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Abstract: The mortality of colorectal cancer (CRC) is growing due to the unsatisfactory specificity and sensitivity of 
the existing screening methods. Previous studies have focused on the role of miRNAs as CRC biomarkers. However, 
few studies have examined the miRNA profiles at each stage. The objective of this study was to identify miRNAs that 
distinguish CRC patients from normal people to prevent the misdiagnosis of patients with certain stages of CRC. We 
performed miRNA profiling of 1547 human miRNAs by qRT-PCR in CRC patients with stage II and stage III disease. 
The statistical analyses showed that there were 96 miRNAs that were significantly dysregulated in CRC relative to 
normal tissues (P<0.05). There were 28 dysregulated miRNAs associated with separate or combined stages II and 
III disease. There were 25 downregulated miRNAs, including the following: miR-1, -145, -145*, -137, -363, -143, 
-4770, -490-5p, -9, -144*, -99a, -99b, -23b, -143*, -100, -768-3p, -24-1*, -125a-5p, -30e*, -574-3p, -126, let-7b, 
miR-1979, -374b, and -140-3p. We found an upregulation of miR-203, 182, and 96. Our results demonstrated that 
the expression of miR-1 and miR-374b was significantly decreased in each stage and may function as a biomarker of 
CRC. Furthermore, 20 miRNAs were dysregulated both in stage II disease without lymph node or distant metastasis 
and in stage II-III tumors but not in stage III tumors. Only miR-4794 was involved exclusively with stage II tumors, 
and there were 19 miRNAs that were dysregulated only in stage III disease with lymph node metastasis and in stage 
II-III disease. There were only 6 miRNAs that were uniquely dysregulated in stage III. Our results indicate that miRNA 
expression may be valuable in the clinic. However, large prospective studies are required to confirm the role of 
miRNAs. This study provides a new model for analyzing novel CRC biomarkers by considering more clinical factors.
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Introduction

Colorectal cancer (CRC) is one of the most seri-
ous cancers for human health [1]. It has been 
estimated that CRC caused more than 50,000 
deaths in the United States and more than 
500,000 deaths worldwide in 2013 [2]. 
However, current screening methods for CRC 
have unsatisfactory sensitivity and specificity. 
Therefore, novel biomarkers for CRC detection 
are urgently required. miRNAs may soon repre-
sent novel prognostic and diagnostic tools in 
patients who are at high risk of CRC or have 
already been diagnosed with CRC.

MiRNAs are a class of small non-coding RNA 
molecules that regulate gene expression at the 
post-transcriptional level [3]. Since the identifi-
cation of miRNAs in 1993 [4], 2578 human 
miRNA sequences have been collected in the 

most recent version of miRBase (V20). The dis-
covery of miRNAs has led to a worldwide 
research effort to establish their roles in carci-
nogenesis. Previous studies have shown that 
miRNAs are dysregulated in different human 
cancers and act as tumor suppressors or onco-
genes [5]. miRNA expression signatures pro-
vide a more accurate method of cancer subtype 
classification than the expression profiling of an 
entire group of known protein-coding RNAs [6]. 
Thus, miRNAs may be potential biomarkers for 
diagnosis or prognosis and may act as potential 
targets in cancer-specific therapies [7, 8]. MiR-
145 is downregulated in many cancers, includ-
ing CRC, and is thought to have a tumor-sup-
pressor role [9-11], partly through its targeting 
of insulin receptor substrate 1 (ISR-1) and type-I 
insulin-like growth factor receptor (IGF-IR). The 
loss of miR-145 inhibition increases anti-apop-
totic signals in the cell and promote cells growth 
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[12, 13]. MiR-155 and miR-21 are increased in 
the serum of patients with diffuse large B-cell 
lymphomas. Additionally, the expression of 
oncogenic miR-155 is upregulated in many 
other cancer types, and miR-155 alone is suffi-
cient to induce lymphoblastic leukemia [14]. In 
a recent study, Dinami and colleagues have 
shown that miR-155 impairs telomere integrity 
by downregulating the expression level of telo-
meric repeat binding factor 1 (TERF1) [15]. 
Furthermore, high miR-155 expression leads to 
increased genomic instability and correlates 
with poor clinical outcomes in estrogen-recep-
tor-positive breast cancer. Thus, the downregu-
lation of miR-155 expression improves genomic 
stability by increasing telomere stability. These 
findings suggest that miR-155 has multiple 
functions in causing genomic instability [15]. 
MiR-21 is overexpressed in most cancers, 
including breast cancer, glioblastoma, neuro-
blastoma, leukemia, lymphoma, lung cancer, 
pancreatic cancer and colorectal cancer [16, 
17]. In previous studies, investigators have 
linked the high expression of miR-21 in the 
serum of patients with improved relapse-free 
survival [18]. Studies have also shown that 
miR-21 targets several tumor-suppressor 
genes, including PTEN, to increase cell prolifer-
ation and decrease apoptosis [19]. Many stud-
ies have focused on miRNA expression profiling 
in cancers, including colorectal cancer. 
Researchers are beginning to uncover the com-
plex role that miRNAs play in malignant dis-
ease. However, several issues in miRNA studies 
of CRC remain to be resolved. These issues 
include the pattern or signature of differentially 
expressed miRNAs associated with specific 
clinical stages [20]. It is important to empha-
size the value of identifying the characteristic 
differential expression levels of miRNAs in dif-
ferent tumor stages because there has been 
little study of the expression patterns in each 
tumor stage. These findings might lead to the 
misdiagnosis of patients with certain stages of 
CRC. It is also important to identify potential 
novel biomarkers that can prevent the misdiag-
nosis of patients with certain stages of CRC. In 
this study, we profiled 1547 distinct human 
miRNAs found in tumor and paired adjacent 
normal mucosa obtained from 28 CRC patients. 

