
ORIGINAL RESEARCH

Farahnaz Moghadamnia1 & Pegah Ghoraeian1
& Sara Minaeian2

& Atefeh Talebi3 & Farnaz Farsi4 & Abolfazl Akbari3,5

Published online: 18 May 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Introduction MicroRNAs (miRNAs), as a family of non-coding RNAs, have opened a new window in cancer biology and
transcriptome. It has been revealed that miRNAs post-transcriptionally regulate the gene expression and involve in colorectal
cancer (CRC) development and progression. Our aim was to examine the differential expression of miRNAs in a CRC and to
correlate their expression levels with mRNA levels of CRC-related genes (K-ras, APC, p53).
Materials and Methods Seventy-two colorectal tumor tissues from patients with newly diagnosed CRC and 72 matched normal
adjacent tissues were analyzed. Relative expression of seven CRC-related miRNAs (miR-21, miR-31, miR-20a, miR-133b, and
miR-145, miR-135b and let-7g) and three CRC-related genes (K-ras, APC, p53) was detected using the SYBRGreen quantitative
real-time PCR technique. The correlation between gene expression levels and clinicopathological features was evaluated.
Results Our results showed a significant difference between the two groups for the expression level of miR-21, miR-31, miR-
145, and miR-20a (P < 0.001). Also, a significant difference between the two groups for the expression level of K-ras was found
(P < 0.001). Further analysis revealed an inverse significant correlation between miR-145 and K-ras (R2 = 0.662, P < 0.001),
while a positive correlation was observed between miR-21 and K-ras (R2 = 0.732, P < 0.001).
Conclusion Dysregulation of miRNAs and correlation with molecular signaling pathways designated a biological role for
miRNAs in various cellular mechanisms underlying CRC. On the other hand, the pattern of miRNAs expression and its
correlation with transcriptional status are helpful to discovery biomarkers and design therapeutics for CRC.
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Introduction

Colorectal cancer (CRC), as one of the most common malig-
nancies, is a main cause of cancer-related death worldwide [1].

A number ofmolecular mechanisms have been documented in
CRC development, which might be arising from genetic, epi-
genetic, and transcriptional changes. Thesemolecular changes
include the aberrant gene expression, epigenetic events, and
non-coding RNA regulation [1]. Evidently, understanding the
cancer development and tumor behavior can be achieved by
investigating the dysregulated gene expression, signaling
pathways, and the corresponding cellular processes [2, 3].
On the other hand, improving the cancer diagnosis, cancer
prognosis, and therapeutic strategies are considerably depen-
dent on depicting the molecular and cellular features of the
carcinogenesis [4, 5]. A number of studies have been investi-
gating the gene expression of molecular markers and possible
correlations with clinicopathological parameters [5]. These
explorations may remarkably improve the accuracy of cancer
diagnosis and treatment. Nevertheless, in several tumors, no
distinct correlation between the gene expression pattern and
histopathological features was reported. Currently, the ad-
vanced technologies in molecular sciences have integrated
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new dysregulated molecular events along with histopatholog-
ical features of cancers [6, 7].

MicroRNAs (miRNAs) are endogenous non-coding RNAs
with about 18–22 nt in length that complimentarily bind to
their target mRNA. These small RNA molecules have been
well-known to negatively regulate gene expression at the post-
transcriptional level [8, 9]. Indeed, the aberrant expression of
miRNAs could also involve in gene alterations, including
gene mutation, methylation, and amplification. In this back-
ground, these molecules have been suggested to involve in
cancer signaling pathways as tumor suppressors or oncogenes
[10]. Dysregulation of miRNAs has also been confirmed to
engage in CRC development and progression. In other words,
the altered expression of miRNAs has frequently been corre-
lated with tumor staging, diagnosis, and prognosis [11, 12].

