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Background/aim: Increasing evidences show that microRNAs are engaged in hepatocellular 

carcinoma (HCC). The aim of this study was to investigate the role of miR-502-3P in HCC and 

to identify its underlying mechanism.

Methods: The expression levels of miR-502-3P were assessed in multiple HCC cell lines 

and in liver tissues of patients with HCC. We further examined the effects of miR-502-3P 

on malignant behavior of HCC. The molecular target of miR-502-3P was identified using a 

computer algorithm and confirmed experimentally.

Results: Downregulation of miR-502-3P was found in both HCC cell lines and human samples. 

Overexpression of miR-502-3P dramatically inhibits HCC proliferation, metastasis, invasion, and cell 

adhesion. We further verify the SET as a novel and direct target of miR-502-3P in HCCs.

Conclusion: Taken together, overexpression of miR-502-3P or downregulation of SET may 

prove beneficial as a therapeutic strategy for HCC treatment.

Keywords: miRNA, HCC, SET gene, recurrence

Introduction
Hepatocellular carcinoma (HCC) is one of the most common cancers in the world, 

especially in East Asia.1–3 Approximately 60,000 people died of HCC each year, and 

it is now the second leading cause of cancer death worldwide. Only ~10%–30% of 

patients have the opportunity for surgery, which is mainly liver resection and liver 

transplantation.4 The prognosis of HCC is still dismal due to the late diagnosis and 

high rate of recurrence. Thus, further exploring the mechanisms underlying initia-

tion, progression, and metastasis of HCC is helpful for early detection and effective 

treatment of HCC. MicroRNAs (miRNAs) are a class of small, short noncoding 

RNAs, which are proved to have dual roles in the development and progression of 

HCC. More and more evidence showed that miRNAs are able to act as oncogenes 

or tumor suppressor in various human cancers.5–7 Previously, we reported the role of 

miR-26b in modulating the epithelial–mesenchymal transition and its relationship with 

poor survival of HCC.8 As miRNA expression profilings are extensively used, many 

potential miRNAs that are involved in the development and progression of HCC are 

identified,9–12 such as miR-10a-5p, miR-122-5p, miR-146b-5p, miR-148a-3p, miR-26, 

miR-29, and miR-221.12,13 We previously also performed miRNA profilings and found 

that several miRNAs were significantly dysregulated in HCC, including miR-502-3P. 

Further analysis indicated that downexpression of miR-502-3P was associated with 

postoperative recurrence and Edmonson grade.14 However, the function of miR-502-3P 
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is still unclear. In this study, we identified that a novel 

miRNA, miR-502-3P, was frequently downregulated in HCC 

cell lines and HCC tissues. We found that overexpression of 

miR-502-3P inhibited the proliferation, metastasis, invasion, 

and cell adhesion. We further identified the SET gene as a 

direct target of miR-502-3P in HCCs. Therefore, our data 

strongly suggested that miR-502-3P is a tumor suppressor 

by targeting SET expression to modulate HCC malignant 

biological behavior. Overexpression of miR-502-3P or 

downregulation of SET may be helpful for developing new 

strategies for HCC treatment.

Methods and materials
Patients’ selection
Histologically confirmed HCC samples were derived from 

50 patients undergoing surgical resection at Guangdong 

General Hospital. All the patients signed the written consent 

forms indicating their willingness to participate in this study. 

This study complied with the Declaration of Helsinki and 

the use of human cell lines was approved by the Institutional 

Ethics Committee of Guangdong General Hospital. All the 

included pathologically and histologically confirmed patients 

with HCC met the following criteria: no history of any other 

malignant tumor, without any local or systemic anticancer 

treatment prior to the surgery. Samples were immediately 

snap frozen and stored in liquid nitrogen for RNA analysis. 