Materials and methods

Patients and specimens 

The Clinical Research Ethics Committee of 
Third Affiliated Hospital of Guangzhou Medical 

University approved the research protocols. All 
participants provided written informed con-
sent. The patient demographic information was 
obtained from patient records and registries.

Fifty-six tissue specimens, including 28 tumor 
tissues and 28 paired adjacent normal muco-
sal tissues, were selected from 28 cases of 
CRC. There were 15 cases of stage II disease 
and 13 cases of stage III disease. All of the CRC 
patients received surgery at Third Affiliated 
Hospital of Guangzhou Medical University from 
June 2012 to October 2014. The stage II and 
stage III disease cases were selected because 
70% of CRC patients seen in the clinic are in 
these stages [21]. Patients were excluded from 
the study if they had received preoperative che-
motherapy or radiation therapy or had a previ-
ous history of malignant tumors. All patients 
underwent surgical resection in the Department 
of Pathology, Third Affiliated Hospital of 
Guangzhou Medical University, and had a final 
pathological diagnosis of CRC. All tumor speci-
mens were histologically classified and staged 
according to the seventh edition of the tumor-
node-metastasis (TNM) staging system. The 
tissue samples were flash frozen in liquid nitro-
gen after resection and stored at -80°C until 
nucleic acids were extracted.

RNA isolation

Frozen tissues (80-100 mg) were used to iso-
late miRNA using RNAzol reagent (Molecular 
Research Center) in accordance with the manu-
facturer’s instructions. Briefly, 100 mg of tissue 
was homogenized with 1 mL RNAzol. Then, 0.4 
mL water was added to the homogenate. After 
5-10 min, the mixture was centrifuged at  
12 000* g for 15 min for DNA/protein precipi-
tation. One milliliter of the supernatant was 
mixed with 0.4 mL of 75% ethanol for 10 min 
and centrifuged at 12 000* g for 8 min to pre-
cipitate the miRNAs. The collected miRNA 
supernatant was mixed with isopropanol (0.8 
volumes) for 30 min and then centrifuged at 
12000* g for 15 min, washed with 0.4 mL 70% 
isopropanol, and centrifuged at 88000* g for 3 
min. Finally, miRNAs were dissolved in diethyl-
pyrocarbonate-treated water.

The concentration and purity of the miRNAs 
were determined by electrophoresis and a 
NanoDrop spectrophotometer (Thermo Scien- 
tific, USA). The quality of miRNAs was consid-
ered to meet the requirements if the OD260/
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Table 1. Differential expressed miRNAs between tumor and paired adjacent normal mucosa in differ-
ent stages

