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ABSTRACT Colorectal cancer is one of the most common types of cancer in the world and the molecular
mechanism of colorectal cancer has not been clearly elucidated yet. Adenosine diphosphate-ribosylation factors
(Arfs) are a family of Ras-related GTP binding proteins. As member of adenosine diphosphate-ribosylation factors
family, Arf6 plays an important role in carcinogenesis due to its function relating to the remodelling actin
cytoskeleton, cell polarity, and cell migration. The aim of this study was to compare the expression levels of Arf6
mRNA in the tumor and adjacent healthy colon/rectum tissues in colorectal cancer patients and to determine
whether there was a relationship between Arf6 expression and the clinicopathological characteristics of patients.
Tissue samples were surgically collected from 43 patients with colorectal cancer. The expression analysis of Arf6
mRNA was evaluated by Real-Time PCR. As a result of the study, no statistically significant difference in Arf6
expression levels was found between tumor and adjacent healthy tissues and no statistically significant relationship
was found between Arf6 expression and the clinicopathological features (p>0.05). The result of this study indicates
that Arf6 expression is not related to colorectal cancer.
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INTRODUCTION

Colorectal cancers, which is common among
digestive system cancers, rank the third among
cancer-related deaths worldwide (Lin et al. 2019).
It is estimated that there are over 1.8 million cas-
es of colorectal cancer worldwide and around
880,000 colorectal cancer-related deaths in 2018
(Ciardiello et al. 2019). Colorectal cancer is a
heterogeneous disease caused by the accumu-
lation of numerous genetic and epigenetic
changes (Inamura 2018; Li 2018).  In addition,
factors such as diet, microbiome and environ-
mental pollutants are known to affect colorectal
tumor development and progression (Cai et al.
2020). Colorectal cancer differs between gen-
ders and it is more common in men than in wom-
en, also it is 3-4 times more common in devel-
oped countries than in developing countries
(Rawla et al. 2019).

The small GTPase ADP-ribosylation factor
(Arf), which is part of the Ras superfamily of
small guanine triphosphate (GTP)-binding pro-
teins, was originally defined as a co-factor that
promotes cholera toxin-catalyzed ADP-ribosyla-
tion of α-subunit of the heterotrimeric G protein
Gs in the 1980 (Kahn et al. 1984). Adenosine
diphosphate-ribosylation factors (Arf) family of
small GTPases regulate membrane traffic and
membrane remodelling. In mammals, there are six
isoforms of Arf GTPases (Arf 1-6). Out of these
isoforms, Arf 2 was lost in humans. Arfs are di-
vided into three classes according to their struc-
tural similarities. Arf 1-3 belong to class I, Arf 4-
5 to class II, and Arf6 to class III (Liang et al.
2017). Class I and class II Arf functions particu-
larly in the Golgi area and are involved in intrac-
ellular secretion events. Arf6 is the most diverse
of the Arf isoforms and functions primarily on
the cell surface (Sabe et al. 2009). In the family of
adenosine diphosphate-ribosylation factors,
Arf6 is a small GTPase that regulates the mem-
brane protein traffic and endocytosis and has an
important role in carcinogenesis due to its func-
tion associated with the rearrangements of the
actin cytoskeleton, cell polarity and cell migra-
tion (Hashimoto et al. 2004; Morgan et al. 2015;
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Liang et al. 2017; Zaoui et al. 2019). Arf6 is al-
ways expressed in different types of tissues and
organs (Sabe et al. 2009).

Arf6, a member of the family of adenosine
diphosphate-ribosylation factors, has an impor-
tant role in the process of cancer formation due
to its various functions (Hashimoto et al. 2004;
Morgan et al. 2015). The relationship between
Arf6 and in many cancers such as breast (Hash-
imoto et al. 2004), lung (Oka et al. 2014), stomach
(Zhang et al. 2015), glioma (Hu et al. 2009), pros-
tate (Morgan et al. 2015), pancreatic cancer (Tani-
uchi et al. 2014), melanoma (Muralidharan-Chari
et al. 2009), endometrial (Zhang et al. 2020) and
liver cancer cells (Qi et al. 2019) has been deter-
mined. Hashimoto et al. (2019) showed a poor
relationship between the expression of Arf6 path-
way components and the patient outcomes in
pancreatic cancer.