The tumor tissue was chosen from a region without necrosis 

or hemorrhaging, while the paratumor liver tissue was gath-

ered within a 5 cm distance of the tumor.15

cell culture
The following human HCC cell lines were included in this 

study: MHCC-97H, SMMC-7221, HepG2, Huh-7, and 

Hep3B. The normal hepatocyte LO2 was also employed 

as normal control. All the cell lines were maintained in 

Dulbecco’s Modified Eagle’s Medium (DMEM; Thermo 

Fisher Scientific, Waltham, MA, USA) supplemented with 

10% fetal bovine serum (HyClone, Logan, UT, USA).

cell transfections
Transfection of the miR-502-3P mimics was performed 

using Lipofectamine™ RNAiMAX (Thermo Fisher Scien-

tific) according to the manufacturer’s instructions.

rna extraction and real-time Pcr 
analysis
Total miRNA from cultured cells and fresh surgical HCC 

tissues was extracted using TRIzol reagent (Thermo Fisher 

Scientific), and the concentration of the total RNA was 

quantitated by measuring the absorbance at 260 nm. Comple-

mentary DNA was generated using a miScript Reverse Tran-

scription Kit (Qiagen NV, Venlo, the Netherlands). Primers 

for miR-502-3P and the U6 small nuclear RNA (snRNA, 

internal control) were purchased from Land (Guangzhou, 

Guangdong, People’s Republic of China). The expression 

level of miRNA was defined based on the threshold cycle 

(C
t
), and relative expression levels were calculated using the 

2−ΔΔCt method, using the expression level of the U6 snRNA 

as a reference gene. Each polymerase chain reaction (PCR) 

was performed in triplicate. The primers for the examined 

genes are presented in Table 1.

cell proliferation
MTT assay (Hoffman-La Roche Ltd, Basel, Switzerland) was 

used to evaluate the HCC cell proliferation after treatments. 

In this assay, 2×103 cells were seeded into 96-well plates, and 

cell numbers were calculated using MTT assay according to 

the manufacturer’s instructions.

invasion and migration assay
The invasion and migration assay was performed using 

transwell chambers consisting of 8 mm membrane filter 

inserts (Corning Incorporated, Corning, NY, USA). After 

being trypsinized and suspended in serum-free medium, 

1.5×105 cells were seeded into transwell insert supple-

mented with RPMI-1640 with 10% serum. The bottom 

side of transwells was filled with RPMI-1640 with 20% 

serum. Matrigel (Becton-Dickinson, Mountain View, CA, 

USA) was seeded into transwell insert and allowed to grow 

to confluence for 1 day in invasion assay. After 36 hours 

incubation, cells that had invaded the lower chamber 

were fixed with 4% paraformaldehyde and stained with 

hematoxylin, and the number of cells on the lower side of 

the filter was counted under a microscope. Ten different 

views were randomly chosen, and the average count was 

taken. This experiment was performed independently three 

times in duplicates.

Table 1 Primer for qrT-Pcr

hsa-mir- 
502-3p

F: 5′ acacTccagcTgggaaTgcaccTgggcaagg
r: 5′ cTcaacTggTgTcgTgga

U6 F: 5′ cTcgcTTcggcagcaca
r: 5′ aacgcTTcacgaaTTTgcgT

SET F: 5′ ggccaaacccaTTacagTacT
r: 5′ TcaagaacagggcgacTga

Abbreviation: qrT-Pcr, quantitative real-time polymerase chain reaction.
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Wound healing assay
Cells were trypsinized and seeded in equal numbers into six-

well tissue culture plates and allowed to grow until confluent 

(~24 hours). Following serum starvation for 24 hours, an 

artificial homogeneous wound (“scratch”) was created on- the 

cell monolayer with a sterile 100 μL tip. After scratching, the 

cells were washed with serum-free medium, complete media 

were added, and microscopic images (20× magnification) of 

the cells were collected at 0 hour, 12 hours, and 24 hours.

cell adhesion assay
Cells were trypsinized and seeded in equal numbers to each 

of the collagen I-coated wells. The plate was incubated at 

37°C for 20 minutes to allow the cells to adhere to the sur-

face. After washing with DMEM, DMEM with 10% fetal 

bovine serum was added, and the cells were incubated at 

37°C for 4 hours for recovery. Then, 10 μL of MTT substrate 

was added to each well, and incubation was continued for 

an additional 2 hours at 30°C. Next, the MTT-treated cells 

were lysed, and the absorbance at 570 nm was measured on 

a spectrophotometer.

