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Objective: To study microRNA (miR)-20a expression in hepatocellular carcinoma (HCC) and 

its effects on the proliferation, migration, and invasion of HepG2.

Methods: The real-time polymerase chain reaction was used to detect the expression of 

miR-20a in HCC tissue and normal tissue, as well as in HCC cell lines and normal liver cells. 

miR-20a mimic and miR negative control (NC) were transfected into HepG2 cells. MTT (3-(4,5-

dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide) assay was used to detect cell 

proliferation. Annexin fluorescein isothiocyanate/propidium iodide assay was run to examine 

the early apoptosis of cells. Transwell chamber assay was carried out to investigate the cell 

invasion and migration abilities.

Results: miR-20a was lowly expressed both in HCC tissues and HCC cell lines. After trans-

fection of exogenous miR-20 mimics, miR-20a expression in HepG2 cells was significantly 

increased by 61.29% compared to the blank group (P0.01). MTT assay showed that the growth 

of HepG2 cells in the miR-20a mimics group was significantly inhibited, and optical density 

values during the 36–96 hour time period were dramatically decreased compared to the blank 

group (P0.01). Apoptosis rates of the miR-20a mimics group were higher than those of the 

blank and NC groups (both P0.01). The number of HCC cells after transfection by miR-20a 

mimics in the G1 and S phases were 15.88% and 7.89%, respectively, which were lower than 

in the blank and NC groups (both P0.05). Transwell assay showed that in the miR-20a mim-

ics group the number of cell migration and invasion were 0.459 and 0.501 times that of the 

blank group (both P0.01), and the migration and inhibition rates were 54.1% and 51.4%, 

respectively. After closing target gene CCND1 in HepG2 cells, the number of cell migration 

and invasion in the small interfering (si)-CCND1 group were 0.444 and 0.435 times that of the 

si-NC group (P0.05); and compared to the si-NC group, the migration and inhibition rates 

were 55.6% and 56.5%, respectively.

Conclusion: miR-20a can inhibit the growth, invasion, and migration of HepG2 cells, and is 

therefore promising as a new molecular target for diagnosis and therapy of HCC.
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Introduction
Hepatocellular carcinoma (HCC), one of the most common malignant diseases, remains 

the third leading cause of cancer-related death in the world.1 An epidemiological study 

shows that there are more than 500,000 new patients with liver cancer every year world-

wide, leading to about 600,000 deaths each year.2 Interestingly, the mortality rates of 

HCC are mainly related to late diagnosis and high tumor recurrence after surgery.3 The 

pathogenesis of HCC is not fully understood at present. It is generally believed that HCC 
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is a complex, polygenic, and multistage pathology process.  

Alteration in microRNA (miR) expression influences 

tumor growth and metastasis at multiple stages of tumor 

progression, and deregulated miR expression is also found 

in hepatocarcinogenesis, modulating tumor cell growth, 

apoptosis, metastasis and invasion, and aggravating 

HCC.4,5

miRs are 21–25 nucleotide long noncoding RNA mol-

ecules that regulate gene expression by binding to comple-

mentary sequences in the 3′ untranslated region (UTR) to 

promote translational repression or messenger RNA (mRNA) 

degradation, which functions in RNA silencing and post-

transcriptional regulation of gene expression.6,7 miR-20a is 

a member of the miR-17 miR precursor family, which also 

includes miR-19a/b, miR-20b, miR-93, and miR-106a/b.8 

The effects of miR-20a on the proliferation, migration, and 

invasion of tumor cells have been studied for a long time.9 

Moreover, preliminary research has shown the participation 

of miR-20a in the pathogenesis of many diseases, such as 

prostate cancer, gastric cancer, anaplastic thyroid cancer, and 

cervical cancer.9–13 A previous study reported that miR-20a 

was associated with HCC, while the effects of miR-20a on the 

proliferation, migration, and invasion of HepG2 remain to be 

explored.9 In this study, we investigated miR-20a expression 

in HCC and its effects on the proliferation, migration, and 

invasion of HepG2 cells.

