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Abstract. Colorectal cancer is currently the third most common 
cancer in males and the second in females worldwide. In spite 
of marked progress having been achieved in surgical resection, 
radiotherapy and chemotherapy, the prognosis for patients 
with colorectal cancer remains poor. Previous studies have 
demonstrated that the abnormal expression of microRNAs 
contributed to human cancer carcinogenesis and progression, 
suggesting miRNAs as novel therapeutic targets in colorectal 
cancer. The aim of the present study was to investigate the 
expression, functions and underlying molecular mechanisms 
of microRNA‑184 (miR‑184) in colorectal cancer. The results 
identified that miR‑184 was significantly downregulated in 
colorectal cancer tissues and cell lines. In vitro functional 
studies demonstrated that miR‑184 significantly inhibited 
colorectal cancer cell proliferation, migration and invasion. 
Notably, insulin‑like growth factor 1 receptor (IGF‑1R) was 
identified as a direct target of miR‑184 in colorectal cancer. 
Furthermore, the functions of IGF‑1R small interfering 
RNA were similar to those induced by miR‑184 in colorectal 
cancer, suggesting IGF‑1R as a functional target of miR‑184 
in colorectal cancer. The results of the present study indicated 
that miR‑184 may be a novel therapeutic strategy regimen of 
targeted therapy for colorectal cancer.

Introduction

Colorectal cancer (CRC) is currently the third most common 
cancer in males and the second in females worldwide, with 
an estimated 93,090 novel cases and 49,700 mortalities in the 

USA in 2015 (1,2). The morbidity of CRC varies markedly 
worldwide, mainly due to differences in lifestyle, environment 
and genetics. Epidemiological studies have demonstrated that a 
number of risk factors contribute to the initiation and progres-
sion of CRC, including advanced age, hereditary components, 
obesity, excess alcohol and red meat, smoking and a lack of 
physical exercise (3‑6). Over the last decades, marked prog-
ress has been achieved in surgery resection, radiotherapy and 
chemotherapy (7). However, the clinical outcome and prog-
nosis of remains poor for patients with CRC with metastasis 
or recurrence (8,9). In total ~20% of patients with CRC were 
identified to already bear distant metastases. Furthermore, 
>50% patients eventually develop recurrent disease and 
metastasis following surgery with curative intent (10,11). The 
5‑year overall survival rate for patients with CRC is ~90%, but 
decreases to <5% in cases of CRC with metastases or recur-
rence (12). Therefore, it is crucial to understand the molecular 
mechanisms underlying CRC progression which may provide 
a potential therapeutic target for the treatment of CRC.

Previous studies have demonstrated that microRNAs 
(miRNAs/miRs) are deregulated in a number of human 
cancers, including CRC  (13‑15). miRNAs are a class of 
single‑stranded non‑coding endogenous small RNA mole-
cules of between 19 and 24 nucleotides in length (16). They 
negatively regulate gene expression through binding to the 3' 
untranslated regions (3'UTRs) of target mRNAs and inducing 
degradation or translational repression of target gene 
mRNA (16,17). miRNAs have been identified to be involved 
in a wide range of physiological and pathological processes, 
including cell proliferation, apoptosis, cell cycle, metas-
tasis, development and differentiation (18,19). Furthermore, 
previous studies have demonstrated that miRNAs are able 
to function as tumor suppressors or oncogenes depending 
on their target mRNAs (20‑22). Upregulated miRNAs func-
tion as oncogenes by negatively regulating tumor suppressor 
genes. In contrast, downregulated miRNAs act as tumor 
suppressors via blockade of oncogenes in tumor progres-
sion (23,24). Therefore, miRNAs have been investigated in 
carcinogenesis and progression as a novel therapeutic choice 
for patients with CRC.

In the present study, miR‑184 was identified to be downre
gulated and behave as a tumor suppressor in CRC by inhibiting 
cancer cell growth, migration and invasion. Mechanistically, it 
was demonstrated that miR‑184 exerted its tumor suppressive 
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roles by directly targeting insulin‑like growth factor 1 receptor 
(IGF‑1R) in CRC.