Objective

In this study, Arf6 mRNA expression levels
have been investigated in colorectal cancer for
the first time, and the aim was to determine
whether there was a difference between tumor
and normal colon/rectum tissue in patients with
colorectal cancer by comparing Arf6 mRNA ex-
pression levels. The correlation between Arf6
expression levels and clinicopathologic pa-
rameters such as age, sex, alcohol, smoking,
invasion, metastasis, and lymph node in-
volvement were also investigated in colorectal
cancer.

MATERIAL  AND  METHODS

Sample Collection

This study was applied onto 43 patients with
colorectal cancer admitted to Gaziantep Univer-
sity Faculty of Medicine, Department of General
Surgery. Tumors and adjacent normal colon/rec-
tum tissue samples of these patients were col-
lected according to ethical rules, and these tis-
sue samples were stored at -80oC. The studied
group consisted of patients who did not receive
any chemotherapy or radiotherapy. Approval for
the study was obtained from the Ethics Commit-
tee of Gaziantep University Faculty of Medicine.

RNA Isolation

After the homogenization of the tissue sam-
ples, RNA isolation was performed by following
the protocol step which was recommended by
the manufacturing company the PureLink RNA
Mini Kit (Thermo Fisher Scientific, catalog no:
12183018A). The concentrations of RNA sam-
ples were determined by reading optical densi-
ties at 260 nm wavelength on the spectropho-
tometer. The purity of the samples was calculat-
ed by proportioning the optical density values
at 260 and 280 nm wavelengths. The obtained
RNA samples were stored at -80oC still further
analysis.

cDNA Synthesis

cDNA synthesis was performed using the
High-Capacity cDNA Reverse Transcription Kit
(Thermo Fisher Scientific, catalog no. 4368814)
applying the Reverse Transcriptase PCR meth-
od. 2 μL 10X RT buffer, 0.8 μL 25X dNTP Mix
(100 mM), 2 μL 10X RT Random primary, 1 μL
Reverse transcriptase (50U/μL), 1 μL RNase in-
hibitor, 3.2 μL Nuclease-free water and 10 μL
RNA (30 ng/μL) were used for the cDNA reac-
tion with a total volume of 20 μL. Reaction con-
ditions were as follows; 10 minutes at 25oC, 120
minutes at 37oC, and 5 minutes at 85oC. The cDNA
samples were stored at -20oC.

Quantitative-Real Time Polymerase
Chain Reaction (qRT-PCR)

For Real-time PCR reaction Taq Man Primer
Probe from Thermo Fisher Scientific was used,
and the used device was an Applied Biosys-
tems (StepOne & StepOnePlus Real-Time PCR
Systems). The glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) gene was used as the
housekeeping gene. For RT-PCR, a reaction mix-
ture with a total volume of 20 μL was prepared.
This mixture included 1 μL of 20X Taq Man Gene
Expression Assay (for Arf6 or GAPDH genes),
10 μL 2X Taq Man Gene Expression Master Mix
(Thermo Fisher Scientific, catalog no. 4369016),
7 μL RNase-free water, and 2 μL cDNA. Reac-
tion conditions were as follows; 50°C for 2 min.,
95°C for 10 min., 40 cycles of 95°C for 15 sec-
onds, 60°C for 1 min. The experiment was per-
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formed in duplicate. 2-ΔΔCt method was used to
determine expression levels (Livak and Schmit-
tgen 2001).

Arf6 gene expression levels were measured
in the tumor tissue in the patients through com-
paring the levels of expression in the normal tis-
sues of the same patient. The results show how
many times the gene expression level in the tu-
mor tissue increases compared to normal tissue.
2-ΔΔCt>1 indicates increased gene expression in
tumor tissue compared to normal tissue, where-
as a 2-ΔΔCt<1 indicates decreased gene expression
in tumor tissue. 2-ΔΔCt =1 indicates that gene ex-
pression is equal in the tumor and normal tissue
(Kondo et al. 2008).

Statistical Analysis

Paired t-test was used in the comparison of
the expression levels between the normal and
tumor tissues, and a chi-square (χ2) test was
used to determine the relationship between
clinicopathological factors grouped as categorical
variable and Arf6 gene expression levels. SPSS 22.0
software  was used for analysis. p values less than
0.05 were accepted as statistically significant.

