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MicroRNAs (miRs), a class of small noncoding RNAs, are important regulators for gene expression through 
directly binding to the 3¢-untranslated region (3¢-UTR) of their target mRNA. Recently, downregulation of 
miR-520b has been observed in several common human cancers. However, the exact role of miR-520b in 
colorectal cancer (CRC) has not previously been studied. In this study, our data showed that miR-520b was 
significantly downregulated in CRC and cell lines when compared with adjacent normal tissues and a normal 
intestinal epithelial cell line. Low expression of miR-520b was notably associated with the malignant progress 
and a shorter survival time for CRC patients. Restoration of miR-520b inhibited cell proliferation, migration, 
invasion, and epithelial–mesenchymal transition (EMT) in CRC cells. Defective in cullin neddylation 1 domain 
containing 1 (DCUN1D1) was then identified as a novel target gene of miR-520b in CRC cells. The expres-
sion of DCUN1D1 was significantly increased in CRC, with a negative correlation to miR-520b expression 
in CRC tissues. Moreover, a high expression of DCUN1D1 was significantly associated with the malignant 
progress and a poor prognosis for CRC patients. Furthermore, overexpression of DCUN1D1 rescued the miR-
520b-mediated malignant phenotypes and EMT in CRC cells. The data demonstrate that miR-520b functions 
as a tumor suppressor in CRC through targeting DCUN1D1, suggesting that miR-520b may become a potential 
therapeutic target for the treatment of CRC.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common 
malignant tumors in humans1,2. In recent years, the com-
bined treatment for CRC, including surgical resection, 
radiotherapy, and chemoradiotherapy, has improved1,2. 
However, the survival of patients with advanced CRC 
remains unsatisfactory2. Therefore, it is urgently needed 
to identify novel therapeutic candidates and targets for 
the treatment of CRC.

MicroRNAs (miRs), a class of small, noncoding RNAs, 
function as important regulators for gene expression via 
binding to the seed sequences within the 3¢-untranslated 
region (3¢-UTR) of the target mRNA, which further 
causes RNA degradation or translation repression3–5. Accu-
mulating evidence has demonstrated that miRs play an 
important role in a variety of cellular biological processes 
such as cell proliferation, apoptosis, cell cycle progres-
sion, migration, invasion, and tumorigenesis3,6,7. Recently, 

aberrant expression of some miRs has been observed 
during the development and progression of CRC such as 
downregulated miR-30a, miR-133b, miR-145, miR-503, 
and miR-543, as well as upregulated miR-103, miR-107, 
and miR-1858–13. miR-520d-5p was significantly down-
regulated in CRC tissues compared with the adjacent 
normal tissues and has a suppressive effect on CRC cell 
proliferation, migration, and invasion in vitro and in vivo 
by targeting CTHRC114. However, the exact role of miR-
520b, another member of the miR-520 family, as well as 
the underlying mechanism in CRC have not been previ-
ously reported.

A previous study has demonstrated that defective in 
cullin neddylation 1 domain containing 1 (DCUN1D1) is 
an important component of the neddylation E3 complex15 
and could promote the nuclear translocation and assembly 
of that complex16. Several studies have also suggested that 
DCUN1D1 shows oncogenic activity in human cancers. 
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For instance, DCUN1D1 is highly conserved and acti-
vated by amplification in squamous cell carcinomas17. 
Moreover, it could induce extracellular matrix invasion 
by activating matrix metalloproteinase 2 (MMP2) and, 
thus, is important for cancer metastasis18. Recently, Jiang 
et al. showed that miR-218 inhibited cell migration, inva-
sion, and epithelial-to-mesenchymal transition (EMT) in 
cervical cancer cells by targeting DCUN1D119. However, 
whether DCUN1D1 is also regulated by miRs in CRC has 
not been reported.

Accordingly, our study aimed to investigate the regula-
tory role of miR-520b in CRC cells, as well as the under-
lying molecular mechanism involving DCUN1D1.

