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Recent studies have indicated that microRNAs (miRNAs) play 

an important role in hepatocellular carcinoma (HCC) progres-

sion. In this study, we showed that miR-766-3p was de-

creased in approximately 72% of HCC tissues and cell lines, 

and its low expression level was significantly correlated with 

tumour size, TNM stage, metastasis, and poor prognosis in 

HCC. Ectopic miR-766-3p expression inhibited HCC cell pro-

liferation, colony formation, migration and invasion. In addi-

tion, we showed that miR-766-3p repressed Wnt3a expres-

sion. A luciferase reporter assay revealed that Wnt3a was a 

direct target of miR-766-3p, and an inverse correlation be-

tween miR-766-3p and Wnt3a expression was observed. 

Moreover, Wnt3a up-regulation reversed the effects of miR-

766-3p on HCC progression. In addition, our study showed 

that miR-766-3p up-regulation decreased the nuclear β-

catenin level and expression of Wnt targets (TCF1 and Sur-

vivin) and reduced the level of MAP protein regulator of cyto-

kinesis 1 (PRC1). However, these effects of miR-766-3p were 

reversed by Wnt3a up-regulation. In addition, PRC1 up-

regulation increased the nuclear β-catenin level and protein 

expression of TCF1 and Survivin. iCRT3, which disrupts the β-

catenin-TCF4 interaction, repressed the TCF1, Survivin and 

PRC1 protein levels. Taken together, our results suggest that 

miR-766-3p down-regulation promotes HCC cell progression, 

probably by targeting the Wnt3a/PRC1 pathway, and miR-

766-3p may serve as a potential therapeutic target in HCC. 
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INTRODUCTION 
 

Hepatocellular carcinoma (HCC) is one of the most prevalent 

life-threatening human malignancies worldwide (Cancer 

Genome Atlas Research Network, 2017). Although many 

advances have been made in understanding the molecular 

mechanisms underlying liver carcinogenesis, HCC remains a 

deadly cancer whose treatment requires the use of innova-

tive effective therapeutic options, such as gene therapy 

(Romano et al., 2006; Su et al., 2015). 

MicroRNAs (miRNAs), one class of highly conserved small 

noncoding RNAs that are, on average, 22 nucleotides in 

length, contribute to regulation of expression of specific 

proteins by binding to the 3′-untranslated regions (3′UTRs) 

of the target genes (Leva et al., 2014; Su et al., 2015). By 

regulating target gene expression, miRNAs are involved in 

the regulation of a variety of biological processes, including 

cancer development (Bracken et al., 2015; Wang et al., 

2018). At present, increasing experimental evidence indi-

cates that miRNAs can function as oncogenes or tumour 

suppressor genes in HCC and regulate cell proliferation, 

apoptosis, migration and invasion (Qiu et al., 2013; Wang et 

al., 2018). For example, miR-21, which functions as an on-

cogene in HCC, is overexpressed in the disease and induces 

cell proliferation, invasion and chemoresistance (Qiu et al., 

2013; Wagenaar et al., 2015). Conversely, miR-122, which 

functions as a tumour suppressor, is abnormally down-

regulated in HCC (Fornari, et al., 2009; Simerzin et al., 2016). 

MiR-766-3p, a suspected inducer or inhibitor of tumour  
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progression in different cancers, has recently attracted much 

attention because it plays pivotal roles in human cancers 

(Chen et al., 2017; Li et al., 2015). Importantly, however, the 

expression of miR-766-3p in HCC was decreased compared 

with its expression in noncancerous liver tissue (Wei et al., 

2013), which suggested that miR-766-3p may serve as a 

potential tumour suppressor in HCC. Until recently, the pre-

cise contribution of miR-766-3p to HCC progression has not 

been reported. 

Wnt3a, a member of the Wnt family, is involved in embry-

onic development, proliferation, differentiation, and tu-

mourigenesis by activating the canonical Wnt signalling 

pathway (He et al., 2015). In cancer, Wnt3a can function as 

a tumour suppressor or a cancer promoter gene depending 

on cancer types. For instance, Wnt3a increases apoptosis of 

melanoma cells treated with trail (Zimmerman et al., 2013). 

On the other hand, Wnt3a expression is up-regulated in 

glioblastoma, colon cancer, and pancreatic cancer (Kaur et 

al., 2013; Nagano et al., 2013; Qi et al., 2014). In HCC, 

some reports have shown that Wnt3a is highly expressed 

and is associated with a poor prognosis (Pan et al., 2016). 

Down-regulation of Wnt3a represses HCC cell cycle, prolif-

eration, invasion and migration (Lu et al., 2017). Although 

Wnt3a has been reported as an oncogene in HCC, the rela-

tionships between Wnt3a and its upstream miRNAs in HCC 

remain unclear. 

In this study, we found that miR-766-3p suppressed cell 

proliferation, colony formation, migration and invasion by 

targeting Wnt3a and functioned as a novel tumour suppres-

sor in HCC. 

 

MATERIALS AND METHODS 
 

Tissue samples 
Fifty-seven pairs of human HCC and matched adjacent nor-

mal tissue samples were obtained from the Second Affiliated 

Hospital of Chongqing Medical University from May 2014 to 

February 2016. Histopathology was confirmed by two certi-

fied pathologists. All tissues were frozen and stored in liquid 

nitrogen. None of the patients from whom the tissues were 

obtained had received chemotherapy or radiotherapy. A 

written informed consent was obtained from all patients. 