In this context, several investigations, including experi-
mental, functional, and computational studies, have revealed
the possible correlation between miRNAs and their mRNA
targets [13–15]. However, since the miRNAs might be co-
transcribed with their target genes, it may positively be corre-
lated together. Therefore, it is obvious that the experimental
and functional studies can outstandingly complete and vali-
date the computational data [15]. A range of altered signaling
pathways, including APC, K-ras, P53, Wnt, and EGF, was
commonly reported as the frequent mechanisms underlying
CRC development and progression [16]. Additionally, the
regulatory role of miRNAs in these signaling pathways has
been demonstrated by various investigators. In order to recog-
nize the potential interactions, current studies incorporated the
cancer-related miRNA and gene expression analyses using the
large-scale miRNA and mRNA expression profile datasets
[17]. Such expression analysis promotes the insights into
miRNA–mRNA interaction networks, facilitating the identifi-
cation of gene regulation at the post-transcriptional level. The
experimental data from gene expression and miRNAs analysis
might indicate a RNA-mediated regulatory mechanism for
gene dysregulation in cancer development [17–19]. This study
is aimed at examining the expression level of CRC-related
miRNAs and key genes, including APC, K-ras, and P53. We
performed mRNA and miRNA expression analyses of the
colorectal cancer samples using the quantitative real-time
PCR technique.

Materials and Methods

Study Population and Sample Collection

After the project was approved by the Research Ethics
Committee (Ethical code number: IR.IUMS.REC 94–
26699), a prospective study was performed with 74 consecu-
tive colorectal cancer patients and healthy individuals from
July 2017 to August 2018. All patients signed a free and

informed consent form for enrollment in the study.
Exclusion criteria include possible genetic syndromes, inflam-
matory disease, and any types of gastrointestinal tumor.
Clinicopathological features collected from medical records
included gender, age, tumor location, TNM staging, and
lymphovascular infiltration (LVI) (Table 1). All patients were
diagnosed with stages II, III, and IVof CRC, no patient with
stage I was available due to late diagnosis. None of the pa-
tients have received chemotherapy prior or at the time of tissue
sampling. The adjacent non-tumor tissues from CRC patients
were collected as control samples.

RNA Extraction

The samples were processed and total RNAwas isolated from
the frozen tissue samples by TRIzol Reagent (Invitrogen, Life
Technologies, Inc., Carlsbad, CA, USA) according to the
manufacturer’s protocol. Then, the extracted RNAwas treated
using RNase-free DNase I and stored at − 80 °C, as described
previously [20].

cDNA Synthesis

Reverse transcription (RT) of miRNA templates was per-
formed using a reverse transcription kit. Briefly, a total RNA
(1 μg) was transcribed into cDNA using cDNA reverse tran-
scription kit (Amplicon, Denmark). The extracted RNA was

Table 1 The clinicopathological characters of CRC patient

Variable Clinicopathological
parameter

Number of samples
(n = 74)

Age ≥ 55 33

< 55 41

Gender Male 48

Female 26

TNM stage II 39

III 30

IV 5

Tumor size < 2 10

2–3.5 31

3.5–5 24

> 5 9

Localization Colon 37

Rectum 37

LVI Positive 46

Negative 28

Well 11

Differentiation Moderate 59

Poor 4

CRC colorectal cancer, TNM tumor-node-metastasis, LVI lymphovascular
invasion
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mixed with 1 μl of random hexamer primers and 1-μl M-
MuLV reverse transcriptase (200 U/μl). Nuclease-free DEPC
was added to bring the mixture up to a volume of 15 μl. Then,
the mixture was incubated at 65°C for 5 min in a 7500
thermocycler (ABI) and cDNAwas synthesized with the pro-
gram for 5 min at 25 °C, 60 min at 42 °C, and 5 min at 70 °C.

Quantitative Real-Time PCR for Analyzing miRNAs
and Gene Expression

The expression of the aforementioned miRNAs was
measured by a quantitative poly A reverse transcription
real-time polymerase chain reaction (qPCR) using spe-
cific primers (Table 2). All PCR reactions were per-
formed in triplicate and the mean Ct data were conclud-
ed using cycle threshold settings. cDNA was replicated
on a 7500 Fast Real-time PCR System and the compar-
ative quantitation 2−ΔΔCT method was used to compare
differences in cycle number thresholds for samples nor-
malized for endogenous controls (details provided in
Supplemental Methods).