Materials and methods

Tissue specimens. The procedure of human tissue specimen 
collection was approved by the Ethical Committee of the 
Affiliated Hospital of Nanjing University of Traditional 
Chinese Medicine (Nanjing, China). In addition, written 
informed consent was obtained from all patients. In the present 
study, all experimental protocols were performed according to 
the approved guidelines. In total, 32 pairs of CRC tissues and 
matched normal adjacent tissues (NATs) were obtained from 
patients (age range, 38‑72 years; median age, 51; 19 males and 
13 females) who had been diagnosed with CRC and under-
went surgery at the Affiliated Hospital of Nanjing University 
of Traditional Chinese Medicine between June 2013 and 
February 2015. CRC tissues and matched NATs were imme-
diately frozen in liquid nitrogen and stored at ‑80˚C until use.

Cell culture. Human CRC cell lines (HCT116, HT29 and 
SW620) and human normal colon epithelium cell line (FHC) 
were purchased from the American Type Culture Collection 
(Manassas, VA, USA). The human embryonic kidney 
HEK293T cell line was obtained from the Shanghai Institute 
of Biochemistry and Cell Biology (Shanghai, China). All 
cells were cultured in Dulbecco's modified Eagle's medium 
(HT29 and FHC cells) or RPMI‑1640 medium (HCT116 
and SW620 cells) containing 10% fetal bovine serum (FBS), 
100 mg/ml penicillin and 100 mg/ml streptomycin (all from 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
All cells were incubated at 37˚C in a humidified incubator 
containing 5% CO2.

Transfection. miR‑184 mimic, negative control (NC), IGF‑1R 
small interfering RNA (siRNA) and NC siRNA were 
purchased from Guangzhou RiboBio Co., Ltd (Guangzhou, 
China). The miR‑184 mimic sequence was 5'‑GGC​AUU​CUG​
UAU​ACA​UCG​GAG‑3' and the NC sequence was 5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT‑3'. The IGF‑1R siRNA sequence 
was 5'‑CAC​CGC​GGC​TGG​AAA​CTC​TTC​TAC​ACG​AAT​
GTA​GAA​GAG​TTT​CCA​GCC​GC‑3' and the NC siRNA 
sequence was 5'‑CAC​CGC​TCA​CCG​GCT​CCA​GAT​TTA​
TCG​AAA​TAA​ATC​TGG​AGC​CGG​TGA​GC‑3'. Luciferase 
reporter plasmids, PGL3‑IGF‑1R‑3'UTR wild‑type (WT) 
and PGL3‑IGF‑1R‑3'UTR mutant (Mut), were obtained from 
GenePharma (Shanghai, China). Cell transfections were 
performed using Lipofectamine™ 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's protocol.

RNA isolation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) analysis. Total RNA 
was extracted from tissues or cells using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. The expression levels of miR‑184 in 
CRC tissues and cell lines were determined using a TaqMan 
miRNA assay (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). For determination of miRNA expression, cDNA was 
synthesized from total RNA and amplified using a TaqMan 
MicroRNA Reverse Transcription kit (Applied Biosystems; 

Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. The cycling conditions for amplification 
were as follows: 40 cycles of denaturation at 95˚C for 15 sec; 
and annealing/extension at 60˚C for 60  sec. To quantify 
IGF‑1R mRNA expression, cDNA was synthesized using 
the PrimeScript RT‑PCR kit (Takara Bio, Inc., Otsu, Japan). 
IGF‑1R expression was assessed using a SYBR-Green PCR kit 
(Takara Bio, Inc.) on an ABI 7500 Real‑Time PCR Detection 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The thermocycling conditions for IGF‑1R quantification were 
as follows: 95˚C for 10 min; 40 cycles of 95˚C for 15 sec and 
60˚C for 1 min. miR‑184 expression was normalized to that 
of U6 RNA, and GADPH was used as an internal control for 
IGF‑1R expression. The primers were designed as follows: 
miR‑184 forward, 5'‑GCATGCCTAAATGTTGACAGCC‑3' 
and reverse, 5'‑GTG​CAG​GGT​CCG​AGGT‑3'; U6 forward, 
5'‑CTC​GCT​TCG​GCA​GCA​CAT​ATA​CT‑3' and reverse, 
5'‑ACG​CTT​CAC​GAA​TTT​GCG​TGTC‑3'; IGF‑1R forward, 
5'‑GGA​GGC​TGA​ATA​CCG​CAA​AGTC‑3' and reverse, 
5'‑AAA​GAC​GAA​GTT​GGA​GGC​GCT‑3'; and GAPDH 
forward, 5'‑ATC​TGG​AGT​TTA​CCG​CTGG‑3' and reverse, 
5'‑TAC​CGA​TGT​CTGGTA​GAC​GAT‑3'. Relative expression 
levels were calculated using the 2‑ΔΔCq method (25).

