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ABSTRACT

OBJECTIVES: The occurrence of abnormal expression patterns in different types of cancer suggests that
micro RNAs (miRNAs) may play an important role in tumorigenesis. The aim of this study was to examine the
expression levels of miRNAs known to be associated with the regulation of the expression levels of the APC
and K-ras, which are important in the development of colorectal cancer (CRC).

METHODS: The expression levels of miR-27, miR-663, miR-217, miR-181d, APC and K-ras in the serum,
tumor and adjacent tumor-free (healthy) tissues of the patients and serum of the healthy controls were

investigated with gRT-PCR.

RESULTS: Expression levels of miR-217, mR-181d, miR-663, miR-27 and K-ras were found to be higher in
CRC tissues than in adjacent tumor-free tissues of the patients. In patient serum samples, miR-663 levels
were statistically more elevated than in controls. In patient tumor tissues, miR-217, miR-181d and miR-27

expressions were found to be higher.

CONCLUSIONS: Increased miR-181d and miR-217 expression levels are associated with increased K-ras
expression in the tumor tissues, and the expression of K-ras, which takes part as an oncogene in the CRC
development, might be regulated by these miRNAs (Tab. 4, Ref. 33). Text in PDF www.elis.sk
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Introduction

Cancers developed due to the cumulative accumulation of ge-
netic and epigenetic changes occurring in the normal colonic muco-
sa are called colorectal cancer (CRC). Mutations occur in the APC
gene known to play an important role in cell cycle control, apopto-
sis, migration and adhesion, thus causing some regions of the APC
protein in the colon epithelial cells not to be encoded, which results
in problems in the mechanisms regulating cell growth and division
(1, 2). The APC gene mutation, the earliest identified mutation in
the adenoma-carcinoma process, is thought to be an initiator in
adenoma formation and is observed in 98% of cases of CRC (3-5).

The K-ras mutation occurs immediately after the APC gene
mutation in the adenoma to carcinoma process and is thought to
increase the GTPase activity, which leads to an increase in cel-
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lular proliferation and malignant transformation in CRC deve-
lopment (6, 7).

MicroRNAs (miRNAs) are single-stranded, 1824 nucleotides
long, RNAs that do not encode proteins and are naturally produced
in cells (8). Abnormal expression patterns of miRNAs that play
a role in regulating the expression of genes that control cellular
functions such as proliferation, differentiation and apoptosis in
different types of cancer indicate that they take an important part
in tumorigenesis (9). The demonstration of different expression
patterns between the tumor and normal tissues suggests that there
may be a direct relationship between miRNAs and cancer, and that
they may have a potential as biomarkers in the diagnosis, classifi-
cation and treatment of cancer (10, 11).

The aim of this study was to examine the expression levels of
miR-27, miR-663, miR-217, miR-181d, APC and K-ras in tumor and
adjacent tumor-free (healthy) tissue samples of individuals with
CRC. Expression levels of miR-27, miR-663, miR-217, and miR-
181d between tumor tissue and serum samples of CRC patients as
well as between the serum samples of CRC patients and healthy
controls were examined for the purpose of contributing to the deve-
lopment of new miRNA-based methods in the diagnosis and treat-
ment of CRC.

Materials and methods
Study Population

CRC in the Department of General Surgery, Istanbul Fa-
culty of Medicine, Istanbul University and 50 healthy indivi-
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duals with no personal or familial cancer history were included in
this study.

Tumor tissue and adjacent tumor-free (healthy) tissue samples
in cryogenic tubes were collected from the CRC patients as well
as peripheral blood samples before the operation. Peripheral blood
samples only were taken from healthy subjects defined as the con-
trol group. The serum was separated from all the blood samples
with a centrifuge. This study was conducted with the approval of
the Ethical Committee of the Istanbul Faculty of Medicine, Istan-
bul University (874/2015).

