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Aim: miRNAs control biological processes that are implicated in carcinogenesis, and have been researched
as potential biomarkers for colorectal cancer (CRC). The aim of the current study was to evaluate the
miRNA expression profile in CRC patients to determine their potential to be used as biomarkers in the
disease. Materials & methods: Total 47 tissues and their matched marginal tissues, as control group, were
obtained from CRC patients. The transcript levels of a selected panel of 15 cancer-associated miRNAs
were quantified via real-time gene expression method. Results: miR-155, miR130a, miR-181b, miR-196a,
miR-200c and miR-224 were significantly upregulated, while miR122, miR-132, miR-203b, miR330, miR-
323, miR-378a-3p and miR-598 we significantly downregulated in CRC. Conclusion: We identified a panel
of miRNAs that may be involved in the etiology and pathogenesis of CRC, and may be used for novel
diagnostic and therapeutic strategies.
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Colorectal cancer (CRC) is the third most common cancer worldwide and the second most prevalent cause of
cancer related death in western countries [1]. Survival rate in CRC differs from over 93% in patients with stage
1 to less than 8% for patients in stage 4; hence, early diagnosis is critical in successful treatment of CRC [1,2].
Colonoscopy and pathological examination of samples are the gold standard methods for CRC screening, but
noninvasive methods like fecal/blood investigation and measuring of blood carcinoembryonic antigen (CEA) may
be preferred for the identification of patients at high risk [2]. Furthermore, in spite of advances in CRC screening
programs, the death rate due to CRC has been facing annual increases and better understanding of this cancer
with molecular details seems necessary to find new biomarkers for more effective screening and management of
patients [1–3].

miRNAs are noncoding, small, single stranded ribonucleotides which are implicated in important cancer-related
mechanisms of development, such as proliferation, migration, differentiation and apoptosis in the mechanobiology
of cells [4]. These noncoding RNAs (ncRNAs) function by binding to target mRNAs, though their seed sequences,
and reduce gene expression at the post-transcriptional level [5,6]. Dysregulation of miRNAs has been seen in various
type of cancers, especially in CRC [7–9]. In CRC, some miRNAs, which act as tumor suppressor molecules, have
reduced expression levels, while others show overexpression and act as oncogenes. Some miRNAs show aberrant
expression in cancer, including miR-34a, miR-103a, miR-330, miR-203, miR-29b, miR-132-5p, miR-200c-5p,
miR-181b-5p, miR-181a-5p, miR-184, miR-122-5p, miR-122-5p, miR-224-5p, miR-196a-5p, miR-323b-5p and
miR-598-5p [10–21].

Colorect. Cancer (2019) 8(2), CRC06 eISSN 1758-195810.2217/crc-2018-0014 C© 2019 Shahriar Hashemzadeh



Research Article Asadi, Taheri Talesh, Gjerstorff et al.

Table 1. miRNAs with known targets which potentially participate in other cancers.
miRNA Potential target gene Hypothetic mechanism in CRC pathogenesis Ref.

miR-181a RASSF1A Regulation of apoptosis and cell cycle [24]

miR-184 c-Myc and Bcl- 2 Growth and survival [25]

miR-155 HMG-box transcription factor 1 Wnt/�-catenin [26]

miR-155 MLH1 and MSH2 Mismatch repair [19]

miR-130a BCL-2, MCL-1, and XIAP Apoptosis [24]

miR-196a ANXA1 NF-�B and c-Myc activity [27]

miR-196a Hox family Transcription [17]

miR-224 Autophagy-related genes (ATGs and FIP200) Hypoxia-induced autophagy [28]

miR-200c β-catenin Wnt [29]

miR-200c BMI1 Cell cycle arrest [30]

miR-181b Programmed cell death-10 Apoptosis [31]

miR-378a-3p BRAF Proliferation and apoptosis [32]

miR-378 c-Myc Proliferation [20]

miR-598 Inositol polyphosphate-5-phosphatase PI3K-Akt-PTEN [33,34]

miR-323 SMAD2 and SMAD3 TGF-� signaling [35]

miR-330 NOB1 Cell cycle proteins [36]

miR-330 CDC42 Cell cycle [12]

miR-132 PTEN PTEN/PI3K [37]

miR-132 ZEB2 TGF-� signaling and metastasis [21]

miR-203b PIK3CA AKT phosphorylation [38]

miR-203b Akt2 Chemoresistance and apoptosis [11]

miR-122 TRIM29 PI3K/AKT regulation [24]

miR-122 Bcl-W and CCNG1 Apoptosis and cell cycle [14]

miR-34a SIRT-1 and Bcl-2 Apoptosis [10,39]

miR-34a Notch Notch signaling [40]

CRC: Colorectal cancer.