Cell proliferation assay. Cell proliferation was determined 
using the Cell Counting Kit‑8 (CCK‑8; Dojindo Molecular 

Figure 1. miR‑184 is downregulated in CRC tissues and cell lines. 
(A) Expression of miR‑184 was significantly downregulated in CRC tissues. 
(B) The miR‑184 expression level was significantly decreased in the three 
CRC cell lines compared with in the human normal colon epithelium cell line 
FHC. *P<0.05 vs. the respective controls. miR‑184, microRNA‑184; CRC, 
colorectal cancer; NAT, normal adjacent tissue.
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Technologies, Inc., Kumamoto, Japan). Cells were seeded 
into 96‑well plates at a density of 3,000 cells/well in 150 µl 
culture medium. Following incubation at 37˚C overnight, cells 
underwent transfection. Following various incubation times 
(24, 48, 72 or 96 h), cell proliferation assay was conducted. A 
10 µl volume of CCK‑8 assay solution was added to each well, 
and the 96‑well plates were incubated at 37˚C for a further 
2 h. The absorbance at 450 nm was determined using an auto-
matic multiwell spectrophotometer (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA). All experiments were performed in 
triplicate.

Transwell assay. To evaluate cell migration and invasion 
abilities, Transwell chambers (Costar; Corning Incorporated, 
Corning, NY, USA) with 8 µm diameter pores were used. For 
analysis of cell invasive ability, Matrigel (BD Biosciences, 
San Jose, CA, USA) was added into the Transwell appa
ratus. A total of 5x104 transfected cells in 200 µl serum‑free 

culture medium was placed in the upper chamber and 500 µl 
culture medium containing 20% FBS was added to the lower 
chamber as a chemoattractant. Following incubation at 37˚C 
for 24 h, Transwell chambers were stained with 0.5% crystal 
violet and washed with PBS three times. Non‑migrating and 
non‑invading cells were carefully wiped from the upper cham-
bers with cotton wool. Values for cell migration and invasion 
were obtained by counting 5 fields per membrane using a light 
microscope.

Bioinformatic analysis. Bioinformatic analysis was 
performed to predict the potential targets of miR‑184 
using TargetScan (http://www.targetscan.org/) and PicTar 
(http://pictar.mdcberlin.de/).

Western blot analysis. Transfected cells were harvested and 
lysed in radioimmunoprecipitation buffer (Thermo Fisher 
Scientific, Inc.). Total protein concentration was quantified 

Figure 2. Overexpression of miR‑184 inhibits CRC cell proliferation, migration and invasion. (A) The reverse transcription‑quantitative polymerase chain 
reaction was performed to detect the expression level of miR‑184 in HCT116 and SW620 cells following transfection with miR‑184 mimic or NC, respectively. 
(B) Cell proliferation was determined using an MTT assay in HCT116 and SW620 cells following transfection with miR‑184 mimic or NC. Overexpression of 
miR‑184 was identified top inhibit cell proliferation in HCT116 and SW620 cells. (C) Cell migration and invasion was determined using a Transwell assay in 
HCT116 and SW620 cells following transfection with miR‑184 mimic or NC. Upregulation of miR‑184 suppressed CRC cell migration and invasion compared 
with NC‑transfected cells. *P<0.05 vs. NC. miR‑184, microRNA‑184; CRC, colorectal cancer; NC, negative control.
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using a bicinchoninic acid protein assay kit (Thermo Fisher 
Scientific, Inc.). Equal amounts of protein were separated 
using SDS‑PAGE (10%). Proteins were transferred onto poly-
vinylidene fluoride membranes (EMD Millipore, Billerica, 
MA, USA), followed by incubation at room temperature with 
5% non‑fat dry milk in TBST for 1 h. The membranes were 
incubated with primary antibodies at 4˚C overnight, including 
mouse anti‑human monoclonal IGF‑1R (1:500 dilution; cat. 
no. sc‑81464; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA) and GADPH (1:500 dilution; cat. no. sc‑59540; Santa 
Cruz Biotechnology, Inc.). On the second day, the membranes 
were incubated with a corresponding secondary antibody 
conjugated to horseradish peroxidase (1:1,000 dilution; cat. 
no. sc‑2005; Santa Cruz Biotechnology, Inc.). Each blot was 
visualized using enhanced chemiluminescence (Pierce; 
Thermo Fisher Scientific, Inc.), and densitometry analysis was 
performed using ImageJ 1.49 (National Institutes of Health, 
Bethesda, MD, USA).

