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Abstract. The purpose of the present study was to inves-
tigate the biological role of microRNA-761 (miR-761) in 
colorectal cancer (CRC) and the underlying mechanisms by 
which miR-761 regulates CRC cell proliferation and migra-
tion. Quantitative polymerase chain reaction was performed 
to measure miR-761 expression in CRC tumor tissues and 
cell lines. It was demonstrated that miR-761 expression was 
dramatically reduced in CRC tumor tissues and cell lines 
compared with in normal tissues and cell lines. Overexpression 
of miR-761 significantly decreased CRC cell growth and 
migration. Using bioinformatics analysis and luciferase 
reporter assays, Rab3D was identified as a novel target of 
miR-761. In addition, it was demonstrated that Rab3D expres-
sion was negatively correlated with miR-761. Furthermore, 
overexpression of Rab3D could reverse the inhibitory effects 
of miR-761 on cell proliferation and migration. Collectively, 
the present study demonstrated that miR-761 overexpression 
could inhibit the proliferation and migration of CRC cell 
lines, partly at least, via directly targeting Rab3D.

Introduction

It is hypothesized that the rise of colorectal cancer (CRC) inci-
dence and mortality rate in China is due to the prevalence of 
the westernized lifestyle, obesity and physical inactivity (1,2). 
However, the mechanisms underlying CRC tumorigenesis 
have not been fully understood until now (3). Importantly, the 
lack of efficient biomarkers for CRC diagnosis and treatment 
has resulted in tumors reaching an advanced tumor stage prior 
to diagnosis and consequently a worse overall survival (4). 

Therefore, the identification of novel biomarkers will help us 
to improve the survival quality of CRC patients.

microRNAs (miR/miRNAs) are a family of non-coding 
RNAs that can regulate target genes expression through 
3'-untranslated region (UTR), 5'-UTR or open reading frame 
binding (5-7). Extensive studies have demonstrated that miRNA 
expression is dysregulated in cancer, functioning as either tumor 
suppressors or oncogenes (8,9). miR-761 was demonstrated to be 
closely associated with the initiation and progression of several 
cancer types (10-12). For instance, Zhou et al (10) demonstrated 
that miR-761 overexpression could impact the function of mito-
chondrial through targeting Mitofusin-2 and resulted in impaired 
tumor growth and metastasis. The oncogenic role of miR-761 
was also validated in non-small cell lung cancer (NSCLC) by 
Yan et al (11). They demonstrated miR-761 targets inhibitor of 
growth family, member 4 and tissue inhibitor of metallopro-
teinase 2 to promote NSCLC progression and metastasis (11). On 
the contrary, Shi et al (12) reported that miR-761 expression was 
significantly downregulated in ovarian cancer tissues compared 
with in their paired noncancerous tissues. Functional assays 
revealed that miR-761 suppressed ovarian cancer proliferation 
and invasion by targeting MSI1 (12). In particular, Cao et al (13) 
demonstrated miR-761 regulates chemo-sensitive CRC cells 
by targeting forkhead box protein M1. However, more effort is 
required to fully elucidate the function of miR-761 in CRC.

In this present study, Rab3D was identified as a direct target 
of miR-761 as it contains a binding sequence in its 3'-UTR. The 
biological role of miR-761 in regulating CRC cell proliferation 
and migration was also investigated. It was also demonstrated 
that miR-761 expression was significantly downregulated 
in CRC and could regulate cell proliferation and migration 
through targeting Rab3D. Identification this connection will 
provide novel therapeutic approaches for CRC.

Materials and methods

Clinical specimens. A total of 113 pairs of CRC tissues and 
adjacent normal tissues were obtained from CRC patients who 
underwent treatment between May 2010 and December 2012 
at Cancer Hospital of China Medical University, Liaoning 
Cancer Hospital and Institute (Shenyang, China). All collected 
tissues were snap‑frozen and stored at ‑80˚C until RNA or 
protein extraction. None of these patients have ever received 
any anticancer treatments prior to surgery. Furthermore, the 
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protocol was approved by the Research Ethics Committee 
of Cancer Hospital of China Medical University, Liaoning 
Cancer Hospital and Institute and written informed consent 
was obtained from all patients. The clinicopathological 
features of these enrolled patients were summarized in Table I.

Cell culture and transfection. Human normal colon epithelial 
cell line (FHC) and CRC cell lines (HT29, SW480 and SW620) 
were purchased from the American Type Culture Collection 
(Manassas, VA, USA). CRC cells were cultured in RPMI-1640 
medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) supplemented with 10% fetal bovine serum (FBS; 
Gibco; Thermo Fisher Scientific, Inc.). Dulbecco's modified 
Eagle's medium (Invitrogen; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.) was used to culture the FHC cells. These cells were main-
tained in a 37˚C humidified atmosphere containing 5% CO2.