MATERIALS AND METHODS

Clinical Tissues

This study was approved by the Ethics Committee of 
the Second Xiangya Hospital of Central South University, 
Changsha, P.R. China. A total of 73 CRC tissues and their 
adjacent normal tissues were collected at The Second 
Xiangya Hospital following surgical resection and stored 
immediately in liquid nitrogen. Written informed consent 
was obtained from all patients. The clinical information 
of CRC patients is summarized in Table 1.

Cell Culture and Transfection

CRC cell lines (HCT-116, HT-29, SW480, LOVO, 
and SW620) and normal intestinal epithelial cell line 
NCM460 were obtained from the Cell Bank of Central 
South University and cultured in Dulbecco’s modified 

Eagle’s medium (DMEM; Thermo Fisher Scientific 
Inc., Waltham, MA, USA) with 10% fetal bovine serum 
(FBS) added (HyClone, Logan, UT, USA) in a humidi-
fied atmosphere with 5% CO2 at 37°C. Cell transfection 
was conducted using Lipofectamine 2000/Lipofectamine 
LTX-Plus (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s instructions.

Real-Time RT-PCR

Total RNA was extracted from the tissues and cells 
using TRIzol reagent (Thermo Fisher Scientific). For the 
detection of miR-520b expression, One Step PrimeScript 
miRNA cDNA Synthesis Kit (Takara, Dalian, P.R. China) 
was used to convert RNA into cDNA, and qualitative real-
time PCR was performed using a SYBR® Premix Ex Taq™ 
II Kit (Takara) on an ABI 7500 Real-Time PCR System 
(Applied Biosystems, Foster City, CA, USA) according to 
the manufacturer’s instructions. For the detection of mRNA 
expression, TaqMan Reverse Transcription Kit (Thermo 
Fisher Scientific) was used to convert RNA into cDNA, 
and real-time qPCR was performed using an SYBR® 
Premix Ex Taq™ II Kit (Takara). U6 and GAPDH were 
used as internal references for miR and mRNA, respec-
tively. The reaction conditions were 95°C for 10 min,  
40 cycles of 95°C for 15 s, and 60°C for 30 s. The relative 
expression was calculated using the 2−DDCt method.

Western Blot

HCT-116 and HT-29 cells were lysed in radioimmuno-
precipitation assay (RIPA) buffer (Beyotime Biotechnology, 

Table 1. Association Between mir-520b Expression and Clinicopathologic 
Features of Patients With Colorectal Cancer

miR-520b Expression

Variables Cases Low (n = 38) High (n = 35) p Value

Age (years) 1.00
<60 22 11 11
³60 51 27 24

Gender 0.615
Male 52 26 26
Female 21 12 9

T stage 0.016*
I–II 25 8 17
III–IV 48 30 18

Lymph node metastasis 0.035*
No 32 12 20
Yes 41 26 15

Distant metastasis 0.088
No 63 30 33
Yes 10 8 2

TNM stage 0.035*
I–II 32 12 20
III–IV 41 26 15

*p < 0.05.
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Shanghai, P.R. China). The protein was quantified using 
a BCA Protein Quantification Kit (Beyotime Biotech-
nology) according to the manufacturer’s instructions. The 
protein was then separated by 12% SDS-PAGE, which 
was transferred to the polyvinylidene fluoride (PVDF) 
membrane (Thermo Fisher Scientific). The membrane 
was incubated with primary antibodies for DCUN1D1, 
N-cadherin, E-cadherin, vimentin, and GAPDH (Abcam, 
Cambridge, MA, USA) for 3 h at room temperature. 
The PVDF membrane was then incubated with second-
ary antibody (Abcam) for 1 h. Protein was then detected 
by chemiluminescence using the ECL kit (Beyotime 
Biotechnology).

MTT Assay

The thiazolyl blue tetrazolium bromide (MTT) assay 
was used to examine cell viability. HCT-116 and HT-29 
cells (4 ́  104 cells/ml) were seeded onto 96-well plates, 
which were then incubated at 37°C for 0, 24, 48, and 
72 h. At each point, 0.5% MTT solution was added to 
the cells (Beyotime Biotechnology) and incubated at 
37°C for 4 h. The cell supernatants were then discarded, 
and 150 µl of dimethyl sulfoxide (DMSO; Beyotime 
Biotechnology) was added to dissolve the formazan. The 
optical density was determined using a microplate reader 
(Bio-Rad Labo atories, Hercules, CA, USA) at a wave-
length of 570 nm.

