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Abstract. Colorectal cancer (CRC) is a common human 
malignant tumor, and the fourth most common cause 
of cancer-associated mortality in China. However, the 
pathogenesis of CRC is not yet fully understood. The present 
study aimed to investigate the expression and clinical 
significance of microRNA (miR)-126 and insulin receptor 
substrate-1 (IRS-1), as well as the role of miR-126 in the 
prognosis of patients with CRC. A total of 86 colorectal 
tissue specimens, including 40 CRC and adjacent normal 
tissue, 26 colorectal adenoma tissue and 20 normal colorectal 
tissue samples, were collected for the present study. Reverse 
transcription-quantitative PCR analysis was performed to 
determine miR-126 and IRS-1 mRNA expression levels, while 
western blotting and immunohistochemistry (IHC) analyses 
were performed to determine IRS-1 protein expression levels. 
The correlation between miR-126 and IRS-1 expression, as 
well as the association between altered miR-126 and IRS-1 
expression levels and clinicopathological characteristics, 
and the overall survival time of patients with CRC were 
assessed. The results demonstrated that miR-126 expression 
was significantly downregulated, while IRS-1 protein 
expression was upregulated in CRC tissues compared with 
that in adjacent normal tissues, colorectal adenoma tissues and 
normal colorectal tissues, respectively. IHC analysis exhibited 
strong positive staining of IRS-1 protein in CRC tissues, 

while absent or weak staining of IRS-1 protein was detected 
in adjacent normal tissues, colorectal adenoma tissues and 
normal colorectal tissues. miR-126 expression was inversely 
correlated with IRS-1 protein expression in CRC tissues 
(r=-0.420; P<0.05). Furthermore, downregulated miR-126 
expression was associated with advanced clinicopathological 
characteristics of the disease and a shorter overall survival 
time in patients with CRC. Taken together, the results of the 
present study suggest that miR-126 downregulation may be a 
candidate molecular marker predictive of poor prognosis of 
patients with CRC.

Introduction

Colorectal cancer (CRC) is a common human malignancy 
worldwide and its incidence has significantly increased in 
recent years, accounting for 8% of all new cancer diagnoses 
in 2016; it has become the third most common cancer in 
the United States (1), and the fifth most common cause of 
cancer-associated mortality in China, with 191,000 CRC 
deaths in 2015 (2). Early detection through screening has 
improved the 5-year survival of patients with CRC; however, 
the overall prognosis of advanced CRC remains poor due to 
lack of effective therapeutic strategies (3). Further investiga-
tion of the complex molecular networks in the pathogenesis 
of CRC is required to facilitate the development of novel 
therapeutic approaches and improve the clinical management 
of CRC, particularly for patients with advanced stages of the 
disease.

Previous studies have demonstrated the essential roles 
of genetic alterations and aberrant expressions of several 
oncogenes or tumor suppressor genes in the development of 
CRC (4,5). Whole-exome and genome-scale transcriptome 
sequencing of seven liver metastases, along with their matched 
primary tumors and normal tissues showed that, mutations in 
KRAS, APC, POLE, PTPRT, PLXND1, CELSR3, BAHD1 
and PNPLA6 are associated with CRC metastasis (6). Several 
tumor suppressor genes are associated to CRC carcinogenic 
process, with the APC, PTEN, FBXW7 and p53 being the 
common mutated ones in CRC; while oncogenes, including 
KRAS, CDK8, BRAF, PIK3CA, EGFR, have been shown to 
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have mutations in patients with CRC (7). In addition to the 
protein-coding genes, microRNAs (miRNAs/miRs), a class of 
non-protein coding small RNAs, have also been reported to 
play a critical role in CRC tumorigenesis (8).