Data Analysis

The relative expression levels of miRNAs and genes were
normalized to those of RNU6B and GAPDH, respectively,
as internal controls. The amplification reactions were ac-
complished using Rotor-Gene Q software. Normalizing
was done by subtracting Ct values for genes/miRNAs
from Ct values for the target gene/miRNA for each sam-
ple. The normalization was completed by the equation:

log10 2−ΔΔCt
� �

; in which ΔCt ¼ CtmiRNA−Ctcontrol

Bioinformatic Pathway Analysis

Bioinformatic analysis for miRNA–gene interactions and tar-
gets was completed by TarBase v7.0 database mirPath v.3
[21]. Furthermore, the predicted targets of miRNAs were de-
termined using the softwares TargetScan, miRanda, and
PicTar.

Statistical Analysis

SPSS software version 22.0 was used for statistical analysis.
Data were analyzed using the Student’s t test in independent
experiments. At first, the normality was checked using the
Kolmogorov-Smirnov test. Furthermore, the Pearson correla-
tion coefficient was used to examine the relationship between
gene expressions in samples based on miRNA expression lev-
el. The level of significance for statistical test was 0.05.

Results

Dysregulation of K-Ras Transcriptional Levels
in Colorectal Carcinomas Compared with Healthy
Controls

By comparing RNA expression levels in the studied groups
based on malignant and non-cancer tissue using Mann–
Whitney U test, a statistically significant difference was dis-
covered for K-ras (p = 0.027) (Fig. 1). Additionally, data anal-
ysis revealed that invasive CRCwith clinical stage III/IV has a
higher expression level of K-ras as compared with tumors
with a clinical stage II (p = 0.04). No significant difference
in p53 and APC mRNA expression levels was observed be-
tween the tumor tissues and the adjacent normal tissues
(p > 0.05) (Fig. 1).

Table 2 The primer sequences used in the study

miRNA/Gene Forward sequence (5′→ 3′) Reverse sequence (5′→ 3′)

MiR-21 TCAGTAGCTTATCAGACTGATG CGTCCAGTTTTTTTTTTTTTTTCAAC

MiR-20a ACAGTAAAGTGCTTATAGTGCA GTCCAGTTTTTTTTTTTTTTTCTACCT

MiR-145 GAAGAGCTAGTAGGTTGGAT GATTCCAGTTTTTTTTTTTTTTTAACT

MiR-133b TGAGTAAACAGCTTATAGTGCA GTCCAGTTTTTTTTTTTTTTTCTACCT

MiR-31 GATAGTAAAGTACTTATAGTGCA CTGGACTTTTTTTTTTTTTTTCTAGCT

MiR-135b GGAAGTAGCTCATCAGATTGATG GCCTCAGTTTTTTTTTTTTTTTCAAC

Let-7g GCACTGAGTTAGTAGGTGGT GATCCAGTTTTTTTTTTTTTTTAACTATGC

RNU6B AGTTATACAGCGCGGTAATG GTCCAGTTTTTTTTTTTTTTTCGATC

APC GCCTCGAGTTAAAAGAGAGGAAGA ATGAAACTAAG GCGGATCCGCATGTATCTCCATTGTTTATGG

K-ras AATCCGTGTGGGTCAGAGAG GAAACAATAGCCACCCTCCTT

P53 ATGGAGGAGCCGCAGTCAGAT GCAGCGCCTCACAACCTCCGTC

GAPDH GTGGTCTCCTCTGACTTCAAC TCTCTCTCTTCCTCTTGTGCTCT
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Dysregulation of miRNA Expression Levels in CRC
Compared with Normal Tissues

We found the expression of miRNAs (miR-31, miR-21, miR-
20a) was upregulated in CRC patients compared with adjacent
controls (p < 0.05) while miR-145 showed a significant down-
regulation in CRC compared with the normal group
(p < 0.05). However, the expression level of miR-133b was
not significant between CRC and control groups (p = 0.57).

mRNA Expression Levels and Clinicopathological
Features of CRC Patients

Data analysis showed that the invasive CRC with a clinical
stage III/IV had a higher expression level of K-ras as com-
pared with tumors with a clinical stage II (p = 0.04). A statis-
tical trend towards a higher level of K-ras mRNA expression
was found in the higher stages of CRC patients as compared
with the lower stages and the normal tissues (p < 0.05).