Wound Healing Assay

HCT-116 and HT-29 cells (105 cells/well) were seeded 
onto six-well plates and cultured to full confluence. 
Cells were scraped with a 200-µl pipette tip to generate 
wounds, which were then washed with DPBS (Thermo 
Fisher Scientific). Cells were then cultured in DMEM 
with 10% FBS added at 37°C for 48 h. The wound was 
observed and photographed under a microscope (Nikon, 
Tokyo, Japan).

Transwell Assays

HCT-116 and HT-29 cells were plated into the upper 
Transwell chamber (Millipore Corporation, Boston, MA, 
USA) precoated with Matrigel (BD, Franklin Lakes, NJ, 
USA), and DMEM with 10% FBS was added into the 
lower chamber as an attractant. After incubation at 37°C 
for 24 h, the upper surface of the Transwell chamber 
was scraped with a cotton swab. The invaded HCT-116 
and HT-29 cells were stained using 0.05% crystal vio-
let (Beyotime Biotechnology) and photographed under 
a microscope.

Luciferase Reporter Gene Assay

The wild type (WT) of DCUN1D1 3¢-UTR was  
amplified and subcloned into the pmirGLO luciferase 
reporter vector (Promega, Madison, WI, USA). The 

mutated type (MT) of DCUN1D1 3¢-UTR was gener-
ated using the Easy Mutagenesis System Kit (Promega),  
which was then subcloned into the pmirGLO luciferase 
reporter vector. HCT-116 and HT-29 cells were cotrans-
fected with the WT or MT DCUN1D1 3¢-UTR plas-
mid, and miR-520b mimics or scramble miR mimics, 
using Lipofectamine 2000. After transfection for 48 h, 
the luciferase activity was measured using the Dual-
Luciferase Reporter Assay System (Promega) according 
to the manufacturer’s protocols. The firefly luciferase 
activity was normalized to the Renilla luciferase activity.

Statistical Analysis

Experimental data are shown as mean ± SD. Statistical 
analysis was carried out using SPSS 19.0 software. An 
independent Student’s two-tailed t-test and one-way 
ANOVA were performed to compare the differences. 
The association between miR-520b expression and the 
clinicopathological characteristics in CRC was assessed 
using the Fisher’s exact test. The Kaplan–Meier method 
was conducted for survival analysis. The Spearman cor-
relation was calculated between the expression levels of 
miR-520b and DCUN1D1 in CRC. Values of p < 0.05 
were considered to be statistically significant.

RESULTS

miR-520b Is Downregulated in CRC

The expression of miR-520b was first examined using 
qRT-PCR. Our data indicated that the expression levels 
of miR-520b were significantly reduced in CRC tissues  
compared with adjacent normal tissues (Fig. 1A). Simi-
larly, it was significantly downregulated in CRC cell lines 
compared with normal intestinal epithelial cells (Fig. 1B). 
We then studied the association between the expression 
of miR-520b and the clinicopathologic features of CRC 
patients. A low miR-520b expression was significantly 
associated with advanced T stage and TNM stage, as well 
as lymph node metastasis in CRC (Table 1). Moreover, 
CRC patients with a low miR-520b expression showed 
a shorter survival time compared with those with a high 
miR-520b expression (Fig. 1C). Therefore, downregula-
tion of miR-520b may contribute to the malignant pro-
gression and a poor prognosis in CRC.

miR-520b Shows Suppressive Effects on Cell 
Proliferation, Colony Formation, Migration,  
Invasion, and EMT in CRC Cells

To further study the role of miR-520b in CRC, we 
upregulated the expression of miR-520b in HCT-116 
and HT-29 cells through transfection with the miR-520b  
mimic. HCT-116 and HT-29 cells transfected with miR- 
520b mimics showed higher levels of miR-520b com-
pared with the NC group (Fig. 2A). Moreover, overex-
pression of miR-520b markedly reduced the proliferation 
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of HCT-116 and HT-29 cells when compared with the 
NC group (Fig. 2B). Consistently, the capacity for col-
ony formation in HCT-116 and HT-29 cells transfected 
with miR-520b mimics was decreased (Fig. 2C). These 
findings suggest that miR-520b plays a suppressive role 
in CRC growth.