Mature miRNAs are a class of small, non‑coding RNAs, 
with a length of ~22 nucleotides. miRNAs mediate the binding of 
the RNA‑induction silencing complex with the 3'‑untranslated 
region (UTR) of target mRNAs and regulate their degrada-
tion or translational inhibition (9). miRNAs are involved in 
several physiological processes, such as cell proliferation, 
differentiation, apoptosis, individual growth and development, 
neoplasia and metabolism (10). Thus, altered expression levels 
of miRNAs have been demonstrated to influence several onco-
genic signaling pathways. For example, miR-210-3p promotes 
prostate cancer cell epithelial-mesenchymal transition and 
bone metastasis via the NF-κB signaling pathway (11). 
Furthermore, miR-365a-3p regulates JAK-STAT signaling to 
suppress the proliferation and metastasis of colorectal cancer 
cells (12). Thus, miRNAs are considered to play critical roles in 
the pathogenesis of different types of human cancer, including 
CRC (13). Deregulated expression levels of several miRNAs, 
including miR-134, miR-320b, miR-766 and miR-19a, have 
been reported in CRC. A previous study demonstrated that 
downregulation of miR-134 in CRC leads to overexpression 
of metastasis-associated genes in colon cancer-1, an oncogenic 
protein promoting tumor metastasis via deregulation of the 
hepatocyte growth factor/Met signaling pathway (13). The 
tumor suppressor role of miR-320b in CRC by inhibition of 
c‑Myc expression has also been reported (14). Furthermore, 
oncogenic roles of miR-766 and miR-19b have been demon-
strated in the pathogenesis of CRC. Overexpression of miR-766 
and miR-19b levels have been reported to promote tumor 
epithelial-to-mesenchymal transitions and tumor metastasis in 
CRC (15,16). A previous study indicated that miR-126 expres-
sion is deregulated in several CRC cancer cell lines, including 
SW480, SW620, HT-29 and HCT-116 (17). Subsequent studies 
have reported similar findings, that miR‑126 is downregulated 
in several types of cancer, including CRC (18-23). Further 
functional analysis revealed that exogenous overexpression 
of miR-126 suppresses AKT (also known as protein kinase 
B or PKB) and extracellular signal-regulated kinase-1 and -2 
(ERK1/2) activation, and inhibits proliferation, migration 
and invasion of CRC cancer cells (24). Furthermore, in vitro 
knockdown experiments demonstrated that decreased miR-126 
expression in HCT-116 cells leads to AKT and ERK1/2 acti-
vation by upregulating insulin receptor substrate-1 (IRS-1) 
protein expression (24), suggesting a tumor suppressor role of 
miR-126. However, evidence of altered miR-126 expression 
and its interplay with IRS-1 in primary CRC tumors remains 
limited.

IRS-1, a member of the IRS family, is the principle 
substrate of the insulin-like growth factor I receptor and 
the insulin receptor, and plays an essential role in cytokine 
signaling (25). IRS-1 mediates a range of biological responses, 
including apoptosis and cell differentiation, by binding to and 
activating enzymes or adapter molecules (26,27). Previous 
studies have reported that IRS-1 plays an important role in the 
tumorigenesis of different types of human cancer, including 
CRC (24). Overexpression of IRS-1 has been detected in CRC 
and appears to inversely correlate with CRC differentiation, 

progression and liver metastasis (28). Increasing evidence 
suggests that the interplay between miR-126 and IRS-1 may 
notably contribute to colorectal carcinogenesis (29,30).

The present study aimed to investigate the expression 
statuses of miR-126 and IRS-1 in primary CRC tumors, and 
to determine the clinical significance of altered miR-126 
expression in patients with CRC. The findings would help to 
determine whether the downregulation of miR-126 expression 
may play an important role in the pathogenesis and progression 
of human CRC.