Transformation of normal epithelial cells to CRC cells is thought to happen in four major stages including:
primary adenoma, intermediate adenoma, late adenoma and carcinoma [22]. It has been shown that, transition
from one stage to another is under control of different signaling pathways including Wnt, EGFR/Kirsten rat
sarcoma 2 viral oncogene homolog (KRAS)/microtubule associated protein kinase, EGFR/phosphoinositide 3-
kinase/AKT, TGF-β/SMAD, notch signaling, aberrant cell cycle and apoptosis [17,23]. The implication of miRNAs
in the regulation of genes involved in these pathways has been reported in CRC and other cancers (summarized in
Table 1).

It has already been reported that a number of miRNAs are dysregulated in CRC. A number of these miRNAs
have indicated the same pattern of dysregulation among several populations. Nonetheless, some miRNAs have
been observed to have discrepancies in their expression patterns among various populations. This might stem from
differences in the genetic background of each population as well as differences in the environmental triggers specific
to each region, accentuating the importance of the epigenome [41,42]. Considering all these implications, here we
aimed to investigate the expression levels of critical miRNAs (in the mature format) and their potential role as
biomarkers in CRC patients.

Patients & sample collection
Sampling
In this study, 47 primary CRC tumor samples and their marginal tissues were collected from Turkish population in
the North West of Iran. Patients were those referred to Imam Reza Hospital of Tabriz University of Medical Sciences,
Tabriz, Iran between 2011 and 2013. The local ethical committee of Tabriz University of Medical Sciences approved
the protocol of this study and informed consent forms were filled out by patients or their legal relatives (father or
mother or siblings) before sampling. During sample gathering, patients who had undergone chemotherapy and
radiation therapy were ruled out. According to the American Society of Colon and Rectal Surgeons Clinical Practice
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Table 2. Clinicopathological characteristics of the colorectal cancer patients.
Characteristic Classification Patient number (%)

Age – �60 21 (44.7%)

– �60 26 (55.3%)

Gender – Female 21 (44.7%)

– Male 26 (55.3%)

Lymph node metastasis – Positive 26 (55.3%)

– Negative 21 (44.7%)

Tumor differentiation – Good 29 (61.7%)

– Moderate 10 (21.3%)

– Week 8 (17.1%)

Tumor grade – T2 5 (10.6%)

– T3 11 (23.4%)

– T4 31 (66.0%)

Vessel involvement – Positive 32 (68.1%)

– Negative 15 (31.9%)

Stage (AJCC) – II 7 (14.9%)

– III 10 (21.3%)

– IV 21 (44.7%)

– V 9 (19.1%)

AJCC: American Joint Committee on Cancer.

Guidelines [43], it has been stated that 5–7 cm from the tumor-involved tissue describes the marginal tissue. This was
considered by our expert surgeons in detecting and removing the tumoral tissue. All samples were collected during
surgery and immediately transferred into RNAase inhibitor solation (QIA gene cat no. /ID: 76104) and stored at
-80◦C until RNA extraction. The clinical data of the samples are summarized in Table 2. Marginal tissues were
obtained from the same patients by surgery according to the Schwartz guidelines. Both tumor and marginal tissues
were confirmed histologically by two pathologists according to the criteria of the WHO published in 2011 [44].

RNA isolation
RNA was extracted by Tripura isolation reagent (Roche Inc., cat no.11667165001) according to the manufacturer’s
protocol. The integrity of the extracted RNA was evaluated by agarose gel electrophoresis. NanoDrop 2000c UV-Vis
spectrophotometer (Thermo, MA, USA) was used for further assessment of extracted the RNA.

