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Abstract: Objective: This study aimed to explore the effect of miR-96-5p targeting of PRC1 (protein regulator of cyto-
kinesis 1) gene on proliferation, apoptosis and invasion of hepatoma HepG2 cells. Methods: LO2 and HepG2 cells
were cultured in vitro for the study. The targeted relationship between miR-96-5p and PRC1 was verified by dual-lu-
ciferase reporter gene assay. HepG2 cells were separately transfected within seven groups including; Control group,
mimic NC group, miR-96-5p mimic group, miR-96-5p inhibitor group, oe NC group, oe PRC1 group, and miR-96-5p
mimic + oe PRC1 group. Expression of miR-96-5p and PRC1 were detected by quantitative reverse transcriptase
PCR and western blot. Proliferation activity was detected by 5-ethynyl-2’-deoxyuridine (EdU); cell cycle and apoptosis
were determined by flow cytometry. Cell metastasis and invasion were assessed by Transwell assay. The effects of
the overexpression of PRC1 or miR-361-5p on tumor growth were evaluated through tumorigenesis experiment in
nude mice. Results: Compared with normal liver LO2 cells, miR-96-5p expression was down-regulated and PRC1
expression was up-regulated in hepatoma HepG2 cells. Dual-luciferase reporter gene assay showed that there is a
targeted relationship between miR-96-5p and PRC1. miR-96-5p targeted the 3’ untranslated region (3'UTR) of the
PRC1 gene and down-regulated its expression. Overexpression of miR-96-5p could inhibit proliferation, migration
and invasion of HepG2 cells, suppress tumor growth and promote cell apoptosis. Inversely, overexpression of PRC1
elicited an opposite response. Meanwhile, overexpression of both miR-96-5p and PRC1 in miR-96-5p mimic + oe
PRC1 group, compared with miR-96-5p mimic group, presented an enhancement of proliferation, migration and
invasion of HepG2 cells as well as inhibition on apoptosis. While compared with oe PRC1 group, HEPG 2 cells in
miR-96-5p mimic + oe PRC1 group presented with significantly opposite effects. Conclusion: miR-96-5p targeting of
PRC1 gene inhibits proliferation and invasion of hepatoma HepG2 cells and promotes their apoptosis.
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Introduction new therapeutic targets for better effective
treatment.

More than 600,000 patients worldwide die of

liver cancer every year, and the half occur in
China; plus, the morbidity and mortality in
China rank the highest in the world [1, 2]. Liver
cancer arises with relatively obscure symptoms
in early stage, while it often is found and diag-
nosed in an advanced stage in most patients
upon first consultation [3, 4]. Surgery, chemical
drugs, and radiotherapy are the main choices
for early treatment, but these methods have
certain limitations, such as strong side effects
and incomplete treatment [5]. Therefore, it is
necessary to explore the pathogenesis of liver
cancer based on the existing methods and find

In recent years, with the development of molec-
ular biotechnology, targeted therapy has pre-
sented as a hot spot in liver cancer treatment.
Lots of studies have stated that microRNAs
serve as a crucial regulatory role in human
physiological and pathological processes by
inhibiting protein translation of target genes [6,
7]. MiRNAs play a key role in the occurrence
and progression of tumor and cancer, which
can affect various biological behaviors like cell
growth, proliferation, invasion and metastasis
[8-10]. Some researchers have found that miR-
150-5p presents with low expression in hepa-
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toma cells, and its increased expression can
restrain cell migration and invasion [11].

Protein regulator of cytokinesis 1 (PRC1), en-
coded by the PRC1 gene, is a potential target
for developing anti-cancer drugs in cancer
treatment. PRC1, was first discovered in 1998,
it is located on human chromosome 15 and
consists of 620 amino acids [12, 13]. PRClis a
novel protein molecule related to cell cycle reg-
ulation, which is mainly expressed in G2/M
phases and is additionally a substrate of sev-
eral cyclin-dependent kinases [14]. PRC1 plays
an important role in the occurrence and pro-
gression of various tumors as found in research.
For example, PRC1 participates in the prolifera-
tion, invasion, and apoptosis of hepatoma cells
and could be a potential oncogene [15]. We
found a miR-96-5p binding site on PRC1 th-
rough bioinformatics analysis, thus, it is tempt-
ing to speculate that miR-96-5p could target
PRC1 to affect the proliferation, apoptosis and
invasion of hepatoma HepG2 cells.