The use of all human materials in this project was approved 

by the Ethics Committee of Chongqing Medical University 

and the Second Affiliated Hospital of Chongqing Medical 

University. 

 

Cell culture  
The SMMC7721 HCC cell line was purchased from Xiangya 

Central Experiment Laboratory (China), and the normal hu-

man liver cell line (LO2), as well as HCC cell lines SK-HEP-1, 

PLC/PRF/5, Hep3B and Huh7 were obtained from the Cell 

Bank Type Culture Collection of the Chinese Academy of 

Sciences (China). The LO2 and SMMC7721 cells were cul-

tured in RPMI-1640 medium (Invitrogen, USA) with 10% 

foetal bovine serum (FBS; Life Technologies, USA). Huh7 cell 

line was grown in DMEM (Invitrogen, USA), supplemented 

with 10% FBS. SK-HEP-1, PLC/PRF/5 and Hep3B cells were 

cultured in MEM (Invitrogen, USA) containing 10% FBS. 

RNA extraction and real-time quantitative PCR analysis 

To obtain cDNA, total RNAs of frozen tissues or cells were 

extracted using RNeasy 96 kit (Qiagen, USA) and were re-

verse-transcribed. The cDNA was used to analyse miR-766-

3p and Wnt3a expression. The real-time PCR was performed 

using a SYBR Premix Ex Taq Kit (TaKaRa, China) on a Strata-

gene Mx3000P Real-Time PCR System (Agilent Technologies, 

USA). The primers used in the reactions are listed in Table 1 

and were synthesized by RiboBio (China). The expression of 

miR-766-3p was normalized to U6 expression. Wnt3a 

mRNA expression was normalized to GAPDH expression. 

The relative gene expression levels were calculated using the 

comparative threshold cycle (2
-ΔΔCt

) method. 

 

Plasmid and cell transfection 
The precursors of miR-766-3p (miR-766-3p) and non-

targeting miRNA precursors (NC) were obtained from Gen-

eCopoeia (China). To overexpress Wnt3a, Wnt3a CDS clone 

was PCR-amplified and cloned into a pcDNA3.1 vector 

GeneChem (China). The PRC1 ORF expression plasmid was 

purchased from GeneCopoeia (China). 

SK-HEP-1 and PLC/PRF/5 cells were cultured in 6- or 96-

well plates and grown to 70% to 80% confluence. Next, 

cells were transfected using Lipofectamine 2000 (Invitrogen, 

USA), according to the manufacturer’s instructions. The cells 

were then incubated for 24 h or 48 h. 

 

Cell proliferation assay 
For the cell proliferation assay, SK-HEP-1 and PLC/PRF/5 cells 

were cultured in a 6-well plate. Then, cells were transfected 

with the non-targeting miRNA precursor plasmid (NC), pre-

cursors of miR-766-3p plasmid (miR-766-3p), as well as the 

precursors of miR-766-3p plasmid with Wnt3a or PRC1 ex-

pression plasmid and cultured for 24 h. After transfection, 

the cells were cultured in 96-well plates (5 × 10
3
 cells per 

well). After 1, 2, 3, or 4 days, 10 μl CCK-8 solution (Dojindo, 

Japan) was added into each well. The cells were incubated 

at 37°C for 1 h, and then the absorbance was detected at 

450 nm using a microplate reader (Bio-Rad, USA). 

 

Colony formation assay 
SK-HEP-1 and PLC/PRF/5 cells after transfection were seeded 

into 6-well plates at a density of 200 cells/well and main-

tained in medium for 10 days. Then, colonies were fixed 

with 10% formaldehyde for 5 min and stained with 1% 

crystal violet for 30 s. 

 

Transwell invasion assay 
Cell invasion assays were performed using Matrigel-coated 

transwell cell culture inserts (Invitrogen USA). SK-HEP-1 and 

PLC/PRF/5 cells after transfection were seeded into the up-

per chamber of the insert with serum-free media. The bot-

tom of the chamber contained complete media as a chemo-

attractant. After 48 h, the cells in the upper chamber or 

membrane were removed, and then the cells on the lower 

surface of the membrane were stained with 0.1% crystal 

violet. The number of the cells on the lower surface was 

then counted with a microscope. 
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Table 1. PCR primers 

Primer name Primer sequence 

miR-766-3p RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTGCACTGGATACGACGCTGAGGC-3′ 
miR-766-3p Fwd 5′-ACTCCAGCCCCACAGC-3′ 
U6 RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTGCACTGGATACGACAAAATATGGAAC-3′ 
U6 Fwd 5′-GTGCTCGCTTCGGCAGC-3′ 
Rev 5′-CAGTGCAGGGTCCGAGGT-3′ 
HOXA13 Fwd 5′-ATCAGCCACGACGAATCTCT-3′ 
HOXA13 Rev 5′-GGCAAAGCAACGAGTTCTGA-3′ 
Wnt3a Fwd 5′-ATCGAGTTTGGTGGGATGGT-3′ 
Wnt3a Rev 5′-CGCTGTCGTACTTGTCCTTG-3′ 
TSG101 Fwd 5′-CCTCCAGTCTTCTCTCGTCC-3′ 
TSG101 Rev 5′-GGAGGCTGAGAAGGGTACTG-3′ 
IGFBP2 Fwd 5′-GAGTGTCATCTCTTCTACAATGAGC-3′ 
IGFBP2 Rev 5′-AATACGTGTGTCAGAACTGGAAAAT-3′ 
GAPDH Fwd 5′-CGGAGTCAACGGATTTGGTCGTAT-3′ 
GAPDH Rev 5′-AGCCTTCTCCATGGTGGTGAAGAC-3′ 
wt-Wnt3a 3′UTR Fwd 5′-TAGGCGATCGCTCGAGGCACCGGCCGCGGCTCCCC-3′ 
wt-Wnt3a 3′UTR Rev 5′-AATTCCCGGGCTCGAGTTTCGTCTAACTCCGTTGGACAGT-3′ 
mut-Wnt3a 3′UTR Fwd 5′-AATGGTCCGCTTTCCTGGAGCCAATGGCCCG-3′ 
mut- Wnt3a 3′UTR Rev 5′-AGGAAAGCGGACCATTTCCCGCCATGAGGGGCCAGGAAGG-3′ 
 