Materials and methods
This study was approved by the Clinical Experiment Ethical 

Committee of Xiangya Hospital of Central South Univer-

sity, and written informed consents were obtained from all 

study subjects. HCC tissues in this study were obtained 

from a total of 51 patients undergoing liver tumor resec-

tion from December 2012 to February 2014 at The Second 

Xiangya Hospital, Central South University. Ten normal 

liver tissues from the liver hemangioma resection were 

used as the control group. The HepG2, Huh7, SMMC-7721, 

QGY-7701, QGY-7703, BEL-7404 cell lines, and normal 

liver cell lines were purchased from the cell bank of the 

Chinese Academy of Sciences (Shanghai, People’s Republic 

of China).

cell culture and transfection
HCC cell lines HepG2, Huh7, SMMC-7721, QGY-7701, 

QGY-7703, BEL-7404, and normal liver cell line HL-7702 

were cultured in Revolutions-Per-Minute Indicator-1640 

(Thermo Fisher Scientific, Waltham, MA, USA) supple-

mented with 10% fetal bovine serum (Maverick, Melbourne, 

QLD, Australia). All cells were incubated at 37°C in a 100% 

humidified chamber supplemented with 5% CO
2
. The well-

growing HepG2 cells were seeded to a six-well plate with the 

adjusted density of 3.0×105 cells/well 24 hours before transfec-

tion. When the cells grew to 70% confluent, they were trans-

fected by Lipofectamine™ 2000 (Thermo Fisher Scientific) 

according to the manufacturer’s instruction with cationic 

liposome transfection. Cells were divided into three groups 

(transfection reagent concentration of 50 nmol/L): miR-20a 

mimics group, negative control (NC) group, and blank group. 

The sequence of the miR-20a mimics was UAAAGUGC-

UUAUAGUGCAGGUAG (Shanghai GeneChem Co Ltd, 

Shanghai, People’s Republic of China), the sequence of NC 

group was CAGUACUUUUGUGUAGUACAA (Shanghai 

GeneChem Co Ltd).

Total rna extraction and real-time 
(rT) quantitative polymerase chain 
reaction (qPcr)
Total RNA was extracted from tissues and cells after 

treatment using TRIzol reagent (Qiagen NV, Venlo, the 

Netherlands). The concentration and mass of total RNA was 

determined using NanoDrop ND-1000 (Thermo Fisher Scien-

tific). Total RNA (0.5 μg) was then reverse transcribed using 

miR-20-specific reverse primer to obtain cDNA (Table 1). 

The relative level of miR-20a was determined using Fast 

Synergy Brands Green Master Mix method on ABI 7500 

Real-time qPCR System (Thermo Fisher Scientific), with 

U6 as an internal control and 2−ΔΔCt as calculation method. 

Reaction system: cDNA (2 μL), forward primer (1 μL), 

Table 1 Primer sequences and amplification product length

Gene Sequences (5′-3′) Primer  
length (bp)

Product 
length (bp)*

miR-20a rT: gTcgiaTccagTgcagggTccgaggTaTTcgcacTggaTacgacTaccTg 50 62
For: gcggcggTaaagTgcTTaTagTg 23
rev: TgcagggTccgaggTaT 18

U6 For: cTcgcTTcggcagcaca 17 94
rev: aacgcTTcacgaaTTTgcgT 20

Note: *Product length data is not given for some sequences as the “Product length” column refers to digested product length.
Abbreviations: bp, base pair; For, forward; mir, microrna; rev, reverse; rT, reverse transcription.
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reverse primer (1 μL), 2× Synergy Brands Green RT-qPCR 

Mix (10 μL), and sterilized distilled water (6 μL). Reaction 

condition: first 95°C (30 seconds), then 40 cycles of 95°C  

(30 seconds), 58°C (30 seconds), and 72°C (30 seconds).