Materials and methods
Cell culture and transfection

The human hepatocellular carcinoma cell line
HepG2 and immortalized normal human hepat-
ic cell line LO2 were purchased from the Cell
Bank of Type Culture Collection of Shanghai
Institute for Biological Sciences, Chinese
Academy of Sciences. The cells were cultured
in DMEM supplemented with 10% FBS, 100
ug/mL streptomycin, and 100 U/mL penicillin,
at 37°C in an incubator with 5% CO,. The cul-
ture medium was changed 3 or 4 times a week
depending on the growth status. The cells were
passaged when reaching approximately 80%
confluency.

Cell transfection was performed through lenti-
virus vector, and the HepG2 cells were divided
into seven groups: control group (blank con-
trol), mimic NC group (microRNA negative con-
trol), miR-96-5p mimic group (MiR-96-5p over-
expression), miR-96-5p inhibitor group (MiR-
96-5p inhibitor), oe NC group (PRC1 negative
control), oe PRC1 group (PRC1 overexpression),
and miR-96-5p mimic + oe PRC1 group (overex-
pression of both miR-96-5p and PRC1). The
plasmids used in the study were purchased
from Vigene Biosciences, Inc. (Rockville, MD,
USA). The overexpressed fragment and target

6515

pLVX-IRES-ZsGreenl vector were digested by
restriction enzymes EcoRIl and BamHI, respec-
tively, followed by ligation. The ligated products
were then transformed into competent Esch-
erichia coli DH5ax cells, and the positive recom-
binant clones were verified by sequencing.
High-purity endotoxin-free plasmids were ex-
tracted from a total of 20 ug of psPAX2
(Invitrogen, Grand Island, NY, USA) and pMD2G
(Invitrogen) with recombinant plasmids, and
then co-transfected into 293T cells to package
the lentivirus. The culture supernatant rich in
recombinant lentivirus particles from these
cells for each group was collected after 48-72 h
transfection, and was concentrated to obtain
high-titer lentivirus solution. The supernatant
with lentivirus higher than 107 TU/ml was
stored at -80°C for later use. The human hepa-
toma HepG2 cells in logarithmic growth phase
were inoculated into 6-well plates, and the cul-
ture supernatant was discarded after 24 h cul-
ture. The HepG2 cells were then infected with
different lentivirus supernatants separately
(MOI=20) in the presence of polybrene at a con-
centration of 5 yg/mL. The culture plate was
gently shaken every 15 min to make sure the
cells were fully in contact with the lentivirus,
and after 2 h, the plate was placed in an incu-
bator to continue culturing for 10 h. Then the
virus-containing culture medium was replaced
with normal culture medium for another 24 h
culture. Subsequently, GFP expression was
observed by fluorescence microscopy. Stably
transfected HepG2 cells were seeded in 6-well
plates. The culture medium was replaced with
serum-free DMEM when the cell confluency
reached more than 80%. After 24 h, the serum-
free DMEM was replaced with DMEM supple-
mented with 10% FBS for further 48 h culture.
Then the cells were used in subsequent exper-
iments.

Dual-luciferase reporter gene assay

The PRC1 3'UTR sequences containing wild-
type or mutant miR-96-5p binding sites were
synthesized and inserted respectively into the
3'UTR of the luciferase gene in pMIR-reporter
(Thermo Fisher Scientific, Waltham, MA, USA)
to construct recombinant vectors, pMIR-PRC1-
WT and pMIR-PRC1-MT. The luciferase reporter
plasmids PRC1-WT and PRC1-MT with correct
sequencing were co-transfected with miR-96-
5p into HEK293T cells respectively. The renilla
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Table 1. Primer sequences

amplification was in logarithmic

Gene name Forward primer (5’-3")

Reverse primer (5’-3")

growth. The primers used were

shown in Table 1. All primers were

miR-96-5p TTTGGCACTAGCACAT GAGCAGGCTGGAGAA . .