Total RNA and miRNA isolations

The RNA isolation from the tumor tissue and the surrounding
normal tissue were performed using Qiagen RNeasy Plus Mini Kit
and miRNA isolation using Qiagen miRNeasy Mini Kit. MiRNA
isolations from the serum samples of the healthy controls were
done using Qiagen miRNeasy Serum/Plasma Kit. All procedures
were performed according to the manufacturer’s directions.

cDNA Synthesis from the total RNA and miRNA samples

The cDNA synthesis was performed using AccuScript High
Fidelity 1st Strand cDNA Synthesis Kit from the total RNA sam-
ples and from miRNA samples using miRNA 1st-Strand cDNA
Synthesis Kit according to the manufacturer’s directions.

Quantitative Real-Time PCR Analyses

Quantitative real-time-PCR analyses were performed using
Agilent Mx3005P. The gene expression analyses of APC, K-ras
and GAPDH (as control) were done utilizing RT2 QPCR Primer
Assay and SYBR Green QPCR Master Mix. Expression levels of
miR-27, miR-181d, miR-217 and miR-663 were determined using
miScript Primer Assay and miRNA QPCR Master Mix. Relative
gene expressions were calculated by 2724CT, relative to the GAPDH
and RNUG6 controls.

Statistical analyses

For statistical analysis, SPSS (Statistical Package for Social
Sciences for Windows) program 21.0 was utilized and it was
considered significant when p value was below 0.05. The normal
distribution of variables was assessed by Kolmogorov-Smirnov-
Shapiro Wilk tests. The Student’s t-test was used to compare the
values of the individuals with normal distribution fit. Statistics
were given as mean + standard deviation and median.

Results

Demographic and clinical features of the patient and control
groups are given in Table 1. Expression levels of miR-217, miR-
181d, miR-663, miR-27, APC and K-ras in the tissue samples of the
patient group were evaluated. In tissue samples, miR-217, miR-181d,
miR-663, miR-27 and K-ras expressions were found statistically
higher than in the adjacent tumor-free (healthy) tissues, while APC
was higher in adjacent tumor-free (healthy) tissue (p = 0.007; 95%
confidence interval (CI) =0.47-2.95). No statistically significant ele-
vation was found regarding mir-217 expression (p = 0.05) (Tab. 2).

Tab. 1. Demographic and clinical features of the patient and control
groups.

Age (Year) (Patient Group) 57.30+£21.56
Age (Year) (Control Group) 56.30+19.56
Sex (F/M) (Patient Group) 20/27
Sex (F/M) (Control Group) 17/33
Tl 6.7%
Tumor stage T2 6.7%
T3 43.3%
T4 433 %
NO 35.5%
Lymph node involvement N1 355%
N2 29%
Presence of metastasis 54.8%
Presence of perineural invasion 44%
poorly 29%
Differentiation well 25.8%

moderately 45.2%
sigmoid colon 43.8%
rectum 18.8%

right colon 21.9%
left colon 3.1%
rectosigmoid 9.4%
splenic flexure 3.1%

Tumor localization

Tab. 2. Expression levels of miR-217, miR-181d, miR-663, miR-27,
APC and K-ras in the tumor and adjacent tumor-free (healthy) tissues.

miRNAs e . Fold 95% Confidence
2-4ACT (min-max) .
and genes change interval
miR-217 1.17 (-6.47-9.41) 8.45 0.05 (-0.04-2.38)
miR-181d 0.76 (—7.88-7.24) 9.18 0.10 (-0.71-1.84)
miR-663 -0.44 (-8.86-6.59)  20.31 0.39 (-1.38-0.54)
miR-27 0.33 (—7.58-5.53) 10.21 0.40 (-0.48-1.119)
APC 1.53 (-4.15-7.87) 1.58  0.007* (0.47-2.95)
K-ras 0.50 (-7.07-16.48) 16.32 0.94 (-1.75-1.87)

When the miRNA expressions were compared between the
patient and control group serum samples, miR-663 was found to
be statistically higher in the patient group (p = 0.02; 95% CI =
0.16-2.14) (Tab. 3).