Annexin V-fluorescein isothiocyanate and 
propidium iodide staining
Cells induced by various treatments were gently trypsinized 

and collected by centrifugation. After resuspension with bind-

ing buffer, cells were incubated in fluorescein isothiocyanate 

conjugated to annexin V/propidium iodide according to 

the manufacturer’s instructions. The population of annexin 

V–propidium iodide viable cells and annexin V + apoptotic 

cells was evaluated by flow cytometry. Data were collected 

in a FACS Calibur (Becton-Dickinson) and analyzed using 

Cell Quest software (Becton-Dickinson).

luciferase reporter assay
Luciferase reporter assay was performed according to the 

manufacturer’s instructions. Briefly, cells (3.5×104) were 

seeded in triplicate in 24-well plates overnight. Next, 100 ng 

of pGL3-SET-3′UTR (wt/mut) or control-luciferase plasmid 

plus 1 ng of pRL-TK renilla plasmid (#E2810; Promega 

Corporation, Fitchburg, WI, USA) were transfected into the 

cells using Lipofectamine 2000 (Thermo Fisher Scientific). 

Three independent experiments were performed, and the data 

are presented as the mean ± standard deviation.

statistical analysis
Student’s t test was used to evaluate the statistical signifi-

cance of the difference between the two groups of continuous 

data, whereas chi-square test was applied for the analysis 

of categorical data. P-value of ,0.05 was considered to 

be statistically significant. All analyses in this study were 

performed by SPSS 13.0 (SPSS Inc., Chicago, IL, USA) 

statistical software package.

Results
Mir-502-3P was downregulated in hcc 
cell lines and human tissues
To evaluate the role of miR-502-3P in HCC, we detected the 

expression level of miR-502-3P in HCC cell lines and human 

tissues from patients with HCC. The results showed that 

expression of miR-502-3P was obviously downregulated in 

HCC cell lines, including MHCC-97H, SMMC-7221, HepG2, 

Huh-7, and Hep3B, compared with normal live cell LO2 

(Figure 1A). Detection of miR-502-3P was also performed 

in HCC tissues from patients, and results indicated that 

mirR-502-3P was significantly downregulated in tumor tissue 

compared with adjacent nontumor tissues (median =1.07 vs 

2.83; P,0.001) (Figure 1B and C). We divided the included 

patients according to the tumor–node–metastasis (TNM) 

classification15,16 and found that the expression level of miR-

502-3P was significantly higher in the HCC samples at early 

stages (TNM I and II) compared to that of the HCC samples at 

advanced tumor stages (TNM III) (Figure 1D). These results 

suggested that miR-502-3P expression was significantly and 

negatively associated with TNM stage in HCC.

Overexpression of mir-502-3P inhibits 
the proliferation, metastasis, invasion, and 
cell adhesion properties but induces the 
apoptosis of hcc cells
To assess the role of miR-502-3P in HCC proliferation, we 

transfected miR-502-3P mimics into HepG2 cell. Result of 

MTT assay suggested that cells treated with miR-502-3P 

mimics showed a significantly slower rate than did control 

cells after culturing for 2 days (P,0.05 at day 2, P,0.01 

at day 3) (Figure 2A). Furthermore, EdU(5-ethynyl- 

2′-deoxyuridine) incorporation analysis of S-phase cells 

indicated that miR-502-3P mimics significantly inhibited 

S-phase entry and progression of cell cycle, compared to 

control (37.1% vs 58.2%, P,0.01) (Figure 2B and C). 

Transwell assay depicted that treatment with miR-502-3P 

mimics resulted in a significant decrease in the metastasis 

potential of HCC (7.3-fold reduction, P,0.01), whereas 

invasion assay indicated that treatment with miR-502-3P 

contributed to dramatic decrease in the invasive property 
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of HCC (99.9-fold reduction, P,0.001) (Figure 2D and E). 

Wound healing assay showed that the mobility of HCC cells 

was evidently suppressed after treatment with miR-502-3P 

mimics, compared to control (wound closure, 20.1% vs 

0.8%, P,0.001) (Figure 2F and G). Cell adhesion assay 

indicated that miR-502-3P mimics also remarkably inhibits 

cell adhesion compared with control (optical density value, 

0.41 vs 0.63, P,0.01) (Figure 3A and B). We also detected 

the apoptotic population of HCC cells by flow cytometry 

after various treatments. The results showed that apoptotic 

populations of HCC cells induced by miR-502-3P mimics 

were 62.15%, compared with untreated group (P,0.001) and 

negative control of mimics (P,0.001) (Figure 3C and D). 

Our results generally showed that miR-502-3P can induce 

apoptosis in HCC cell lines.

Mir-502-3P regulates SET expression in 
hcc
To determine the underlying mechanisms by which miR-

502-3P regulates the malignant biological behavior of HCC, 

we integrated bioinformatics algorithms, including miRanda, 

PicTar, and TargetScan to predict the potential targets of miR-

502-3P. By using bioinformatics algorithms, we assumed that 

SET was a putative target gene of miR-502-3P (Figure 4A). 