provided by Shanghai GenePharma
ue ATTGGAACGATACAGAGAAGAT GGAACGCTTCACGAATTT Co.. Ltd.. China
PRC1 GCTGAGATTGTGCGGTTA GCCTTCAACTCTTCTTCCA

GADPH GAAGGTGAAGGTCGGAGTC ~ GAAGATGGTGATGGGATT

Western blot

Note: PRC1: protein regulator of cytokinesis 1; GAPDH: glyceraldehyde

3-phosphate dehydrogenase.

luciferase was used as the internal control. The
cells were collected and lysed 48 h after trans-
fection. The luciferase activity was measured
using a dual-luciferase reporter assay kit (Pro-
mega, WI, USA) according to the manufactur-
er’'s instructions. The firefly and renilla lucifer-
ases activities were sequentially measured for
a single sample in a luminometer. The ratio of
firefly luciferase activity to renilla luciferase
activity was taken as the relative luciferase
activity for statistical analysis.

Quantitative reverse transcriptase PCR

Total RNA from cells was extracted using
TRIzol® reagent (Invitrogen, Carlsbad, CA, USA),
and the concentration and purity of extracted
total RNA were detected by Thermo Scientific™
NanoDrop™ 2000 micro-volume spectropho-
tometer (NanoDrop, USA). Reverse transcrip-
tion was carried out on 1 ug of total RNA by
using the PrimeScript™ RT Reagent Kit with
¢DNA Eraser (TaKaRa, Japan). Genomic DNA
elimination reaction was carried out at 42°C for
2 min after adding 5xg DNA Eraser Buffer and
¢DNA Eraser, followed by reverse transcription
reaction at 37°C for 15 min and 85°C for 5 s
to obtain cDNA. Real-time polymerase chain
reaction (PCR) was performed with SYBR®
Premix EX Tag™ (Tli RNaseH plus) (Takara,
Japan) on ABI 7500 Fast Real-Time PCR instru-
ment (Applied Biosystems, USA). The reaction
conditions were as follows: pre-denaturation at
95°C for 10 min, followed by 40 cycles of dena-
turation at 95°C for 15 s and annealing at
60°C for 30 s, and lastly extension at 72°C for
2 min. U6 served as an internal control for miR-
96-5p, and GAPDH (glyceraldehyde 3-phos-
phate dehydrogenase) was used as the internal
control for other genes. The fold change was
calculated by the 222t method. AACt =
ACt ACtgapdh, in which ACt = Cttarget
gone ” Ct, et contro T1ETE, Ct refers to the amplifi-
cation cycles when the real-time fluorescence
intensity reached the set threshold, and the

experimental group -
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The concentration of the total pro-

tein extracted from cells was mea-

sured using BCA protein assay
reagent kit (Thermo Fisher Scientific, Waltham,
MA, USA). The total protein received polyacryl-
amide gel electrophoresis at a constant voltage
of 80 V for 35 min and 120 V for 45 min. The
proteins were then transferred to polyvinyli-
dene fluoride (PVDF) membranes (Merck
Millipore, Billerica, MA, USA). The membranes
were blocked with 5% BSA for 1 h at room tem-
perature, and then washed with PBST buffer
after discarding the blocking buffer. Subse-
quently, the membranes were incubated with
primary rabbit monoclonal antibodies against
PRC1 (1:5,000; Abcam, UK) and GAPDH
(1:10,000; Abcam, UK) overnight at 4°C, and
then washed by PBS buffer containing 0.1%
Tween-20 3 times for 10 min each time. The
membranes were subsequently incubated at
room temperature for 1 h after adding horse-
radish peroxidase labeled sheep anti-rabbit
antibody (1:10,000; Jackson, USA), followed by
washing with PBST buffer 3 times for 10 min
each time. After incubation, the membranes
were immersed in the enhanced chemilumines-
cence (ECL) reaction solution (Pierce Company,
USA) at room temperature for 1 min. After being
removed out of the reaction solution, the mem-
branes were covered with preservative film,
and exposed to an X-ray film in the dark, fol-
lowed by color development and photographic
fixing. The gray values of protein bands were
analyzed and calculated using ImageJ soft-
ware. GAPDH was taken as the internal control,
and the relative expression of the target protein
referred to the ratio of the gray value of the tar-
get band to that of the internal control band in
one sample. Experiments in each group were
repeated 3 times.