MTT assay for hepg2 cell proliferation
The well-growing HepG2 cells of miR-20 mimics group, 

NC group, and blank group were seeded to a 96-well plate 

(200 μL per well, six parallel holes in each group) with the 

adjusted density of 2.0×103 cells/well. The blank control 

group was only treated with medium. MTT assay was 

conducted 12, 24, 48, 72, and 96 hours later. The optical 

density (OD) was measured with a spectrophotometer at 

490 nm. The curve of OD value of cells was drawn with time 

as x-axis and absorbance as y-axis.

Cell cycle analysis by flow cytometry
The well-growing HepG2 cells of miR-20 mimics group, 

NC group, and blank group were fixed with 75% ethanol 

(precooling at 4°C) and then washed with phosphate buf-

fer saline (PBS), centrifuged, incubated away from light 

with 0.1% RNAse A, and propidium iodide (PI; 500 μL, 

100 g/mL ) at room temperature for 30 minutes. Finally, cell 

cycle was determined by flow cytometric analysis, repeated 

three times.

annexin V-FiTc/Pi staining for early 
apoptosis evaluation
Cultured cells were suspended in PBS and counted. Resus-

pended cells (5–10×104) were centrifuged at 1,000 rpm for 

5 minutes and resuspended in Annexin V-FITC binding 

buffer (195 μL) (BD Pharmingen, Franklin Lakes, NJ, 

USA). Annexin V-FITC (195 μL) was supplemented and 

the cells were incubated away from light at 20°C–25°C 

for 10 minutes. PI (10 μL) was further added, followed by 

incubation in the darkness. Apoptosis was quantified by 

using flow cytometry. CellQuestPro software (BD Biosci-

ences, Franklin Lakes, NJ, USA) was used for analyzing 

apoptosis condition.

Transwell assay for cell migration and 
invasion measurement
After being transfected for 48 hours, HepG2 cells were cul-

tured in a serum-free medium for 24 hours and then digested. 

The serum-free medium was used for adjusting the cell 

concentration to 2.5×104/100 μL. In total, 100 μL of cell sus-

pension was added to the upper compartment of the invasion 

chamber, and 500 μL of medium supplemented with 10% 

fetal bovine serum was added to the lower compartment. The 

upper compartment was then placed into a 24-well culture 

plate, marked, covered with a lid, and then cultured. The 

medium in the upper compartment was discarded by pipette. 

The 24-well plate then had 600 μL of methanol (4%) added to 

it, was put into formalin solution, and cultured with 150 μL 

absolute methanol for 15 minutes. The upper compartment 

was then placed into the 24-well plate after absolute methanol 

was removed from the upper compartment. The lower surface 

of the upper compartment was air dried naturally in a fume 

hood. Giemsa solution 1 was added, and after 1 minute, 

Giemsa solution 2 was added. The Transwell chamber was 

washed by 1× PBS (5 minutes ×3 times). The number of 

cell migration was counted under an inverted microscope at 

several random fields with a high-magnification visual field. 

The average value was calculated as the number of migrated 

cells. Mean ± standard deviation (SD) was calculated using 

the average number of cells in 6 high-power fields of view. 

Microscopic image acquisition system was used to observe 

and take pictures, using randomly selected 6 high-power 

fields of view (microscopic images of the number of cells to 

count the number of metastatic cells, and calculate the rate 

of invasion and migration inhibition). Invasion (migration) 

inhibition rate (%) = cell numbers through the membrane 

(mean, NC) – cell numbers through the membrane (mean, 

transfection group)/cell numbers through the membrane 

(mean, NC) × NC. For cell invasion assays, Transwell 

chamber was not coated by Matrigel. Other procedures were 

treated as migration assays.