As shown in Figure 4B and C, luciferase reporters indicated 

that wild type 3′-untranslated region resulted in a significant 

reduction in luciferase activity, whereas mutations of the key 

binding region showed no variation compared with control. 

The quantitative real-time PCR analysis suggested that treat-

ment with miR-502-3P significantly suppressed the mRNA 

and protein expression of SET (Figure 4D and E). To further 

Figure 1 expression of mir-502-3P in hcc.
Notes: (A) The relative mir-502-3P expression in hcc cell lines was much lower than the normal liver cell line lO2. The relative expression of mir-502-3P was normalized 
to the endogenous control U6 snrna. each sample was analyzed in triplicate. ***P,0.001, compared with normal liver cell line. (B) The expression level of mir-502-3P was 
decreased in 50 hcc tissues compared with their matched adjacent nontumor liver tissues. each sample was analyzed in triplicate and normalized to the U6 snrna. Data 
represent mean ± sD ***P,0.001, compared with normal tissues. (C) The expression of mir-502-3P in each human hcc sample. (D) The relative expression level of mir-
502-3P was examined in normal human liver tissue (normal), and HCC tissues at different TNM classifications. *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: HCC, hepatocellular carcinoma; snRNA, small nuclear RNA; SD, standard deviation; TNM, tumor–node–metastasis; NS, not significant.
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Figure 2 Overexpression of mir-502-3P inhibits the proliferation, metastasis, invasion, and cell adhesion properties.
Notes: (A) Proliferation rates were determined by MTT assays after transfection of the mir-502-3P mimics and mimics control in hepg2 cell lines. Mir-502-3P inhibited 
cell proliferation compared with the controls. (B) Mir-502-3P decreased hcc cell line Mhcc-97h and hepg2 in s-phase. Blue color represents the nucleus and red color 
indicates s-phase cells (edU positive). (C) histological analysis of the percent of edU-positive cells treated by mimic mock control and mir-502-3P mimics in hcc cell lines. 
Mean ± sD are shown. each group was analyzed in triplicate (n=3), **P,0.01. (D) The migration and invasion properties of hcc were determined by transwell assay and 
invasion assay, respectively. representative images of cells after 8 days of culture are shown. (E) Quantitative data of the number of migration and invasion cells treated by 
control and mir-502-3P mimics in hcc cell lines. Mean ± sD are shown. each group was analyzed in triplicate (n=3), **P,0.01, ***P,0.001. (F) The migration property of 
hcc was also assessed by wound healing assay. representative images of wound healing assay are shown. (G) Quantitative data of wound healing assay in control and mir-
502-3P mimics in hcc cell lines. Mean ± sD are shown. each group was analyzed in triplicate (n=3), ***P,0.001. scale is 100 μm.
Abbreviations: hcc, hepatocellular carcinoma; sD, standard deviation; OD, optical density; nc, negative control of mir mimics; h, hours.
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validate the correlation between miR-502-3P and SET, we 

employed PCR to investigate the expression level of SET in 

included human HCC samples. As indicated in Figure 4F, 

results of spearman’s rank test showed an inverse correla-

tion between miR-502-3P and SET expression (r=−0.689, 

P=0.009). In summary, our data strongly suggested that SET 

is a novel target gene of miR-502-3P.

Discussion
Emerging evidence indicated that miRNAs have dual func-

tions as oncogenes or tumor suppressors in human cancers 

depending on their specific target genes.17 Hence, further 

validation of potential important miRNAs involved in initia-

tion, progression, and metastasis provides valuable insight 

for the diagnosis and therapy of patients with HCC. As the 

development of modern technology, miRNA profilings are 

cheap, and feasible. As in HCC, miRNA profilings were car-

ried out by a few researchers, and lots of valuable miRNAs 

were identified.18–20 Although tremendous efforts have been 

put into the investigation of miRNAs function, the roles 

of miRNAs in the molecular pathogenesis of HCC remain 

largely unknown.