EdU detection

Cell culture solution was diluted with EdU by
1:500 dilution to make a 10 yM EdU stock solu-
tion. The 2x working solution of EdU in fresh
medium was prepared from the 10 mM EdU
stock solution, and then mixed with equal vol-
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ume of adapted medium in the culture plate
after warming at 37°C, followed by incubation
at room temperature for 2 h and washing with
PBS. The cells were fixed using 4% paraformal-
dehyde for 15 min, and washed 3 times with
PBS containing 3% BSA after discarding the fix-
ing solution. Then the cells were resuspended
in PBS containing 0.3% Triton X-100 and incu-
bated at room temperature for 10 min, followed
by washing with PBS containing 3% BSA twice
and discarding the permeabilization buffer.
Then the Click-iT® EdU reaction buffer was
added into each well for staining reaction. The
cells in each well were incubated at room tem-
perature in the absence of light for 30 min, and
then washed 3 times with PBS containing 3%
BSA. Hoechst 3334 reaction solution was sub-
sequently added into each well. The cells in
each well were incubated at room temperature
in the absence of light for 10 min, and then
washed 3 times, followed by observation under
fluorescence microscope. The fluorescence
images were visualized as red for S phase cells
(proliferation cells) using the green emission
and as blue for all cells using the ultraviolet
emission. The proliferating cells stained by EdU
and nuclei stained by Hoechst 33342 were
counted from 3 randomized fields under 200-
fold field of view. Cell proliferation rate = prolif-
eration cells/total cells * 100%.

Flow cytometry

After 48 h cell transfection in groups, cell sus-
pension was collected through trypsinization,
and centrifuged, followed by washing twice with
PBS buffer. Then the cells were collected by
centrifugation for later use. For cell apoptosis
evaluation, the re-suspended solution with
about 1*10* cells was taken and centrifuged.
After discarding the supernatant, the cells were
re-suspended in 195 pL of binding buffer. Then
5 pL Annexin V-FITC and 10 pL PI stains were
added into the cell suspension, and incubated
for 20 min at room temperature in the dark,
followed by ice bath in the dark. The fluores-
cence of the cells was immediately determined
by flow cytometer to evaluate the apoptosis.
Experiments in each group were repeated 3
times.

For cell circle detection, the cells were fixed in 1
ml 75% ethanol precooled at -20°C and stored
at 4°C overnight. Fixed cells were washed twice
in precooled PBS, and were re-suspended in
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500 L PI staining solution for 30 min at 37°C
in a shaking water-bath in the dark. Here, 25 uL
Pl stock (20x%) solution and 10 yL RNase A (50x%)
stock solution were mixed with 500 L staining
buffer to make the PI staining solution for one
sample. Cell cycle was then detected by flow
cytometry at 4°C in the absence of light.
Experiments in each group were repeated 3
times. Cell cycle and apoptosis analysis kits
were purchased from Beyotime (Shanghai,
China).

Transwell assay

Forty-eight hours after cell transfection, the
cells were starved for 24 h for later use.
Invasion and metastasis assays could be car-
ried out in the same well but under different
conditions. The assays used a Corning™
Transwell™ 24-well plate with 8 um pores (USA),
with 3 wells for each group. The top of the filter
membrane in a Transwell insert was plated with
100 uL serum-free DMEM containing 2.5*10°
cells. The bottom of the lower compartment
was added with 600 uL DMEM supplemented
with 20% fetal bovine serum. In the migration
assay, 48 h after cell transfection, the cells
were fixed using 4% paraformaldehyde for 30
min. Then the well was immersed in 0.2%
Triton™ X-100 (Sigma Company, St. Louis, MO,
USA) for 15 min, followed by staining with
0.05% gentian violet solution for 5 min. The
wells were coated with 50 yL Matrigel (Sigma
Company, St. Louis, MO, USA) before the inva-
sion assay, and fixation and staining were car-
ried out 48 h later as above. The number of
stained cells was counted underneath an
inverted microscope, and 5 randomized fields
of view were chosen to get an average sum of
cells. Two more wells for the assays were pro-
vided for each group, and the assays were
repeated 3 times, and the average value was
taken as the final result.