miRNAs
II-III II III stages with significant 

change (P<0.05)fold change P Value fold change P Value fold change P Value
hsa-miR-1 -16.393 <0.001 -17.544 0.009 -15.152 0.014 II, III, II-III
hsa-miR-145 -15.873 <0.001 -18.182 0.001 -13.699 <0.001 II, III, II-III
hsa-miR-145* -13.158 <0.001 -9.615 <0.001 -18.868 <0.001 II, III, II-III
hsa-miR-137 -10.870 <0.001 -13.514 0.001 -8.403 0.016 II, III, II-III
hsa-miR-363 -6.993 0.001 -6.993 0.028 -6.993 0.006 II, III, II-III
hsa-miR-143 -6.944 <0.001 -7.407 0.022 -6.452 0.005 II, III, II-III
hsa-miR-4770 -6.803 <0.001 -8.333 0.001 -5.263 0.022 II, III, II-III
hsa-miR-490-5p -6.536 <0.001 -6.993 0.007 -6.098 0.021 II, III, II-III
hsa-miR-9 -5.848 <0.001 -6.494 0.014 -5.208 0.014 II, III, II-III
hsa-miR-144* -5.435 <0.001 -3.788 0.044 -8.264 0.001 II, III, II-III
hsa-miR-99a -4.975 0.001 -6.369 0.013 -3.745 0.025 II, III, II-III
hsa-miR-99b -4.739 <0.001 -5.556 0.010 -3.953 0.004 II, III, II-III
hsa-miR-23b -4.717 <0.001 -3.559 0.044 -6.536 0.001 II, III, II-III
hsa-miR-143* -4.505 <0.001 -4.505 0.008 -4.484 0.026 II, III, II-III
hsa-miR-100 -4.386 0.002 -5.495 0.022 -3.356 0.047 II, III, II-III
hsa-miR-768-3p -4.367 <0.001 -4.049 0.003 -4.785 0.001 II, III, II-III
hsa-miR-24-1* -4.202 <0.001 -2.924 0.050 -6.369 <0.001 II, III, II-III
hsa-miR-125a-5p -4.065 0.001 -5.000 0.018 -3.185 0.019 II, III, II-III
hsa-miR-30e* -3.774 <0.001 -3.322 0.013 -4.367 0.001 II, III, II-III
hsa-miR-574-3p -3.289 <0.001 -2.874 0.033 -3.846 0.004 II, III, II-III
hsa-miR-126 -3.279 0.001 -3.257 0.012 -3.311 0.050 II, III, II-III
hsa-let-7b -3.215 0.001 -3.704 0.011 -2.732 0.041 II, III, II-III
hsa-miR-1979 -2.915 0.003 -2.092 0.045 -4.274 0.018 II, III, II-III
hsa-miR-374b -2.703 0.002 -2.519 0.018 -2.924 0.049 II, III, II-III
hsa-miR-140-3p -2.381 0.002 -2.381 0.040 -2.381 0.014 II, III, II-III
hsa-miR-203 2.449 0.026 2.899 0.038 8.024 0.030 II, III, II-III
hsa-miR-182 3.290 0.002 2.769 0.022 4.015 0.040 II, III, II-III
hsa-miR-96 6.009 <0.001 5.801 0.001 6.259 0.014 II, III, II-III
hsa-miR-133a -7.634 0.008 -11.494 0.002 -4.808 0.261 II, II-III
hsa-miR-133b -6.098 0.002 -7.407 0.017 -4.854 0.056 II, II-III
hsa-miR-451 -4.587 0.003 -5.076 0.024 -4.082 0.057 II, II-III
hsa-miR-139-5p -4.184 0.005 -5.376 0.026 -3.135 0.111 II, II-III
hsa-miR-218 -4.167 0.007 -5.435 0.028 -3.067 0.138 II, II-III
hsa-miR-193a-5p -3.472 0.002 -3.788 0.013 -3.155 0.065 II, II-III
hsa-miR-365 -3.472 0.002 -3.717 0.010 1.239 0.786 II, II-III
hsa-miR-204 -3.344 0.004 -3.509 0.039 -3.165 0.056 II, II-III
hsa-miR-328 -3.311 0.009 -4.831 0.012 -2.137 0.285 II, II-III
hsa-miR-193b -3.257 0.009 -3.861 0.048 -2.681 0.094 II, II-III
hsa-miR-3653 -2.941 0.003 -3.012 0.022 -2.874 0.061 II, II-III
hsa-miR-26a -2.833 0.005 -3.344 0.039 -2.342 0.063 II, II-III
hsa-miR-4799-5p -2.732 0.049 -3.846 0.043 -1.779 0.483 II, II-III
hsa-miR-10b -2.299 0.007 -2.710 0.039 -1.898 0.091 II, II-III
hsa-miR-150 -1.832 0.025 -2.551 0.011 -1.252 0.584 II, II-III
hsa-miR-429 2.475 0.013 2.602 0.045 2.335 0.147 II, II-III
hsa-miR-592 2.550 0.040 5.060 0.017 4.604 0.090 II, II-III
hsa-miR-141 2.948 0.049 5.858 0.016 1.335 0.718 II, II-III
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hsa-miR-183 3.291 0.006 3.092 0.048 3.537 0.068 II, II-III
hsa-miR-135b 4.189 0.002 6.154 0.004 2.688 0.174 II, II-III