Wound healing and Transwell assays were further 
studied. The migration and invasion of miR-520b-over-
expressing cells were also inhibited when compared with 
the NC group (Fig. 3A and B). Moreover, overexpression 
of miR-520b affected the expression of EMT-associated 
proteins including E-cadherin, N-cadherin, and vimentin 
in HCT-116 and HT-29 cells (Fig. 3C). Accordingly, miR-
520b may have a suppressive effect on CRC metastasis 
through affecting the EMT.

miR-520b Directly Targets DCUN1D1 in CRC Cells

We further studied the potential target of miR-520b,  
and DCUN1D1 was predicted to be a putative target  
using three common bioinformatics programs (Target 
Scan, miRDB, and DIANAmT) (Fig. 4A). The WT or 
MT DCUN1D1 3¢-UTR luciferase reporter gene plas-
mids were generated (Fig. 4B). A luciferase reporter  

gene assay was conducted to confirm the relationship 
between miR-520b and DCUN1D1 in HCT-116 and 
HT-29 cells. Luciferase activity was reduced in the pres-
ence of miR-520b in cells cotransfected with DCUN1D1 
3¢-UTR but not with MT DCUN1D1 3¢-UTR (Fig. 4C). 
Accordingly, DCUN1D1 is a direct target gene of miR- 
520b. We then observed a significant reduction in mRNA 
and protein expressions of DCUN1D1 in HCT-116 and 
HT-29 cells after overexpression of miR-520b (Fig. 4D 
and E).

DCUN1D1 Was Upregulated in CRC and Is Negatively 
Associated With miR-520b Expression

The expression of DCUN1D1 was examined in CRC 
tissues and cell lines. RT-PCR data indicated that the 
expression of DCUN1D1 was notably upregulated 
in CRC tissues compared with that in normal tissues 
(Fig. 5A). Similarly, it was upregulated in CRC cell 
lines compared with the normal intestinal epithelial cell 
line NCM460 (Fig. 5B and C). We carried out a Pearson 
correlation analysis to explore the correlation between 
miR-520b and DCUN1D1 expression in CRC tissues. 
Our results showed a significant negative correlation 

Figure 1. miR-520b is downregulated in CRC. (A) Real-time PCR was conducted to examine the expression levels of miR-520b in 
colorectal cancer (CRC) tissues compared with adjacent normal tissues. (B) Real-time PCR was conducted to examine the expression 
levels of miR-520b in CRC cell lines compared with the normal intestinal epithelial cell line NCM460. (C) CRC patients with a low 
miR-520b expression showed shorter survival time compared with those having a high miR-520b expression. **p < 0.01.
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between the expression of miR-520b and DCUN1D1 
(Fig. 5D).

The association between the expression of DCUN1D1 
and the clinicopathologic features of CRC patients was 
further studied. A high expression of DCUN1D1 was 

significantly associated with a higher T stage, lymph node 
metastasis, and advanced clinical stage in CRC (Table 2). 
Moreover, CRC patients with a high miR-520b expres-
sion showed a poor prognosis when compared with those 
having a low expression of miR-520b (Fig. 5E).

Figure 2. miR-520b shows a suppressive effect on CRC cell capacity for proliferation and colony formation. HCT-116 and HT-29 
cells were transfected with scramble miR mimic (NC) or miR-520b mimic, respectively. (A) Real-time PCR was conducted to examine 
the miR-520b levels. (B) MTT assay was used to examine cell proliferation. (C) Colony formation assay was performed. **p < 0.01.
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DCUN1D1 Rescued miR-520b-Regulated 
Proliferation, Colony Formation, Migration, 
Invasion, and EMT in CRC Cells

To confirm that miR-520b suppressed the malignant 
phenotypes of CRC cells by targeting DCUN1D1, rescue 
experiments were performed. Protein levels of DCUN1D1 
were significantly upregulated in miR-520b-overexpres-
ing cells after transfection with DCUN1D1 open reading 
frame (ORF) plasmid (Fig. 6A). Moreover, the capacity 
for proliferation and colony formation of cells was signif-
icantly upregulated in the miR-502b + DCUN1D1 group 
compared with the miR-520b + NC group, suggesting that 
upregulation of DCUN1D1 significantly impaired the 
suppressive effect of miR-520b overexpression on HCT-
116 and HT-29 cell growth (Fig. 6B and C).