Tumorigenicity assay in nude mice

A total of 30 BALB/c male nude mice aged 4
weeks housed in a SPF grade facility, weighing
18-25 g were purchased from Hunan SJA
Laboratory Animal Co., Ltd., China. The mice
were randomized into six groups, Control group,
mimic NC group, miR-96-5p mimic group, oe
NC group, oe PRC1 group, and miR-96-5p
mimic + oe PRC1 group, with five mice in each
group. After grouping, HepG2 cells were infect-
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Figure 1. Expression of miR-95-5p and PRC1 in HepG2 cells. A: gRT-PCR to detect the expression level of miR-96-5p;
B: gRT-PCR to detect the expression level of PRC1; C: Western blot to detect the expression level of PRC1; D: The
histogram analysis. Compared with LO2 cells, “P<0.05. PRC1.: protein regulator of cytokinesis 1; GAPDH: glyceralde-

hyde 3-phosphate dehydrogenase.

ed with lentivirus as aforementioned, and 72 h
later, single-cell suspension with a concentra-
tion of 1*107 cells/mL was prepared after tryp-
sin digestion. Then 0.3 mL suspension con-
taining about 2*10° viable cells was subcuta-
neously injected into each nude mouse at the
right flank. After cell injection, tumor volume
changes were observed every five days with a
Vernier caliper measuring the maximum length
(@ and minimum length (b) of a tumor, and
tumor volume was calculated as (@ * b?)/2.
Thirty days later, the mice were sacrificed
through massive blood loss by blood aspiration
from the abdominal aorta intraperitoneally
after anesthesia with intraperitoneal injection
of pentobarbital sodium in the dose of 70 mg/
kg, and then the tumors were removed and
weighed under sterile conditions.

Statistical analysis

All the data were analyzed using the SPSS 21.0
software package (SPSS Inc., Chicago, IL, USA).
The measurement data were expressed as the
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mean * standard deviation. Pairwise compari-
sons of mean values among multiple groups
were conducted using one-way analysis of vari-
ance with Fisher’s least significant difference
test. P value of <0.05 was considered statisti-
cally significant.

Results

Down-regulated miR-96-5p expression and up-
regulated PRC1 expression in HepG2 cells

The expression of miR-96-5p and PRC1 in nor-
mal liver LO2 cells and hepatoma HepG2 cells
are respectively shown in Figure 1A, 1B. Com-
pared with LO2 cells, miR-96-5P expression
was significantly down-regulated and PRC1
expression was significantly up-regulated in
HepG2 cells (both P<0.05). Correspondingly,
Figure 1C shows the PRC1 expression in the
two cell lines, and the results showed that the
up-regulation trend of PRC1 in HepG2 cells was
more obvious as compared with LO2 cells
(P<0.05).

Int J Clin Exp Med 2020;13(9):6514-6525
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Figure 2. miR-96-5p can target PRC1 to down-regulate its expression. A: Bioinformatics website predicted and
analyzed the binding site of miR-96-5p on PRC1; B: Dual-luciferase reporter gene assay verified the targeting rela-
tionship between miR-96-5p and PRC1; C: Expression level of PRC1 mRNA detected by qRT-PCR; D: PRC1 protein
band detected by western blotting; E: The histogram analysis of relative protein level. Compared with control group,
“P<0.05. NC: negative control; PRC1: protein regulator of cytokinesis 1; GAPDH: glyceraldehyde 3-phosphate dehy-

drogenase.