 

 

Wound healing assay 
Cells after transfection were grown to 90% confluence, and 

then artificial wound tracks were created in the monolayer 

with a sterile micropipette tip. Cell migration ability was 

monitored at different time points (0 h and 48 h) under a 

microscope. 

 

Xenograft tumour model 
Animal experimental protocols were approved by the Ethics 

Committee of Chongqing Medical University and the Second 

Affiliated Hospital of Chongqing Medical University. SK-HEP-

1 cells were transfected with non-targeting miRNA precursor 

plasmid (NC) and precursors of miR-766-3p plasmid (miR-

766-3p) and were selected with 5 μg/ml puromycin (Thermo 

Scientific, USA) for three weeks. Then, MiR-766-3p- and NC-

transfected SK-HEP-1 cells (3 × 10
6
 cells) were suspended in 

100 μl PBS and injected subcutaneously to the posterior 

flank of the BALB/c nude mice at 5 to 6 weeks of age, pur-

chased from the Animal Center of the Chinese Academy of 

Science (China). Tumours were measured with a caliper eve-

ry week after implantation, and the volumes of each tumour 

were calculated with the formula: volume = (length × 

width
2
)/2. The mice were sacrificed 5 weeks after injection. 

The mice were killed after 5 weeks implantation. 

 

Western blot analysis 
After transfection, SK-HEP-1 and PLC/PRF/5 cells were cul-

tured for 72 h. Then, cells were harvested and lysed in RIPA 

buffer (Heart, China). The cell proteins were extracted, and 

their concentrations were determined by the Bradford pro-

tein assay kit (Bio-Rad, USA). NE-PER Nuclear and Cytoplas-

mic Extraction Reagents (Thermo Scientific, Inc, USA) were 

used to isolate nuclear proteins, according to the manufac-

turer’s instructions. The total proteins (40 μg per well) were 

separated in SDS-PAGE polyacrylamide gel and then trans-

ferred to polyvinylidene difluoride membranes (Bio-Rad, 

USA). Next, the membranes were blocked with 5% non-fat 

powdered milk for 1 h and incubated overnight at 4°C with 

polyclonal or monoclonal antibodies. Monoclonal antibodies 

against human Wnt3a, β-catenin, Survivin, TCF1, PRC1 and 

GAPDH were purchased from Santa Cruz Biotechnology 

(USA). The PVDF membranes were washed 3 times with 

TBST and then incubated with the horseradish peroxidase-

conjugated secondary antibodies for 45 min at room tem-

perature. Finally, the membranes were washed 3 times with 

TBST, and the corresponding band was revealed with en-

hanced chemiluminescence reagents (Thermo Scientific, 

USA) according to the manufacturer’s instructions. GAPDH 

was used as an internal control. 

 

Luciferase reporter assay 
To verify the miR-766-3p-targeted 3'UTR, dual-luciferase 

reporter plasmids psiCHECK-2 Wnt3a 3'UTR wild-type (wt-

Wnt3a) and Wnt3a 3'UTR mutant (mut-Wnt3a) were con-

structed. The wild-type 3'UTR of Wnt3a (1823 bp) contain-

ing the predicted miR-766-3p binding sites (1492-1498) was 

amplified by PCR using genomic DNA as a template and 

then inserted downstream of the stop codon of the firefly 

luciferase gene in psiCHECK-2 vector (Promega, USA). The 

mutation of the 3'UTR of Wnt3a (deletion of CUGGAG) was 

also performed by PCR. All primers used in plasmid construc-

tion were synthesized by Sangon Biotech (China) and are 

provided in Table 1. All constructed vectors were confirmed 

by sequencing. 
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Fig. 1. MiR-766-3p is down-regulated in HCC tis-

sues and is correlated with overall survival. (A) 

MiR-766-3p expression in 57 paired HCC and the 

matched adjacent normal tissue samples was 

measured by qRT-PCR. U6 expression was used as 

a control. (B) miR-766-3p expression in human 

HCC tissues was down-regulated compared with 

that in matched adjacent normal tissues. (C) The 

correlation between miR-766-3p expression and 

overall survival was analysed with the Kaplan–

Meier method. The P value was obtained using 

the log-rank test. **P < 0.01. 