RESULTS

In the present study, tumor and healthy co-
lon and rectum tissues of 43 colorectal cancer
patients were studied. The mean age of the pa-
tients was 53.65 ± 0.26, out of 43 patients 29
were male, and 14 were female. Out of these pa-
tients, 60.5 percent were 50 years old and above,
and 39.5 percent were under 50 years of age. 100
percent of these individuals do not use alcohol,
37.2 percent of them were smokers, and 62.8 per-
cent were not smokers. Additionally, 23.3 per-
cent of those colorectal cancer patients had
metastases, 76.7 percent of them had not; 44.2
percent had lymph node involvement and 55.8
percent had not. Mucosal and submucosal in-
vasion was detected in 23.3 percent of these
individuals, and serosa and subserosa invasion
were detected in 76.7 percent of them. 51.2 per-
cent of the patients had no other chronic dis-
ease, and 48.8 percent had other chronic disease
(Table 1).

Using Ct values, ΔCt values for each sample
(normal and tumor) had been calculated. Both

ΔCt values for normal and tumor tissues were
compared using the Paired t-test. The mean ΔCt
value was calculated as 4.50 ± 0.46 for normal
tissues and 5.00 ± 0.49 for tumor tissues. Real-
Time PCR analysis showed that Arf6 gene ex-
pression levels decreased in tumor tissue com-
pared to normal tissue, but this difference was
not statistically significant (p=0.463) (Fig. 1).

Arf6 expression levels were grouped as low
or high (2-ΔΔCT>1; high, 2-ΔΔCT<1; low) as a result of

Table 1: The general distribution of clinical
pathologic features to the studied colorectal can-
cer patients

Parameters                                Patients (%)

Age groups 50> 26   (60.5)
<50 17   (39.5)

Gender Female 14   (32.6)
Male 29   (67.4)

Smoking - 27   (62.8)
+ 16   (37.2)

Alcohol - 43 (100)
+ 0     (0)

Tissue type Colon 26   (60.5)
Rectum 17   (39.5)

Metastasis + 10   (23.3)
- 33   (76.7)

Invasion I-II 10   (23.3)
III-IV 33   (76.7)

Lymph node + 19   (44.2)
involvement - 24   (55.8)
Chronic disease + 21   (48.8)

- 22   (51.2)

Fig. 1. Comparison of Arf6 expression levels between
normal and tumor tissues of patients with colorec-
tal cancer
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the comparison of the expression in tumor tis-
sue with the normal tissue of patients. As shown
in the Table 2, no statistically significant rela-
tionship was found between Arf6 expression lev-
els and age (p=0.94), smoking (p=0.4), tissue type
(p=0.94), metastasis status (p=0.15), invasion
status (p=0.15), lymphatic invasion (p=0.2) and
chronic diseases (p=0.89) of the patients with
colorectal cancer. The expression level of Arf6
was statistically higher in males than females
(p=0.01).

DISCUSSION

Proliferation, invasion and metastasis of cells
play a critical role in the malign transformation
and tumor development. Numerous molecules
are involved in malignant tumor formation, and
some of these molecules have been identified.
Among these molecules, Arf6, which belongs to
the Ras superfamily, is known to be effective in
cancer cells formation and spread due to the
remodelling of actin cytoskeleton, cell polarity,
cell migration, and its functions related to inva-
dopodia (Hashimoto et al. 2004; Morgan et al.
2015; Li et al. 2017). Due to the important func-
tions of Arf6 in carcinogenesis, the relationship
between Arf6 mRNA expression and colorectal
cancer has been investigated for the first time in
this study. According to the results of this study,
42 percent of patients with colorectal cancer had

an increased expression of Arf6 in tumor tissues
compared to normal tissues and a decrease was
observed in 58 percent of them.