Figure 3. miR‑184 suppresses IGF‑1R expression in CRC cells. (A) The potential miR‑184‑binding sequence of IGF‑1R‑3'UTR and the mutant IGF‑1R‑3'UTR 
sequence at the binding site. (B) Determination of IGF‑1R mRNA expression levels in HCT116 and SW620 cells using the reverse transcription‑quantitative 
polymerase chain reaction following transfection with the miR‑184 mimic or NC. IGF‑1R mRNA expression levels were significantly decreased in miR‑184 
mimic‑transfected HCT116 and SW620 cells. (C) Determination of IGF‑1R protein expression levels in HCT116 and SW620 cells by western blot analysis 
following transfection with the miR‑184 mimic or NC. GAPDH was used as a loading control. miR‑184 significantly inhibited IGF‑1R protein expression in 
HCT116 and SW620 cells. *P<0.05 vs. NC. miR‑184, microRNA‑184; IGF‑1R, insulin‑like growth factor 1 receptor; CRC, colorectal cancer; UTR, untranslated 
region; NC, negative control.

Figure 4. miR‑184 directly targets the 3'UTR of IGF‑1R. Luciferase assay in 
HEK293T cells co‑transfected with miR‑184 or NC and PGL3‑IGF‑1R‑3'UTR 
WT or PGL3‑IGF‑1R‑3'UTR Mut. miR‑184 significantly suppressed the 
luciferase activity of PGL3‑IGF‑1R‑3'UTR WT. However, the activity of 
the PGL3‑IGF‑1R‑3'UTR Mut was not affected. *P<0.05 vs. NC. miR‑184, 
miRNA‑184; UTR, untranslated region; IGF‑1R, insulin‑like growth factor 1 
receptor; NC, negative control; WT, wild‑type; Mut, mutant.
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Luciferase reporter assay. HEK293T cells were seeded in a 
24‑well plates. Cells were co‑transfected with miR‑184 mimic 
or NC, and co‑transfection with PGL3‑IGF‑1R‑3'UTR WT or 
PGL3‑IGF‑1R‑3'UTR Mut, using Lipofectamine 2000. At 48 h 
after transfection, luciferase activity was determined using the 
Dual‑Luciferase Reporter assay system (Promega Corporation, 
Madison, WI, USA), and normalized to the activity of Renilla 
luciferase. Each assay was performed three times.

Statistical analysis. All results are expressed as the 
mean ±  standard deviation. Results were compared using 
SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA). 
P<0.05 (two‑tailed) was considered to indicate a statistically 
significant difference.

Results

miR‑184 is downregulated in CRC tissues and cell lines. 
To investigate the roles of miR‑184 in CRC, the miR‑184 

expression level was examined in CRC tissues and matched 
NATs using RT‑qPCR. The results indicated that miR‑184 was 
significantly downregulated in CRC tissues compared with 
matched NATs (P<0.05; Fig. 1A).

In addition, the expression level of miR‑184 in human CRC 
cell lines was also determined. The results indicated that the 
miR‑184 expression level was significantly decreased in the 
three CRC cell lines compared with that of the human normal 
colon epithelium cell line FHC (P<0.05; Fig. 1B). These results 
indicated that miR‑184 may serve an important role in CRC.

miR‑184 inhibits CRC cell proliferation, migration and 
invasion. To investigate the effect of miR‑184 in CRC 
proliferation, migration and invasion, miR‑184 mimic or NC 
was transfected into HCT116 and SW620 cells. Following 
transfection, RT‑qPCR was performed to detect miR‑184 
expression. RT‑qPCR analysis demonstrated that miR‑184 
was significantly upregulated in HCT116 and SW620 cells 
(Fig. 2A). The effect of overexpression of miR‑184 on cell 

Figure 5. IGF‑1R is involved in the miR‑184‑mediated tumor suppressing effect in CRC cells. (A) Determination of IGF‑1R protein expression levels in 
HCT116 and SW620 cells by western blot analysis following transfection with the IGF‑1R siRNA or NC siRNA. GAPDH was used as a loading control. 
(B) IGF‑1R siRNA inhibited HCT116 and SW620 cell proliferation. (C) IGF‑1R siRNA suppressed HCT116 and SW620 cell migration and invasion. *P<0.05 
vs. NC siRNA. IGF‑1R, insulin‑like growth factor 1 receptor; miR‑184, microRNA‑184; CRC, colorectal cancer; siRNA, small interfering RNA; NC, negative 
control.
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proliferation using an MTT assay was subsequently evalu-
ated. The results indicated that the proliferation of CRC cells 
was markedly inhibited following transfection with miR‑184 
mimic compared with cells transfected with NC (Fig. 2B). 
Furthermore, Transwell assays were used to assess the effect 
of upregulated miR‑184 in CRC cell migration and inva-
sion. The results identified that overexpression of miR‑184 
significantly decreased the migratory and invasive abilities of 
HCT116 and SW620 cells (Fig. 2C). These results suggested 
that miR‑184 inhibited the proliferation, migration and inva-
sion of CRC cells in vitro.