Expressions of miR-217, miR-181d, miR-663 and miR-27 in the
serum and tissue samples of the patients were evaluated; all miRNAs,
beside miR-663, were observed to be elevated in the tissues (Tab. 4).

No statistical significance was observed when miR-217, miR-
181d, miR-663, miR-27, APC and K-ras expression levels were
examined in terms of the presence of metastasis, node involvement
and tumor stage in the patient tumor samples.

Discussion

miRNAs are known to take part in important cellular events
such as cell proliferation, apoptosis and cancer development (12,
13). It is known that a large number of miRNAs play a role in the
pathogenesis of CRC and studies are conducted to clarify the role
of new miRNAs in this disease (14).

In this study, the role of miR-27, miR-663, miR-181d and
miR-217 in CRC were investigated. These miRNAs, which have
been studied in many different types of cancer, have been studied
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Tab. 3. Comparison of expression levels of miR-217, miR-181d, miR-
663 and miR-27 in serum samples of patient and control groups.

miRNAs 2457 (min max) Fold 95%'Conﬁdence
change interval
miR-217 1.26 (-5.72-10.56)  11.80 0.38 (-1.71-4.23)
miR-181d  0.80 (-10.5-11.56)  43.22 0.11 (-0.26-2.48)
miR-663 1.05 (-6.57-9.11) 4.85 0.02* (0.16-2.14)
miR-27 —0.14(-13.37-14.17)  44.19 0.86 (—1.82-1.53)

Tab. 4. Expression levels of miR-217, miR-181d, miR-663 and miR-27
among patient tissue and serum samples.

miRNAs Patient Sample ~ ACT+ SD 95%igt(::rr1\1j1£ence
miR-217 MI;Z;:ES“G Sjggjj(l)g 0004  (1.71-7.41)
miR-181d m";‘;:liisue _41'_925;23'279 0.001  (4.85-7.51)
miR-663 t““;gi;iflsue j):f gﬁ:gg 002  (-2.53-022)
miR-27 nuz‘e’xiflsue i?603i14?675 0001  (6.13-9.12)

SD — Standard deviation

for their tumor suppressor or oncogenic properties in CRC in dif-
ferent samples of the subjects included.

In another study, it was shown that in addition to inhibiting
cell migration and invasion, miR-27a suppresses cell proliferation
and induces apoptosis in renal cell carcinoma. Therefore, it was
said that miR-27a plays a role of a tumor suppressor in renal cell
carcinoma (15). Furthermore, in another study, miR-27 expression
has been shown to be 10 times higher in endometrial cancer tissues
compared to its expression in normal endometrium (16). Similarly,
in our study, it was also observed that the colorectal cancer patients
had an increased expression of miR-27 in the tumor compared to
its expression in the adjacent tumor-free (healthy) tissue. When
the miR-27 expressions between serum samples and tumor tis-
sues of the CRC patients were compared, we found that miR-27
expression was higher in the tumor tissues. However, when serum
samples of the healthy individuals and patients were compared,
we observed no difference regarding miR-27 expressions. Thus,
we believe that the increase in miR-27 expression may play a role
in tumor development in colorectal cancer.