Diagnostic Value of CRC-Related Genes

ROC curve analysis was performed in order to evaluate the
diagnostic value of the genes. Differential expression of K-ras
between CRC and healthy individuals showed a cut-off value
of 2.5 (mean ± SD = 1.68 ± 0.158) with a sensitivity of 55%
and a specificity of 61% and an AUC value of 0.75 (95% CI,
0.86–0.96) (Fig. 2).

Interrelationship Between mRNA Levels and miRNA
Expression Levels

The correlations between the mRNA expression levels and the
levels of miRNA expression were analyzed using Spearman’s
rank correlation test. A significant positive correlation was
found between miR-21 and K-ras mRNA levels (R2 = 0.732,
p < 0.001) in the CRC tumor group. The trend towards posi-
tive correlation was detected in advanced histological grade
III/IV tumors.

Fig. 1 Gene expression fold-change differences between CRC and
healthy groups using RT-qPCR. Relative gene expression was calculated

using the 2-ΔΔCt method, using GADPH mRNA expression as the refer-
ence gene

Fig. 2 ROC curve analysis of the diagnostic value of CRC-related genes
to distinguish between CRC patients and healthy individuals
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Statistically significant negative correlation was observed
between miR-145 and K-ras mRNA levels (R2 = − 0.662,
p < 0.001) in the CRC tumor group (Fig. 3).

K-Ras mRNA and miR-21 Relative Expression Levels
and Correlation with Clinicopathological Features

To further validate the miRNA/mRNA relationship, we exam-
ined the association of the duplexes in colorectal cancer. K-ras
(p = 0.034) and miR-21 (p = 0.012) showed a significant as-
sociation with tumor differentiation. The expression levels of

miR-21 and miR-31 progressively increased from well-
differentiated to moderately differentiated and poorly differ-
entiated tumors. In the same manner, K-ras mRNA levels
increased from well-differentiated to poorly differentiated co-
lorectal tumors.

Bioinformatic Pathway Analysis; miRNA–Gene
Signaling Pathway Crosstalk

Bioinformatic analysis revealed a number of experimentally val-
idated miRNA–gene interactions and targets in TarBase v7.0
database mirPath v.3 (Fig. 4.). The predicted targets of the
miRNAs in this study also were determined using the softwares
TargetScan, miRanda, and PicTar. MiR-21, miR-31, miR-145,
miR-20a, and miR-135b were differentially expressed in our
dataset. Considering these miRNAs, our miRNA–mRNA corre-
lation studies showed significant correlations for K-ras involved
in CRC development, giving miR-21 and miR-145 high priority
for assessing their effects on CRC development and progression.
The putative binding sites in the 3′ UTRs of miR-21 and miR-
145 in mRNA of genes were predicted by the softwares
TargetScan, miRanda, and PicTar.

Analysis on the miRNA versus mRNA correlation dataset
yielded several pathways with known or putative relations to
CRC carcinogenesis reaching a p value < 0.05. Although the
majority of the significant pathways were unique for each
miRNA, the pathways reaching statistical significance were
theWnt/β-catenin and PI3K/AKTsignaling pathway for miR-
21, and the p53 signaling pathway for miR-145.

Discussion

It is known that miRNAs, as key negative regulators of gene
expression, are aberrantly expressed in various malignancies.
Numerous studies have indicated a main biological role of
miRNAs in most of the signaling pathways in colorectal can-
cer (CRC) pathogenesis [8, 11, 12]. There are increasing evi-
dences that cancer-related miRNAs act as tumor suppressors
and oncogenes in cancer pathogenesis [8]. So far, the function
of numerous miRNAs including miR-21, miR-145, and miR-
200c has been well-known in CRC development and associ-
ated with clinicopathological features of the cancer patients
[22–24].

