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Summary

Background Colorectal cancer (CRC) is among the
most widespread malignancies in the world. Micro-
RNA (miRNA) has been identified as an important
modulator of the biological processes of the cells. This
group of noncoding RNAs also has a pivotal function
in the growth and development of human cancers,
including CRC. Among these miRNAs, miR-196, miR-
132, miR-146a, and miR-134 have fundamental im-
pacts on the regulation of cancers. The current study
aimed to investigate the involvement of these miRNAs
in CRC patients.

Data availability The data that support the findings of this
study are available from the corresponding author upon
reasonable request.
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Methods In this study, 50 pairs of tumor and tumor
margin samples of CRC patients were investigated to
assess the expression levels of miR-196, miR-132, miR-
146a, and miR-134 in this cancer. For this purpose,
firstly, quantitative real-time PCR (qRT-PCR) was ap-
plied. Also, KRAS mutation and clinicopathological
characteristics of the CRC patients were analyzed in
the study groups.

Results The findings demonstrated the overexpres-
sion of miR-196 (P-value=0.0045) and miR-146a (P-
value=0.0033) in tumor tissues compared to con-
trols. Conversely, the expression levels of miR-132 (P-
value=0.00032) and miR-134 (P-value<0.0001) were
downregulated in tumor tissues. Also, miR-146a was
the only miRNA with significant expression change
in the case of the KRAS gene mutation. Interestingly,
the expression ratio of these miRNAs was significantly
associated with some of the clinicopathological fea-
tures of the patients, such as lymph node and distant
metastases.

Conclusion Our data demonstrated that these miRNAs
appear to be promising novel biomarkers for early di-
agnosis of CRC and may pave the way for the future
establishment of novel therapeutic options for CRC.

Keywords MicroRNA - Cancer - Quantitative real-
time polymerase chain reaction - Mutation -
Biomarker

Introduction

Colorectal cancer (CRC) is the third most widespread
cancer and its rate is increasing especially in develop-
ing countries [1, 2]. The CRC is a heterogeneous can-
cer, which happens after the increase of tumor cells
in the colon, rectum, and appendix [3]. The two main
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Table 1 Clinicopathological characteristics of the CRC

patients

Characteristic Value (n=50), n (%)
Age

<60 years 26 (52)
>60 years 24 (48)
Sex

Male 32 (64)
Female 18 (36)
Smoking

Yes 31 (62)
No 19 (38)
Tumor metastasis (with or without distant lymph nodes metastasis)
pMO 42 (84)
pM1 8 (16)
Tumor location

Rectum 13 (26)
Right colon 21 (42)
Left colon 16 (32)
Differentiation pattern

Poor 11 (22)
Moderate 26 (52)
Well 13 (26)

factors that affect the occurrence of this cancer are
environmental and genetic [4]. Prevalence and mor-
tality rates reported for CRC are about 1,400,000 and
700,000 cases per year, respectively [1]. Overall, about
40-50% of patients die because of distant metastasis,
thus irrespective of the diagnosis and standard ther-
apy of this type of cancer, patients’ survival rate de-
pends on tumor stage at the diagnosing time [5, 6].
MicroRNAs (miRNAs) are a group of non-coding RNA
that contains 18-25 nucleotides that influence post-
translational gene expression [7, 8]. It is approximated
that the miRNAs control about 30% of the genome en-
coding various proteins [9].

Although some therapeutic options such as surgery
and chemotherapy are available for CRC patients, the
prophecy of the disease is inauspicious, and in numer-
ous cases who have undergone surgery, the cancer
recurrence and metastasis happen. Late diagnosis
of this malignancy is one of the great challenges,
and clinically important issue. Therefore, molecular
studies that result in the recognition of biological
biomarkers should have a clinical emphasis. To date,
expansive research has shown that miRNAs are unique
and helpful biomarkers for early determination and
therapy of CRC [10]. The effective functioning of
miRNAs in cancer is confirmed through the interac-
tion of miRNAs with targeted genes. This has effects
on various cancer properties including apoptosis,
differentiation, and cell proliferation [11]; however,
for tumor classification in various groups with dis-
tinct features, such as etiology and cancer cell types,
miRNAs are even more accurate than messenger RNA
(mRNA) [10]. In cancer samples, many miRNAs are

abnormally expressed which is indicated by miRNA
structure and their functions. The stages of cancer
are in association with miRNAs expression patterns
[10].