hsa-miR-4510 -5.650 0.002 -4.902 0.056 -6.757 0.009 III, II-III
hsa-let-7d -5.376 0.005 -2.632 0.101 -12.195 0.022 III, II-III
hsa-miR-3195 -4.717 0.002 -4.587 0.061 -4.878 0.005 III, II-III
hsa-let-7c -4.566 0.001 -2.882 0.072 -7.752 0.004 III, II-III
hsa-miR-4469 -4.237 0.024 -2.667 0.307 -7.576 0.017 III, II-III
hsa-miR-27b -4.115 0.006 -1.927 0.222 -9.901 0.011 III, II-III
hsa-miR-214 -3.333 0.003 -2.695 0.099 -4.237 0.006 III, II-III
hsa-miR-9* -3.135 0.020 -2.119 0.279 -4.902 0.020 III, II-III
hsa-miR-378i -3.115 0.002 -2.632 0.097 -3.861 0.003 III, II-III
hsa-let-7g -3.040 0.003 -2.160 0.117 -4.505 0.014 III, II-III
hsa-miR-378* -2.994 0.001 -2.469 0.095 -3.745 <0.001 III, II-III
hsa-miR-199a-3p -2.801 0.004 -2.299 0.113 -3.521 0.007 III, II-III
hsa-miR-4684-3p -2.717 0.015 -2.959 0.112 -2.451 0.028 III, II-III
hsa-miR-4443 -2.445 0.008 -2.092 0.076 -2.967 0.047 III, II-III
hsa-miR-214* -2.421 0.009 -1.869 0.189 -3.257 0.009 III, II-III
hsa-miR-199b-3p -2.364 0.012 -2.309 0.107 -2.427 0.048 III, II-III
hsa-miR-422a -2.364 0.014 -1.821 0.201 -3.185 0.029 III, II-III
hsa-miR-26a-2* -1.984 0.038 -1.511 0.344 -2.717 0.038 III, II-III
hsa-miR-1290 3.324 0.023 4.955 0.058 8.347 0.038 III, II-III
hsa-let-7d* -3.344 0.020 -2.770 0.132 -4.149 0.056 II-III
hsa-miR-378d -3.788 0.043 -3.831 0.134 -3.731 0.184 II-III
hsa-miR-4524* -3.759 0.013 -1.572 0.492 -4.464 0.077 II-III
hsa-miR-4423-3p -3.650 0.019 -2.793 0.135 -5.128 0.065 II-III
hsa-miR-151b -3.571 0.021 -3.509 0.122 -3.650 0.093 II-III
hsa-miR-28-5p -3.165 0.004 -2.967 0.051 1.168 0.843 II-III
hsa-miR-30c-2* -3.086 0.007 -2.740 0.061 -3.546 0.064 II-III
hsa-miR-26b -3.030 0.023 -3.610 0.076 -2.481 0.179 II-III
hsa-miR-195 -2.976 0.015 -3.155 0.083 -2.786 0.097 II-III
hsa-miR-4526 -2.950 0.032 -2.933 0.151 -2.976 0.092 II-III
hsa-miR-30a -2.857 0.031 -3.030 0.134 -2.674 0.120 II-III
hsa-miR-29b-2* -2.833 0.012 -2.809 0.096 -2.857 0.067 II-III
hsa-miR-149 -2.710 0.034 -2.604 0.144 -2.833 0.137 II-III
hsa-miR-628-3p -2.703 0.045 -2.309 0.260 1.230 0.804 II-III
hsa-miR-490-3p -2.457 0.041 -1.626 0.349 -3.953 0.065 II-III
hsa-miR-130a -2.347 0.033 -2.674 0.110 -2.016 0.152 II-III
hsa-miR-30c -2.262 0.014 -2.577 0.052 -1.949 0.147 II-III
hsa-miR-30d* -2.212 0.034 -2.114 0.126 -2.331 0.157 II-III
hsa-miR-10a -2.083 0.023 -2.227 0.111 -1.927 0.113 II-III
hsa-miR-27b* -2.083 0.048 -1.748 0.311 -2.551 0.069 II-III
hsa-miR-181c -2.070 0.026 -2.132 0.109 -2.004 0.095 II-III
hsa-miR-487b -2.053 0.018 -1.821 0.160 -2.358 0.056 II-III
hsa-miR-4790-5p -2.020 0.027 -1.645 0.112 -2.604 0.123 II-III
hsa-miR-338-3p -1.961 0.041 -2.375 0.051 -1.575 0.371 II-III
hsa-miR-708 1.937 0.036 1.806 0.133 -1.036 0.968 II-III
hsa-miR-503 1.984 0.036 2.258 0.072 1.708 0.278 II-III
hsa-miR-21 1.997 0.040 1.985 0.171 2.010 0.125 II-III
hsa-miR-130b 2.153 0.022 1.811 0.110 2.629 0.108 II-III
hsa-miR-200a 2.383 0.022 2.527 0.112 2.228 0.110 II-III
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OD280 was between 1.7 and 2.0. The integrity 
of small RNAs was evaluated by the determina-
tion of robust amplification of small nuclear 
ubiquitous RNAs (e.g., RNU6b, RNU44, and 
RNU48) by real-time reverse-transcription PCR 
(qRT-PCR). These RNAs were chosen because 
they are commonly used as endogenous con-
trols in miRNA studies.