miR-96-5p down-regulates PRC1 expression by
targeting its 3’'UTR

We found a binding site between miR-96-5p
and PRC1 through bioinformatics analysis
(Figure 2A). Dual-luciferase reporter gene
assay found that compared with NC group,
luciferase activity intensity in co-transfection
group of miR-96-5p and PRC1-WT decreased
significantly (P<0.05), while co-transfection
group of miR-96-5p and PRC1-MT had no obvi-
ous change in luciferase activity intensity
(Figure 2B). In order to further explore whether
miR-96-5p regulates PRC1 expression, HepG2
cells were transfected with miR-96-5p mimic
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and miR-96-5p inhibitor respectively. PRC1
gene and protein expressions were detected by
gRT-PCR and western blot (Figure 2C, 2D).
Compared with Control group, PRC1 gene and
protein expressions were down-regulated in
miR-96-5p mimic group (both P<0.05), while
the expressions were up-regulated in miR-96-
5p inhibitor group (both P<0.05). These results
indicate that miR-96-5p can target PRC1 to
down-regulate its expression.

miR-96-5p overexpression inhibits HepG2 cell
proliferation

Cell proliferation was evaluated by EdU detec-
tion (Figure 3A). Compared with Control group,

Int J Clin Exp Med 2020;13(9):6514-6525
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cell proliferation in miR-96-5p mimic group was
significantly decreased (P<0.05), and that in oe
PRC1 group was significantly increased (P<
0.05). Compared with mimic NC group, cell pro-
liferation in miR-96-5p mimic group was signifi-
cantly decreased (P<0.05). Cell proliferation in
oe PRC1 group was significantly increased as
compared with oe NC group (P<0.05). Com-
pared with miR-96-5p mimic group, cell prolif-
eration in miR-96-5p mimic + oe PRC1 group
was significantly increased (P<0.05). There was
no significant difference in cell proliferation
between mimic NC group and oe NC group.

Flow cytometry was conducted for cell cycle
detection (Figure 3B). Compared with Control
group, the ratio of G2/M cells in miR-96-5p
mimic group was significantly higher (P<0.05),
while the ratio in oe PRC1 group was signifi-
cantly lower (P<0.05). The G2/M ratio in miR-
96-5pmic group was significantly higher than
that in mimic NC group (P<0.05). The G2/M
ratio in oe PRC1 group was significantly lower
than that in oe NC group (P<0.05). Compared
with miR-96-5p mimic group, the G2/M ratio in
mMiR-96-5p mimic + oe PRC1 group was signifi-
cantly lower (P<0.05). There was no significant
difference in the ratio between mimic NC group
and oe NC group. These results indicate that
PRC1 overexpression can reduce the propor-
tion of HepG2 cells in G2/M phase and pro-
mote cell proliferation, while miR-96-5p overex-
pression may cause arrest at both the G1 and
G2 phases of the cell cycle, thus inhibiting cell
proliferation.

miR-96-5p overexpression promotes HepG2
cell apoptosis

The results of cell apoptosis through flow
cytometry are shown in Figure 4. Compared
with Control group, cell apoptosis in both miR-
96-5p mimic group and miR-96-5p mimic + oe
PRC1 group were significantly increased (both
P<0.05). Apoptosis in miR-96-5p mimic group
was significantly increased as compared with
mimic NC group (P<0.05). There was no signifi-
cant difference in apoptosis between oe NC
group and oe PRC1 group. Cell apoptosis in
miR-96-5p mimic + oe PRC1 group was signifi-
cantly reduced as compared with miR-96-5p
mimic group (P<0.05). Compared with oe PRC1
group, apoptosis in MiR-96-5p mimic + oe
PRC1 group was significantly increased (P<
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0.05). There was no significant difference in
cell apoptosis between mimic NC group and oe
NC group.

miR-96-5p overexpression promotes migration
and invasion of HepG2 cells

Transwell assay was used to detect the migra-
tion and invasion abilities of transfected cells
(Figure 5A, 5B). Compared with control group,
the cell migration and invasion abilities of miR-
96-5p mimic group were significantly reduced
(both P<0.05), while the abilities of oe PRC1
group were significantly increased (both P<
0.05). Compared with mimic NC group, the abil-
ities of MiR-96-5p mimic group were signifi-
cantly reduced (P<0.05). The abilities of oe
PRC1 group were significantly increased as
compared with oe NC group (P<0.05). Com-
pared with miR-96-5p mimic group, the abilities
of miR-96-5p mimic + oe PRC1 group were sig-
nificantly increased (P<0.05). There were no
significant differences in cell migration and
invasion abilities between mimic NC group and
oe NC group.