Some variants of miRNAs have recently been in-
troduced as potential biomarkers. Our target in this
study is to come up with more precise identifica-
tion of expression patterns of 4 selected miRNAs
(miR-196, miR-132, miR-146a, and miR-134). MiR-
196 is reportedly overexpressed in various human
malignancies, including CRC [12]. It has been sug-
gested that miR-196a and miR-196b participate in
tumor progression and tumorigenesis of CRC [13].
Studies revealed that miR-132 is downregulated in
CRC patients with metastases and that the expres-
sion of miR-132 particularly inhibits cell migration
in CRC cell lines [14]. MiR-132 also has a key func-
tion in both prostate and pancreatic cancers [15, 16].
Moreover, miR-132 represents a promising biomarker
for the targeted therapy of CRC [17]. MiR-146a has
been particularly studied due to its function in tu-
mor progression. MiR-146a has been indicated to
be overexpressed in tumor samples and cancer cell
lines [18]. Dysregulated miR-146a, however, is im-
plicated in tumorigenesis. Reports demonstrated the
downregulation of miR-146a in various malignancies
[19-21]. MiR-134 was determined to be capable to
suppress the migration of cancer cells. It has been
investigated that miR-134 induces apoptosis in CRC
cells as well [22]. Subsequently, our main goal was to
clarify the selected miRNAs expression profiles in tu-
mor tissue and marginal tissue (i.e. control samples).
Selective targeting of these miRNAs in combination
with standard treatments of CRC may be useful for
achieving better results in CRC therapy [23]. In the
current study, we also studied the expression changes
concerning the mutations detected in KRAS. More-
over, we aimed to do a wide comparison of clinical
relevance with these expression patterns in all these
miRNAs.

Table 2 Primer sequences
Target miRNA  Strand Sequence

miR-196 Forward  5'-ACCTGCGTAGGTAGTTTCATGT-3'
Reverse  5'-CGTCAGAAGGAATGATGCACAG-3'
miR-132 Forward  5'-TGGATCCCCCCCAGTCCCCGTCCCTCAG-3'
Reverse  5'-TGAATTCGGATACCTTGGCCGGGAGGAC-3'
miR-146 Forward  5'-GTCGATGCAGCAAACCTCAGGGAA-3'
Reverse  5'-GCTCAGAAGCACACAAACAAAACT-3'
miR-134 Forward  5'-CCTAAAGGCACGCTTCTTTG-3'
Reverse  5'-TGCAGGCTGGCGATCCTACT-3'
U6 Forward  5'-GGCAGCACATATACTAAAATTGG-3'

Reverse  5'-AAAATATGGAACGCTTCACGA-3'
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Material and methods
Study population

The study included 50 patients with primary CRC
diagnosed at Imam Reza Hospital in Tabriz, Iran
during 2017-2018. To achieve a genetically pure pop-
ulation, all the patients were selected from those
native to East Azerbaijan, northwest Iran. Patients
who received chemotherapy and radiotherapy were
excluded during sample gathering. The clinicopatho-
logical parameters of the subjects are presented in
Table 1. The samples from the primary tumor and the
matched normal marginal tissues were gathered from
each case. All collected tissues were histologically
confirmed to be an adenocarcinoma of the colon.
These samples were immediately frozen in liquid ni-
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DNA extraction

DNA from tissues was isolated using the Tripure iso-
lation kit (Roche, Germany) considering the manufac-
turer’s manual. The DNA quality and purity were eval-
uated using a NanoDrop spectrophotometer (Thermo
Fisher Scientific).