Materials and methods

Patient specimens. A total of 126 colorectal specimens were 
collected from patients who underwent surgical resection or 
colonoscopy biopsy at the Affiliated Hospital of Guangdong 
Medical University (Zhanjiang, China) between July 2011 
and December 2012. The specimens included samples from 
primary CRC and adjacent normal tissues from 40 patients 
with CRC, colorectal adenoma tissues from 26 patients who 
underwent resection of adenomas, and colonoscopy biopsy 
samples from 20 healthy volunteers. Among the 40 patients 
with CRC, 20 were men and 20 were women, with a mean age 
of 56.2 years (age range, 32-73 years). There were 16 men and 
10 women, with a mean age of 46 years (age range, 29-65 years) 
in the colorectal adenoma group. A total of 20 healthy people, 
including 11 men and 9 women were selected as the control 
group, with a mean age of 47.5 years (age range, 28-60 years). 
Adjacent normal colorectal epithelial tissues were 5 cm away 
from the edge of the primary tumor. Diagnoses were confirmed 
via pathological analysis. The specimens were immediately 
frozen in liquid nitrogen and subsequently stored at ‑80˚C until 
further experimentation. All specimens were obtained prior to 
chemotherapy or radiotherapy, and the clinicopathological data 
of all patients, including sex, age, tumor size, tumor location, 
pathological data, distant metastasis, Tumor‑Node‑Metastasis 
(TNM) staging (31), were recorded and complete. A 5‑year 
follow-up was carried out for all patients, with an average 
follow-up time of 30.83 months (15-52 months). Follow-up 
data were conducted using hospital medical records and 
telephone interviews. The present study was approved by 
the Medical Ethics Committee of the Affiliated Hospital of 
Guangdong Medical University, and written informed consent 
was provided by all participants prior to the study.

Bioinformatics prediction of miR‑126 target. Targetscan 
(http://www.targetscan.org), and PicTar (http://pictar.
mdc-berlin.de) databases were used to predict miR-126 targets. 
The 3'‑UTR of IRS‑1 mRNA has a putative miR‑126 binding 
site (24).

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was extracted from tissue specimens, including primary 
CRC and adjacent normal tissues, colorectal adenoma tissues 
and normal samples, using RNAiso Plus (Takara Bio, Inc.), 
according to the manufacturer's protocol, and the purified 
RNA was stored at ‑80˚C until further use. Total miRNA 
and mRNA were reverse transcribed into cDNA using the 
Mir‑X miRNA First‑Strand Synthesis kit (cat. no. 638315; 
Clontech Laboratories, Inc.) and PrimeScript® RT Master 
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Mix Perfect Real Time (Takara Bio, Inc.), respectively. The 
following temperature protocol was used for RT: The tube 
was incubated for 1 h (miR-126) or 15 min (IRS-1 mRNA) 
at 37˚C, then terminated at 85˚C for 5 min (miR‑126) or 
5 sec (IRS-1 mRNA) to inactivate the enzymes. qPCR was 
subsequently performed using TB Green Premix Ex Taq II 
(Tli RNaseH Plus; Takara Bio, Inc.), on a LightCycler® (Roche 
Diagnostics). The universal reverse primer for miR-126 and 
U6 PCR amplification, mRQ 3' Primer, was included in the 
Mir‑X miRNA First‑Strand Synthesis kit, while the remaining 
primer sequences for miRNA and mRNA were synthesized by 
Sangon Biotech Co., Ltd. The primer sequences used for qPCR 
are listed in Table I. The following thermocycling conditions 
were used for qPCR: Pre‑denaturation (95˚C for 30 sec), and 
40 cycles of denaturation (95˚C for 5 sec), annealing (60˚C for 
20 sec) and extension (65˚C for 15 sec). Relative miR‑126 and 
IRS-1 mRNA expression levels were calculated using the 2-∆∆Cq 

method (32) and normalized to the internal reference genes U6 
(miR-126) and β-actin (IRS-1), respectively. All experiments 
were performed in triplicate.