The miRNA analysis and correlation with gene expres-
sion may be valuable to verify the biology of CRC-related
miRNAs and recognition of their target genes, providing
valuable insights into understanding CRC development
and progression [15, 18]. Additionally, a potential corre-
lation between miRNA expression levels and clinicopath-
ological parameters might substantiate the miRNA/mRNA
interaction network data arose from functional and com-
putational investigations. Indeed, the experimental data

Fig. 3 The correlations between the mRNA expression levels and the
levels of miRNA expression were analyzed using Spearman’s rank
correlation test. A significant positive correlation was found between
miR-21 and K-ras mRNA levels (R2 = 0.732, p < 0.001) in the CRC tu-
mor group. Also, a significant negative correlation was observed between
miR-145 and K-ras mRNA levels (R2 = − 0.662, p < 0.001) in the CRC
tumor group



arose from gene expression and miRNAs analysis also
may indicate a miRNA-mediated regulatory mechanism
for gene dysregulation in cancer development [10, 15,
17].

We aimed to examine the expression level of CRC-related
miRNAs and key genes, including APC, K-ras, and P53. We
performed mRNA and miRNA analyses of the colorectal can-
cer samples using the quantitative real-time PCR technique.
The differential expression of a subset of 7 miRNAs in 74
CRC patients was evaluated and correlated the miRNA levels
with mRNA levels. It was found that miR-21 had the largest
number of significant correlations to mRNA levels of K-RAS.

In the present study, the miRNA expression profile of CRC
tissues was analyzed, revealing dysregulation of miRNAs ex-
pression compared with adjacent normal tissues. Our results
demonstrated a dysregulation of miRNAs in cancer samples
compared with non-cancer samples. The expression levels, of
miR-21, miR-31, miR-135b, miR-20a, were found to be up-
regulated in cancer samples compared with non-cancer sam-
ples. Also, the expression levels of miR-145 (p = 0.002) and
let-7g (p = 0.016) were found to be dowregulated in cancer
samples compared with non-cancer samples. We then further
validated differential expression of a subset of 5 miRNAs in
74 individuals by qPCR and correlated the miRNA levels with
mRNA levels in these same individuals. It was found that
miR-21 (R2 = 0.732, p < 0.001) and miR-145 (R2 = 0.662,
p < 0.001) had the largest number of significant correlations
to mRNA levels.

Our results, in agreement with other studies [25, 26],
showed that K-ras expression levels were the highest in

tumors and were correlated with the differentiation of tumor
(p = 0.034). Further analysis revealed, in agreement with other
results, that the expression levels of K-ras are significantly
higher in advanced stages (III and IV) tumor compared with
stage II. This results are agreeing with the fact that K-ras gene
expression is highest in G0 and G1 phase of the cell cycle [26,
27].

According to bioinformatics analysis, the pathways
reaching statistical significance were the Wnt/β-catenin and
PI3K/AKTsignaling pathway for miR-21, and the p53 signal-
ing pathway for miR-145. Commonly, an activated mutation
of the Wnt/β-catenin pathway components, especially APC,
has been confirmed in colorectal tumors [28–30]. Also, it has
been confirmed that downregulation of miR-21 results in
inhibiting the phosphorylation of extracellular signal-
regulated kinases (ERK) and protein kinase B (AKT).
Phosphorylation of β-catenin by AKT contributes in promot-
ing the transcription of the β-catenin/TCF axis genes. In other
words, upregulation of miR-21 is frequently found and asso-
ciated with poor prognosis in CRC patients with an APC
mutation. In this context, the β-catenin/TCF axis, targeted
by miR-21 via the PTEN/AKT pathway, is suggested as a
promoter for tumor development and progression in APC-
mutated colorectal cancer. These findings might indicate that
the miR-21 expression level is valuable for prognosis in colo-
rectal cancer patients harboring APC mutations.