KRAS mutation detection

High resolution melting (HRM) analysis was done by
Step One plus real-time PCR system (Applied Biosys-
tems, Foster City, CA, USA). Mutation detection for
exon2 of the KRAS gene in tumor samples was carried
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out using gene-specific primers and the SYBR green
master mix (Takara Bio, Shiga, Japan). All susceptible
samples were sent to sequencing to confirm the muta-
tion. The primer sequences are available on request.

RNA isolation and transcriptase reactions

As DNA, total RNA content of tumor and the matched
normal tissues was isolated using Tripure isolation
kit (Roche) considering the manufacturer’s manual.
A NanoDrop Spectrophotometer was used to check
the RNA quality and purity. Besides, in order to gen-
erate complementary DNA (cDNA) of extracted RNAs,
the TAKARA cDNA synthesis kit (Takara Bio, Shiga,
Japan) was used according to the instruction guide.

Quantitative real-time PCR

Quantitative analysis was done by the real-time PCR
system [24]. Relative quantification of the expression
level of genes from tumor and normal marginal tissue
samples was carried out using gene-specific primers
and the SYBR green master mix. Expression of the U6
gene was also measured in each sample as the house-
keeping gene. Primers were designed using oligo 7
software. The average score of duplicated C; values
was measured for each sample and the comparative
C; (224¢y method was used to determine the relative
expression level of target genes [25]. Real-time PCR
primers are represented in Table 2.

Description analysis of miR-196, miR-132, miR-
146a, and miR-134 as tumor markers

The expression analysis of miR-196, miR-132, miR-
146a, and miR-134 was done by a randomization test
applying the Relative Expression Software Tool (REST)
[26]. The receiver operating characteristic (ROC) curve
was plotted to assess the specificity and sensitivity of
predicting CRC from normal tissues by these miRNA
expression ratios. For this purpose, the sensitivity in
the function of the specificity at the different cut-off
grades was studied using Sigma Plot 12.5 software.
This plot is a graph of the true positive rate (TPR)

and false positive rate (FPR) for different descriptors
threshold [26]. Hence, the vertical axis in the ROC
curve represents TPR and the horizontal axis indicates
FPR. The bigger vertical axis values for a hypotheti-
cal horizontal axis value show a better description of
a descriptor.

Statistical analysis

GraphPad Prism 6 (Graph Pad Software Inc., San
Diego, CA, USA) was used for statistical analysis.
The data were shown as mean+ standard deviation
(SD) based on three independent experiments. An
independent sample t-test was carried out to deter-
mine the difference in gene expression level between
primary tumor tissues and corresponding normal tis-
sues. For evaluation of the association between the
clinical feature of the patients with relative expression
of genes, a cross tab (Eta) analysis was performed.
P<0.05 was considered as a statistically significant
level.

Results

In this study, the HRM technique was used to iden-
tify KRAS gene mutations and 16 subjects with mu-
tations in the KRAS gene were detected. The expres-
sion of our target miRNAs was assessed both in tumor
and marginal tissues and their expression concerning
KRAS mutation was analyzed. Moreover, the expres-
sion patterns were compared in association with clini-
cal features such as age, sex, tumor cell differentiation,
and tumor stages.

MiR-196 expression in CRC

We determined the expression of miR-196a in 50 CRC
cancer tissues compared with adjacent tumor-free
normal tissues. The U6 gene expression was used as
an internal control for normalizing these data. Our
data revealed the overexpression of miR-196 in tu-
mor tissues (P-value=0.0045). Also, the relationship
analysis of miR-196 expression with clinicopatho-
logical traits of patients showed a significant cor-

@ Springer

Expression profiles of miR-196, miR-132, miR-146a, and miR-134 in human colorectal cancer tissues in... 1165



original article

Table 3 MiRNAs expression profiles in association with clinicopathological parameters

Gene Change in tumor Exact P-value Age Sex  Lymph node metastasis Distant metastasis
miR-134  Downregulated  <0.0001 n.s. n.s. Significant (p=0.021)  Significant (p=0.035) n.s.