Western blotting. Western blotting was performed according to 
the standard protocol (33). Briefly, total protein was extracted 
from tissues and cells, using RIPA lysis buffer containing 
1% phenylmethylsulphonyl fluoride (Beyotime Institute of 
Biotechnology), and concentration was measured using a 
BCA protein assay kit (Beyotime Institute of Biotechnology). 
A total of 20 µg protein/sample was separated via 10% 
SDS-PAGE and subsequently transferred onto polyvinylidene 
difluoride membranes. The membranes were blocked with 5% 
fat-free milk for 1 h at room temperature and then incubated 
with rabbit anti-human IRS-1 (1:1,000; cat. no. 2390S; Cell 
Signaling Technology, Inc.) and mouse anti-human GAPDH 
(1:1,000; cat. no. AG019; Beyotime Institute of Biotechnology) 
primary antibodies overnight at 4˚C, prior to incubation 
with horseradish peroxidase-labeled goat anti-rabbit IgG 
(1:1,000; cat. no. A0208; Beyotime Institute of Biotechnology) 
secondary antibody for 1 h at room temperature. Protein 
bands were visualized using the enhanced chemiluminescence 
kit (cat. no. P0018S; Beyotime Institute of Biotechnology) 
and analyzed using Quantity One image analysis software 
(version 4.6.6; Bio-Rad Laboratories, Inc.).

Immunohistochemistry (IHC). IHC staining was performed 
according to the standard protocol (Santa Cruz Biotechnology, 
Inc.). All tissues were fixed in 4% paraformaldehyde for at 
least 24 h at 4˚C and embedded in paraffin. Paraffin‑embedded 
tissues were cut into 4-µm thick sections and placed onto 
positively charged slides pretreated with polylysine (Wuhan 
Boster Biological Technology, Ltd.). The tissue sections 
were subsequently deparaffinized in xylene, rehydrated 
in a descending ethanol series (90, 80 and 70% for 5 min, 
respectively) and distilled water, and subjected to heat-induced 
antigen retrieval in 10 mM citrate buffer (pH=6.0) (Beijing 
Solarbio Science and Technology Co., Ltd.) for 5 min at 
room temperature. The slides were blocked with 10% goat 
serum (Wuhan Boster Biological Technology, Ltd.) for 
10 min at room temperature, prior to incubation with 3% 
H2O2 for 10 min at room temperature to inhibit endogenous 
peroxidase activity. Tissue sections were incubated with rabbit 

anti-human IRS-1 primary antibody (1:50; cat. no. SC-559; 
Santa Cruz Biotechnology, Inc.) overnight at 4˚C. The slides 
were washed three times with PBS (Wuhan Boster Biological 
Technology, Ltd.), prior to incubation with the MaxVision™ 
HRP-polymer goat anti-rabbit secondary antibody in the 
IHC kit (Fuzhou Maixin Biotech Co., Ltd.) for 30 min at 
room temperature. The slides were subsequently stained 
with 3,3'‑diaminobenzidine for 10 min at room temperature 
to visualize IRS-1 expression and counterstained with 
hematoxylin for 2 min at room temperature, prior to mounting 
in permanent mounting medium. The stained tissue sections 
were observed under a confocal microscope (magnification, 
x400; Leica Microsystems, Ltd.). Tissues incubated with PBS 
instead of the primary antibody were used as negative controls. 
All experiments were performed in triplicate.

Statistical analysis. Statistical analysis was performed using 
SPSS software version 13.0 (SPSS, Inc.). All experiments 
were performed in triplicate and data are presented as the 
mean ± standard deviation. One-way analysis of variance, 
followed by Bonferroni's post‑hoc test, was used for multiple 
intergroup comparisons between miR-126 and IRS-1 mRNA 
or protein expression levels. Associations between miR-126 
or IRS-1 expression and clinicopathological characteristics 
of patients with CRC were analyzed using the χ2 test. 
Kaplan‑Meier curves and the log‑rank test were generated to 
assess the survival data, while Pearson's correlation analysis 
was performed to determine the correlation between miR-126 
and IRS-1 protein expression. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑126 is downregulated in CRC. In order to determine the 
status of miR-126 expression in CRC, RT-qPCR analysis was 
performed to assess miR-126 expression in 40 primary CRC 
tissues and their adjacent normal tissues, in 26 colorectal 
adenomas and in 20 normal colorectal tissues without concom-
itant CRC. The results demonstrated that miR-126 expression 
was significantly downregulated in CRC tissues compared 
with that in matched adjacent normal tissues, colorectal 
adenoma tissues and normal colorectal tissues, respectively 
(P<0.05; Fig. 1A). However, no significant differences in 
miR-126 expression were observed between adjacent normal 
tissues, colorectal adenoma tissues and normal colorectal 
tissues, respectively (P>0.05; Fig. 1A).