miR‑184 negatively regulates IGF‑1R expression. 
Bioinformatic databases were used to predicted potential 
targets of miR‑184. Among these predicted targets, IGF‑1R 
was a clear candidate since it was predicted by TargetScan 
and PicTar. As presented in Fig. 3A, IGF‑1R contained a 
miR‑184 seed match of the IGF‑1R 3'‑UTR. To investigate 
the effect of miR‑184 in the regulation of IGF‑1R expres-
sion, RT‑qPCR and western blot analysis were performed. 
It was identified that the IGF‑1R mRNA was significantly 
downregulated in miR‑184 mimic‑transfected HCT116 and 
SW620 cells (P<0.05; Fig. 3B). Western blot analysis results 
indicated that miR‑184 significantly decreased IGF‑1R 
protein expression in HCT116 and SW620 cells compared 
with the NC groups (P<0.05; Fig. 3C).

IGF‑1R is a direct target of miR‑184. To verify whether IGF‑1R 
was a direct target of miR‑184 in CRC, PGL3‑IGF‑1R‑3'UTR 
WT and PGL3‑IGF‑1R‑3'UTR Mut along with miR‑184 mimic 
or NC were transfected into HEK293T cells. Following trans-
fection for 48 h, luciferase reporter assays were performed. 
The results identified that miR‑184 significantly inhibited 
the luciferase activity of PGL3‑IGF‑1R‑3'UTR WT (P<0.05; 
Fig. 4). However, the activity of PGL3‑IGF‑1R‑3'UTR Mut was 
not affected (Fig. 4), which suggested that IGF‑1R was a direct 
target of miR‑184.

IGF‑1R is involved in miR‑184‑mediated proliferation, migra‑
tion and invasion in CRC cells. To explore further whether 
IGF‑1R acts as a downstream effector in miR‑184‑mediated 
suppressive effects in CRC cells, IGF‑1R siRNA or NC siRNA 
was transfected into HCT116 and SW620 cells. Following 
transfection, western blot analysis was performed to deter-
mine the expression of IGF‑1R protein. As presented in 
Fig. 5A, IGF‑1R was significantly downregulated in IGF‑1R 
siRNA‑transfected HCT116 and SW620 cells compared with 
NC siRNA‑transfected cells (P<0.05).

Subsequently, MTT assays and Transwell assays were 
performed. The results identified that knockdown of IGF‑1R 
inhibited CRC cell proliferation, migration and invasion 
(Fig. 5B and C), indicating that IGF‑1R was involved in the 
miR‑184‑mediated proliferation, migration and invasion of 
CRC cells.

Discussion

Previous studies have demonstrated that the expression of 
miR‑184 differs between normal tissues and tumors. It has been 
identified to be upregulated in hepatocellular carcinoma (26) 

and squamous cell carcinoma of the tongue (27). However, 
downregulation of miR‑184 has also been identified in various 
types of human cancer, including renal cell carcinoma (28), 
nasopharyngeal carcinoma (29), neuroblastoma (30), non‑small 
cell lung cancer (31), glioma (32,33) and breast cancer (32). The 
contradictory results of these studies indicated that the expres-
sion levels of miR‑184 in cancer exhibit tissue‑specificity. In 
the present study, it was identified that miR‑184 was down-
regulated in CRC tissues and cell lines. The results suggested 
that miR‑184 may serve tumor suppressive functions in the 
carcinogenesis and progression of CRC.

miR‑184 was demonstrated to be a tumor suppressor in 
cancer. Lin et al (31) demonstrated that miR‑184 was down-
regulated in non‑small cell lung cancer. Furthermore, a low 
expression level of miR‑184 may be a predictor of poor prog-
nosis in patients with non‑small cell lung cancer. Upregulation 
of miR‑184 decreased cell proliferation and invasion by 
targeting cell division cycle 25A and c‑Myc (31). In renal cell 
carcinoma, overexpression of miR‑184 suppressed cell prolife
ration and migration, and enhanced cell apoptosis in vitro (28). 
Cheng et al (33) demonstrated that miR‑184‑targeted tumor 
necrosis factor α‑induced protein 2 decreased glioma cell 
proliferation and migration in vitro, and the xenografted tumor 
size in vivo (33). Taken together, the results of these studies 
suggested a possible role for miR‑184 in regulating cancer 
carcinogenesis and progression.