For luciferase reporter assay, K-HEP-1 and PLC/PRF/5 cells 

were cultured in 24-well plates and co-transfected with 

Wnt3a 3'UTR wild-type/Wnt3a 3'UTR mutant plasmid and 

the miR-766-3p expression plasmid or the NC, according to 

Lipofectamine 2000 (Invitrogen, USA) reagent protocol. 

Cells were harvested at 48 h after transfection and lysed. The 

firefly luciferase activity was measured using a dual-luciferase 

reporter assay system (Promega, USA). Renilla luciferase 

activity was used for normalization. 

 

Statistical analysis 
All data were analysed using the IBM SPSS Statistics version 

18.0 (IBM Corporation, USA). The results from at least 3 

independent experiments were expressed as the mean ± S.D. 

The differences among groups were analysed using either 

the one-way ANOVA or the Student’s t-test. The Spearman’s 

correlation coefficient was used to analyse the association 

between miR-766-3p expression and Wnt3a expression in 

HCC tissues. The Pearson’s x2
 test was used to analyse the 

relationships between miR-766-3p expression and HCC clini-

copathologic characteristics. The overall survival curve in the 

2 patient groups was plotted with the Kaplan–Meier method 

and compared by the log-rank test. Covariates with P values 

< 0.05 in the univariate analysis were subjected to multivari-

ate analysis. Multivariate Cox regression models were con-

structed to estimate the hazard ratios (HRs) of independent 

factors for survival after controlling for potential confound-

ing factors. P value < 0.05 was considered statistically signifi-

cant. 

 

RESULTS 
 

MiR-766-3p is down-regulated in HCC tissues, which 
correlated with cancer progression 
To evaluate miR-766-3p expression in HCC tissues, we ana-

lysed miR-766-3p expression in fifty-seven pairs of human  

Table 2. Correlations between miR-766-3p expression and HCC 

patient clinicopathological characteristics 

Clinical factor 

miR-766-3p expression 

P valueLow expression 

(n = 32) 

High expression

(n = 25) 

Age(y) 

< 60 

≥ 60 

 

20 

12 

 

15 

10 

 

0.847 

Gender 

Male 

Female 

 

17 

15 

 

11 

14 

 

0.494 

Tumour size (cm)

< 5 

≥ 5 

AFP (ng/ml) 

< 20 

≥ 20 

 

11 

21 

 

14 

18 

 

17 

8 

 

13 

12 

 

0.012*

 

 

0.536 

TNM stage 

I+II 

III+IV 

 

8 

24 

 

16 

9 

 

0.003**

HBV infection 

No 

Yes 

 

23 

9 

 

20 

5 

 

0.479 

Cirrhosis 

No 

Yes 

 

22 

10 

 

18 

7 

 

0.790 

Metastasis    

No 13 19 0.008**

Yes 19 6 

*Statistically significant (P < 0.05), **Statistically significant (P < 

0.01). 
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B                         C 

 

 

 

 

 

 

 

 

 



MicroRNA-766-3p inhibits tumour progression 
Yu You et al. 
 
 

834  Mol. Cells 2018; 41(9): 830-841 

 
 

Table 3. Cox proportional hazard models for prognostic factors 

 Univariate analysis  Multivariate analysis 

 HR (95% CI) P value  HR (95% CI) P value 

Age (≥ 60 vs. < 60) 0.987 (0.442-2.204) 0.974    

Gender (female vs. male) 1.153 (0.538-2.472) 0.714    

Tumour size (≥ 5 vs. < 5) 1.535 (0.737-3.198) 0.252    

AFP (≥ 20 vs. < 20) 1.361 (0.679-2.729) 0.385    

TNM stage (III+IV vs. I+II) 2.351 (1.127-4.902) 0.023*  2.753 (1.394-5.437) 0.004 

HBV infection (Yes vs. No) 1.014 (0.468-2.199) 0.972    

Cirrhosis (Yes vs. No) 3.643 (1.581-8.390) 0.002**  3.139 (1.540-6.399) 0.002** 

Metastasis (Yes vs. No) 2.120 (1.028-4.369) 0.042*  2.521 (1.320-4.814) 0.005** 

miR-766-3p (low vs. high) 3.699 (1.793-7.629) < 0.001**  3.691 (1.815-7.506) < 0.001*

*Statistically significant (P < 0.05), ** Statistically significant (P < 0.01). 

 

 

 

HCC and matched adjacent normal tissue samples with qRT-

PCR. As shown in Fig. 1A, miR-766-3p was down-regulated 

in approximately 72% of HCC tissues. Furthermore, miR-

766-3p expression in HCC tissues was significantly lower 

than that in adjacent normal tissues (P < 0.01) (Fig. 1B). To 

analyse the correlations between the expression of miR-766-

3p and patient’s clinical factors and overall survival, a Kaplan-

Meier analysis and log-rank test were performed. As shown 

in Table 2, low miR-766-3p expression was significantly cor-

related with tumour size (P = 0.012), TNM stage (P = 0.003) 

and metastasis (P = 0.008). However, no significant correla-

tion was observed between low miR-766-3p expression and 

patient age (P = 0.847), gender (P=0.494), AFP expression 

(P = 0.536), HBV infection (P = 0.479), or cirrhosis (P = 

0.790). In addition, the results of the survival analysis shown 

in Fig. 1C demonstrated that HCC patients with low miR-

766-3p expression had a shorter overall survival than those 

with high miR-766-3p expression (P < 0.001). Moreover, the 

results of multivariate survival analysis shown in Table 3 

demonstrated that miR-766-3p was an independent prog-

nostic indicator of the survival of patients with HCC. 