Correlation between IRS‑1 and miR‑126 expression levels 
in colorectal tissues. The in silico miRNA target prediction 
analysis demonstrated that IRS-1 is one of the potential down-
stream targets for miR-126. In order to determine the status of 
IRS-1 in CRC, and its correlation with miR-126 expression, 
RT-qPCR and western blot analyses were performed to assess 
the mRNA and protein expression levels of IRS-1, respectively. 
No significant differences in IRS‑1 mRNA expression were 
observed between CRC, adjacent tissues, adenoma and normal 
colorectal tissues (Fig. 1B). However, western blot analysis 
demonstrated significantly increased IRS‑1 protein expression 
in CRC tissues compared with that in adjacent normal tissues, 
colorectal adenoma tissues and normal colorectal tissues 
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(P<0.05; Fig. 2A and B). Furthermore, IHC analysis indicated 
that IRS-1 protein was strongly expressed in the cytoplasm of 
CRC tissues (Fig. 2C), but only weakly expressed or absent in 
the adjacent normal, colorectal adenoma and normal colorectal 
tissue specimens (Fig. 2D-F).

Pearson's correlation analysis was performed to 
demonstrate the potential regulatory role of miR-126 in IRS-1 
expression. The results demonstrated a significantly inverse 
correlation between miR-126 and IRS-1 protein expression 
levels (r=-0.420; P<0.05; Fig. 3A), while no significant 
correlation was observed between miR-126 and IRS-1 mRNA 
expression levels (r=0.028; P>0.05; Fig. 3B) in CRC tissues.

Association between miR‑126 and IRS‑1 expression levels and 
clinicopathological characteristics in patients with CRC. In 
order to understand the clinical significance of altered miR‑126 

expression in patients with CRC, the association between 
miR-126 and IRS-1 protein expression levels and clinicopatho-
logical characteristics of patients with CRC was assessed. Of 
the 40 patients with CRC, decreased miR-126 expression 
and increased IRS-1 expression levels were observed in 29 
and 27 cases compared with the levels in the matched adja-
cent normal tissues, respectively. As presented in Table II, 
downregulation of miR-126 expression was significantly 
associated with lymph node (P=0.012) and distant metastasis 
(P=0.020). Similarly, upregulation of IRS-1 protein expres-
sion was significantly associated with lymph node metastasis 
(P=0.002) and distant metastasis (P=0.025). Furthermore, low 
levels of miR-126 expression and high levels of IRS-1 expres-
sion were significantly associated with advanced TNM stage 
(both P<0.05; Table II). However, no significant associations 
were observed between miR-126 and IRS-1 protein expression 

Figure 1. Reverse transcription‑quantitative PCR of miR‑126 and IRS‑1 mRNA expression levels in colorectal tissues. (A) miR‑126 expression was signifi-
cantly downregulated in CRC tissues compared with adjacent normal tissues, colorectal adenoma tissues and normal colorectal tissues, while no significant 
differences in miR-126 expression levels were observed between adjacent normal tissues, colorectal adenoma tissues and normal colorectal tissues. (B) No 
significant differences in IRS‑1 mRNA expression levels were observed between CRC tissues, adjacent normal tissues, colorectal adenoma tissues and normal 
colorectal tissues. Data are presented as the mean ± standard deviation of three independent experiments. *P<0.05 vs. the other three groups, respectively. 
miR, microRNA; IRS-1, insulin receptor substrate-1; CRC, colorectal cancer.

Table I. Primer sequences used for quantitative PCR.