Dual luciferase experiment
The cells were collected after 48 hours of transfection, rinsed 

once with PBS solution in order to absorb the PBS solution 

to the utmost extent. Eppendorf tube containing the cells had 

1× passive lysis buffer solution (24-hole plate was 100 μL) 

added, and mixed in a table concentrator for 15 minutes. The 

96-hole plate then had 10 μL lysate added, and appropriate 

amount of Stop & Glo detection liquid was inhaled to mea-

sure fluorescence value of firefly and Renilla (as reference) 

to calculate the ratio of firefly/Renilla.

effect of closed target gene CCND1 on 
the migration and invasion of hepg2 by 
Transwell assay
The plasmids in small interfering (si)-CCND l group and 

si-NC group were synthesized by Shanghai GenePharma Co 

Ltd (Shanghai, People’s Republic of China), and added onto 

the corresponding glycerol solution. The target sequence of 

si-CCND l was: GGC GGA GGA GAA CAA ACA GAT, 

interference target sequence of si-CCND l: 3′-CGG TGT 
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CTA CAC TTC AAG TAA AGT TCT CTT ACT TGA 

AGTGTA GAC ACC GAA AAAACCTAG-5′; design 

sequence of si-NC:GTT CTC CGA ACG TGT CAC GT; 

and the interference target sequence of si-NC was: 3′-CAA 

GAG GCT TGC ACA GTG CAG TGC TCT AAT GCA 

CTG TGC AAGCCT CTT AAA AAA CCT AG-5′. Two 

stable cell lines of stable expressed si-CCNDl (pGPU6/GFP/

Neo-CCND1) transfected plasmid and si-NC (pGPU6/GFP/

Neo-NC) transfected plasmid were constructed. Transwell 

assay was then conducted, and the specific steps were the 

same as in the “Transwell assay for cell migration and inva-

sion measurement” section.

statistical analysis
The results were presented as mean ± SD from at least three 

separate experiments. SPSS version 18.0 (SPSS Inc., Chicago, 

IL, USA) software was performed for statistical analysis. The 

comparison for the average values between the two groups 

were performed using Q-test or Dunnett’s test. The value of 

P0.05 was considered as statistically significant.

Results
comparison of mir-20a expression in 
hcc tissue, normal tissues, and hcc 
cells
The quality and integrity of RNA was determined by regu-

lar method.12 Small RNA was then reverse transcribed to 

obtain cDNA. The expression of miR-20a was determined 

using RT-qPCR system. From a fusion curve (Figure 1A), 

a single wave was observed, which meant that amplification 

products are single and there is no nonspecific amplification. 

An S-shaped amplification curve indicated an exponen-

tial growth of miR-20a. The plateau in the curve showed 

relatively higher amplification efficiency (Figure 1B). To 

conclude, the expression of miR-20a was shown to be 

lower in HCC tissues than in normal tissues (P0.01). The 

expression in normal tissues was 29.86 times more than in 

HCC tissues (Figure 1C). Meanwhile, similar to the result 

in HCC tissues, miR-20a was lowly expressed in HCC cell 

lines (HepG2, Huh7, SMMC-7721, QGY-7701, QGY-7703, 

and BEL-7404) compared to normal liver cell HL-7702 

°

∆

Figure 1 Expression level of miR-20a in HCC versus normal tissues and cells detected by fluorescent quantitative PCR.
Notes: **P0.05 when compared with normal liver or hl-7702. (A) Dissolution curve; (B) amplification curve; (C) mir-20a expression levels in liver cancer tissue and 
normal liver tissue; (D) mir-20a expression levels in liver cancer cells and normal liver cells. (C and D) gray colored bars show the mir-20a expressions in normal liver 
tissues and normal liver cells; black colored bars show the mir-20a expressions in liver cancer tissues and liver cancer cells.
Abbreviations: hcc, hepatocellular carcinoma; mir, microrna; Pcr, polymerase chain reaction.
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Figure 2 expression level of mir-20a in hepg2 cells after transfection with 
mir-20a mimics.
Note: **P0.01 compared with mir-20a mimics group.
Abbreviations: mir, microrna; nc, negative control.

Figure 3 effect of mir-20a on proliferation of hepg2 cells.
Note: according to the MTT assay, the growth rate of hepg2 cells in mir-20a 
mimics group was significantly suppressed after transfection with uprating miR-20a 
mimics.
Abbreviations: mir, microrna; nc, negative control; OD, optical density.

