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Abstract. Recent studies have revealed that microRNAs 
(miRs) are involved in the pathogenesis of colorectal cancer 
(CRC); however, the roles of miR‑590‑5p in CRC are not 
completely understood. Therefore, the present study inves‑
tigated the expression of miR‑590‑5p and programmed cell 
death 4 (PDCD4) in CRC tissues and healthy adjacent tissues 
via reverse transcription‑quantitative PCR. Furthermore, 
human CRC cells were cultured in  vitro and transfected 
with miR‑590‑5p inhibitor. CRC cell viability, migration and 
invasion were evaluated by conducting MTT, wound healing 
and Transwell assays, respectively. Additionally, the relative 
expression of PDCD4 and phosphorylated‑Smad2/3 was 
analyzed via western blotting. miR‑590‑5p was significantly 
upregulated and PDCD4 was significantly downregulated in 
CRC tissues compared with healthy adjacent tissues. Moreover, 
the results indicated that miR‑590‑5p knockdown inhibited cell 
viability and migration by altering the expression of PDCD4, 
transforming growth factor‑β and phosphorylated‑Smad2/3. 
PDCD4 was identified as a direct target of miR‑590‑5p. In 
conclusion, the results of the present study suggested that 
miR‑590‑5p may regulate CRC cell viability and migration, 
indicating that miR‑590‑5p may serve as a potential thera‑
peutic target for CRC.

Introduction

Cancer is one of the most serious threats to human health 
worldwide and affects a variety of organs and tissues  (1). 
Colorectal cancer (CRC) is a global public health concern (2). 
The most common treatment strategies for CRC include 
surgery, chemotherapy and radiotherapy; however, these 
strategies often do not completely eliminate the disease (3,4). 

The targeted treatment of tumors has attracted increasing 
attention and several targeted drugs are extensively used in the 
clinic (4) with demonstrated effectiveness (5). An increased 
understanding of the molecular mechanism underlying the 
pathogenesis of CRC may aid with the identification of effec‑
tive therapeutic targets and novel biomarkers for the risk 
assessment and early diagnosis of CRC (6‑8).

MicroRNAs (miRNAs/miRs) are small non‑coding RNAs 
that are ~22 nucleotides in length (9,10). Previous studies have 
revealed that miRNAs may negatively regulate gene expres‑
sion by binding to the 3'‑untranslated region (UTR) of target 
mRNAs to silence gene expression (9‑11). It has been widely 
established that miRNAs serve critical roles in the regulation 
of several biological process, including proliferation, differ‑
entiation, apoptosis, tumorigenesis and metastasis (6,12,13). 
Furthermore, miRNAs may predict overall prognosis in certain 
types of cancer, including lung cancer (14), gastric cancer (15) 
and CRC  (16). Previous studies suggested that miR‑590 is 
abnormally expressed in CRC (5,17); however, the mechanism 
underlying the action of miR‑590‑5p in the pathogenesis of 
CRC, as well as its potential gene target have not been identified.

The present study investigated the role of miR‑590‑5p, as 
well as its underlying mechanism, in CRC. The expression 
of miR‑590‑5p in CRC tissues were compared with healthy 
adjacent tissues. Furthermore, in vitro studies were designed 
to examine the effect of miR‑590‑5p knockdown on CRC cell 
viability and invasion. 

Materials and methods

Patients and clinical tissue samples. A total of 30 CRC and 
healthy adjacent tissue samples (distance from tumour margin, 
3 cm) were collected from patients with CRC (age, 48‑65 years; 
mean age, 52.32±7.41; 17  male patients and 13  female 
patients) at Taizhou People's Hospital between May  2017 
and February 2019. The tissue samples were obtained from 
patients who had undergone resection but had not received 
radiotherapy and/or chemotherapy. All tissues were patho‑
logically confirmed. The present study was approved by the 
Ethical Review Board of Taizhou People's Hospital and written 
informed consent was obtained from each patient.