Arf6 is highly expressed in breast, lung, kid-
ney, prostate, endometrial, head and neck can-
cers and gastric cancer cells (Morgan et al. 2015;
Hongu et al. 2017; Qui et al. 2018; Zhang et al.
2020). Arf6 mRNA levels were found to have
decreased in 90 percent of tumor tissues com-
pared to the normal tissues of non-small cell lung
cancer patients. In the same study, it was shown
that Arf6 protein levels decreased in 55 percent
of the same samples. Therefore, no correlation
was found between protein and mRNA expres-
sions. Consequently in the study, Arf6 mRNA
level was decreased while the amount of protein
increased in tumor samples compared to normal
tissues of the same individual (Knizhnik et al.
2011). In 2017, Uzozie et al. found that the expres-
sion levels of Arf6 protein decreased in colorec-
tal adenoma samples and detected that Arf6 pro-
tein was down-regulated compared to normal
mucosa in colorectal adenocarcinomas. In addi-
tion, Uzozie et al. studied the Arf6 protein level in
colorectal adenocarcinomas and their results are
consistent with the data obtained from our study.
However, similar to breast cancer (Hashimoto et
al. 2004) and non-small cell lung cancers (Knizh-
nik et al. 2011), an increase in Arf6 protein level
may be observed while a decrease in Arf6 mRNA
is observed in tissues with colorectal cancer.

Table 2: Classification of Arf6 expression levels to the studied colorectal cancer patients

Clinicopathological parameters      Arf6 expression

Low      High      p value

Age <50 10 7 0.94
>50 15 11

Sex Female 12 2 0.01
Male 13 16

Smoking - 17 10 0.4
+ 8 8

Tissue type Colon 15 11 0.94
Rectum 10 7

Metastatis status - 17 16 0.15
+ 8 2

Invasion status I-II 8 2 0.15
III-IV 17 16

Lymphatic invasion - 16 18 0.2
+ 9 10

Chronic disease - 13 9 0.89
+ 12 9
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It was shown that Arf6 plays an important
role in the invasion of tumor cells in breast, brain,
and skin cancers (Eades et al. 2015). In this cur-
rent study, it was detected that 51.5 percent of
the patients with advanced stage invasion had
low expression levels, and the remaining 48.5
percent had high expression levels. There was
no statistically significant relationship between
invasion and Arf6 mRNA expression levels. Sim-
ilar to this study, no correlation was found be-
tween invasion activity and expression levels of
Arf6 mRNA in human breast cancer cell lines,
but it was found that invasion activity was high
in breast cancer cells with high expression lev-
els of Arf6 protein (Hashimoto et al. 2004). Again,
in 2009, Sabe et al. reported in that high expres-
sion levels of Arf6 protein in highly invasive
breast cancer cells and increased transcription
of Arf6 were independent of each other.

In the current study, only Arf6 mRNA levels
were determined, and no ARF6 protein level anal-
ysis was performed. It is credible to consider
that the rapid transformation, degradation, and
post-transcriptional modifications of mRNA
molecules may have an effect on Arf6 mRNA
levels (Knizhnik et al. 2011). Post-transcription-
ally controlled mRNAs encode proteins in con-
ditions such as cell adhesion, signal transduc-
tion, growth control, and transcriptional con-
trol. Thus, the synthesis of proteins can be giv-
en both rapid and specific responses to stimuli
such as stress, apoptosis, proliferation, and on-
cogenic stimuli through post-transcriptional
control (Sabe et al. 2009). In light of these find-
ings, it can be said that Arf is regulated by post-
transcriptional mechanisms. At this point, vari-
ous miRNA molecules are possible to play a role.
miR-145 has been shown to affect the invasion
by targeting Arf6 mRNA in breast cancer (Eades
et al. 2015) and upper tract urothelial carcinoma
(Hsu et al. 2020). Arf6 mRNA has a long 5'-un-
translated region therefore, it is classified as weak
mRNA (Sato et al. 2011). However, as reported in
previous studies, there may not always be a match
between protein and mRNA expressions (Kous-
sounadis et al. 2015). From this point of view,
studying both mRNA and protein levels can be
more effective in reaching clear results in order to
understand the relationship between Arf6 mRNA,
post-transcriptional control, and consequently
protein level and colorectal cancer.

CONCLUSION

In this study, we investigated Arf6 mRNA
expression in colorectal cancer patients. Our re-
sults indicate that Arf6 mRNA expression is not
related to colorectal cancer according statisti-
cally analyses. Also, no relation was found be-
tween Arf6 expression levels and clinicopatho-
logical factors.

RECOMMENDATIONS

Considering the characteristics of Arf6, it can
be said that analyses both mRNA and protein
levels, identification of miRNA molecules tar-
geting Arf6 mRNA, and determining the impact
of these molecules on Arf6 will be beneficial in
future studies in order to fully reveal the rela-
tionship between Arf6 and colorectal cancer. The
results of our study may be limited due to the
number of samples. Therefore, more samples can
be studied.
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