miRNA profiling

A Universal RT microRNA PCR system 
(GeneCopoeia, USA) was used for miRNA profil-
ing using 28 tumors and 28 paired normal con-
trol tissues. The assay for the profiling included 
universal reverse transcription (RT) and 
sequential qRT-PCR amplification with special 
primers using SYBR Green. 

Reaction

The PCR reaction was performed in a 384-well 
PCR plate with each well containing 20 μL of 
reaction mix including 1 μL cDNA and 1 μL 
gene-specific PCR primers. The total volume of 
the PCR reaction was 50 mL and included 2.5 
mL cDNA of each tissue sample for 9×384-well 
plates. A total of 1547 distinct miRNAs were 
used for the profiling. The fold changes in the 
expression of each type of miRNA were 
determined. 

Quantification of miRNAs by qRT-PCR 

miRNAs (approximately 500 ng) were reverse 
transcribed in 25-μL reaction volumes using an 
All-in-One First-Strand cDNA Synthesis kit 
(GeneCopoeia, USA). Briefly, 25 μL of RT reac-
tion mix was added to the miRNA sample with 5 
μL of reaction buffer, 2.5 U/μL poly (A) poly-
merase, 10 ng/μL MS2 RNA, and RTase mix. 
The reaction was performed at 37°C for 60 min 
and then terminated at 85°C for 5 min.

The cDNA from the RT reaction was diluted ten-
fold and then used as the template for the PCR 

reaction in an Applied Biosystems ViiA 7 Real-
Time PCR System (Life Technologies, USA). 
MS2 RNA was used as an external reference 
for the quality of extracted miRNAs. The RNAs 
for RNU6B, RNU44, RNU48, and RNU49 were 
used for normalization. The PCR system con-
tained the following components within a total 
20-μL volume per well: 10 μL 2* All-in-one 
qPCR Mix, 2 μL PCR forward primer (2 µM), 2 μL 
PCR reverse primer (2 µM), 1 μL template, 0.2 
μL 50* ROX Reference Dye (for calibration) and 
4.8 μL ddH2O. A mastermix was prepared that 
included all components except for the tem-
plate. If the total volume of the mastermix 
changed, each component was altered by the 
proper proportion. The real-time PCR condi-
tions were as follows: hot-start denaturation at 
95°C for 10 min; 40 cycles of amplification with 
denaturation at 95°C for 10 s, annealing at 
60°C for 20 s, and extension at 72°C for 15 s. 
After amplification, the samples were melted at 
60°C for 10 min and then cooled at 25°C for 
30 s.

A preliminary experiment was performed to 
ensure that the difference in the cycle thresh-
old (CT) value of MS2 RNA between cancer and 
paired normal samples did not exceed 1.0. The 
expression levels of the miRNAs were quanti-
fied using SYBR Green-based All-in-One qPCR 
Mix (GeneCopoeia, USA).

Statistical analyses

The comparative expression of miRNAs was 
determined using the 2-DDCT method [22]. The 
differentially expressed miRNAs of tumor tis-
sues relative to paired normal tissues were 
identified using non-paired t-tests and receiver 
operating characteristic (ROC) curves. The area 
under the ROC curve (AUC) was used to evalu-
ate the sensitivity and specificity of miRNAs 
from tissue specimens as a diagnostic marker 
for the detection of CRC. In the two-tailed tests, 
a P-value <0.05 was considered statistically 

hsa-miR-4794 -1.980 0.134 -2.915 0.049 -1.221 0.791 II
hsa-miR-155 -1.053 0.862 -1.107 0.736 4.010 0.032 III
hsa-miR-4489 -2.252 0.078 -1.389 0.599 -4.115 0.040 III
hsa-miR-4634 -1.340 0.493 1.212 0.791 -2.457 0.012 III
hsa-miR-545 1.115 0.767 -1.072 0.896 5.448 0.037 III
hsa-miR-224 2.384 0.051 3.032 0.066 7.185 0.048 III
hsa-miR-7 1.762 0.089 1.577 0.281 7.968 0.019 III
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significant. Graph Pad Prism 5.0 (San Diego, 
CA, USA) and SPSS 16.0 (SPSS, UK) software 
were used for data analyses.

Results

We performed an analysis using a non-paired 
t-test by treating normal and tumor samples as 
two independent groups. We found 96 signifi-
cantly dysregulated miRNAs. There were 82 
downregulated miRNAs and 14 upregulated 
miRNAs (Table 1). However, miR-26a-2*, miR-
338-3p, miR-150, miR-708, miR-503, and miR-
21 showed less than a 2-fold change relative to 
the normal controls. The fold changes of the 
other 90 dysregulated miRNAs were greater 
than 2 fold (Table 1). Among the dysregulated 
miRNAs, the fold changes of miR-1 and miR-
145 were the greatest, with changes of more 
than 15 fold. The other miRNAs with fold chang-
es greater than 5 included the following: miR-
145*, miR-137, miR-133a, miR-363, miR-143, 
miR-4770, miR-490-5p, miR-133b, miR-9, miR-

4510, miR-144*, let-7d, and miR-96. Of the 
upregulated miRNAs, miR-96 was upregulated 
six-fold (Table 1). 

Correlation of dysregulated miRNAs and clini-
cal characteristics 

We then investigated the expression patterns 
of the dysregulated miRNAs in stage II and III 
disease. The analysis showed that there were 
49 miRNAs that were significantly dysregulated 
in stage II tumors compared to the paired nor-
mal tissues by non-paired t-test. The results 
consisted of 41 downregulated and 8 upregu-
lated miRNAs, of which miR-145 had the high-
est fold-change with 18 fold (Table 1). There 
were also 53 significantly dysregulated miRNAs 
identified in stage III tumors. There were 45 
downregulated miRNAs, including miR-145* 
with an 18.87-fold change. Of the 8 upregulat-
ed miRNAs, the fold changes of miR-203 and 
miR-1290 in tumor tissues were the highest, 
with more than 8-fold induction (Table 1).