Differentiation  Tumor stages
Significant (p=0.0026)

miR-132  Downregulated  0.00032 n.s. ns. ns. n.s. n.s. Significant (p=0.0067)
miR-196a  Upregulated 0.0045 n.s. n.s. Significant (p=0.042)  Significant (p<0.0001) n.s. n.s.
miR-146  Upregulated 0.0033 n.s. n.s. ns. Significant (p=0.0016)  n.s. n.s.

n.s. non-significant differences

relation between the expression of miR-196a with
lymph node (P-value=0.042) and distant metastases
(P-value<0.0001). Due to the KRAS mutation, there
is no significant change in KRAS positive samples in
comparison to KRAS negative in our study (Fig. 1).

MiR-132 expression in CRC

According to our data, the expression ratio of miR-132
is downregulated in tumor samples compared to tu-
mor-free marginal normal tissues (P-value=0.00032).
In relationship analysis, we found that there is a signif-
icant association between the expression of miR-132
and tumor stages (P-value=0.0067). Similar to miR-
196a expression, the expression level of miR-132 was
not related to the KRAS mutation too (Fig. 2).

MiR-146a expression in CRC

Our data revealed the up-regulation of miR-146 in
tumor tissues in comparison to matched tumor-
free normal tissues (P-value=0.0033). In relation-
ship analysis, we discovered a significant correlation
between miR-146a expression level and distant metas-
tases (P-value=0.0016). In our study, miR-RNA146a
was the only microRNA with significant expression
change in the case of the KRAS gene mutation. This
miRNA expression was significantly upregulated in
KRAS positive samples in compression to KRAS neg-
ative samples (P-value=0.0102) (Fig. 3).

MiR-134 expression in CRC

We ascertained the expression of miR-134 in CRC
participant’s tissues in comparison with marginal tis-
sues of the subjects and the results demonstrated
significant downregulated expression of miR-134 in
tumor samples (P-value<0.0001). Also, relationship
analysis showed the correlation among the expres-
sion of this gene and tumor stages (P-value=0.0026),
lymph node (P-value=0.021), and distant metasta-
sis (P-value=0.035) of samples. On the other hand,
in the case of KRAS mutation, this miRNA was not
significantly changed among the two studied groups
(Fig. 4). All the relevant clinical data regarding the
entitled miRNAs expression profiles are presented in
Table 3 respectively.

The capability of miRNAs for the diagnosis of CRC

The ROC curve was applied to estimate the sensitivity
and specificity of miR-196, miR-132, miR-146a, and
miR-134 as candidates and promising biomarkers for
CRC. The ROC curve data are shown in Fig. 5. The
vertical axis in the ROC curves of Fig. 5 represents
the sensitivity, which is the ability of a test to cor-
rectly identify those with the disease (TPR [true posi-
tive rate]) and the horizontal axis indicates specificity,
which is the ability of the test to correctly identify
those without the disease (FPR [false positive rate]).
The bigger vertical axis values for a hypothetical hor-
izontal axis value show a better description of a de-
scriptor. Area under the curve values for both miR-
196 and miR-132 were 0.7551 (P-value=0.02164), miR-
146a was 0.1164 (P-value=0.1585), and miR-134 was
0.7396 (P-value=0.03786). The detailed results of the
statistical analysis of ROC curves for diagnostic eval-
uation are presented in Table 4.