Name Direction Primer (5'→3')

miRNA qPCR
  miR-126 Forward TCGTACCGTGAGTAATAATGCG
  U6 snRNA Forward CTCGCTTCGGCAGCACA
Universal qPCR Reverse mRQ 3' Primer included in the Mir‑X miRNA First‑Strand Synthesis kit
mRNA qPCR
  IRS-1 Forward AGTCCTAACCGCAACCAGAGT
 Reverse CCTCAGCCACACATTCTCAA
  β-actin Forward GGCGGCAACACCATGTACCCT
 Reverse AGGGGCCGGACTCGTCATACT

qPCR, quantitative PCR; miRNA/miR, microRNA; snRNA, small nuclear RNA; IRS-1, insulin receptor substrate-1.
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levels and other clinicopathological characteristics in patients 
with CRC.

Association between miR‑126 expression and prognosis 
of patients with CRC. The association between miR-126 
expression and overall survival time was analyzed using the 
Kaplan‑Meier method to determine the prognostic value of 
miR-126 in patients with CRC. Follow-up survival data was 
recorded up to 60 months for all 40 patients with CRC. The 
results demonstrated that patients with CRC, with down-
regulated miR‑126 expression exhibited a significantly shorter 
overall survival time than those with high miR-126 expression 
(P=0.0172; Fig. 4). Taken together, these results suggest that 
downregulated miR-126 expression may be associated with 
CRC progression, thus have the potential to act as a candidate 

molecular marker predictive of a poor prognosis for patients 
with CRC.

Discussion

Altered expression of miRNAs has been reported in several 
types of human cancer, including CRC (34). miRNAs repre-
sent a set of biological modulators that can function as either 
oncogenes or tumor suppressor genes, and play an essential 
role in complex molecular networks leading to the initia-
tion, progression and metastasis of different types of human 
cancer (35). For example, miR-92a, miR-140-5p, miR-331-3p, 
miR‑223 and miR‑374a were identified as circulating miRNA 
biomarkers for early diagnosis and monitoring of lung 
cancer (36). Furthermore, miR-193a-5p and miR-146a-5p 

Figure 2. Expression and location of IRS-1 protein in colon tissues. (A) Western blot analysis depicting IRS-1 protein expression in CRC tissues, adjacent 
normal tissues, colorectal adenoma tissues and normal colorectal tissues. (B) Relative IRS-1 protein expression levels were normalized to GAPDH and 
presented as the mean ± standard deviation of three independent experiments. IRS‑1 protein expression levels were significantly higher in CRC tissues 
compared with adjacent normal tissues, colorectal adenoma tissues and normal colorectal tissues. (C-F) Immunohistochemical staining of IRS-1 in colorectal 
tissues. (C) IRS-1 protein was strongly expressed in the cytoplasm of CRC tissues, and weakly expressed or absent in (D) normal colorectal tissues, (E) adjacent 
normal tissues and (F) colorectal adenoma tissues. Magnification, x400. *P<0.05 vs. the other three groups, respectively. IRS-1, insulin receptor substrate-1; 
CRC, colorectal cancer.



YE et al:  DOWNREGULATION OF miR-126 IS ASSOCIATED WITH IRS-1 AND ADVANCED STAGES OF CRC2416

have been demonstrated to induce G1 arrest in CRC (37). 
Understanding the roles of miRNA in different types of cancer 
will provide an important basis for elucidation of molecular 
mechanisms for human tumorigenesis and the development of 
novel strategies for clinical management of human cancer.