Consistently, the capacity for migration and invasion  
of cells was also significantly upregulated in the miR-
502b + DCUN1D1 group compared with the miR-520b +  
NC group (Fig. 7A and B). Therefore, DCUN1D1 rescued 
miR-520b-regulated migration and invasion in CRC cells. 
Upregulation of DCUN1D1 also consistently impaired 

the effect of miR-520b on the expression of E-cadherin, 
N-cadherin, and vimentin in HCT-116 and HT-29 cells 
(Fig. 7C).

DISCUSSION

Increasing evidence has demonstrated that various 
miRs play a promoting or suppressive role in tumor ini-
tialization, progression, and metastasis through regulat-
ing the expression of their target genes. However, the 
exact role of miR-520b in CRC has not previously been 
reported. Here we showed that miR-520b was signifi-
cantly downregulated in CRC, which was associated with 
the malignant progress and a poor prognosis. Restoration 
of miR-520b inhibited the malignant phenotypes and 
EMT in CRC cells. DCUN1D1, significantly upregulated 
in CRC, was identified as a novel target gene of miR-
520b in CRC cells. The expression of DCUN1D1 was 
negatively correlated to miR-520b expression in CRC tis-
sues. Moreover, overexpression of DCUN1D1 attenuated 
the suppressive effects of miR-520b on the malignant 
phenotypes of CRC cells.

Figure 3. miR-520b shows a suppressive effect on cell migration, invasion, and epithelial–mesenchymal transition (EMT) in CRC 
cells. HCT-116 and HT-29 cells were transfected with scramble miR mimic (NC) or miR-520b mimic, respectively. (A) Wound heal-
ing assay was conducted to examine cell migration. (B) Transwell assay was used to examine cell invasion. (C) Western blot was 
conducted to examine the expression levels of EMT-related proteins. **p < 0.01.
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In recent years, miR-520b has been reported to func-
tion as a tumor suppressor in several common human 
cancers. For instance, miR-520b inhibits hepatoma cell 
growth by targeting MEKK2, cyclin D1, and TET120,21. 
Liu et al. showed that miR-520b affects the proliferation 

of human glioblastoma cells by directly targeting cyclin 
D122. Li et al. reported that miR-520b inhibited the prolif-
eration and migration of gastric cancer cells by targeting 
EGFR23. In addition, miRNA-520b could also sensitize 
breast cancer cells to complement attack via directly 

Figure 4. miR-520b directly targets defective in cullin neddylation 1 domain containing 1 (DCUN1D1) in CRC cells. (A) DCUN1D1 
was predicted to be a putative target of miR-520b. (B) The wild-type (WT)-DCUN1D1-3¢-untranslated region (3¢-UTR) and mutant 
type (MT)-DCUN1D1-3¢-UTR luciferase reporter plasmids were generated. (C) Luciferase reporter gene assay was further conducted 
to confirm the relationship between miR-520b and DCUN1D1 in HCT-116 and HT-29 cells. (D) Real-time PCR and (E) Western blot 
were used to examine the mRNA and protein levels of DCUN1D1 in HCT-116 and HT-29 cells, which were transfected with scramble 
miR mimic (NC) or miR-520b mimic, respectively. **p < 0.01.
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Figure 5. DCUN1D1 was upregulated in CRC and negatively associated with miR-520b expression. (A) Real-time PCR was con-
ducted to examine the mRNA levels of DCUN1D1 in CRC tissues compared with adjacent normal tissues. (B) Real-time PCR and 
(C) Western blot were used to examine mRNA and protein levels of DCUN1D1 in CRC cell lines compared with the normal intestinal 
epithelial cell line NCM460. (D) Pearson correlation analysis was used to explore the correlation between miR-520b and DCUN1D1 
expression in CRC tissues. (E) CRC patients with a high miR-520b expression showed a poor prognosis when compared with those 
having a low expression of miR-520b. **p < 0.01.
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targeting the 3¢-UTR of CD4624. Although miR-520d 
has been reported to function as a tumor suppressor in 
CRC by targeting CTHRC114, the potential role of other 
members of the miR-520 family in CRC has not been 
studied. Here, for the first time, we report that miR-520b 
is significantly downregulated in CRC and suggest that 
its downregulation may contribute to the malignant pro-
gression and poor prognosis in CRC patients. We also 
restored the expression of miR-520b in CRC HCT-116 
and HT-29 cells by transfection with miR-520b mimics 
and investigated the effect of miR-520b on the malignant 
phenotypes of CRC cells. Our data indicated that resto-
ration of miR-520b expression caused a notable reduc-
tion in cell proliferation, migration, invasion, and EMT 
in CRC cells.