Complementary DNA syntheses & real-time PCR
In this study, real-time PCR was used to quantitate the relative miRNA levels in samples. A miRCURY™ LNA™
miRNA RT Kit (Exiqon, cat no. 40023301) was used for cDNA synthesis according to the manufacturer’s
instructions. Approximately 10 ng of the extracted RNA was used for this purpose. The reactions were carried out
in a T100 Thermocycler system (Bio-Rad, CA, USA) at a final volume of 10 μl. The cDNA synthesis kit exerted in
the investigation was to reverse-transcribe the RNA of mature miRNAs. The quantification of the mature miRNAs
was performed at a lightCycler 96 system (Roche, Germany) using ExiLENT SYBR Green master mix (Exiqon,
cat no. 400203421) and miRNAs specific primer sets (cat. numbers are summarized in Table 3). PCR was carried
out in duplicates and normalized by U6 expression levels considering the required controls (such as nontemplate
control and no reverse transcription) The relative expression levels of target miRNAs were determined by 2-�Ct

method (�Ct = Ct target gene – Ct U6).

Statistical analysis
Data were analyzed in Graph Pad Prism v.6 (Graph Pad Software Inc., CA, USA). Two sample t-tests were
conducted to compare target genes expression level between CRC tissues and their paired marginal tissues. For
evaluating the correlation between gene expression level and clinicopathological parameters, a nonparametric test
(the Mann–Whitney U test for two groups and Kruskal–Wallis H test for parameters analyze in more than two
groups) was used. Significance level was set at p value <0.05.
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Table 3. Primers for quantification of target miRNAs and related catalog numbers.
Primer set Cat. number in exequine

has-mir598-5p 400113869

has-mir323b-5p 400204796

has-mir196a-5p 400204286

has-mir224-5p 400204486

has-mir200c-5p 400204479

has-mir181b-5p 400204530

has-mir181a-5p 400206081

has-mir184-5p 400204601

has-mir130a-5p 400204329

has-mir122-5p 400205664

has-mir132-5p 400204552

has-mir330-5p 400204659

has-mir203b-5p 400204324

has-mir155-5p 400204308

has-mir378a-3p 400205727

Table 4. miRNAs evaluated between tumor and marginal tissues from colorectal cancer patients, the related expression
alteration and correlation with clinicopathological measurements.
Clinical feature Correlated miRNA

Age None

Gender None

Lymph node metastasis miR-155, miR-130a, miR-200c, miR-598, miR-330

Tumor differentiation None

Tumor grade miR-196a, miR-224, miR-181b, miR-378a-3p

Vessel involvement None

Stage (AJCC) None

AJCC: American Joint Committee on Cancer.

Results
In this study, 47 CRC tissues and their matched marginal tissues were evaluated to quantify the expression level of
15miRNAs and their correlation with the clinicopathological features of the patients. Experiments demonstrated
that among the 15 miRNAs, six of them showed overexpression, while downregulation of seven miRNAs was
detected. The expression levels of miR-155 (fold change = 2.1; p < 0.0001, Figure 1C), miR-130a (fold change = 1.4;
p = 0.0018, Figure 1D), miR-196a (fold change = 1.3; p = 0.0330, Figure 1E), miR-224 (fold change = 1.6; p
= 0.0022, Figure 1F), miR-200c (fold change = 1.7; p = 0.0013, Figure 1G) and miR-181b (fold change = 1.8;
p = 0.0002, Figure 1H) were upregulated in tumor in comparison with the marginal tissues. On the other hand,
seven miRNAs, including miR-378a-3p (fold change = 0.6; p = 0.0011, Figure 1I), miR-598 (fold change = 0.5;
p = 0.007, Figure 1J), miR-323 (fold change = 0.7; p = 0.017, Figure 1K), miR-330 (fold change = 0.2; p <

0.0001, Figure 1L), miR-132 (fold change = 0.6; p = 0.022, Figure 1M), miR-203b (fold change = 0.6; p = 0.013,
Figure 1N) and miR-122 (fold change = 0.6; p = 0.0051, Figure 1O) were significantly downregulated in tumor
tissues. Among the assessed miRNAs, miRNA-181a (fold change = 1.1; p = 0.0886, Figure 1A) and miR-184 (fold
change = 1.1; p = 0.2583, Figure 1B) did not show significant alteration between the tumor and marginal tissues.