Diagnostic and prognostic molecular biomarkers have 
revolutionized clinical strategies for the management 
of patients with cancer. While the majority of previous 
studies have primarily focused on genetic and expression 
markers of protein-coding genes (38-40), only a few 
studies have investigated the potential roles of miRNA as 
biomarkers for clinical assessments of different types of 
human cancer (41-43). A number of studies have performed 
differential expression analyses of miRNAs in several types 
of cancer to investigate the role of miRNAs as clinical 
biomarkers and identified some miRNAs whose aberrant 
expression levels are associated with pathological and 
clinical phenotypes of patients with cancer (44-46). Increased 
miR-210 expression has been reported in several types of 
cancer, including non-small cell lung cancer (47), glioma (48), 
CRC (49) and higher expression of miR-210 correlated with 
worse recurrence free survival or disease free survival 
(RFS/DFS), overall survival (OS), metastasis free survival 
or distant relapse free survival (MFS/DRFS) in breast 
cancer. For RFS/DFS, OS and MFS/DRFS, the combined 
hazard ratio (HR) and 95% confidence interval (95% CI) 
of higher miR-210 expression were 3.36 (2.30, 4.93), 3.29 
(1.65, 6.58) and 2.85 (1.76, 4.62) in patients with breast cancer, 
respectively (50). Furthermore, increased miR-29c expression, 
a miRNA molecule regulating T-cell co-regulatory molecule 
B7-H3, is associated with a shorter overall survival time of 
patients with breast cancer (51). In non-small cell lung cancer, 
altered expression levels of miR-429, miR-19b and miR-146a 
have been reported to be associated with higher TNM stage, 
lymph node metastasis, unfavorable survival outcomes and 
poor patient prognosis (52,53). Similarly, altered expression 
levels of miRNAs have also been demonstrated in CRC. 
Several miRNAs, including miR-200a (54), miR-16 (55) and 
miR-30b (56), have been demonstrated to be associated with a 
number of clinical features in patients with CRC, including poor 
differentiation of tumor, high TNM stages, lymph node status 
and distant metastasis. Furthermore, altered expression levels 
of these miRNAs were also demonstrated to independently 

predict clinical outcomes (recurrence and survival) of patients 
with CRC (55,57,58). miR-126 is regarded as an important 
tumor suppressor, whereby its downregulation has been 
detected in several types of cancer, including CRC, lung cancer 
and breast cancer (59-62). However, the associations between 
miR-126 expression and pathological features and clinical 
outcomes of patients with CRC have not been extensively 
investigated.

The present study assessed miR-126 expression in a small 
cohort of patients with CRC, with recorded pathological char-
acteristics and clinical outcomes. The results demonstrated 
that miR-126 was downregulated in CRC tumors, which was 
significantly associated with advanced TNM and Dukes stages 
of tumor, positive lymph node status and distant metastasis. 
Furthermore, Kaplan‑Meier survival analysis indicated that 
downregulation of miR-126 expression was significantly 
associated with a shorter overall survival time of patients 
with CRC. Taken together, the results of the present study 
suggest that miR-126 expression may be a potential candidate 
molecular marker predictive of the progression and prognosis 
of patients with CRC.

Previous studies have investigated the functional and 
mechanical roles of miRNAs in different types of human 
cancer (18,48,52). In CRC, several miRNAs have been iden-
tified to be critical molecular regulators interplaying with 
important molecular pathways, and thus play key roles in the 
initiation and progression of CRC (24,54,56). A previous study 
demonstrated that miR-30b targets oncogenic KRAS, PIK3CD 
and BCL2, and regulates functional activities of the MAPK 
and PI3K signaling pathways (58). Thus, downregulation of 
miR-30b expression may serve as an alternative mechanism 
for the activation of its downstream oncogenic signaling 
pathways (58). Previous studies have indicated the underlying 
molecular mechanisms of miR-126 as a tumor suppressor in 
different types of human cancer. For example, in vitro analysis 
of thyroid cancer cells demonstrated that overexpression of 
miR-126 inhibits cell proliferation, migration and invasion by 
targeting the C-X-C motif chemokine receptor 4 (61). Another 
in vitro experiment indicated that overexpression of miR-126 
suppresses cell cycle progression from G1/G0 phase to S phase 
in the breast cancer MSF‑7 cell line (60).