Also, a positive correlation between K-ras mRNA and
miR-21 in CRC tissues was detected. Indeed, we found a
statistical trend to the positive correlation of K-ras mRNA
and miR-21 expression levels in grades III and IV.
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Fig. 4. miRNAversus GO (gene ontology) categories heatmap generated
from the DIANA-miRPath v3.0 interface. The heatmap depicts the level
of enrichment in GO categories of various miRNAs in Homo sapiens.

The heatmap enables the identification ofmiRNA subclasses or GO terms
that characterize similar miRNAs, since they are clustered together



Controversially, a negative correlation has been reported be-
tween K-ras mRNA and miR-21 in grade II colorectal tumors
[31]. These discrepancy findings might represent a particular
group of miR-21–K-ras translational silencing that needs to be
more deeply investigated. These evidences may indicate the
relevance of both K-ras and miR-21 in the regulation of the
tumor progression in later stages of CRC.

Additionally, we noticed that K-ras mRNA expression
levels were positively associated with miR-21 expression
levels in the group of advanced tumors. Based on these results,
we can assume that miR-21may have a more significant effect
on K-ras mRNA expression levels in advanced tumors than in
lower stages of tumors. In the other words, higher K-ras
mRNA expression levels are correlated to a worse prognosis
for CRC patients.

According to previous investigations, expression levels of
the miR-21 molecule were the highest in invasive carcinomas
and gradually decreased towards non-transformed tissue [32,
33]. In the present study, K-ras mRNA expression levels were
higher in CRC than in normal tissue. It could possibly mean
that the miR-21 molecule may be important in promoting
invasion by increasing K-ras mRNA translation, as proposed
by others, but not in all tumor grades according to invasive-
ness [34, 35]. An explanation for the differences in various
grades is that the compared groups have various signaling
pathways, contributing to the heterogeneity in the CRC, and
K-ras and miR-21 levels are most likely related to tumor phe-
notype. Another clarification for these remarkable findings is
probably the [36, 37].

The positive correlation between miR-21 and K-ras mRNA
levels, partly, might be due to multifunctional and complex
role of K-ras in epithelial cells. Another reason might be re-
lated to complex interactions between miRNA and mRNA,
considering the fact that one miRNA can target several
mRNAs, and the translation of a single mRNA can be regu-
lated by multiple miRNA molecules and the heterogeneity of
miRNA behavior in the biology of cancer types/subtypes [38].
Moreover, it has been demonstrated that the level of K-ras is
different in tumors of different phenotypes and might be si-
lenced by promoter methylation [39]. Our findings also denote
the complexity of various epigenetic events, so expression
levels of K-ras seem to be the result of the summary of the
combinations of RNA interference mechanisms and promoter
methylation. These rationales may partly explain different and
some unexpected results in various tumor groups.

MiR-135b has been revealed to dysregulate in a number of
malignancies including lung cancer and colorectal cancer, in-
dicating an oncogenic role for this miRNA. MiR-135b could
promote cancer cell proliferation, invasion, and metastasis in
tumors by targeting several key tumor suppressors. It has been
reported that transcriptional dysregulation of miR-135b may
be caused by the crosstalking between various CRC-
associated signaling pathways such as K-RAS, p53, and

APC [40, 41]. On the other hand, the regulation of miR-
135b has been confirmed to depend on the alteration in the
key genes frequently reported in CRC development and pro-
gression. Another study reported a significant upregulation of
miR-135b in colorectal cancer that was reversely correlated
with the expression levels of APC. It has also been confirmed
that it promotes downstream Wnt signaling pathway. The pu-
tative regulatorymechanism seems to be completed regardless
of the mutational status of APC. These findings suggested a
miR-135b-mediated mechanism in CRC carcinogenesis by
the regulation of APC expression and Wnt pathway activity
[42].