Cell culture and transfection. Human CRC cell lines 
(HCT116, SW480, SW620 and LoVo) and human normal colon 
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epithelial cells (FHC) were purchased from The Cell Bank of 
Type Culture Collection of the Chinese Academy of Sciences. 
Cells were cultured in RPMI‑1640 medium (Invitrogen; 
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.) 
at 37˚C in a humidified incubator with 5% CO2. Cells were 
plated in 24‑well plates (1x105 cells/well) and transfected 
with miR‑590‑5p mimic, miR‑590‑5p inhibitor, miR‑590‑5p 
mimic negative control (NC), miR‑590‑5p inhibitor NC, 
PDCD4 small interfering (si)RNA NC or PDCD4 siRNA 
(all, 100  pmol) using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufac‑
turer's protocol. The sequences of the oligonucleotides were: 
miR‑590‑5p mimic, 5'‑GAG​CUU​AUU​CAU​AAA​AUG​CAG​
‑3'; miR‑590‑5p mimic NC, 5'‑CGC​CAA​UAU​CAU​UAU​ACC​
UC‑3'; miR‑590‑5p inhibitor, 5'‑AAA​UAU​GCU​GUA​UGU​
CAU​GUG​UU‑3'; miR‑590‑5p inhibitor NC, 5'‑GUC​CAG​
UGA​AUU​CCC​AG‑3'; PDCD4 siRNA, 5'‑GGA​GGT​GGA​
TGT​GAA​AGA​T‑3'; and PDCD4 siRNA NC, 5'‑GGC​CTT​
GCG​ATA​GCG​TAG​C‑3'. At 48 h post‑transfections, cells 
were used for subsequent experiments.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cells or clinical tissue samples using 
TRIzol® reagent (cat. no. 15596026; Invitrogen; Thermo Fisher 
Scientific, Inc.). Total RNA was reverse transcribed into cDNA 
using PrimeScript RT Master mix (Takara Biotechnology, 
Co., Ltd.) at 37˚C for 15 min followed by 85˚C for 5  sec. 
Subsequently, qPCR was performed using SYBR premix Ex 
Taq (Takara Biotechnology, Co., Ltd.) and a thermocycler 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The ther‑
mocycling conditions used for qPCR were as follows: Initial 
denaturation 95˚C for 30 sec; followed by 40 cycles at 95˚C for 
5 sec and 60˚C for 30 sec. The sequences of the primers used 
for qPCR were as follows: miR‑590‑5p forward, 5'‑GAG​CTT​
ATT​CAT​AAA​AGT​‑3' and reverse, 5'‑TCC​ACG​ACA​CGC​
ACT​GGA​TAC​GAC​‑3'; PDCD4 forward, 5'‑GC​AAA​AAG​
GCG​ACT​AAG​GAA​AAA​‑3' and reverse, 5'‑TAA​GGG​CGT​
CAC​TCC​CAC​T‑3'; U6 forward, 5'‑GTG​CTC​GCT​TCG​GCA​
GCA​CAT​‑3' and reverse, 5'‑TAC​CTT​GCG​AAG​TGC​TTA​
AAC​‑3'; and GAPDH forward, 5'‑TGT​GGG​CAT​CAA​TGG​
ATT​TGG​‑3' and reverse, 5'‑ACA​CCA​TGT​ATT​CCG​​GGT​
CAA​T‑3'. miRNA and mRNA levels were quantified using the 
2‑ΔΔCq method (18) and normalized to the internal reference 
genes U6 and GAPDH, respectively.

Cell viability analysis. At 48 h post‑transfection, the effect 
of miR‑590‑5p on cell viability was measured using an MTT 
assay. Briefly, cells were washed with PBS (pH 7.4), harvested 
by trypsinization and seeded (5x105 cells/well) into a 96‑well 
plate. The plate was incubated in humidified incubator at 37˚C 
with 5% CO2. Subsequently, 10 µl MTT solution was added to 
each well and incubated for 1 to 4 h at 37˚C. DMSO was added 
to each well to dissolve the formazan crystals. The absorbance 
of each well was measured at a wavelength of 490 nm using a 
microplate reader.

Wound healing assay. HCT116 and SW480 cells were seeded 
(8x105 cells/well) into 6‑well plates. At 100% confluence, 
8 µg/ml mitomycin C (Beyotime Institute of Biotechnology) 

was added to each well for 3 h at 37˚C to inhibit cell prolif‑
eration. Subsequently, the cell monolayer was scratched with 
a 10  µl pipette tip and incubated in RPMI‑1640 medium 
supplemented with 1% FBS at 37˚C for 24 h. Images of the 
wounds were captured using an inverted light microscope at 
0 and 24 h (magnification, x200).