With respect to clinicopathological data and its correlation with miRNA expression levels, a significant correlation
was detected between metastatic progression and expression levels of miR-598, miR-155, miR-200c, miR-130a
and miR-330 (Table 4). Moreover, expression level of miR-378a, miR-200c and miR-196a was related with
differentiation in the grade of tumors. Alternately, the transcript level of miR-181b, miR-224, miR-196a and miR-
378a-3p was correlated with tumor grade. Among the miRNAs with significantly altered expression levels, miR-323,
miR-122, miR-132 and miR-203b correlated with none of the clinicopathological manifestations (Table 4).
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Figure 1. Expression level of miRNAs.
*p < 0.05; **p < 0.001; ***p < 0.0001.
ns: Non significant.

Discussion
MiRNAs are one of the most important regulators in cell biology and, recently, hundreds of them with altered
expression levels were detected in various types of cancer [45]. In cancer cells, many impairments in basic cellular
processes such as proliferation, cell cycle and cell death have been attributed to dysregulated miRNA expression.
Since miRNAs are important players in all of these processes and biomarker identification for cancer treatment
is of vital importance, these biological molecules pertinent for this purpose [46–48]. Furthermore, CRC is one of
the most prevalent cancer types with high range of mortality throughout the world; thus, the relation between
early detection of CRC and related death highlights the indisputable importance of probing and detecting new
biomarkers with the aim of improving diagnosis and targeting therapy [49]. In addition, the results of East Azerbaijan
Population-based Cancer Registry reported that CRC is the second most prevalent cancer in this region [50]. Since
familial genetic background as well as geoepidemiological risk factors related to specific environment may determine
distinct biological profile of the individuals [51], evaluation of the specific miRNAs in this region could be helpful
in designing sophisticated hygiene plans to diagnose and control the patients and decrease the disease prevalence.

Over the course of past decades, several miRNAs have been reported to be present in the serum or plasma samples
of patients with different cancers, these could be employed as appropriate noninvasive cancer biomarkers [52–56].
However, according to the genetic, epigenetic and environmental differences, expression of miRNAs may alter
among various populations. As a consequence, in the current study, expression profile of 15 miRNAs (that already
were associated with CRC pathogenesis in other populations) was investigated to find suitable biomarker for CRC
in Iranian Azari population. All of these miRNAs demonstrated obvious alteration in expression between CRC
tumors and marginal tissues, as they had already been related to in other cancers and populations [10–15,17,18,48,52,56].

Among the 15 evaluated miRNAs, we found eight miRNAs, including miR-378a-3p, miR-598, miR-323, miR-
330, miR-132, miR-203b and miR-122, with significant downregulation in CRC tumor tissues compared with the
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marginal tissues. Conversly, significant upregulation of six miRNAs, including miR-155, miR-130a, miR-196a,
miR-224, miR-200c and miR-181b, were detected. Two miRNAs (miR-181a and miR-184) were not significantly
different in their expression between tumor and normal marginal tissues.

Since miRNA dysregulation takes part in the development of CRC through modification of transcript levels
of oncogene or tumor suppressor genes, they could also be implicated in the progression of tumor. In this study,
we detected correlations between transcript levels of miRNAs and clinicopathological characteristics of the CRC
patients. In accordance with previous studies, a positive correlation of miR-130, miR-598 and miR-155 with
metastasis was indicated [19]. In some studies, dysregulation of the mentioned miRNAs has also been correlated
with cell proliferation in CRC cells. Furthermore, correlation of miR-330 with metastasis was demonstrated for
the first time in this study [12]. Contrary to previous studies, which did not identify any correlation between miR-
378a-3p dysregulation and clinical characteristics, we were able to demonstrate a relationship with differentiation
and tumor grade in CRC patients. Previous studies have also shown in vitro relation of miR-181b with cell
proliferation [16]. Here, a relation with tumor grade was observed in this study. Additionally, correlation of miR-
200c with metastasis and differentiation was evident in the current study. However, in other studies, relation of
miR-200c with disease stage has been demonstrated [18]. The role of miR-224 in metastasis has been shown in
some studies [15]. We observed a relation of miR-224 dysregulation with disease stage in CRC patients. Aberrant
expression of miR-196a was reported to be correlated with metastasis, tumor grade and tumor differentiation [17].
However, we could not indicate significant relation of aberrant expression of this miRNA with metastasis.