As miRs function through directly targeting the 3¢-UTR 
of mRNAs, we further focused the potential target genes 
of miR-520b in CRC cells, and bioinformatics analysis 
predicted that DCUN1D1 was a target gene of miR-
520b, which was further confirmed using the luciferase 
reporter gene assay. DCUN1D1 was initially identified 
when studying the chromosomal amplification at 3q in 
squamous cell carcinomas of mucosal origin17. The onco-
genic role of DCUN1D1 has gradually been suggested in 
non-small cell lung cancer (NSCLC)25 and cervical can-
cer19. For instance, upregulation of DCUN1D1 was found 
to be associated with brain metastasis in NSCLC25. In 

this study, for the first time, we reported that DCUN1D1 
was significantly upregulated in CRC, which was signifi-
cantly associated with malignant progression and a poor 
prognosis for CRC patients. Moreover, we showed that 
the expression levels of DCUN1D1 were negatively cor-
related to miR-520b levels in CRC tissues. These find-
ings suggest that the upregulation of DCUN1D1 in CRC 
may be due to the downregulation of miR-520b.

EMT is a fundamental process during cancer metas-
tasis that promotes cancer cell migration and invasion 
via enhancing the detachment of cancer cells from pri-
mary tumors26. Recently, Jiang et al. showed that over-
expression of DCUN1D1 increased the migration and 
invasiveness of cervical cancer cells but did not induce  
EMT19. In this study, our findings suggest that over-
expression of DCUN1D1 rescues the suppressive effects 
of miR-520b on cell migration and invasion as well 
as EMT in CRC cells. Accordingly, we expanded the 
understanding of DCUN1D1 in the regulation of EMT 
in human cancers.

To our knowledge, this study demonstrates, for the 
first time, that miR-520b is downregulated in CRC and 
plays a suppressive role in cell proliferation, migration, 
invasion, and EMT in CRC cells, at least partly through 
targeting DCUN1D1. These findings provide a potential 
therapeutic candidate and target for CRC treatment in 
the future.

Table 2. Association Between DCUN1D1 Protein Expression and 
Clinicopathologic Features of Patients With Colorectal Cancer

DCUN1D1 Expression

Variables Cases Low (n = 34) High (n = 39) p Value

Age (years) 0.311
<60 22 8 14
³60 51 26 25

Gender 0.797
Male 52 25 27
Female 21 9 12

T stage 0.013*
I–II 25 17 8
III–IV 48 17 31

Lymph node metastasis 0.001**
No 32 22 10
Yes 41 12 29

Distant metastasis 0.093
No 63 32 31
Yes 10 2 8

TNM stage 0.001**
I–II 32 22 10
III–IV 41 12 29

*p< 0.05, **p < 0.01.
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Figure 6. DCUN1D1 rescued miR-520b-regulated proliferation and colony formation capacities of CRC cells. HCT-116 and HT-29 
cells were cotransfected with the miR-520b mimic and blank pcDNA3.1 vector, or cotransfected with the miR-520b mimic and 
pcDNA3.1-DCUN1D1 expression plasmid, respectively. (A) Western blot was conducted to examine the protein levels of DCUN1D1. 
(B) MTT assay was used to examine cell proliferation. (C) Colony formation assay was performed. **p < 0.01.
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