Transwell assay. The transwell plates were pre‑coated with 
Matrigel® at room temperature for 30 min. Cells were seeded 
(5x104 cells/well) into the upper chamber of the Transwell plate 
(24‑well plates; Corning, Inc.) with serum‑free RPMI‑1640 
medium. The lower chamber was treated with RPMI‑1640 
medium containing 10% FBS Cells were incubated at 37˚C for 
24 h. Invading cells were fixed with 100% methanol for 20 min 
at room temperature, stained with crystal violet for 10 min at 
room temperature and visualized under a light microscope 
(magnification, x200).

Western blotting. Total protein was isolated from cells using 
a protease inhibitor cocktail (RIPA; Beyotime Institute of 
Biotechnology). Total protein was quantified using a bicincho‑
ninic acid protein assay kit (Pierce; Thermo Fisher Scientific, 
Inc.). Proteins (30 µg) were separated via 10% SDS‑PAGE, 
transferred onto PVDF membranes and blocked with 5% 
non‑fat dry milk in TBST (pH 7.4; 0.05% Tween 20) at room 
temperature for 2 h. The membranes were incubated at 4˚C 
overnight with the following primary antibodies: Anti‑PCDC4 
(cat. no. ab80590; 1:1,000), anti‑p‑Smad2/3 (cat. no. ab63399; 
1:1,000), anti‑TGF‑β (cat.  no.  ab92486; 1:1,000) and 
anti‑GAPDH (cat. no. ab9485; 1:2,000). Following primary 
antibody incubation, the membranes were incubated with 
a horseradish peroxidase‑conjugated secondary antibody 
(cat. no. ab6721; 1:5,000) at room temperature for 45 min. 
All antibodies were purchased from Abcam. Proteins were 
visualized using the Pierce™ ECL Western Blotting Substrate 
(Pierce; Thermo Fisher Scientific, Inc.) and chemilumines‑
cence signals were detected using a Tanon‑5200 Imaging 
system (Tanon Science and Technology, Co., Ltd.). Protein 
expression levels were quantified using ImageJ software 
(version 1.47; National Institutes of Health) with GAPDH as 
the loading control.

Dual‑luciferase reporter assay. Wild‑type PDCD4 3'‑UTR 
(PDCD4‑3'UTR), containing the miR‑590‑5p binding site, 
and mutant PDCD4 3'UTR (PDCD4‑MUT) were cloned 
into the p‑MIR‑reporter plasmid (Thermo Fisher Scientific, 
Inc.). 293T cells (Cell Bank of Type Culture Collection of 
the Chinese Academy of Sciences) were seeded onto 6 well 
plates (8x105 cells/well), co‑transfected with PDCD4‑3'UTR 
or PDCD4‑MUT (100  pmol) and miR‑590‑5p mimic or 
miR‑590‑5p mimic NC (each, 50 pmol) using Lipofectamine® 
RNAi Max (Invitrogen; Thermo Fisher Scientific, Inc.). At 
48 h post‑transfection, luciferase activities were detected using 
the Dual Luciferase Reporter Assay kit (Beyotime Institute of 
Biotechnology). Firefly luciferase activity was normalized to 
Renilla luciferase activity. 

Statistical analysis. All experiments were repeated at least 
three times. Statistical analyses were performed using SPSS 
software (version 17.0; SPSS, Inc.). Data are presented as the 
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mean ± standard deviation. Comparisons between two groups 
were analyzed using the paired Student's t‑test. Comparisons 
among >2  groups were analyzed using one‑way ANOVA 
followed by Tukey's post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑590‑5p expression is increased and is negatively asso‑
ciated with PDCD4 in human CRC tissues. miR‑590‑5p 
and PDCD4 expression levels were detected in all 30 paired 
samples of human CRC and adjacent healthy tissues. The results 
indicated that miR‑590‑5p expression levels were significantly 
increased in CRC tissues compared with adjacent healthy 
tissues (P<0.01; Fig. 1A). By contrast, PDCD4 expression 
levels were significantly decreased in CRC tissues compared 
with adjacent healthy tissues (P<0.01; Fig. 1A and B).