We previously reported that expression of miR-502-3P 

was dramatically decreased in HCC with early recurrence 

(,1 year) compared to nonearly recurrence (.2 years), 

which suggested that miR-502-3P may play an important 

role in HCC pathogenesis and recurrence.11,16,17 However, 

the expression and the function of miR-502-3P in HCC 

remain obscure. Therefore, this study was carried out to 

investigate the role of miR-502-3P in HCC. We found 

that miR-502-3P was significantly downregulated in both 

HCC cell lines and human samples. Moreover, expression 

of miR-502-3P was inversely correlated with the severity 

and progression of HCC, which suggested that decreased 

expression of miR-502-3P may correlate with malignant 

biological behavior. Therefore, we further detected the 

expression of miR-502-3P on malignant behavior of HCC. 

Results manifested that overexpression of miR-502-3P 

significantly inhibited proliferation, metastasis, invasion, 

and cell adhesion of HCC in vitro. However, the underlying 

mechanism of tumor suppressor role of miR-502-3P needed 

further elucidation. By using the bioinformatics algorithms, 

SET gene may hold immense probability as target gene of 

miR-502-3P. Previous data have demonstrated that SET is 

Figure 3 Overexpression of mir-502-3P inhibits cell adhesion properties but induces the apoptosis of hcc cells.
Notes: (A) cell adhesion assay was performed to evaluate the effect of mir-502-3P on metastatic ability of hcc. representative images of adhesion assay are shown. 
(B) Quantitative data of adhesion assay in control and mir-502-3P mimics in hcc cell lines. Mean ± sD are shown. each group was analyzed in triplicate (n=3), **P,0.01.
(C) apoptotic population of hcc cells after various treatments. Flow cytometric analysis of mir-502-3P induced apoptosis using annexin V-FiTc/Pi. Quadrants: Q1 
represents normal cells, Q2 necrotic cells, Q3 live cells, and Q4 apoptotic cells. (D) Columns represent the flow cytometry data presented in left. Data are means ± sD of 
values from three independent experiments, data are presented as mean ± sD ***P,0.001, P-value compared with the control group.
Abbreviations: HCC, hepatocellular carcinoma; SD, standard deviation; FITC, fluorescein isothiocyanate; PI, propidium iodide; NC, negative control of miR mimics; 
OD, optical density.
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Figure 4 Mir-502-3P regulates SET expression in hcc.
Notes: (A) Mir-502-3P and its putative binding sequence in the 3′-UTr of SET. The two mutant SET binding sites were generated in the complementary site for the seed 
region of mir-502-3P. (B and C) MiR-502-3P significantly suppressed the luciferase activity that carried wild-type SET but not the mutant SET. (D) Overexpression of mir-
502-3P significantly decreased the mRNA levels of SET in hepg2 cell lines compared with control. (E) Overexpression of mir-502-3P decreased the protein levels of SET in 
hepg2 cell lines compared with control. (F) analysis of correlation of mir-502-3P and SET expression in hcc tissues (two-tailed spearman’s correlation analysis, r=−0.689; 
P=0.009, n=50). Data are presented as fold change of hcc tissues relative to nontumor adjacent tissues.
Abbreviations: hcc, hepatocellular carcinoma; UTr, untranslated region; Mut, mutant; nc, negative control of mir mimics; WT, wild type; gaPDh, glyceraldehyde-3-
phosphate dehydrogenase; mrna, messenger rna.
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a potent and specific inhibitor of protein phosphatase 2A 

and is associated with many cellular processes, such as 

cell cycle control,21 migration,22,23 and apoptosis.24 Previous 

reports showed that increased expression of SET was found 

in head and neck squamous cell carcinoma,25 breast cancer,26 

leukemia,27 lung cancer,28 and pancreatic cancer.29 Of note, 

no reports about SET gene in HCC were published so far. 

As far as we know, this study was the first study concerned 

with SET gene in HCC, and the molecular mechanism is still 

unclear. To validate the SET gene as the target gene of miR-

502-3P, luciferase reporter was employed, and we found that 

miR-502-3P remarkably suppressed the expression of SET 

gene. Moreover, enforced expression of miR-502-3P sig-

nificantly reduces miRNA and protein level of SET in HCC 

cell line. We further validated the correlation of miR-502-3P 

and SET gene in human HCC samples. In summary, these 

results suggested that miR-502-3P has a tumor suppressor 

role in HCC, and it may exert its specific role by repressing 

the SET gene expression.

In conclusion, the results suggested that miR-502-3P 

inhibits the malignant behavior of HCC by, at least partly, 

repressing the expression of SET gene. Therefore, upregula-

tion of miR-502-3P or suppression of SET gene may prove 

beneficial as a therapeutic strategy for HCC treatment.
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