However, miR‑184 has also been verified as an oncogene 
in certain types of cancer. For example, in squamous cell 
carcinoma of the tongue, miR‑184 increased cell proliferation 
and inhibited apoptosis (27). In addition, surgical removal of 
the primary squamous cell carcinoma of tongue markedly 
suppressed miR‑184 expression in plasma (34). In hepatocel-
lular carcinoma, overexpression of miR‑184 significantly 
increased cell proliferation, tumorigenicity and cell cycle 
progression by directly targeting sex‑determining region Y 
box 7 and inositol polyphosphate phosphatase‑like 1 (26,35). 
These results appear contradictory in that miR‑184 was 
demonstrated to be an oncogene in certain types of cancer 
and a tumor suppressor in others. This contradiction may be 
explained by the ʻimperfect complementarityʼ of the interac-
tions between miRNAs and target genes (36).

In the present study, the functions of miR‑184 in CRC cell 
proliferation, migration and invasion were analyzed by trans-
fecting miR‑184 mimic and NC into HCT116 and SW620 CRC 
cells. It was identified that miR‑184 significantly inhibited the 
proliferation, migration and invasion of CRC cells. These 
results provided novel insight into the functions of miR‑184 
in the initiation and development of CRC. Subsequently, 
the potential underlying molecular mechanism involved in 
miR‑184‑mediated suppressive functions of CRC cell prolif-
eration, migration and invasion were sought. In the present 
study, an important molecular link between miR‑184 and 
IGF‑1R was identified in CRC. First, bioinformatic analysis 
predicted that IGF‑1R contained a miR‑184 seed match at 
position 701‑708 of the IGF‑1R 3'‑UTR. Secondly, RT‑qPCR 
and western blot analysis demonstrated that miR‑184 
decreased IGF‑1R expression at the mRNA and protein level. 
Thirdly, a luciferase reporter assay demonstrated that miR‑84 
directly targeted IGF‑1R 3'‑UTR. Finally, IGF‑1R siRNA also 
decreased CRC cell proliferation, migration and invasion. 
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These results indicated that miR‑184 targeted IGF‑1R to inhibit 
CRC cell proliferation and metastasis in vitro. Identification of 
the targets of miR‑184 is essential for understanding its role in 
CRC, and developing novel targeted therapies for CRC.

IGF‑1R, a transmembrane tyrosine kinase receptor of the 
insulin receptor family, contains two extracellular α subunits 
with the ligand‑binding site and two transmembrane β subunits 
with intracellular tyrosine kinase activity (37). Overexpression 
of IGF‑1R has been demonstrated to serve important functions 
in CRC, hepatocellular carcinoma, osteosarcoma, non‑small 
cell lung cancer and prostate cancer  (38‑41). IGF‑1R was 
identified to be involve in a range of biological processes, 
including cell proliferation, apoptosis, cell cycle regulation 
and metastasis (42‑44).

Furthermore, IGF‑1R expression level has been identified 
to be associated with an aggressive phenotype, tumor progres-
sion, drug resistance and poor outcome in several types of 
tumor, including colorectal, ovary, prostate, endometrial, 
gastric, bladder, sarcoma, glioblastoma, leukemia, myeloma, 
gastrointestinal stromal and breast  (45). This indicated 
that inhibition of IGF‑1R expression may serve as a novel 
therapeutic method for the treatment of cancer. A number of 
agents targeting IGF‑1R have been developed or are in develo
pment, and certain agents are in clinical trials for cancer 
treatment (46). In the present study, miR‑184 was identified 
for the first time, to the best of our knowledge, to negatively 
regulate IGF‑1R expression and therefore function as a tumor 
suppressor in CRC. It may be investigated as a targeted therapy 
for the treatment of CRC.

The results of the present study indicate that miR‑184 is 
downregulated in CRC. Furthermore, miR‑184 inhibited CRC 
cell proliferation, migration and invasion. Mechanistically, it 
was verified that miR‑184 directly targeted IGF‑1R. miR‑184 
may therefore be a therapeutic target in the treatment of CRC.
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