miR-96-5p overexpression suppresses hepato-
cellular carcinoma growth

The effect of miR-96-5p/PRC1 overexpression
on tumor growth was detected by tumorigenici-
ty assay in nude mice. The mice all groups were
injected subcutaneously in the right axilla with
HepG2 cell suspension. Food intake, activity
and mental status of the mice were observed
weekly. After 30-days, none of the mice died,
and the tumors were removed from the sacri-
ficed mice as shown in Figure 6A. Tumor tis-
sue weight was collected and analyzed with bio-
logical statistics (Figure 6B). Compared with
Control group, tumor tissue weight in miR-96-
5p mimic group was significantly lower (P<0.05),
while that in oe PRC1 group was significantly
higher (P<0.05). Compared with mimic NC
group, the weight in miR-96-5p mimic group
was significantly lower (P<0.05). Compared
with oe NC group, the tumor tissue weight in oe
PRC1 group was significantly higher (P<0.05).
The tumor tissue weight in miR-96-5p mimic +
oe PRC1 group was significantly higher than
that in miR-96-5p mimic group (P<0.05). There
was no significant difference in the tumor tis-
sue weight between mimic NC group and oe NC
group.

Int J Clin Exp Med 2020;13(9):6514-6525
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Figure 3. Proliferation of HepG2 cells. A: Cell proliferation detected by 5-ethynyl-2’-deoxyuridine and its histogram
analysis; B: Cell cycle detected by flow cytometry and its histogram analysis. Compared with control group, *P<0.05;
compared with mimic NC group, “P<0.05; compared with miR-96-5p, ¥P<0.05; compared with oe NC group, ©
P<0.05; compared with oe PRC1 group, ¥P<0.05. NC: negative control; PRC1: protein regulator of cytokinesis 1;
EdU: 5-ethynyl-2’-deoxyuridine.

Control mimic NC miR-96-5p mim¢
An 10 10¢ 10 4 ! P B

—_
£
o
(7]
=]
Ty - 10° T Ty o
100 10 100 106 10° 10 10 1w g
— ©
o . . =
oe NC oe PRC1 miR-96-5p mimc+oe PRC1 o
10° 10° 104 &)
10°4 1004 10°4
100
—— T Ty w
100 100 10 100 100 10

Annexin V-FITC

Figure 4. Apoptosis of HepG2 cells and the histogram analysis. A: Flow cytometry apoptosis chart; B: Histogram
analysis chart. Compared with control group, *P<0.05; compared with mimic NC group, “P<0.05; compared with
miR-96-5p mimic group, ¥P<0.05; compared with oe NC group, ©P<0.05; compared with oe PRC1 group, *P<0.05.
NC: negative control; PRC1: protein regulator of cytokinesis.

Tumor growth curve was drawn according to the
tumor volume measured every 5 days (Figure
6C). The results showed that compared with
Control group, the tumor tissue size in MmiR-96-
5p mimic group was significantly smaller (P<
0.05), while that in oe PRC1 group was signifi-
cantly larger (P<0.05). The tumor tissue size in
miR-96-5p mimic group was significantly small-
er than that in mimic NC group (P<0.05). The
size in oe PRC1 group was significantly larger
than that in oe NC group (P<0.05). Compared
with miR-96-5p mimic group, the tumor tissue
size in miR-96-5p mimic + oe PRC1 group was
significantly larger (P<0.05). There was no sig-
nificant difference in tumor tissue size between
mimic NC group and oe NC group.

Discussion

The regulatory role of miRNAs in tumors has
received wide confirmation [16]. To date, hun-
dreds of miRNAs have been found to be closely
related to the occurrence and progression of
human tumors, as has miR-96-5p in this study.
Research confirmed that miR-96-5p was sig-
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nificantly down-regulated in early-stage hepa-
toma tissues in recurrent patients after radical
resection of hepatocellular carcinoma [17].
MiR-96-5p plays a role in promoting survival
and inhibiting platelet apoptosis during platelet
storage [18], and it inhibits A549 proliferation
by targeting mammalian target of rapamycin
(mTOR) [19]. In this study, through detection on
miR-96-5p expression in human hepatocellular
carcinoma cell line HepG2 and immortalized
normal human hepatic cell line LO2 using qRT-
PCR, we found that miR-96-5p expression was
down-regulated in hepatoma carcinoma HepG2
cells. All these results suggest that miR-96-5p
may have anti-oncogene function.