Table 2. Differential expressed miRNAs between patients with stage II and stage III
miRNA fold change P Value miRNA fold change P Value miRNA fold change P Value
hsa-miR-548t 61.091 0.004 hsa-miR-4648 6.147 0.029 hsa-miR-768-3p 2.795 0.037

hsa-miR-3139 62.647 0.005 hsa-miR-548ai 6.261 0.030 hsa-miR-144* 3.709 0.052

hsa-miR-4424 11.421 0.005 hsa-miR-4487 3.501 0.031 hsa-miR-1979 3.029 0.055

hsa-miR-4477a 18.420 0.007 hsa-miR-4439 6.380 0.032 hsa-miR-4770 -2.770 0.111

hsa-miR-548x 11.884 0.007 hsa-miR-4677-3p 7.092 0.034 hsa-miR-24-1* 1.786 0.199

hsa-miR-3132 22.459 0.008 hsa-miR-4793-3p -5.376 0.034 hsa-miR-99b 1.747 0.347

hsa-miR-23a* 4.998 0.009 hsa-miR-3144-5p 9.150 0.034 hsa-miR-145* 1.964 0.373

hsa-miR-4501 7.369 0.013 hsa-miR-4468 5.848 0.035 hsa-miR-9 1.894 0.393

hsa-miR-561 10.031 0.013 hsa-miR-3689d 7.680 0.036 hsa-miR-96 1.725 0.398

hsa-miR-215 -7.519 0.014 hsa-miR-4473 7.847 0.037 hsa-miR-363 1.995 0.401

hsa-miR-4438 9.033 0.015 hsa-miR-452* 10.969 0.037 hsa-miR-30e* 1.436 0.413

hsa-miR-425 5.238 0.019 hsa-miR-768-3p 2.795 0.037 hsa-miR-374b 1.474 0.414

hsa-miR-4482 7.223 0.019 hsa-miR-92a 2.914 0.037 hsa-miR-145 1.895 0.419

hsa-miR-4504 6.750 0.019 hsa-miR-4633-3p 5.234 0.039 hsa-miR-125a-5p 1.536 0.451

hsa-miR-4431 7.562 0.019 hsa-miR-4645-5p 6.634 0.040 hsa-miR-137 1.847 0.451

hsa-miR-4278 7.342 0.019 hsa-miR-4513 3.144 0.040 hsa-let-7b 1.521 0.480

hsa-miR-3135 16.607 0.020 hsa-miR-4644 5.853 0.041 hsa-miR-574-3p 1.383 0.502

hsa-miR-3130-5p 8.219 0.021 hsa-miR-4480 5.973 0.041 hsa-miR-143 1.332 0.709

hsa-miR-4637 8.304 0.022 hsa-miR-200b* 2.600 0.042 hsa-miR-1 1.450 0.721

hsa-miR-3127 8.942 0.022 hsa-miR-4268 8.704 0.042 hsa-miR-23b -1.222 0.744

hsa-miR-4503 6.484 0.023 hsa-miR-4448 5.156 0.043 hsa-miR-143* -1.229 0.748

hsa-miR-3126-5p 8.438 0.025 hsa-miR-548n 9.412 0.043 hsa-miR-490-5p -1.294 0.770

hsa-miR-3137 69.623 0.025 hsa-miR-4437 5.934 0.044 hsa-miR-203 1.114 0.875

hsa-miR-4464 7.620 0.026 hsa-miR-4636 4.791 0.045 hsa-miR-140-3p -1.058 0.895

hsa-miR-4427 7.179 0.026 hsa-miR-3118 6.495 0.046 hsa-miR-182 -1.054 0.918

hsa-miR-146a 3.447 0.027 hsa-miR-581 11.036 0.046 hsa-miR-99a -1.043 0.951

hsa-miR-548ah 5.448 0.027 hsa-miR-1973 3.598 0.048 hsa-miR-100 -1.018 0.978

hsa-miR-4788 -3.968 0.028 hsa-miR-296-5p 4.392 0.049 hsa-miR-126 1.007 0.987

hsa-miR-3179 4.303 0.028 
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We then investigated the intersections of the 
three sets of significantly differentially 
expressed miRNAs. There were 28 overlapping 
miRNAs found, and 25 were downregulated, 
including the following: miR-1, -145, -145*, 
-137, -363, -143, -4770, -490-5p, -9, -144*, 
-99a, -99b, -23b, -143*, -100, -768-3p, -24-1*, 
-125a-5p, -30e*, -574-3p, -126, let-7b, miR-
1979, -374b, -140-3p. We also found that miR-
203, -182, and -96 were upregulated (Table 1). 
These miRNAs are highly likely to be novel 
biomarkers.

The use of miRNA profiles can contribute to the 
diagnostic and prognostic classification of 
human malignancies, which has been reported 
previously [23-25]. We compared the miRNA 
expression profile in stage II to that in stage III. 

Interestingly, the results showed that there 
were 58 miRNAs with significantly differential 
expression between stage II and stage III 
tumors. However, except for miR-768-3p dys-
regulation with P=0.037, the dysregulation of 
the other 27 miRNAs in the three sets was not 
significantly different between stage II and 
stage III tumors (Table 2).

