-test showed
that none of the ABC transporters had a significant
relationship with gender (Table 4). The expressions of
ABC transporters in male patients compared to female

E3 ABCB1 (CRC)
EX ABCB1 (Controls)
E3 ABCC1 (CRO)
[0 ABCC1 (Controls)
ABCG2 (CRC)
ABCG2 (Controls)

* %%

Expression levels in blood

Figure 1 - Expression levels of mRNA for ABC transporters. The
expression levels of each ABC transporter were determined
using qPCR technique. Their expressions were normalized
to the expression of GAPDH housekeeping gene using
REST 2009 software. Then, the normalized results were
compared using an unpaired t-test with Welch’s correction to
calculate the degree of differences in expression between two
independent groups. Regarding the mRNA expression levels
of ABCB1, ABCC1, and ABCG2 transporters in the blood
of CRC patients, the results showed a significant difference in
the expression levels of the three ABC transporters (these were
higher in CRC patients compared with healthy controls). P
values were as follows: *p<0.05; ***p<0.0001.

Table 2 - Blood expression levels of ATP-binding cassette (ABC) transporters in colorectal cancer (CRC) patients and

controls.
Transporters CRC patients Controls Corrected Difference between means R?
(n=62) (n=46) unpaired t-test (95% CI)
Mean + SEM Mean + SEM P-value
. 1.69 £ 0.77
ABCB1 30.18 + 0.49 28.50 + 0.59 0.03 (0.16 - 3.22) 0.05
1.94 + 0.34
.
ABCC1 27.38 £ 0.29 25.45 +0.19 <0.0001 (1.25 - 2.62) 0.24
0.96 + 0.47
ABCG2 33.57 +0.34 32.61 £0.32 0.04* (0.04 - 1.89) 0.04

*p<0.05, 7p<0.0001

Saudi Med J 2020; Vol. 41 (8) 837

WWW.Smj.org.sa


http://www.smj.org.sa/index.php/smj/index

ABC transporter and colorectal concer ... Qutub et al

patients were as follows: ABCB1, 29.53 + 0.86 vs. 28.21
+2.17, p=0.50; ABCC1, 27.58 + 0.37 vs. 26.76 + 0.23,
»=0.22; and ABCG2, 31.18 + 0.90 vs. 28.91 + 2.31,
p=0.27.

The age of the CRC patients was also divided into
2 groups according to the mean age of 56 years, with
one group of CRC patients under 56 (n=37, 59.7%)
and one above 56 (n=25, 40.3%). The expression levels
among CRC patients >56 years and CRC patients <56
years were 27.26 + 1.81 and 30.53 + 0.59, p=0.05, for
ABCBI; 26.81 + 0.16 and 27.77 + 0.46, p=0.09, for
ABCCI; and 31.66 + 0.73 and 29.93 + 1.39, p=0.34,
for ABCG2. The results showed no significant difference
between the expressions of ABC transporters in CRC
patients with the onset of age (Table 4).

As BMI showed a significant reduction in CRC
patients compared with healthy controls, this study
determined the relationship between ABC transporters
and BMI. Colorectal cancer patients were classified
according their BMIs into the 4 following groups:
group 1 was underweight, with BMIs <18.5 kg/m?;
group 2 had normal weight, with BMIs ranging from
18.5 to 24.9 kg/m?; group 3 was overweight, with BMIs
ranging from 25 to 29.9 kg/m?; and group 4 was obese,
with BMIs 230 kg/m?. The expression level of each ABC

transporter was compared between the 4 categories, and
the results are listed in Table 5. However, none of the
transporters showed significant differences between the
4 BMI categories.

Discussion. Colorectal cancer is a type of cancer
that is widespread in the world as well as in Saudi
Arabia. It has been reported as the most common cancer
in Saudi Arabia since 2002.>*' The highest incidence
of CRC mortality is due to poor response to drugs.
One of the best studied mechanisms that allows drug
resistance in cancer cells is the over expression of ABC
transporters on the plasma membrane. ATP-binding
cassette transporters play an important role in the
distribution of diseases, including tumors.*** Despite
intensive treatment and a better understanding of the
principles of molecular biology, CRC has a high degree
of recurrence and drug resistance (90% of patients
with metastatic cancer suffer from treatment failure
due to drug resistance).”**” Relying on these studies,
which showed the significant connection between
ABC transporters and cancer, the aim of the present
study was to determine the expression levels of ABC
transporters, namely ABCB1, ABCC1, and ABCG2,
in blood samples from healthy controls and CRC

Table 3 - Expression levels of ATP-binding cassette (ABC) transporters in different clinical stages of

colorectal cancer.