 

MiR-766-3p overexpression inhibits HCC cell proliferation, 
colony formation in vitro and tumour growth in vivo  
Figure 2A shows that miR-766-3p expression in HCC cell 

lines SMMC7721, SK-HEP-1, Hep3B, PLC/PRF/5 and Huh7 

was significantly lower than that in the LO2 cell line (P < 

0.01). To test the effect of miR-766-3p on HCC progression, 

SK-HEP-1 and PLC/PRF/5 cells were transfected with the 

miR-766-3p expression plasmid (miR-766-3p) or the scram-

bled miRNA expression plasmid (NC). As shown in Fig. 2B, 

cells transfected with the miR-766-3p expression plasmid 

displayed higher miR-766-3p expression than control cells. 

Furthermore, the cell proliferation assay results shown in Fig. 

2C demonstrated that miR-766-3p overexpression inhibited 

HCC cell proliferation. Additionally, the colony formation 

results shown in Fig. 2D demonstrated that miR-766-3p 

overexpression repressed colony formation in the SK-HEP-1 

and PLC/PRF/5 cell lines. To investigate the effect of miR-

766-3p overexpression on HCC carcinogenesis, we inoculat-

ed nude mice with SK-HEP-1-miR-766-3p and SK-HEP-1-NC 

cells. The results showed that the cells transfected with the 

miR-766-3p expression plasmid generated smaller tumours 

than the NC cells transfected with the scrambled miRNA 

expression plasmid (Fig. 2E). 

 

MiR-766-3p overexpression repressed HCC cell invasion 
and migration in vitro 
To determine the significance of miR-766-3p during invasion, 

we evaluated the ability of HCC cells to migrate across a 

layer of Matrigel deposited on a Boyden chamber when miR-

766-3p was overexpressed. Our results showed that miR-

766-3p up-regulation significantly suppressed SK-HEP-1 and 

PLC/PRF/5 cell invasion (Fig. 3A). Consistently, the same 

trend was observed in SK-HEP-1 and PLC/PRF/5 cell migra-

tion (Fig. 3B). 

 

Wnt3a is a direct target of miR-766-3p in HCC 
To determine the potential effectors of miR-766-3p in HCC 

development, we identified the target genes of miR-766-3p 

using a microRNA database (www.targetsan.org). We found 

that Wnt3a 3′UTR contains one miR-766-3p-binding site. To 

confirm regulation of Wnt3a by miR-766-3p, western blot-

ting was performed for SK-HEP-1 and PLC/PRF/5 cells trans-

fected with the miR-766-3p expression plasmid (miR-766-

3p) or the scrambled miRNA expression plasmid (NC). The 

results showed that Wnt3a protein expression was de-

creased in HCC cells after miR-766-3p up-regulation (Fig. 

4A). In addition, we constructed vectors containing the wild-

type or mutant 3′-UTR of human Wnt3a fused downstream 

of the firefly luciferase gene (Fig. 4B). As shown in Fig. 4C, 

luciferase activity in miR-766-3p-transfected cells was signifi-

cantly decreased compared with that in NC cells. In addition, 

miR-766-3p-mediated repression of luciferase activity was 

abolished by the mutations in the putative miR-766-3p bind-

ing site. The qRT-PCR results showed that Wnt3a mRNA 

expression in HCC tissues was significantly increased com-

pared with that in matched adjacent normal tissues (Fig. 4D) 

and inversely correlated with miR-766-3p expression (r = 

-0.425, P < 0.01; Fig. 4E). In summary, these results indicate 

that Wnt3a is a direct target of miR-766-3p in HCC. 
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Fig. 2. MiR-766-3p up-regulation inhibits HCC cell proliferation, colony formation in vitro and tumour growth in vivo. (A) miR-766-3p 

expression in HCC cell lines (SMMC7721, SK-HEP-1, Hep3B, PLC/PRF/5 and Huh7) and a normal human liver epithelial cell line (LO2) 

was measured by qRT-PCR. (B) SK-HEP-1 and PLC/PRF/5 cells were transfected with the miR-766-3p expression plasmid (miR-766-3p) 

or non-targeting miRNA precursor plasmid (NC). miR-766-3p expression in SK-HEP-1 and PLC/PRF/5 cells was detected by qRT-PCR. U6 

expression was used as a control. (C) Cell proliferation was tested with CCK-8. MiR-766-3p overexpression significantly inhibited the 

proliferation of SK-HEP-1 and PLC/PRF/5 cells. (D) MiR-766-3p overexpression significantly reduced the colony formation of SK-HEP-1 

and PLC/PRF/5 cells. (E) MiR-766-3p overexpression in SK-HEP-1 cells significantly repressed tumour growth in vivo. *P < 0.05; **P < 

0.01. 
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Fig. 3. MiR-766-3p up-regulation inhibits HCC cell invasion and migration in vitro. SK-HEP-1 and PLC/PRF/5 cells were transfected with 

the miR-766-3p expression plasmid (miR-766-3p) or non-targeting miRNA precursor plasmid (NC). The effects of miR-766-3p overex-

pression on SK-HEP-1 and PLC/PRF/5 cells invasion (A) and migration (B) were measured by transwell invasion assay and wound healing 

assay, respectively. The experiments were independently repeated thrice. **P < 0.01. 
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Fig. 4. Wnt3a is a direct target of miR-766-3p in HCC. (A) SK-HEP-1 and PLC/PRF/5 cells were transfected with the miR-766-3p expres-

sion plasmid (miR-766-3p) or non-targeting miRNA precursor plasmid (NC). The effect of miR-766-3p up-regulation on Wnt3a protein 

expression was measured by Western blot. (B) The sequences of the putative miR-766-3p binding sites in the wild-type and mutant 