(Figure 1D, all P0.01), among which, the expression in 

HepG2 was the lowest.

mir-20a expression in hepg2 cells after 
transfection
Because of the significantly low expression of miR-20a in 

HepG2 cells, we furthered our research by upregulating the 

level of miR-20a expression. The expression of miR-20a was 

determined using RT-qPCR system 48 hours after transfec-

tion. miR-20a expression increased after transfection by 

miR-20a mimics, 3.42 times more than the NC group and 

3.30 times more than the blank group (both P0.01), while 

miR-20a expression in the NC and blank groups had no sta-

tistically significant difference (P0.05) (Figure 2).

mir-20a inhibits proliferation of hepg2 
cells
According to the MTT assay, the growth rate of HepG2 

cells in miR-20a mimics group was significantly suppressed 

after transfection with uprating miR-20a mimics. OD values 

during the 36–96 hour period decreased markedly compared 

to the blank and NC groups (P0.01). The difference of 

growth ability between the NC and blank groups was not 

statistically significant (P0.05) (Figure 3).

effects of mir-20a on the apoptosis and 
cell cycles of hepg2
The early apoptosis of cells in each group was detected by 

Annexin V-FITC Apoptosis Detection Kit (BD Pharmingen, 

NJ, Franklin Lakes, USA). Results showed that the propor-

tions of apoptotic cells in each group were: blank group, 

5.40%±0.64%; NC group, 5.42%±0.46%; and miR-20a mim-

ics, 29.40%±2.05%. There was no significant difference of 

apoptosis rates between the blank and NC groups (P0.05), 

while apoptosis rates in miR-20a mimics group was obvi-

ously higher than the blank and NC groups (P0.01) 

(Figure 4A–C). As cell cycle research showed, the numbers 

of HCC cells after transfection by miR-20a mimics in G1 and 

S phase were 15.88% and 7.89%, respectively, which was 

significantly lower than the blank (G1=38.93%, S=26.62%) 

and NC groups (G1=46.23%, S=26.84%) (all P0.05) 

(Figure 4D–F).

effects of mir-20a on migration of 
hepg2 cells
Transwell assay showed that HepG2 cells were found moving 

from the top side of the membrane to the bottom side of the 

membrane after being incubated in the Boyden chemotaxis-

chamber for 24 hours. One-way analysis of variance showed 

homoscedasticity, and the number of invasion cells in each 

group was statistically different (F=40.969, P=0.000). 

Dunnett’s test between groups indicated that, compared to the 

blank group, a less number of cells in miR-20a mimics groups 

passed through high-magnification migration chamber with 

migration inhibition rate of 54.1% (0.459 times that of the 

blank group), while there was no obvious difference between 

the NC and blank groups (P0.05) (Figure 5).

effects of mir-20a on invasion of hepg2 
cells
Transwell invasion assay showed that one-way analysis of 

variance showed homoscedasticity and the number of inva-

sion cells in each group was statistically different (F=14.922, 

P=0.000). Dunnett’s test between groups indicated that, 
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Figure 4 Effects of miR-20a on the apoptosis and cell cycles of HepG2 detected by flow cytometry.
Notes: (A) Flow cytometry scatter-plots for blank group (a); nc group (b); and mir-20a mimics group (c). (B) cell cycle diagrams for blank group (a); nc group (b); and 
mir-20a mimics group (c).
Abbreviations: dip, diploid; FITC, fluorescein isothiocyanate; FL2-H, fluorescence 2-height; G1, gap 1; G2, gap 2; miR, microRNA; NC, negative control; PI, propidium 
iodide; s, synthesis phase.

Figure 5 effect of mir-20a on migration of hepg2 cells.
Note: **P0.01 compared with mir-20a mimics group.
Abbreviations: mir, microrna; nc, negative control.

compared to the blank group, an obviously less number of 

cells in miR-20a mimics groups passed through the high-

magnification invasion chamber, with invasion inhibition 

rate of 51.4% (0.501 times that of the blank group, P0.01), 

while there was no obvious difference between the NC and 

blank groups (P0.05) (Figure 6).