Relations were identified between metastases and expression levels of miR-598, miR-155, miR-200c, miR-130a
and miR-330. Furthermore, the expression level of miR-378a, miR-200c and miR-196a were observed to have
correlation with differentiation level of tumors. Additionally, tumor grade of CRC patients correlated with the
transcript level of miR-181b, miR-224, miR-196a and miR-378a-3p. However, expression levels of miR-323,
miR-122, miR-132 and miR-203b correlated with none of the clinicopathological features of the CRC patients.

The studied miRNAs are involved in the regulation of genes that potentially affect CRC carcinogenesis. As shown
in Table 1, some of these miRNAs directly affect the main regulators of apoptosis. For example, miR-34a, miR-122,
miR-203b, miR-378, miR-181b, miR-184 and miR-130a participate in downregulation of apoptosis related genes
and, subsequently, impact the expression of genes involved in apoptosis induction or blockade [10,39]. On the
other hand, miRNAs regulate the genes which are involved in the progression of different CRC stages. Besides
apoptotic targets, miR-34a impacts Notch signaling and could also serve as a predictive of chemoresistance [40].
Similarly, miR-203b, miR-132 and miR-598 regulate the key components of Akt signaling pathway [33,34,37,38].
miR-323, miR-200c and miR-155 control genes of TGF-β and Wnt pathway [29,35]. miR-330, miR-200c and
miR-122 regulate the genes responsible for cell cycle progression/arrest [14,30,37]. miR-196a and miR-155 control
the expression of oncogenic transcription factors and genes responsible for DNA repair, respectively [17,19]. Finally,
miR-224, by regulating the autophagy process, could affect cancer cell survival or drug resistance in CRC [28].

Conclusion
In conclusion, our research demonstrated a number of miRNAs with potential implications in the etiology
and pathogenesis of CRC. Furthermore, dysregulation of these miRNAs was correlated with clinicopathological
presentations of CRC in the patients. These miRNAs appeared to have the potential to be considered as biomarkers
for prediction of cancer stage and tumor progression in CRC. Nonetheless, the functional evaluations of the
dysregulated levels of these miRNAs are the subject of our future studies.

Future perspective
Over the course of past few years, miRNAs have been speculated to have considerable potential to be exerted as
biomarkers and therapeutic targets due to the ability of miRNAs to trigger and modulate tumor progression in
CRC. Nonetheless, the clinical importance of miRNAs as biomarkers is still inconclusive, and further confirming
studies are required for clinical uses. Moreover, as it was a limitation of our study, it is necessary to compare the
levels of miRNAs in normal tissues from tumor patients with those measured in patients affected by adenomas
and polyps. The application of miRNAs as biomarkers for CRC could confer a less invasive approach to screen
the patients for CRC and determine cancer prognosis. As a consequence, a screening panel containing multiple
miRNAs can hopefully confer an effective screening approach for CRC patients. It has recently been reported
that miRNAs might be involved in the regulation of immune system responses, and dysregulation of miRNAs
in the immune system has been related to cancers. On the other hand, immune-associated miRNAs have been
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shown to be dysregulated in the context of both immune and tumor cells. These observations imply that miRNAs
potentially play a role in the interaction and communication between immune and tumor cells. As a result, it is
highly recommended to apply further effort to identify the precise function of miRNAs in the modulation of the
antitumor responses by the immune system.

Summary points

• The expression levels of miR-155, miR-130a, miR-196a, miR-224, miR-200c, and miR-181b were upregulated in
tumors in comparison with the marginal tissues.

• Seven miRNAs including miR-378a-3p, miR-598, miR-323, miR-330, miR-132, miR-203b and miR-122 were
significantly downregulated in tumor tissues.

• Among the assessed miRNAs, miRNA-181a and miR-184 did not show significant alteration between the tumor
and marginal tissues.

• A significant correlation was detected between metastatic progression and expression levels of miR-598, miR-155,
miR-200c, miR-130a and miR-330.

• Expression level of miR-378a, miR-200c, miR-196a was related with differentiation in the grade of tumors.
• The transcript level of miR-181b, miR-224, miR-196a and miR-378a-3p was correlated with tumor grade.
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