Wnt3a 3′UTR. (C) Luciferase reporter plasmids carrying the Wnt3a wild-type 3′UTR (wt-Wnt3a) or Wnt3a mutant 3′UTR (mut-Wnt3a) 

were transfected into SK-HEP-1 and PLC/PRF/5 cells with miR-766-3p or NC. MiR-766-3p up-regulation suppressed luciferase activity of 

the wild-type but not the mutant 3′UTR of Wnt3a. Renilla luciferase activity was used as a control. (D) Wnt3a mRNA expression levels in 

57 pairs of human HCC and matched adjacent normal tissues were measured by qRT-PCR. (E) miR-766-3p expression was inversely 

correlated with Wnt3a miRNA expression in HCC tissues, as demonstrated by the Spearman’s correlation coefficient. **P < 0.01. 
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Wnt3a restoration partially reverses the suppressive 
effects of miR-766-3p overexpression on HCC cells in vitro 
To determine the role of Wnt3a in the suppressive effects of 

miR-766-3p on HCC cells, we constructed a Wnt3a overex-

pression plasmid vector. As shown in Fig. 5A, Wnt3a plas-

mid-transfected cells displayed higher Wnt3a protein expres-

sion than control cells. In addition, Wnt3a overexpression 

restored Wnt3a protein expression in cells pretreated with 

the miR-766-3p expression plasmid (Fig. 5B). Moreover, 

Wnt3a up-regulation reversed the inhibition of cell prolifera-

tion, colony formation, invasion and migration due to miR-

766-3p up-regulation (Figs. 5C-5F). 

The downstream mechanism underlying the antitumour 
effect of miR-766-3p/Wnt3a signalling 
Previous reports have shown that Wnt3a triggers Wnt sig-

nalling activation and induces expression of PRC1 and other 

known Wnt targets (Survivin and TCF1) in HCC (Chen et al., 

2016). Furthermore, PRC1 down-regulation inhibits cell pro-

liferation, colony formation, invasion and migration. Interest-

ingly, PRC1 down-regulation inhibits the expression of Wnt 

targets (Survivin and TCF1) and represses Wnt signalling 

activation by reducing nuclear β-catenin levels (Chen et al., 

2016). Thus, we hypothesized that miR-766-3p may repress 

HCC progression by regulating Wnt3a/PRC1 signalling. To
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Fig. 5. Wnt3a restoration partially reverses the suppressive effects of miR-766-3p on HCC cell proliferation, colony formation, invasion and 

migration in vitro. (A) SK-HEP-1 and PLC/PRF/5 cells were transfected with pcDNA3.1 or the Wnt3a expression plasmid (Wnt3a). West-

ern blot was used to determine the Wnt3a protein expression levels in SK-HEP-1 and PLC/PRF/5 cells. (B) SK-HEP-1 and PLC/PRF/5 cells 

pretreated with the miR-766-3p expression plasmid were transfected with pcDNA3.1 or the Wnt3a expression plasmid. Wnt3a protein 

expression levels were then tested with Western blot. (C-F) SK-HEP-1 and PLC/PRF/5 cells pretreated with the miR-766-3p expression 

plasmid were transfected with pcDNA3.1 or the Wnt3a expression plasmid. Wnt3a protein expression levels were then tested with 

Western blot (B). Cell proliferation was determined by CCK-8 (C). The colony formation of SK-HEP-1 and PLC/PRF/5 cells was deter-

mined (D). The cell invasion (E) and migration (F) were measured by transwell invasion assay and wound healing assay, respectively. The 

experiments were repeated independently three times. GAPDH was used as a loading control. **P < 0.01. 
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Fig. 6. miR-766-3p suppresses HCC cell growth, colony formation, invasion and migration via a Wnt/PRC1 positive regulatory loop. (A) 

PLC/PRF/5 cells were transfected with the miR-766-3p expression plasmid (miR-766-3p) or non-targeting miRNA precursor plasmid 

(NC), and then total and nuclear β-catenin levels, and protein expression levels of Wnt3a, TCF1, Survivin, and PRC1 were detected by 

Western blot analysis. (B) PLC/PRF/5 cells pretreated with the miR-766-3p expression plasmid were transfected with pcDNA3.1 or the 

Wnt3a expression plasmid, and then total and nuclear β-catenin levels, and protein expression levels of Wnt3a, TCF1, Survivin, and 

PRC1 were detected by Western blot analysis. (C) PLC/PRF/5 cells pretreated with the miR-766-3p expression plasmid were transfected 

with pcDNA3.1 or the PRC1 expression plasmid, and then total and nuclear β-catenin levels, and protein expression levels of PRC1, TCF1 

and Survivin were detected by Western blot analysis. (D) PLC/PRF/5 cells were treated with DMSO or iCRT3 (200 μΜ) for 48 h. Then, 

protein expression levels of PRC1, TCF1 and Survivin were detected by Western blot analysis. (E) PLC/PRF/5 cells pretreated with the 

miR-766-3p expression plasmid were transfected with pcDNA3.1 or the PRC1 expression plasmid. PRC1 reversed the inhibition of pro-

liferation (Fig. 6E), colony formation (Fig. 6F), invasion (Fig. 6G) and migration (Fig. 6H) induced by miR-766-3p overexpression. Similar 

results also seen in SK-HEP-1 cells are not shown in Fig. 6. * P < 0.05; **P < 0.01. 