The mechanistic roles of miR-126 in CRC tumorigenesis 
and progression have not yet been fully investigated. A previous 

Figure 3. Pearson's correlation analysis between miR‑126 and IRS‑1 expression levels in human colorectal tissues. (A) miR‑126 expression was significantly 
inversely correlated with IRS‑1 protein expression in colorectal cancer tissues. (B) No significant correlation was observed between miR‑126 and IRS‑1 mRNA 
expression levels. miR, microRNA; IRS-1, insulin receptor substrate-1.
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study used in vitro CRC cell line models and demonstrated that 
miR-126 functionally targets the IRS-1 gene and regulates IRS-1 
expression in CRC cells (24). IRS-1 has been demonstrated to 

possess an oncogenic property, which can lead to activation 
of the AKT and MAPK signaling pathways (63). Increased 
IRS-1 expression is functionally associated with enhanced 
cell proliferation and migration, loss of differentiation and 
liver metastasis in CRC (28,63-66). However, to the best of 
our knowledge, there is currently no evidence of the interplay 
between miR-126 and IRS-1 in primary CRC. Thus, the 
present study simultaneously analyzed the expression levels 
of miR-126 and IRS-1 mRNA, as well as IRS-1 protein levels 
in primary CRC tumors, and successfully provided the first 
in vivo evidence demonstrating the potential interplay between 
miR-126 and IRS-1 in CRC tumorigenesis. The results of the 
present study demonstrated that downregulation of miR-126 
expression was significantly associated with increased IRS‑1 
protein levels in primary CRC tumors, whereas no significant 
association was observed with IRS-1 mRNA expression levels. 
These results suggest that miR-126 mechanistically regulates 
IRS-1 expression by blocking IRS-1 protein translation, 
rather than targeting IRS-1 mRNA degradation in primary 

Figure 4. Kaplan‑Meier survival analysis of patients with CRC, based 
on miR-126 expression level. Downregulated miR-126 expression was 
associated with a significantly shorter overall survival time of patients with 
CRC. CRC, colorectal cancer; miR, microRNA.

Table II. Association between miR-126 and IRS-1 protein expression levels and clinicopathological characteristics in patients 
with CRC (n=40).

 miR-126 expression, n IRS-1 expression, n
 ---------------------------------------------------------------- ---------------------------------------------------------------
Characteristic Upregulated Downregulated P-value Upregulated Downregulated P-value

Total number of patients 11 29  27 13
Age, years      
  60 7 16 0.900 14 9 0.484
  <60 4 13  13 4 
Sex      
  Male 5 15 0.723 15 5 0.311
  Female 6 14  12 8 
TNM stage      
  Tis, T1, T2 8 8 0.025 5 11 <0.001
  T3, T4 3 21  22 2 
Diameter, cm      
  ≥5 4 14 >0.999 12 6 0.919
  <5 7 15  15 7 
Tumor location      
  C, A, T 5 16 0.583 16 5 0.217
  D, S, R 6 13  11 8 
Histological type      
  Well and moderate 3 12 0.648 13 2 0.098
  Poor 8 17  14 11 
Lymph node metastasis      
  Positive 2 20 0.012 20 2 0.002
  Negative 9 9  7 11 
Distant metastasis      
  Positive 2 19 0.020 18 3 0.025
  Negative 9 10  9 10 

miR, microRNA; IRS‑1, insulin receptor substrate‑1; TNM, Tumor‑Node‑Metastasis; C, cecum; A, ascending colon; T, transverse colon; 
D, descending colon; S, sigmoid colon; R, rectum.
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CRC tumors. Taken together, the results of the present study 
suggest that miR-126 is a candidate tumor suppressor for CRC 
and may serve as a potential biomarker for clinical assessment 
of patients with CRC. However, due to the small sample size 
used in the present study, multivariate analysis could not be 
performed, thus the effects of potential confounding factors 
was not assessed. Therefore, prospective studies will include 
larger sample sizes in order to provide sufficient evidence to 
determine the role of miR-126 in CRC.

In conclusion, the results of the present study demonstrated 
that miR‑126 expression was significantly downregulated in 
CRC tissues and inversely correlated with IRS-1 protein 
expression. Furthermore, downregulation of miR-126 
expression was associated with advanced stages of the disease 
and a poor prognosis in patients with CRC. Taken together, 
these results suggest that miR-126 may function as a tumor 
suppressor and play an important role in CRC carcinogenesis 
and progression.
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