miR‑590‑5p inhibitor decreases human CRC HCT116 and 
SW480 cell viability. miR‑590‑5p expression levels in CRC 
cells and human normal colon epithelial cells (FHC) were 
compared. miR‑590‑5p expression levels were significantly 
increased in CRC cells compared with FHC cells (P<0.01; 
Fig. 2A). miR‑590‑5p inhibitor or miR‑590‑5p inhibitor NC 
were transfected into HCT116 and SW480 cells. The MTT 

assay was conducted to assess the effect of miR‑590‑5p on cell 
viability. miR‑590‑5p inhibitor and PDCD4 siRNA signifi‑
cantly decreased the expression levels of miR‑590‑5p and 
PDCD4, respectively, in HCT116 and SW480 cells (P<0.001; 
Fig.  2B  and  C). Moreover, compared with the NC group, 
miR‑590‑5p inhibitor decreased cell viability at 12 and 24 h 
post‑transfection, and significantly decreased cell viability 
at  48  h post‑transfection (Fig.  2D; P<0.01). Additionally, 
co‑transfection of miR‑590‑5p inhibitor and PDCD4 siRNA 
partially reversed the effects of miR‑590‑5p inhibitor on cell 
viability (Fig. 2D).

miR‑590‑5p inhibitor suppresses human CRC HCT116 and 
SW480 cell migration and invasion. The effects of miR‑590‑5p 
inhibitor on cell migration and invasion were examined by 
conducting wound healing and Transwell assays, respectively. 
miR‑590‑5p inhibitor significantly increased cell migration 
at 24 h post‑transfection (P<0.01; Fig.  3) when compared 
with the control. Moreover, the Transwell assay indicated 
that miR‑590‑5p inhibitor significantly reduced HCT116 and 
SW480 cell invasion compared with the control (P<0.01; 
Fig. 4). Additionally, co‑transfection of miR‑590‑5p inhibitor 
and PDCD4 siRNA reversed the effects of miR‑590‑5p 
inhibitor on HCT116 and SW480 cell migration and invasion 
(Figs. 3 and 4).

Figure 1. miR‑590‑5p is upregulated and negatively associated with PDCD4 in CRC tissues. (A) miR‑590‑5p and PDCD4 mRNA expression levels in human 
CRC and healthy adjacent tissue samples. **P<0.01. (B) PDCD4 protein expression levels were determined by western blotting. **P<0.01. miR, microRNA; 
PDCD4, programmed cell death 4 programmed cell death 4; CRC, colorectal cancer. 
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miR‑590‑5p inhibitor enhances the expression of PDCD4 and 
TGF‑β/Smad2/3 signaling. Based on the association between 
miR‑590‑5p and PDCD4 expression observed in human CRC 
tissues, HCT116 and SW480 cells were transfected with 
miR‑590‑5p inhibitor to investigate whether PDCD4 expres‑
sion was enhanced by miR‑590‑5p inhibitor. miR‑590‑5p 
inhibitor significantly increased PDCD4 protein expression 
levels compared with the control group in HCT116 and SW480 
cells (P<0.01; Fig. 5).

The effect of miR‑590‑5p on the phosphorylation of 
Smad2/3 was investigated. Compared with the control group, 
miR‑590‑5p inhibitor significantly decreased the expression 
levels of TGF‑β and p‑Smad2/3 (P<0.01; Fig. 5). However, 
co‑transfection of miR‑590‑5p inhibitor and PDCD4 siRNA 
significantly reversed the effects of miR‑590‑5p inhibitor on 
p‑Smad2/3 expression levels (P<0.01; Fig. 5).

PDCD4 is a direct target of miR‑590‑5p. The present study 
investigated whether the observed reduction in PDCD4 was 
caused by direct binding of miR‑590‑5p to the 3'UTR of 
PDCD4. Therefore, PDCD4‑3'UTR containing the puta‑
tive binding site for miR‑590‑5p and the mutated segment 
were cloned in a firefly luciferase reporter vector (Fig. 6A). 
miR‑590‑5p mimic significantly increased the expression 
levels of miR‑590‑5p in 293T cells compared with the control 
group (Fig. 6B). miR‑590‑5p mimic significantly decreased 
the luciferase activity of PDCD4‑3'UTR WT compared with 

miR‑590‑5p mimic NC (P<0.01), but did not significantly 
alter the luciferase activity of PDCD4‑3'UTR MUT (Fig. 6C). 
The results suggested that miR‑590‑5p directly bound to 
PDCD4‑3'UTR, resulting in reduced PDCD4 protein expres‑
sion levels.