Transfection was conducted using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Briefly, cells were cultured until 
about 70% confluence. miR-761 mimic (miR-mimic) for 
miR-761 upregulation, negative control (NC) miRNA and 
pCMV3-Rab3D plasmid for Rab3D overexpression was 
mixed with Lipofectamine® 2000 and incubated with cell 
suspensions. Following 48-h transfection, cells were collected 
and used for subsequent experimentation. miRNAs were 
purchased from Shanghai GenePharma Co., Ltd., (Shanghai, 
China). pCMV3-Rab3D plasmid was purchased from Sino 
Biological Inc., (Beijing, China).

Cell proliferation assay. Cell proliferation was measured by Cell 
Counting kit-8 (CCK-8; Beyotime Institute of Biotechnology, 
Haimen, China) according to the manufacturer's protocol. 
Briefly, cells were seeded at a density of 5x103 cells/well and 
incubated for 0, 24, 48 and 72 h. Following this the CCK-8 
reagent was added to each well and further incubated for 4 h. 
Absorbance was detected at 450 nm using an ELISA plate 
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Wound healing assay. Cells were plated in 6-well plates and 
allowed to grow until ~90% confluence. A pipette tip (200 µl) 
was used to create wound in cell surface following serum 
starvation for 24 h. Images was captured 0 and 24 h after the 
wound was created using a CX31 light microscope (Olympus 
Corporation, Tokyo, Japan).

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) analysis. Total RNA 
was isolated from tissues and cells using TRIzol® reagent 
(Beyotime Institute of Biotechnology), according to the manu-
facturer's protocol. Total RNA was reverse transcribed into 
cDNA using PrimeScript RT reagent kit (Takara Biotechnology 
Co., Ltd., Dalian, China). The expression level of miR-761 
was assessed by qPCR using SYBR® Premix Ex Taq™ kit 
(Takara Biotechnology Co., Ltd.) on an ABI 7500 real-time 
PCR System (Applied Biosystems, Foster City, CA, USA). The 
following primer pairs were used for qPCR: miR-761 forward, 
5'-ACA GCA GGC ACA GAC-3' and reverse, 5'-GAG CAG GCT 
GGA GAA-3'; U6 small nuclear (sn)RNA forward, 5'-CTG 
CTT CGG CAG CAC A-3' and reverse, 5'-AAC GCT TCA CGA 

ATT TGC GT-3'. The following thermocyclinf conditions were 
used for the qPCR: Initial denaturation at 95˚C for 10 min; 
40 cycles of 95˚C for 30 sec and 58˚C for 30 sec. miR‑761 
expression levels were quantified using the 2-ΔΔCq method and 
normalized to the internal reference gene U6 (14).

Western blot analysis. Radioimmunoprecipitation assay 
protein lysis buffer (Beyotime Institute of Biotechnology) 
was used to extract total protein from cells and tissues. Total 
protein concentration was analyzed by bicinchoninic acid 
protein assay kit (Beyotime Institute of Biotechnology) and 
50 µg protein/lane was separated via SDS-PAGE on a 10% gel. 
The separated proteins were transferred onto polyvinlyidene 
difluoride membranes (Beyotime Institute of Biotechnology) 
and blocked for 1 h at room temperature with 5% fat-free milk 
blocking. The membranes were incubated with primary anti-
bodies (rabbit anti-Rab3D; 1:1,000; cat. no. ab128997; Abcam, 
Cambridge, MA, USA and rabbit anti-GAPDH; 1:1,000; cat. 
no. 5174, Cell Signaling Technology, Inc., Danvers, MA, 
USA) overnight at 4˚C. Following washing, the membranes 
were incubated with horseradish peroxidase-conjugated goat 
anti-rabbit IgG secondary antibody (1:10,000; cat. no. 7074; 
Cell Signaling Technology, Inc.) for 1 h at room temperature. 
Protein bands were developed using the BeyoECL Plus kit 
(Beyotime Institute of Biotechnology).

Luciferase activity reporter assay. TargetScan (www.
targetscan.org/vert_72) was used to predict target genes of 
miR‑761. Rab3D was identified as a potential target of miR‑761 
with a putative miR-761 binding site in the 3'-UTR. Wild-type 
(wt) and mutant (mut) Rab3D 3'-UTR was cloned into 
pMIR-Report (Promega Corporation, Madison, WI, USA). 
For luciferase activity analysis, cells were seeded into 24-well 
plates at a density of 5x103 cells/well and co-transfected with 
wt or mut Rab3D construct along with miR-mimic or NC using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Cells were collected at 48 h following transfection for 
luciferase activities measurement using a Dual Luciferase 
Assay system (Promega Corporation). Firefly luciferase 
activity was normalized to Renilla luciferase activity.