Bioinformatics prediction and verification 
of fluorescence report vector for target 
gene of mir-20a
Bioinformatics software Target Scan (http://www.targetscan.

org) was used to predict and screen the target gene of 

miR-20a, and we found that 3′-UTR sequence of CCND1 
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Figure 6 effect of mir-20a on invasion of hepg2 cells.
Note: **P0.01 compared with mir-20a mimics group.
Abbreviations: mir, microrna; nc, negative control.

′ ′

′

′

Figure 7 CCND1 was the target gene of mir-20a.
Notes: (A) Targetscan software predicted that ccnD1 3′-UTr region was 
matched with mir-20a sequence. (B) Transfecting CCND1 3′-UTR reporter gene 
plasmid, or the target site deletion reporter gene plasmid, and reference reporter 
gene plasmid in hepg2 cells. **P0.05 when compared with the expression of 
target site deleted within groups.
Abbreviations: mir, microrna; nc, negative control; UTr, untranslated region.

was matched with miR-20a (Figure 7A). Compared with the 

control group, miR-20a could inhibit the luciferase activity 

of CCND1 3′-UTR reporter gene, but no significant effect on 

the luciferase activity of target site deleted mutant reporter 

gene was reported (Figure 7B). The earlier results showed 

that miR-20a can inhibit the activity of the reporter gene of 

target gene by combining with the target sequence of CCND1 

3′-UTR target gene.

effect of closed target gene CCND1 on 
the migration ability of hepg2 cells
Transwell assay showed that after closing the target gene CCND1 

in HepG2 cells, the number of cells of the average per high-power 

field migration chamber in si-CCND1 group was significantly 

decreased when compared with the si-NC group (P0.05), and 

the number of cell migration was 0.444 times that of the si-NC 

group, with the migration rate of 55.6% (Figure 8).

effect of closed target gene CCND1 on 
the invasion ability of hepg2 cells
Transwell assay demonstrated that after closing target gene 

CCND1 in HepG2 cells, the number of cells of the average 

per high-power field invasion chamber in si-CCND1 group 

was remarkably decreased when compared with the si-NC 

group (P0.05), and the number of cell invasion was 

0.435 times that of the si-NC group, with the invasion rate 

of 56.5% (Figure 9).

Discussion
The proliferation, migration, invasion, and apoptosis of 

HepG2 cells have been extensively explored, and the 
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Figure 9 effect of closed target gene CCND1 on the invasion ability of hepg2 cells.
Notes: Transwell assay demonstrated that after closing target gene CCND1 in 
HepG2 cells, the number of cells of the average per high-power field invasion 
chamber in si-ccnD1 group was remarkably decreased when compared with 
the si-nc group. **P0.05 when compared with the si-nc group. (A) Transwell 
invasion experimental results for the si-ccnD1 group (a) and the si-nc group (b). 
(B) The invaded cell number in si-ccnD1 and si-nc group.
Abbreviations: nc, negative control; si, small interfering.different expressions of genes and proteins were ascertained 

to be associated with HepG2 cells.14,15 Especially at the 

genetic level, various kinds of genes plus miR are found 

to be closely associated with HepG2 cells. Guzmán et al16 

reported that fatty acid binding protein-5 could suppress 

invasion ability of HepG2 cells by increasing its apoptosis. 

A previous study also provided the evidence that miR-34a 

inhibits migration and invasion by downregulation of c-Met 

expression in human HCC cells.17 In addition, miR-21 is 

indicated to regulate cell proliferation, invasion, migration, 

and apoptosis in HepG2 cells.18 Fan et al19 in his study found 

that restoration of miR-20a inhibited cell proliferation and 

induced cell apoptosis of HCC by directly targeting Mcl-1 

3′-UTR, and miR-20a was suggested to be a significant 

prognostic factor for patients with HCC. However, in our 

study, we focused on miR-20a expression in HCC and its 

effects on the proliferation, migration, and invasion of HepG2 

cells, and we also explored the effects of CCND1 target 

gene of miR-20a on the invasion and metastasis of HepG2 

cells. According to our present study, we confirmed that a 

decreased expression level of miR-20a was found in HCC 

tissues and HCC cell lines.