 

 

 

evaluate the effect of miR-766-3p on Wnt pathway compo-

nents and PRC1 expression, we detected the protein expres-

sion of PRC1, β-catenin, TCF1 and Survivin in HCC cells trans-

fected with the miR-766-3p expression plasmid (miR-766-

3p) or the scrambled miRNA expression plasmid (NC). Our 

results showed that miR-766-3p up-regulation inhibited 

PRC1, TCF1 and Survivin protein expression and impaired 

the nuclear accumulation of β-catenin in HCC cells (Fig. 6A). 

In addition, Wnt3a up-regulation reversed the inhibition of 

PRC1, TCF1 and Survivin protein expression and the de-

crease in nuclear accumulation of β-catenin induced by miR-

766-3p (Fig. 6B). To determine whether miR-766-3p could 

repress TCF1 and Survivin protein expression and the nuclear 

accumulation of β-catenin by regulating PRC1, we restored 

PRC1 expression in PLC/PRF/5 cells pretreated with miR-766-

3p plasmid vectors. Our results showed that ectopic expres-

sion of PRC1 reversed the inhibition of TCF1 and Survivin 

protein expression and the decrease in the nuclear accumu-

lation of β-catenin (Fig. 6C). Moreover, iCRT3, a potent and 

specific inhibitor of β-catenin-TCF4 interaction, repressed  



MicroRNA-766-3p inhibits tumour progression 
Yu You et al. 

 
 

Mol. Cells 2018; 41(9): 830-841  839 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. The molecular mechanism underlying the tumour-

suppressive effect of miR-766-3p in HCC. Down-regulated miR-

766-3p in HCC induces Wnt3a expression. Wnt3a results in 

activation of the canonical Wnt signalling and PRC1 expression, 

PRC1 as a novel Wnt target that reinforces the canonical Wnt 

signalling to regulate HCC cell proliferation and metastasis. 

 

 

 

expression of Wnt targets (TCF1 and Survivin) together with 

the PRC1 protein level (Fig. 6D). Thus, PRC1 functions as a 

novel Wnt target and triggers Wnt signalling. To determine 

whether miR-766-3p could repress HCC progression by reg-

ulating PRC1, we restored the PRC1 expression in PLC/PRF/5 

cells pretreated with miR-766-3p plasmid vectors. Our re-

sults showed that ectopic expression of PRC1 reversed the 

inhibition of proliferation (Fig. 6E), colony formation (Fig. 6F), 

invasion (Fig. 6G) and migration (Fig. 6H) induced by miR-

766-3p overexpression. Taken together, miR-766-3p may 

control HCC cell progression by regulating Wnt3a/PRC1 

signalling (Fig. 7). 

 

DISCUSSION 
 
Recently, miRNAs have been shown to be involved in tu-

mourigenesis and tumour progression and are thus a pivotal 

factor in a variety of cancers, including HCC (Cancer Ge-

nome Atlas Research Network, 2017; Su et al., 2015). 

Among the functional miRNAs is miR-766-3p, whose ex-

pression is, intriguingly, significantly deregulated in many 

cancers. MiR-766-3p has many prominent oncogenic and 

tumour-suppressive effects (Chen et al., 2017; Li et al., 

2015; Wang et al., 2017). For example, miR-766-3p pro-

motes cancer progression in colorectal cancer (Li et al., 

2015) but suppresses oncogenesis in breast cancer and renal 

cell carcinoma (Chen et al., 2017; Wang et al., 2017). In 

HCC, miR-766-3p expression was decreased compared with 

its expression in noncancerous liver tissue (Wei et al., 2013), 

indicating that miR-766-3p may serve as a potential tumour 

suppressor in HCC. In this study, we also found that the ex-

pression levels of miR-766-3p were significantly down-

regulated in HCC tissues (Figs. 1A and 1B) and cell lines (Fig. 

2A). In addition, we found that the reduced miR-766-3p 

expression levels were significantly correlated with tumour 

size and advanced TNM stages, as well as metastasis and 

poor prognosis. Thus, the collective data provided sufficient 

indication that miR-766-3p might serve as a tumour sup-

pressor gene in HCC. Furthermore, we observed that miR-

766-3p up-regulation suppressed HCC cell proliferation, 

colony formation, cell migration and invasion in vitro (Figs. 2 

and 3). In addition, our in vivo study revealed that miR-766-

3p up-regulation could repress HCC xenograft tumour 

growth in nude mice (Fig. 2E). Taken together, these results 

showed that miR-766-3p functions as an inhibitor in HCC 

progression. 

By directly regulating target genes, miRNAs can affect var-

ious pathological and physiological processes (Aushev et al., 

2018; Dufresne et al., 2018). MiR-766-3p was recently re-

ported to target many important downstream genes. For 

example, miR-766-3p targets SF2, which was found to pro-

mote cell proliferation in renal cell carcinoma, and SOX6, 

which is thought to inhibit cell proliferation in human colo-

rectal cancer cells (Chen et al., 2017; Li et al., 2015). Since 

the target gene of miR-766-3p in HCC remained unclear, we 

attempted to determine the target genes from a group of 

putative candidates identified by bioinformatics tools. These 

candidates included HOXA13, Wnt3a, TSG101 and IGFBP2. 