Statistical analysis. Data are presented as the mean ± standard 
deviation from at least three independent experiments. 
Difference in groups was analyzed using Student's t-test or 
one-way analysis of variance and Tukey test at GraphPad 
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). 
Kaplan-Meier method and log-rank test was used to calculate 
overall survival. Correlation of miR-761 and Rab3D was 
analyzed using Spearman's correlation analysis. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Expression of miR‑761 is downregulated in CRC tissues and 
cell lines. It was demonstrated that miR-761 expression level 
was significantly downregulated in CRC tissues compared with 
the adjacent normal tissues using RT-qPCR (P<0.01 Fig. 1A). 
Furthermore, miR-761 expression level in CRC cell lines was 
examined and demonstrated that miR-761 expression was 
significantly downregulated in CRC cell lines compared with 
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the FHC cell line (P<0.01; Fig. 1B). Furthermore, miR-761 
expression was the lowest in the SW480 cell line out of the 
three CRC cell lines investigated (Fig. 1B). Therefore, SW480 
cell line was selected for further functional assays.

Downregulation of miR‑761 is correlated with poor 5‑year 
overall survival. The association of miR-761 expression and 
5-year overall survival was further investigated to evaluate the 
clinical significance of miR‑761 expression in CRC progression. 
The median expression of miR-761 level was used to subdivide 
into miR-761 low (n=58) or high (n=55) expression groups. It 
was demonstrated that miR-761 low expression was correlated 
with worse 5-year overall survival (P=0.035; Fig. 1C). The 
analysis of association between miR-761 and clinicopatho-
logical features demonstrated that low miR-761 expression was 
correlated with tumor size (P=0.023) and tumor stage (P=0.016; 
Table I). However, no significant association between miR‑761 
expression and age or sex was observed (Table I).

Rab3D is a direct target of miR‑761. TargetScan was used to 
predict potential targets of miR-761. The binding site between 

miR-761 and Rab3D 3'-UTR was presented in Fig. 2A. The 
Luciferase activity reporter assay revealed that miR-mimic 
significantly decreased the luciferase activity of wt Rab3D 
3'-UTR (P<0.001) but not mut Rab3D 3'-UTR (Fig. 2B). The 
protein expression of Rab3D was measured in the collected 
tissues and it was demonstrated that Rab3D expression was 
upregulated in CRC tissues compared with in the adjacent 
normal tissues (Fig. 2C). Furthermore, an inverse correla-
tion between miR‑761 and Rab3D expression was identified 
in CRC tissues (Fig. 2D). Furthermore, miR-761 expression 
in miRNAs transfected SW480 cell line was detected. It was 
demonstrated that Rab3D expression was downregulated in the 
SW480 cell line transfected with miR-mimic compared with 
the NC (Fig. 2E).

miR‑761 regulates cell proliferation and migration through 
targeting Rab3D. To investigate whether Rab3D was a 
mediator for the biological role of miR-761, an miR-mimic 
and pCMV3-Rab3D was co-transfected into the SW480 cell 
line. miR-761 expression was significantly elevated by the 
miR-mimic (P<0.001; Fig. 3A). In addition, Rab3D expression 

Figure 1. miR-761 expression is downregulated in CRC tissues and cell lines. RT-qPCR was used to analyze miR-761 expression in (A) CRC tissues and 
nontumor tissues. P<0.01 vs. the nontumor group. (B) miR-761 expression in CRC cell lines and (HT29, SW480 and SW620) and FHC. (C) Low expression of 
miR-761 predicts poor 5-year overall survival of CRC patients. **P<0.01 and ***P<0.001 vs. the FHC group. miR-761, microRNA-761; CRC, colorectal cancer; 
RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

Table I. Correlations of miR-761 and clinicopathological features of CRC patients.

Clinicopathological features No. Low miR-761 (n=58) High miR-761 (n=55) P-value

Age (years)    ns
  >60 53 30 23
  <60 60 28 32
Sex    ns
  Male 51 27 24
  Female 62 31 31
Tumor size (cm)    0.023
  >5 64 34 30
  <5 49 24 25
Tumor stage    0.016
  I-II 48 22 26
  III 65 36 29

miR‑761, microRNA‑761; CRC, colorectal cancer; ns, not significant.
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Figure 3. miR-761 regulates CRC cell proliferation and migration through targeting Rab3D. (A) Reverse transcription-quantitative polymerase chain reaction 
was used to analyze miR-761 expression in the SW480 cell line with the miR-mimic or NC transfection. (B) Western blotting was used to analyze Rab3D 
expression in the SW480 cell line with miR-mimic and pCMV-Rab3D co-transfection. (C) Cell Counting kit-8 assay was used to analyze cell proliferation 
in the SW480 cell line with the miR-mimic and pCMV-Rab3D transfection. (D) Wound-healing assay to analyze cell migration following miR-mimic and 
pCMV-Rab3D transfection. (E) A schematic diagram demonstrating the miR-761/Rab3D axis in CRC progression. **P<0.01 and ***P<0.001 vs. the NC group.  
ns vs. the NC group. ns, not significant; miR‑761, microRNA‑761; CRC, colorectal cancer.