ABC Stage | Stage 11 Stage II1 Stage IV P-value
transporters (n=7) (n=7) (n=17) (n=31)

ABCBI1 30.64 + 1.47 25.61 +4.38 29.26 +2.17 29.67 + 0.57 0.46
ABCC1 27.23 £0.49 27.89 +1.13 27.88 +0.82 27.03 +0.23 0.59
ABCG2 34.32 + 1.08 33.46 + 0.74 31.99 + 2.06 32.13+1.19 0.83

Table 4 - Expression levels of ATP-binding cassette (ABC)

colorectal cancer patients.

transporters regarding gender and age in

Gender Age (years)
ABC Male Female P-value >56 <56 P-value
transporter (n=47) (n=15) (n=25) (n=37)
ABCBI1 29.53 + 0.86 28.21 +2.17 0.50 27.26 + 1.81 30.53 £ 0.59 0.05
ABCC1 27.58 £ 0.37 26.76 + 0.23 0.22 26.81 +0.16 27.77 + 0.46 0.09
ABCG2 31.18 £ 0.90 28.91 + 2.31 0.27 31.66 + 0.73 29.93 + 1.39 0.34

Table 5 - Expression level of ATP-binding cassette (ABC) transporters in different body mass index (BMI)
categories in colorectal cancer patients.

BMI (kg/m?)
ABC <18.5 18.5-24.9 25-29.9 >30
transporters (n=5) (n=20) (n=15) (n=22) P-value
ABCBI1 32.11 +£2.36 28.30 + 1.60 29.33 + 1.09 29.29 + 1.62 0.72
ABCCl1 26.93 £ 0.45 27.94 +0.71 26.85 + 0.36 27.35 + 0.40 0.53
ABCG2 30.72 +2.57 30.55 + 1.79 31.01 +1.22 30.43 + 1.66 0.99
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subjects in Jeddah, Western Region of Saudi Arabia,
and to reveal the relationship between the expression of
those transporters and different aspects of colon cancer
carcinogenesis. The results of the study showed that the
3 ABC transporters have higher mRNA expressions
compared to controls, which can be used as a future
diagnostic marker in CRC clinical diagnostic panel.
However, the 3 ABC transporters failed to show a
significant contribution with tumor progression, age,
gender, and BML

There are at least 15 members of the ABC
transporter superfamily that promote the evasion of
chemotherapeutic drugs and hinder MDR in cancer
cells.”*” Multidrug resistance has come to represent a
significant obstacle concerning medicinal chemotherapy
in the context of many human cancers. ABCB1 is the
most significant human ABC transporter that has
been widely studied for its implication in MDR via
increasing cross-resistance to multiple anticancer drugs
and therefore, leading to the defeat of chemotherapy in
many malignancies.”®* Nevertheless, there is another
remarkable role in MDR of other ABC transporters,
such as ABCCl and ABCG2.** The majority of
studies that correlate cancer diagnosis and prognosis
with the expression of ABC transporters were carried
out on cancer tissues rather than in blood or other
body fluid samples. A recent study performed on the
Polish population to reveal the contribution of SNP
3435 and the expression of the ABCBI gene in lung
cancer patients to clinicopathological parameters and
treatment found that homozygous genotype (TT) and
allele T are distributed widely in lung cancer patients
compared to healthy subjects. Moreover, they found
no difference in ABCBI expression level in lung cancer
tissue and blood sample that was taken from patients
before surgical treatment. However, the ABCBI mRNA
level grew over time in blood samples taken from lung
cancer patients, suggesting an important contribution
of ABCBI in lung cancer MDR.¥ In the ABCCI and
ABCG2 genes, the alteration in the expression and the
effectiveness of the corresponding gene and its product
were located in the single nucleotide polymorphisms
(SNPs). Thus, they might elevate the risk and impact
the response of the cancer cells to the treatment and
increase the capability of other types of cancer.®*
In contrast to ABCBI and ABCCI, the ABCG2 gene
genetic variations have been studied in various diseases;
however, less was carried out on cancer. The role of
ABCG?2 in drug resistance was more obvious in most
of these studies than their capability to elevate the risk
of the cancer. In 2018, a study was performed on bone
marrow mononuclear cells from 96 acute myeloid

leukemia (AML) patients showed that ABCB1, ABCCI,

ABCC4, and ABCG2 were highly expressed in AML
patients, whereas ABCB4 had a lower expression level.
The 4 genes were significantly expressed at higher levels
in poor drug response patients, which indicates a poor
prognosis in AML.** A study clarified that the adversity
of smearing the ABCG2 protein was greater in the
neoplasms of CRC patients with positive lymph nodes
than in negative lymph nodes disease (30% and 6.7%;
<0.025). Therefore, it is possible that the expression of
ABCG?2 could play a huge role in CRC progression and
metastasis.”!

In conclusion, this report recorded the expression of
ABC transporters in blood samples of CRC patients in
Saudi Arabia. The study exposed the diverse expression
of ABC transporters in CRC patients and discovered
that ABC transporters were highly expressed in the
blood of CRC patients. The findings also indicated that
the expression of these ABC transporters could serve
as a potential biomarker for the diagnosis of CRC.
However, none of these transporters’ expressions were
related to clinical progression, age, gender, or BMI.
In contrast, this study faced some limitations due to
the small sample size; this limited the strength of the
statistical analysis in some comparisons. Therefore,
to emphasize these findings, more studies should be
conducted with a larger number of patients with CRC
tissue samples in the future.
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