To the best of our knowledge, miRNAs may con-
tribute to various tumors in different pathologi-
cal stages or be helpful to tumor therapy th-
rough targeting genes. As is known, PRC1 can
be used as an indicator of malignant prolifera-
tion of tumor cells as well as of therapeutic
evaluation, and it plays a crucial role in various
malignant tumors such as cervical cancer,
bladder cancer, prostate cancer, liver cancer
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Figure 5. Migration and invasion of HepG2 cells by Transwell analysis and their histogram analyses. A: Migration of
HepG2 cells by Transwell analysis and their histogram analyses; B: Invasion of HepG2 cells by Transwell analysis
and their histogram analyses. Compared with control group, $P<0.05; compared with mimic NC group, *P<0.05;
compared with miR-96-5p mimic group, #P<0.05; compared with oe NC group, @P<0.05; compared with oe PRC1
group, &P<0.05. NC: negative control; PRC1: protein regulator of cytokinesis 1.
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Figure 6. HepG2 cell growth of xenografted tumor. A: Contrast of tumor tissues of different groups; B: Histogram
analysis of tumor weight; C: Tumor volume growth curves. Compared with control group, *P<0.05; compared with
mimic NC group, “P<0.05; compared with miR-96-5p mimic group, #P<0.05; compared with oe NC group, ®P<0.05;
compared with oe PRC1 group, ¥P<0.05. NC: negative control; PRC1: protein regulator of cytokinesis 1.

and breast cancer [20-24]. Analysis of the gene that the expression of PRC1 is up-regulated in
expression profile with microarrays showed almost all clinical cancers [25].
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In this study we found a binding site between
miR-96-5p and PRC1 through bioinformatics
analysis. Dual-luciferase reporter gene assay
found that miR-96-5p can target the 3’UTR of
the PRC1 gene. Additionally, in the HepG2 cells,
PRC1 gene and protein expression were down-
regulated in miR-96-5p mimic group, while up-
regulated in miR-96-5p inhibitor group as com-
pared with Control group, indicating that
miR-96-5p could target PRC1 to down-regulate
its expression. MiR-96-5p may play a role in
liver cancer cells by regulating the expression
of PRC1.

In the phenotypic experiment, we found that
overexpression of miR-96-5p can inhibit prolif-
eration, migration and invasion of HepG2 cells
and promote cell apoptosis. Inversely, overex-
pression of PRC1 has the opposite effects.
PRC1 is a protein necessary for cell division,
and is closely related to cell movement, migra-
tion and cell cycle, which may account for those
results [26-28]. If aberrant cytokinesis occurs,
abnormal cell division will eventually contribute
to the formation of multinucleated cells and
further cell mutation to carcinoma [29]. CDK1/
Cyclin B1 complex controls the formation of
various structures during cell mitosis and the
normal progression of cell mitosis through
phosphorylation of corresponding substrates,
wherein PRC1 protein can be phosphorylated
by CDK1/Cyclin B1 complex during cell mitosis
[30]. Therefore, up-regulation of miR-96-5p can
target PRC1 and inhibit its expression, thus
inhibiting the proliferation, migration and inva-
sion of HepG2 cells and promoting cell apo-
ptosis.

In conclusion, miR-96-5p targeting the PRC1
gene inhibits proliferation and invasion of hepa-
toma HepG2 cells and promotes their apopto-
sis. However, considering that each miRNA has
multiple targets, the combined action of multi-
ple targets may account for the effect of miR-
96-5p on proliferation, invasion and apoptosis
of hepatoma HepG2 cells. Therefore, we will
further study the role of miR-96-5p in the
occurrence and progression of liver cancer
from this aspect.
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