Figure 2. Rab3D is a direct target of miR-761 in CRC. (A) A schematic description of the base-pairing interaction between miR-761 and 3'-UTR of Rab3D. 
(B) miR‑761 overexpression significantly decreased luciferase activity of wt Rab3D 3'‑UTR but not mut Rab3D 3'‑UTR. (C) Western blotting to analyze Rab3D 
expression in CRC tissues and nontumor tissues. (D) Correlation analysis was performed for miR-761 and Rab3D expression in CRC tissues. (E) Western blot-
ting to analyze Rab3D expression in the SW480 cell line with the miR-mimic or NC transfection. ***P<0.001 vs. the wt NC. ns vs. the wt NC group. miR-761, 
microRNA‑761; ns, not significant ; CRC, colorectal cancer; UTR, untranslated region; wt, wild‑type; mut, mutant; NC, negative control.
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in the miR-mimic and pCMV-Rab3D co-transfected 
cells was similar to that in the NC transfected cell, which 
suggested pCMV‑Rab3D could efficiently abolish the effect 
of the miR-mimic on Rab3D expression (Fig. 3B). A cell 
proliferation assay revealed that miR‑mimic could significantly 
downregulate SW480 cell proliferation (P<0.001) but this 
effect can be partially reversed by pCMV-Rab3D (Fig. 3C). 
Similarly, the cell migration assay also demonstrated that the 
inhibition effect of miR-mimic on cell migration could be 
reversed by pCMV‑Rab3D (Fig. 3D). These results confirmed 
overexpression of miR-761 inhibited the proliferation and 
migratory abilities of CRC through regulating the expression 
of Rab3D (Fig. 3E).

Discussion

CRC development has been reported to be accompanied by 
numerous genetic and epigenetic alterations (4). However, the 
molecular mechanisms underlying CRC pathogenesis are still 
not fully understood and therefore the therapeutic methods 
for treating CRC remain limited (3,4). Therefore, the iden-
tification of novel biomarkers to facilitate the development 
of novel therapeutic methods for CRC is in urgent demand.

miR-761 was aberrantly expressed in several human 
types of cancer including hepatocellular carcinoma, NSCLC 
and ovarian cancer (10-12). miR-761 was also capable of 
regulating cell behaviors through regulating numerous target 
genes (10-12). For example, it was reported that miR-761 regu-
lated the sensitivity of CRC cell to chemotherapy but little is 
known regarding the function of miR-761 in mediating cell 
behaviors (13). In addition, the current study demonstrated 
that miR-761 expression was downregulated in CRC tissues 
compared with in matched normal tissues. Furthermore, low 
miR-761 expression was a predictor for advancer tumor stage, 
large tumor size and even poorer 5-year overall survival of 
CRC patients. Collectively, miR-761 expression may serve as a 
prognostic predictor for CRC.

miRNAs are important regulators for tumorigenesis and 
it was proved that miRNAs have the potential to be used as 
novel therapeutic methods for cancer (10-13,15). Rab3D, one 
member of the Rab GTPase family, serves an oncogenic role 
in several cancer types including osteosarcoma, esopha-
geal squamous cell carcinoma and CRC (16-18). Evidence 
demonstrated that Rab3D is a key player in regulating tumor 
metastasis, which suggested that silencing Rab3D expression 
may be a way to restrain cancer metastasis (19). However, 
the molecule that regulates Rad3D expression in the progres-
sion of cancer is poorly understood. In the present study, it 
was demonstrated Rab3D was a direct target of miR-761 by 
bioinformatics analysis and luciferase activity reporter assay. 
Importantly, the present study demonstrated the inverse corre-
lation between miR-761 and Rab3D expression in CRC tissues. 
In vitro functional assays revealed overexpression of miR-761 
inhibited CRC cell proliferation and migration. In addition, it 
was demonstrated that overexpression of Rab3D attenuated the 
suppressive effects of miR-mimic on CRC cell proliferation 
and migration.

In conclusion, the present study demonstrated that 
miR-761 which was downregulated in CRC inhibited CRC 
cell proliferation and migration partially through regulating 

Rab3D. The present study also demonstrate that low miR-761 
was correlated with worse 5-year overall survival of CRC 
patients. Furthermore, the present study provides a novel 
insight into the mechanism regarding CRC progression and a 
promising future for miR-761/Rab3D axis-oriented treatment 
of CRC.
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