MiR-1 and miR-374b act as CRC biomarkers

The expression of miR-1 and miR-374b were 
significantly decreased in each stage (Table 1; 
Figures 1A-C, 2A-C). We then performed ROC 
analysis to estimate the sensitivity and speci-
ficity of miR-1 and miR-374b as diagnosis mark-
ers of CRC. The results for miR-1 included the 
following: AUC 0.806, sensitivity 78.57%, speci-
ficity 78.57%, and P<0.001 (Figure 1D). For 

Figure 1. Evaluation of the potential of miR-1 as a diagnostic biomarker in clinical applications. A: Compared to 
normal tissues, miR-1 was downregulated in stage II; B: Compared to normal tissues, miR-1 was downregulated in 
stage III; C: Compared to normal tissues, miR-1 was downregulated in stage II-III; D: ROC analysis to estimate the 
sensitivity and specificity of miR-1 showed AUC 0.806, sensitivity 78.57%, specificity 78.57%, and P<0.001.
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miR-374b, the results were AUC 0.724, sensitiv-
ity 71.43%, specificity 71.43%, and P=0.004 
(Figure 2D). 

The expression levels of miR-1 and miR-374b 
between stage II and stage III did not show sig-
nificant differences. The non-paired t-test 

Figure 2. Evaluation of the potential of miR-374b as a diagnostic biomarker in clinical applications. A: Compared 
to normal tissues, miR-374b was downregulated in stage II; B: Compared to normal tissues, miR-374b was down-
regulated in stage III; C: Compared to normal tissues, miR-374b was downregulated in stage II-III; D: ROC analysis to 
estimate the sensitivity and specificity of miR-374b showed AUC 0.724, sensitivity 71.43%, specificity 71.43%, and 
P=0.004.

Figure 3. The expression levels of miR-1 and miR-374b between stage II and stage III did not show significant dif-
ferences. The non-paired t-test results were P=0.728 and 0.295 (P>0.05). A: Compared to stage II tumors, miR-1 
was not significantly dysregulated in stage III, with P=0.728; B: Compared to stage II tumors, miR-374b was not 
significantly dysregulated in stage III, with P=0.295.
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results were P=0.728 and 0.295 (P>0.05), 
respectively (Figure 3A, 3B).

Novel biomarkers in CRC without metastasis

It has been reported that the prognosis of can-
cer patients depends on tumor stage at the 
time of diagnosis, and many CRC patients have 
lymph node or distant metastasis at the time of 
diagnosis [26]. To address this issue, we 
focused only on miRNAs that were aberrantly 
expressed in stage II tumors (P<0.05) without 
lymph node or distant metastasis. Based on 
this criterion, 20 of the 49 miRNAs were dys-
regulated in both stage II and stage II-III tumors 
but not in stage III. Only one miRNA (miR-4794) 
was involved exclusively in stage II tumors, and 
it was downregulated 2.915 fold with P=0.049 
(Table 1).

Predictive value of miRNAs for CRC patients 
with lymph node metastasis

We next investigated the prognostic value of 
miRNAs to detect CRC and focused on the dys-
regulated miRNAs that were found only in stage 
III disease, which is the stage with lymph node 
metastasis. Among the 53 differentially 
expressed miRNAs found in stage III, only 6 
were uniquely dysregulated in stage III. There 
were 3 upregulated and 3 downregulated dys-
regulated miRNAs. Additionally, there were 19 
miRNAs that were dysregulated both in stage III 
and stage II-III tumors (Table 1).

Discussion

CRC is a lethal disease, and current screening 
methods for CRC are still limited by unsatisfac-
tory sensitivity and specificity. miRNAs have 
been shown to be important regulators of many 
gene functions in human cancers [27]. In the 
present study, we compared the expression 
level of 1547 miRNAs in CRC tumor tissues to 
paired normal tissue. We identified 96 miRNAs 
that were significantly dysregulated in CRC rela-
tive to normal tissues (P<0.05). However, veri-
fied diagnostic CRC markers should be able to 
distinguish patients in all stages from normal 
subjects. The use of such markers might pre-
vent the misdiagnosis of patients with certain 
stages of CRC [20]. We analyzed the expression 
profiles of 1547 miRNAs in both stage II and III 
tumors. Three sets of significantly differentially 
expressed miRNAs were identified in stages II, 