Discussion

The activation of the immune system, regulation of
cholesterol homeostasis, ontogenesis, and other nu-
merous functions are some of the biological processes
that are controlled by miRNAs [27-29]. The patterns
of expression of miRNAs are distinct in tumor tissues
and body fluids like saliva, serum, urine, and plasma
[27]. The variations among the cancer cells types and
their surrounding stromal tissue could be results of di-
versity in miRNAs expression profiles in various can-
cers [10]. These expression patterns can shed light on
the application of miRNAs as informative agents for
diagnosis and prognosis. For this reason, we concen-
trated on the expression patterns of 4 hotspot miRNAs
(miR-196, miR-132, miR-146a, and miR-134) in the tis-
sue of CRC patients regarding their KRAS mutational
background. It has been reported that 12 miRNAs (in-
cluding miR-196a and miR-134) are overexpressed and
8 miRNAs (including miR-146a) are downregulated in
the stool of CRC patients [30]. Also, Iannone et al.
could differentiate CRC incidences from healthy con-
trols by analyzing these 20 miRNAs [31]. They also
managed to clarify different TNM stages with high
specificity and sensitivity [31].

MiR-196 upregulation has been designated in sev-
eral malignancies including CRC [32]. Additionally, it
has been demonstrated that miR-196 is upregulated
in colon cancer tissues [13]. We also designated the
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Table 4 The statistical analysis of receiver operating characteristic (ROC) curve for diagnostic evaluation

ROC curve data Area under the curve Std. Error 95% confidence interval P-value  Controls (margin) Patients (tumor)
miR-196 0.7551 0.09327 0.5723-0.9380 0.02164 46 46
miR-132 0.7551 0/09327 0.5723-0.9380 0.02164 49 49
miR-146a 0.6627 0.1164 0.4346-0.8909 0.1585 43 43
miR-134 0.7396 0.0987 0.5462-0.9331 0.03786 49 49
Fig. 5  Receiver operat- ROC curve: ROC of miR- 196a ROC curve: ROC of miR- 132
ing characteristic (ROC)
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upregulation of miR-196 in tumor samples in com-
parison with adjacent tumor-free normal tissues. In
research by Ge et al., it has been indicated that miR-
196 is significantly highly expressed in CRC compared
to corresponding normal colorectal tissue. The results
were also aligned with the prognosis in CRC subjects.
These observations revealed that mir-196 may be cor-
related with a more aggressive clinical outcome in pa-
tients with CRC [33]. There are also articles demon-
strating that miR-196a may have pro-oncogenic ef-
fects in CRC [13, 32]. Despite all the studies, miR-
196’s mechanisms of action in different cancers are
unclear. It largely depends on the molecules that miR-
196 targets. If miR-196 shows a dominant effect on
the blockade of oncogenic molecules, this means that
miR-196 is playing a tumor suppressor role but if miR-
196 targets the tumor suppressors, it mainly will per-
form oncogenic effects [34].

One study claimed the role of miR-196 in CRC be-
cause of its overexpression. Besides, the expression
of miR-196 was meaningfully linked with the stage as
well as lymph node and distant metastasis. The same
study indicated that the expression patterns were not
associated with depth of invasion, size, location, dif-

ferentiation, gender, and age [35]. We observed that
there is a statistically significant correlation between
the expression of miR-196a with lymph node metas-
tasis and distant metastasis. One study provided
evidence that miR-132 acts as a tumor suppressor
through enhancing apoptosis as well as inhibiting
cancer cell proliferation and migration [36]. In pan-
creatic cancer progression, however, the expression
of miR-132 suppressed the proliferation and colony
formation of cancer cells [37]. Taken together, these
findings illustrated that miR-132 behaves as a tumor
suppressor [16]. Our results revealed that miR-132 is
downregulated in tumor tissues compared to tumor-
free marginal tissues. Increased expression of miR-
132 reduces the incidence of colitis-related tumors
[38]. MiR-132 can modulate cell proliferation, differ-
entiation, apoptosis, metabolism, and growth [39, 40].
Confirming our results, Zheng et al. also reported that
miR-132 was downregulated in CRC patients with dis-
tant metastases. This downregulation was correlated
with adverse prognosis in CRC patients and more ag-
gressive tumor phenotypes [14]. Moreover, we found
that there is a significant association between the
expression of miR-132 and tumor stages.
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MiR-146a expression can reduce the proliferation of
many types of cancer cells [41, 42] except melanoma,
cervix, and thyroid carcinoma in which miR-146a is
upregulated [19-21]. Our data revealed the upreg-
ulation of miR-146 in tumor tissues in comparison
to matched tumor-free tissues. Several studies sug-
gested that miR-146a is potentially involved in CRC.
Pizzini et al. indicated that miR-146a is downregu-
lated in the metastasis tumor tissue in comparison to
primary CRC tissue. On the contrary, as mentioned
before Ahmed et al. reported that decreased miR-146
expression in the stool of CRC subjects in compari-
son with normal subjects [30, 43]. Taken together it
has been indicated that miR-146a may be included in
CRC development.