All of these genes are up-regulated in HCC tissues and func-

tion as oncogenes in HCC progression (Hung et al., 2017; Lu 

et al., 2017; Pan et al., 2016; Quagliata et al., 2014; Shao et 

al., 2015). In addition, we found that Wnt3a mRNA expres-

sion was significantly suppressed in SK-HEP-1 cells after 

transfection with the miR-766-3p expression plasmid, while 

HOXA13, TSG101 and IGFBP2 mRNA expression did not 

change (Supplementary Fig. S1). We further investigated 

whether Wnt3a was a direct target of miR-766 in HCC. 

Western blot assay showed that miR-766-3p up-regulation 

inhibited Wnt3a protein expression in HCC cells (Fig. 4A). 

Moreover, the luciferase reporter assay showed that miR-

766-3p significantly decreased luciferase activity by binding 

directly to the 3′UTR of Wnt3a (Fig. 4C). Moreover, Wnt3a 

was up-regulated in HCC tissues and cell lines and inversely 

correlated with miR-766-3p expression in HCC tissues (Figs. 

4D and 4E). Furthermore, Wnt3a restoration partially res-

cued the effect of miR-766-3p up-regulation on HCC pro-

gression (Fig. 5). In summary, these results suggested that 

Wnt3a was a direct target of miR-766 in HCC. 

Wnt3a has been shown to induce the nuclear accumula-

tion of β-catenin, thereby activating the canonical Wnt sig-

nalling pathway. Activation of canonical Wnt signalling in-

duces cell proliferation, colony formation, invasion and mi-
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gration in cancer cells. For example, Wnt3a enhances cell 

growth and colony formation by increasing the cytosolic and 

nuclear levels of β-catenin in human prostate cancer cells 

(Verras et al., 2004). In colon cancer, Wnt3a stimulates the 

formation of beta-catenin/TCF complexes to enhance cell 

invasion and anchorage-independent growth (Kang and 

Min, 2010). In addition, Wnt3a induces Wnt signalling acti-

vation and increases expression of PRC1 and other known 

Wnt targets (Survivin and TCF1) in HCC cells (Chen et al., 

2016). PRC1 has been identified as a novel Wnt target, and 

PRC1 down-regulation inhibits cell proliferation, colony for-

mation, invasion and migration. Thus, we proposed that the 

Wnt signalling activation and the increase in PRC1 expres-

sion mediated by Wnt3a contribute to HCC progression 

regulated by miR-766-3p. Further investigation supported 

this conclusion. In this study, miR-766-3p up-regulation in-

hibited Wnt3a protein expression, which consequently re-

pressed the nuclear accumulation of β-catenin as well as 

expression of PRC1, Survivin and TCF1 (Fig. 6A). In addition, 

restoration of Wnt3a rescued the effect of miR-766-3p in 

HCC cells (Fig. 6B). Thus, Wnt3a was indispensable for the 

effect of miR-766-3p on Wnt signalling activation and PRC1 

expression in HCC. PRC1 has been shown to promote the 

nuclear accumulation of β-catenin and induce Survivin and 

TCF1 protein expression (Chen et al., 2016). Thus, the effect 

of miR-766-3p on Wnt signalling activation may be PRC1-

dependent. Consistently, we found that PRC1 up-regulation 

rescued the effect of miR-766-3p overexpression on the 

nuclear accumulation of β-catenin and the protein expres-

sion of Survivin and TCF1 in HCC cells (Fig. 6C). Moreover, 

iCRT3, a potent and specific inhibitor of β-catenin-TCF4 in-

teraction, repressed the protein levels of TCF1, Survivin and 

PRC1 (Fig. 6D). Thus, these results strongly imply that PRC1 

acts as a novel Wnt target and triggers Wnt signalling. In 

addition, PRC1 up-regulation reversed the effect of miR-

766-3p on proliferation, colony formation, invasion and 

migration in HCC cells. Similar results also seen in SK-HEP-1 

cells were not shown in Fig. 6. Taken together, our results 

suggest that miR-766-3p affects HCC progression via a 

Wnt/PRC1 positive regulatory loop. 

In conclusion, we demonstrated that miR-766-3p was 

down-regulated in HCC and functioned as a potential cancer 

inhibitor. Wnt3a was a cancer promoter and a novel target 

of miR-766-3p in HCC. We showed that miR-766-3p sup-

pressed HCC cell growth and invasion via a Wnt/PRC1 posi-

tive regulatory loop. Thus, our results suggested that miR-

766-3p may serve as a potential therapeutic target for HCC 

cancer treatment. Recently, some studies have reported that 

Wnt3a could induce epithelial–mesenchymal transition 

(EMT), thereby promoting the metastasis and progression of 

cancer (Qi et al., 2014; Zhang et al., 2013). Although we 

have shown that miR-766-3p suppressed HCC cell invasion 

and migration via a Wnt/PRC1 positive regulatory loop, the 

role and detailed mechanisms of miR-766-3p in HCC EMT 

require further study. 

 

Note: Supplementary information is available on the Mole-
cules and Cells website (www.molcells.org). 
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