In studies conducted on the effect of miR-663 on nasopharyn-
geal carcinoma, the serum level of miR-663 was found to be higherin
patients than in the healthy controls (17, 18). The levels of miR-663
were also shown to be elevated in lung cancer patients (19). Wang et
al have found that miR-663 expression was significantly increased
as compared to healthy controls. Also, they have found a significant
association of miR-663 expression with tumor differentiation, inva-
sion, lymph node metastasis, and TNM stage (20). When we exa-
mined the expression of miR-663 in tumor and tumor-free tissue
samples ofthe CRC patients, we observed increased expression le-
vels in the tumor samples. In addition, when the miR-663 expression
levels were compared between the serum samples of the healthy
controls and patients, they were found to be elevated in the patient
samples. It was also found that serum samples of the CRC patients
showed a higher expression of miR-663 than the tumor samples.
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Based on our findings, we are of the opinion that miR-663 may play a
role as an oncogenic miRNA in the development of colorectal cancer.
In present study, APC gene expressions were also assessed in
normal tissue and tumor tissue samples of the CRC patients, and
it was observed that APC expression was statistically elevated
in the normal tissues as compared to its expression in the tumor
tissues. In many studies it has been confirmed that the APC gene
is a direct target of miR-27 and miR-663 (21-24). Based on our
findings, we think that increased expression levels of miR-27 and
miR-663 in the tumor tissue are also related to the decreased APC
gene expression in the tumor tissue. We suggest that the expression
of the APC gene, which plays a role as a tumor suppressor in the
development of CRC, is suppressed by these miRNAs and unable
to function fully. It can be said that miR-27 and miR-663, which
suppress the expression of APC, i.e. the tumor suppressor gene,
can function as oncogenic miRNAs in the development of CRC.
It was shown that miR-181d was upregulated in CRC tissues
compared to the controls. Also, increased expression of miR-181d
has been found to promote cell proliferation, migration, and inva-
sion (25). Huang et al have demonstrated that expression of miR-
181d was correlated with tumor localization, TNM stage and local
recurrence. They have also suggested that the expression of miR-
181d may be an independent prognostic factor for CRC (26). In our
study, we examined the miR-181d expression in tumors and normal
tissue samples of the CRC patients and found that it was increased
in the tumor tissue compared to normal tissue. When miR-181d ex-
pressions between the serum samples and tumor tissues were com-
pared, the expression of miR-181d in tumor tissue was observed to
be higher than that in serum samples. Furthermore, no difference
was found between patients and healthy controls regarding serum
miR-181d levels. A higher expression of miR-181d was observed
in the serum samples of the patients with advanced cancer, while
no difference was observed between the tissue and serum samples
of the patients in terms of miR-181d expression according to the
presence of metastasis and node involvement. We suggest that miR-
181d may play a role in cancer development, considering its higher
expression in CRC patient tumor tissues than in normal tissues.
Zhang et al reported that miR-217 expression in breast can-
cer tissues was markedly upregulated when compared to normal
breast tissues (27). Moreover, Vychytilova-Faltejskova et al, found
that miR-217 levels in their study were lower in pancreatic ductal
adenocarcinomas than in healthy tissues and chronic pancreatitis
(28). In our study, when the miR-217 expression levels in the
tumor and normal tissues of the CRC patients were compared,
there was a statistically slightly significant increase in miR-217
expression in the tumor tissues. When the serum and the tumor
tissue samples of the patients were compared regarding miR-217
expression, a higher expression level was observed in the tumor
tissues. There was no difference between the serum samples of the
patients and healthy individuals in terms of miR-217 expression
levels. In conclusion, it is thought that the increased expression
of miR-217 in tumor tissue samples of the patients may indicate
its oncogenic role in CRC development.
K-ras is one of the recommended biomarkers for CRC (29).
You et al, demonstrated that when the K-ras protein level was
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higher in CRC tumor tissues compared to normal tissues, its nRNA
level was altered irregularly (30). In our study, when K-ras expres-
sion levels were examined between tumor tissue and non-tumor
adjacent tissue samples of the patients, we observed higher K-ras
levels in tumor tissues. Studies have shown that miR-181d and
miR-217 directly target the K-ras gene (31-33).

One of the limitations of this study is the relatively small size
of the study population. Another limitation is that we could not
use any other techniques such as western blotting to confirm the
expression analysis.

According to our findings, we think that expression levels of
miR-181d and miR-217 are related to the increased expression of
K-ras gene in tumor tissues and that the expression of K-ras gene,
which plays an oncogenic role in colorectal cancer development,
is regulated by these miRNAs. It can be concluded that miR-181d
and miR-217 may function as oncogenic miRNAs in the develop-
ment of colorectal cancer.
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