MiR-145 is well-known as a downregulated miRNAwith a
biological role and a tumor suppressor in CRC. Experimental
and functional studies have revealed that miR-145 inhibits cell
proliferation, invasion, and metastasis by targeting multiple
oncogenes. In disagreement with this, it has been reported that
miR-145 may function as an oncogene in CRC by targeting E-
cadherin. Indeed, miR-145 may act as either a tumor suppres-
sor or an oncogene depends on the cancer stage and various
cellular contexts [43, 44]. Our results showed that miR-145 is
negatively correlated with K-ras indicating a suppressing ef-
fect on the K-ras and corresponding downstream pathways.
This finding needs further validation by functional studies at
the protein levels. Recently, miR-145 has been demonstrated
to interact with some p53 target genes and regulate the p53
signaling pathway in CRC. This gene regulatorymiR-145/p53
axis could mediate cell cycle, apoptosis, migration and inva-
sion. P53 mutually may improve miR-145 maturation via
modulation of Drosha-mediated miRNA processing.
Corresponding to a regulatory role for p53, miR-145 expres-
sion levels are significantly lower in colorectal tumors that
harbor p53 mutations [45].

Furthermore, miRNA–gene interactions and validation of
miRNA targets were completed using TarBase v6.0 database
[46]. The predicted targets of the miRNAs in this study were
verified using the softwares TargetScan, miRanda, and PicTar.
miR-21, miR-135b, and miR-200c, miR-20a, and miR-145
were differentially expressed in our dataset and for these
miRNAs, our miRNA–mRNA correlation studies show a
number of statistically significant correlations for genes in-
volved in CRC, giving these four miRNAs high priority for
assessing their effects on CRC development and progression.
Some studies have suggested that the miRNAs–mRNAs reg-
ulation pattern includes both the coherent and incoherent [47].

The identified miRNA/mRNA combinations not only will
help in the understanding of the molecular pathology of colo-
rectal cancer but also may have a potential therapeutic capac-
ity for the disease. Among these, some targets show upregu-
lated expression compared with miRNAs, while other targets
show downregulated expression compared with miRNAs.
Indeed, miRNAs may have a certain specific target mRNA
and contribute to the regulation of miRNA [48]. However,
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target genes may be regulated by several upregulated and
downregulated miRNAs. Altogether, the mRNAs–miRNAs
regulation pattern has been found to be a potential key regu-
lator in the development of CRC. Even though this approach
improves our understanding of miRNA–gene relationships,
mRNA expression profiles alone may not be sufficient to rep-
resent protein translation processes, involving several regula-
tory steps [15, 38, 48]. Therefore, the determination of rela-
tionships between genes and miRNAs using only mRNA ex-
pression data is limited. On the other hand, protein pattern
datasets and the relationships with miRNA expression profile
are suggested to extensively be explored.

We supposed, based on the previous experimental and bio-
informatics data, that the modulation of key markers, includ-
ing K-ras and miR-21, will improve the development of new
therapeutic possibilities, making the treatment of CRC more
effective. In spite of the paradigm that miRNAs repress the
putative targets, our miRNA versus mRNA correlation data
showed a significant positive correlation between miR-21 and
K-ras, which is attractive. The positive correlations in our data
could be due to downstream effects, perhaps due to inhibited
repression or perturbations of feedback loops [49].
Correlations between miRNA and miRNA and gene regula-
tory networks often include feedback motifs, and miRNAs are
interwoven into such complex regulatory networks, which
coordinate transcriptional regulation in signaling networks
[50, 51]. Our integrated analysis of global mRNA–miRNA
correlation and bioinformatics analysis needs to be incorpo-
rated in functional studies to identify novel target genes for
miRNAs with the potential to involve in CRC.

Conclusion

The integrated data suggested a miR-K-ras pathway signifi-
cantly enriched in related target genes from the miRNA–
mRNA network in CRC development. Our results might in-
dicate that signaling pathways involved in the formation and
progression of CRCmight arbitrate to miRNA-associated epi-
genetic mechanisms, determining K-ras expression levels.
Since the relationship between cancer-related miRNA and
mRNA is dynamic and multifaceted, further studies on the
miRNA–mRNA network are required to deeply analyze the
dominance of CRC.
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