Similar to other members of miR-17-92 miR cluster, 

miR-20a serves as an oncogene with high expression levels 

in most cancer cells, such as non-small-cell lung cancer, 

prostate cancer, gastric carcinoma.20–22 While in other types 

of cancers, such as gastrointestinal stromal tumors, pan-

creatic cancer, and breast cancers, miR-20a plays a tumor 

suppressor role.23–25 The different roles of miR-20a may 

result from the difference of specificity and type of various 

tumor tissue, experimental research methods, miR-20a tar-

get genes in HepG2 cells or regulation mechanism. In our 

study, MTT assay results showed that miR-20a could inhibit 

the proliferation of HepG2 cells after the overexpression of 

miR-20a in HepG2 cells. Through Annexin V-FITC apoptosis 

assay, we concluded that miR-20a increased the apoptosis 

of HepG2 cells. Transwell invasion assay showed that the 

invasion ability of HepG2 cells was decreased. A previous 

study reported that the intracellular mechanism of miR was 

probably blocking the mRNA from being translated, or 

accelerate its degradation through complete or incomplete 

complementary pairing in the area of 3′-UTR region of 

mRNA target gene.25 Sen et al proposed that high expression 

of miR-20a in glioma stem cells was found, which resulted 

from downregulating tissue inhibitor of metalloproteinase-2 

expression.26 From research about prostate cancer, Qiang 

et al20 reported that ABL2 is one target gene of miR-20a. In 

the present study, we observed miR-20a had low expression 

in HepG2 cells and inhibited the proliferation, migration, 

and invasion of HepG2 cells. Therefore, we presume that 

Figure 8 effect of closed target gene CCND1 on the migration ability of hepg2 cells.
Notes: Transwell assay showed that after closing target gene CCND1 in hepg2 
cells, the number of cells of the average per high-power field migration chamber 
in si-CCND1 group was significantly decreased when compared with the si-NC 
group. **P0.05 when compared with the si-nc group. (A) Transwell migration 
experimental results for the si-ccnD1 group (a) and the si-nc group (b). (B) The 
migrated cell number in si-ccnD1 and si-nc group.
Abbreviations: nc, negative control; si, small interfering.
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miR-20a increases the expression of related suppressor genes, 

its target genes or kinds of oncogenes, and suppresses the 

apoptosis, migration, and invasion of HepG2 cells by inhibit-

ing those oncogenes.

The results in Transwell assay demonstrated that CCND1 

was the target gene of miR-20a, and CCND1 had effects on 

the migration and invasion ability of HepG2 cells. CCND1 

is known as a cell cycle control protein, which mainly affects 

G1 progression and G1/S transition. It acts as a regulatory 

subunit of CDK6 or CDK4, whose activity is essential for cell 

cycle G1/S transition.27 Additionally, mechanisms of gene 

amplification, rearrangements, gene polymorphisms, and 

posttranscriptional or posttranslational modifications could 

contribute to abnormal protein levels as well as impaired 

CCND1 function, which could result in carcinogenesis.28 

Similar to the results in our study, a recent study has shown 

that CCND1 plays a significant role in cell migration and 

invasion, and noncoding miRs act as important modulators 

of CCND1; CCND1 was found to be a target gene of miR 

by analyzing the complementary sequences of miRs with 

CCND1 mRNA.29

Conclusion
miR-20a serves as a suppressor gene. Therefore, it may 

provide a molecular theoretical basis for treatment of HCC 

in the future by upregulating miR-20a expression in HepG2 

cells, and therefore, miR-20a is expected to become a new 

target in the diagnosis and therapy of HCC. However, further 

research is still needed to explore the action of miR-20a on 

HepG2 cells through modulation of the signaling pathway.
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