III and II-III. Interestingly, there was an intersec-
tion among the three sets of miRNAs, and there 
were 28 dysregulated miRNAs associated with 
stages II and III separately or in combination 
(Table 1). With the exception of miR-768-3P, 
the other 27 miRNAs showed no significant dif-
ferentiation between stage II and stage III 
tumors (Table 2). These miRNAs are likely to be 
novel biomarkers for CRC detection. Previous 
studies have shown that global changes in 
miRNA expression are associated with differen-
tiation [28]. Thus, to further investigate the 
prognostic value of miRNAs for CRC detection, 
we focused on the miRNAs that were only dys-
regulated in stage II for screening the stage 
without lymph node or distant metastasis. We 
also examined miRNAs that were only uniquely 
dysregulated in stage III to distinguish the stage 
with lymph node metastasis but without distant 
metastasis. In stage II, among the 49 dysregu-
lated miRNAs, there were 20 miRNAs that were 
dysregulated both in stage II and stage II-III 
tumors but not in stage III. Only miR-4794 was 
exclusively involved in stage II tumors, and this 
miRNA was downregulated 2.915 fold with 
P=0.049. Among the 53 differentially expressed 
miRNAs found in stage III, only 6 were uniquely 
expressed in stage III. There were 3 upregulat-
ed and 3 downregulated miRNAs. There were 
also 19 miRNAs that were dysregulated in both 
stage III and stage II-III. A previous report dem-
onstrated that miRNA expression profiles are 
correlated with cancer differentiation. There- 
fore, we investigated the expression profile dif-
ferences between stage II and stage III disease. 
Interestingly, the results showed there were 58 
miRNAs with significantly different expression 
levels between stage II and stage III tumors. 
However, only miR-768-3p was dysregulated, 
with P=0.037, and the remaining 27 miRNAs 
that were dysregulated in the three sets were 
not significantly different (Table 2). This finding 
verified that miR-1 and miR-374b might be bio-
markers for CRC screening. The ROC curve 
analysis indicated that miR-1 and miR-374b 
had a potential use as biomarkers with high 
sensitivity and specificity for CRC detection.

MiR-1 has previously been shown to have a role 
in tumorigenesis and is abnormally downregu-
lated in several types of cancers, including 
lung, prostate, thyroid and colorectal cancers 
and rhabdomyosarcoma. MiR-1 functions as a 
tumor suppressor and inhibits cell proliferation 
and promotes cell differentiation and apoptosis 
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[29]. miR-1 has further been suggested to play 
a tumor-suppressive role by targeting the trans-
gelin 2 gene (TAGLN2) in bladder cancer [30]. 
Cristina and colleagues identified a tumor sup-
pressive role for miR-1 in colorectal cancer, 
controlling MET expression through a feedback 
loop. The concomitant downregulation of miR-1 
and increase of MACC1 contributes to MET 
overexpression and the metastatic behavior of 
colon cancer cells [31]. These results are con-
sistent with our findings of miR-1 downregula-
tion in each CRC stage. Additionally, miR-1 
expression can be modulated by epigenetic 
modifications [32]. Data also indicate that 
miR-1 plays an important role in cancers such 
as rhabdomyosarcoma, which is the most com-
mon soft tissue sarcoma in children [33, 34]. 
Chiyomaru and colleagues showed that miR-1 
was barely detectable in primary rhabdomyo-
sarcomas, and its re-expression in tumor cells 
promoted myogenic differentiation and blocked 
tumor growth in xenografted mice [35]. Previous 
observations have suggested that the dysregu-
lation of miR-1 has an oncogenic role via the 
abolition of the suppressive effect on specific 
target genes, such as MET, LASP1, IGF-1, IGFR-
1, and BCL2 [33, 36, 37]. James and colleagues 
showed that miR-1 can have a tumor suppres-
sor function in colorectal cancer of directly 
downregulating the MET oncogene both at the 
RNA and protein levels. Furthermore, re-expres-
sion of miR-1 leads to a MET-driven reduction 
of cell proliferation and motility. These findings 
show that miR-1 reduction enhances colorectal 
cancer progression [38]. Lu and colleagues 
observed an inverse correlation between EDN1 
and miR-1 expression in HCC patients, and 
miR-1 was found to inhibit the expression of 
EDN1. These results suggest that EDN1 plays 
an important role in HCC progression by acti-
vating the PI3K/AKT pathway and is regulated 
by miR-1 [39]. Moreover, the results of the pres-
ent study showed that miR-1 is significantly 
downregulated in each stage and validated the 
results of previous studies. 

Previous reports have shown that miR-374b is 
downregulated in prostate cancer tissue and 
have demonstrated that it is an independent 
predictor of biochemical recurrence-free sur-
vival [40]. However, miR-374b has not been pre-
viously correlated with CRC. In this study, miR-
374b was downregulated in each stage but 
exhibited no significant difference (P>0.05) 
between stage II and stage III.

Furthermore, we found that several dysregulat-
ed miRNAs may serve as biomarkers for the 
identification of CRC patients without lymph 
node or distant metastasis. The value of miR-
NAs for CRC patients with lymph node disease 
was also evaluated in our study. These results 
will be valuable in identifying biomarkers for 
specific stage tumors.

In conclusion, the present study has a limited 
number of experimental samples. Therefore, 
before miRNA testing can be made available in 
the clinical setting, several large prospective 
studies are required. Despite this disadvan-
tage, our study supports the concept that alter-
nations in miRNA expression play an important 
role in CRC carcinogenesis. This study provides 
a new model to analyze novel CRC biomarkers 
by considering additional clinical factors. 
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