Previous studies have shown that rs2910164 poly-
morphism in miR-146a may be related to CRC risk [30,
43, 44]. Wang et al. observed that miR-146a was re-
duced in cancer tissue and that it was interestingly re-
lated to the TNM stage, which suggested the potential
connection between miR-146a and the disease patho-
genesis [45]. We discovered a significant association
between miR-146a expression and distant metastasis.
Besides miR-RNA146a was the only miRNA among the
selected four miRNAs that had a significant expres-
sion change regarding KRAS gene mutation. The ex-
pression was significantly upregulated in KRAS pos-
itive samples in comparison to KRAS negative sam-
ples. The expression of miR-134 is downregulated in
glioma tissues [46] as well as breast cancer tissues [47].
A study also revealed that miR-134 can be considered
as a marker for oral cell carcinoma diagnosis [48].
As mentioned above miR-134 is upregulated in the
stool of CRC patients [30, 31]. Our results have shown
the significant downregulated expression of miR-134
in tumor tissues in comparison with marginal tissues
of the subjects. To the best of our knowledge, miR-
134’s association with CRC and its clinical relevance
remains unclear. We observed a meaningful correla-
tion among the expression level of this gene and tu-
mor stages as well as lymph node metastasis. Accord-
ing to our study, these miRNAs are among the most
important miRNAs in CRC development and metasta-
sis, but, of course, other miRNAs must be considered
in future experimental and clinical studies.

Despite the elevating number of successful thera-
peutic options for CRC therapy, the clinical achieve-
ments concerning inhibition of recurrence and metas-
tasis are still poor. This results in low long-term sur-
vival rates. Over the past two decades, a growing list
of biomarkers associated with the prognosis and pro-
gression of CRC have been attributed; however, the
majority of these biomarkers have been reduced in
clinical validation studies. Thus, there is an urgent
demand for novel biomarkers to diagnose early metas-
tasis as well as to predict recurrence in CRC subjects.
Although the expression patterns of several miRNAs
in CRC are partly studied, the relationship between
these expression profiles and the clinical features of

CRC remains to be determined; however, in the early
research stage, miRNAs present great potential for de-
tection and therapy. Therefore, further investigations
regarding their expression profiles in CRC tissue will
shed a light on their role as biomarkers for early diag-
nosis and as agents for monitoring the disease.

Conclusion

The diagnosis and therapeutic outcomes for cancer
could be improved by the availability of miRNAs.
Moreover, some of the biological and clinical charac-
teristics of the tumors are associated with the expres-
sion of miRNAs. Subsequently, these miRNAs appear
to be novel biomarkers for the diagnosis of CRC. Our
data serves as a basis for further research before these
miRNAs can be used as biomarkers for CRC. Detec-
tion of miRNA target molecules and demonstrating
their expression patterns concerning specific muta-
tions will help discover the mechanisms of cancer.
Last but not least, taking a vital step for early detec-
tion and proper monitoring of CRC, using miRNAs as
diagnostic and prognostic markers is very beneficial.
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