Discussion

miRNAs display great potential for the diagnosis and treat‑
ment of CRC (19‑21). miR‑590‑5p has been reported to be 
strongly associated with CRC progression (17,22). The present 
study indicated that miR‑590‑5p expression levels were signifi‑
cantly increased in human CRC tissues and cells compared 
with healthy adjacent tissues and FHC cells, suggesting that 
miR‑590‑5p could function as an oncogene. 

The present study investigated the roles of miR‑590‑5p in 
CRC pathogenesis by performing in vitro studies in human CRC 
HCT116 and SW480 cells. Cell proliferation and metastasis are 
important events associated with tumor progression (23,24). 
The results of the present study suggested that miR‑590‑5p 
inhibitor reduced HCT116 and SW480 cell viability compared 
with the control. Furthermore, when compared with the 
control group, miR‑590‑5p inhibitor decreased cell migration 
and invasion in vitro, which was consistent with the results 
obtained in a previous study  (17). Of note, miR‑590‑5p 
inhibitor suppressed the TGF‑β/Smad2/3 signaling pathway, 
which regulates CRC cell viability and migration (23,25,26). 

Figure 2. miR‑590‑5p inhibitor suppresses HCT116 and SW480 cell viability. (A) miR‑590‑5p expression levels in CRC cell lines and normal human normal 
colon epithelial cells (FHC). Transfection efficiency of (B) miR‑590‑5p inhibitor and (C) PDCD4 siRNA. (D) The MTT assay was performed to examine cell 
viability. **P<0.01 vs. control. ***P<0.001 as indicated. miR, microRNA; CRC, colorectal cancer; PDCD4, programmed cell death 4 programmed cell death 4; 
siRNA, small interfering RNA; NC, negative control; OD, optical density. 
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Collectively, the results indicated that miR‑590‑5p knockdown 
inhibited the TGF‑β/Smad2/3 signaling pathway in HCT116 
and SW480 cells. 

Bioinformatics analysis identified PDCD4 as one of 
the direct targets of miR‑590‑5p. PDCD4 expression levels 
were significantly lower in human CRC tissues compared 
with healthy adjacent tissues, which was consistent with 
previous studies  (27‑30). Therefore, it was hypothesized 

that miRNA‑590‑5p may directly negatively regulate 
the expression of PDCD4. To investigate the hypothesis, 
the present study investigated the effects of miR‑590‑5p 
inhibitor in HCT116 and SW480 cells. The results suggested 
that miR‑590‑5p inversely regulated the expression of 
PDCD4. Subsequently, the direct binding of miR‑590‑5p 
to the PDCD4‑3'UTR was confirmed by conducting a 
dual‑luciferase reporter assay. The results indicated that 

Figure 3. miR‑590‑5p inhibitor suppresses HCT116 and SW480 cell migration. The wound healing assay was conducted to examine cell migration. Magnification, 
x200. **P<0.01 vs. control. miR‑590‑5p, microRNA‑590‑5p; NC, negative control; siRNA, small interfering RNA.  
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Figure 5. miR‑590‑5p inhibitor increases the expression of PDCD4, TGF‑β and p‑Smad2/3 in HCT116 and SW480 cells. PDCD4, p‑Smad2/3, Smad2/3 
and TGF‑β protein expression levels were determined by western blotting. **P<0.01. miR‑590‑5p, microRNA‑590‑5p; PDCD4, programmed cell death 4 
programmed cell death 4; TGF‑β, transforming growth factor‑β; p‑Smad2/3, phosphorylated‑Smad2/3; NC, negative control; siRNA, small interfering RNA. 

Figure 4. miR‑590‑5p inhibitor suppresses HCT116 and SW480 cell invasion. The Transwell assay was performed to examine cell migration in each group. 
Magnification, x200. **P<0.01 vs. control. miR‑590‑5p, microRNA‑590‑5p; NC, negative control; siRNA, small interfering RNA.  
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co‑transfection of miR‑590‑5p inhibitor and PDCD4 siRNA 
partially reversed the antitumor effects of miR‑590‑5p 
inhibitor. The results suggested that miR‑590‑5p may exert 
its carcinogenic behaviors by downregulating the expression 
of PDCD4. 

Collectively, the results of the present study suggested that 
miR‑590‑5p increased CRC cell viability and migration, and 
negatively regulated the expression of PDCD4 by directly 
binding to it. The results suggested that miR‑590‑5p may serve 
an important role in CRC pathogenesis and serve as a novel 
therapeutic strategy for CRC.
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