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Abstract

Background: Hepatocellular carcinoma is one of the most common malignant tumors found all over the globe. Despite
advances in surgery and chemotherapy, the five-year survival rate of patients with hepatocellular carcinoma is still low. It is
known that the proliferation of hepatocellular carcinoma cells is closely related to the occurrence, development and prog-
nosis of hepatocellular carcinoma. The present work investigates the expression of microRNA-489 (miR-489) in human
hepatocellular carcinoma cells and its effect on the biological behavior of human hepatocellular carcinoma cells.

Methods: The expression of miR-489 by fluorescence quantitative PCR detection in 30 patients with hepatoblastoma of
liver cancer tissues and adjacent tissues was studied. Also, the determination of hepatoblastoma in four cell lines with differ-
ent metastatic potential (HR8348, HCT116, HT29 and HEPG?2) and the expression of miR-489 during miR-489 simulation
process was studied. MTT assay, flow cytometry and Western blot analysis were performed to know the cell proliferation to
detect the changes in cell cycle, apoptosis of cells, and SOX4 gene expression respectively.

Results: RT-PCR results showed that the cells compared with pre-cancerous tissue, the expression level of miR-489 in
hepatocellular carcinoma tissues than in adjacent tissue significantly decreased (P<0.05), and with liver cancer cell metastasis
increased (P<0.05); analogue transfection constructed miR-489 overexpressing HEPG2 cell line by mictoRNA. MTT results
showed that miR-489 can inhibit the proliferation of HEPG?2 cells, the differences were statistically significant (P<0.05);
flow cytometry results showed that miR-489 mimics was transfected into HEPG2 cells at 48 hours had no significant effect
on cell cycle distribution (P > 0.05); but miR-489 expression could induce apoptosis, compared with the control group, the
apoptosis of miR-489 mimics was significantly increased and the difference was statistically significant (P < 0.05).
Conclusion: In conclusion, miR-489 can significantly inhibit the occurrence and development of hepatocellular carcinoma
cells. The mechanism may be down regulated by the expression of SOX4 and inhibit cell proliferation. Further this study
showed that the tumor cells SOX4 gene as a regulatory factor target the genes of miR-489 in hepatocellular carcinoma.
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cellular carcinoma and surrounding normal colon tis-
sue was shown in the quantitative analysis of the pres-
ent study, at the same time using the miR-489 mimics
transfected with constructed miR-489 overexpressing
HEPG?2 cell line, to further explore the effects of over-
expression of miR-489 on liver cancer cell biological
behavior, provides a theoretical basis for the treatment
of liver cancer cells.

Materials and methods

Specimens and cell lines

All the specimens of hepatocellular carcinoma were
obtained from the Department of Abdominal Tumor
Surgery, Zhejiang Provincial Tumor Hospital, from
January 2011 to December 2015. The fresh specimens
were resected, and the normal tissues of each cancer
tissue and its adjacent tissues (5 cm away from the can-
cer margin) were immediately stored in liquid nitro-
gen. All cases were proved by histopathology, 30 cases
of hepatocellular carcinoma were divided into three
groups, including high differentiation in 14 cases, mod-
erate differentiation in 10 cases, low differentiation in 6
cases, lymph node metastasis in 20 cases, and no lymph
node metastasis in 10 cases. HR8348, HCT116, HT29
and HEPG2 cells are from the Wuhan University cell

collection center.

Reagents and instruments

RNA reverse transcription Kit (Promega); SYBR Kit
(TAKARA company Japan); DMEM high glucose me-
dium and fetal bovine serum (Hyclone); liposome lip-
fectamine2000 (American Invitrogen company); real
time fluorescence quantitative PCR (qQRT-PCR) instru-
ment (American ABI company); MiR-489 mimics and
mimics NC (Guangzhou Ruibo company); miR-489
primer and U6 primer (Guangzhou Ruibo compa-
ny); Protein Extraction Kit (Bi Yuntian); SOX4 anti-
body and glyceraldehyde -3- phosphate dehydrogenase
(GAPDH) antibdy was purchased from American San-
ta company Cruz; MTT reagent (American Sigma com-
pany). According to the 1.3 qRT-PCR Trizol kit manual
extraction RNA, hepatoblastoma tissue collection and
adjacent mucosa specimens or liver cancer cell lines,
with 1 ml Trizol 10 min cell lysis, total RNA extraction.
The total RNA was transcribed into cDNA by reverse
transcription kit. Reaction conditions: 37 °C, 15 min; 98
°C, 5 min. QPT-PCR reaction system: 1 1 reverse cDNA
(final solubility of 5 ng), 2x SYBR Ex II Mix TaqTM
of 10 L, upstream primer of 0.5 mol/L, downstream
primer of 0.5 mol/L, DEPC H,O 1 of 8 L, with a total
volume of 20 mu. The reaction conditions are: 95° C,
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s, 95 °C, 55,60 s, 15 °C, 72 °C, and 20 s using UG as
control. The results were analyzed using 2- Delta CT
method.

Cell culture and transfection

The HEPG2 cells were cultured in DMEM medium
containing 10% fetal bovine serum in the condition of
37 °C and 5% CO,. The growth state of cells was ob-
served under inverted microscope, and the cells were
treated with 70%-80% fusion. The experiment was di-
vided into three groups (Blank control), negative con-
trol group (mimics NC) and transfection group (miR-
489 mimics). Each group was added with 2 L. negative
control storage solution or miR-489 mimics storage
solution at 100 L. Opti-MEM and incubated at room
temperatute for 5 min (mol/L). Each group was diluted
1 L Opti-MEM with a minimum of 100 L lipo2000,
and then incubated at room temperature for 5 min. Mix
the above two liquid gently and incubate at room tem-
perature for 20 min. The mixture into 96 well plates,
cultured for 6 h after the replacement of fresh DMEM
containing 10% fetal bovine serum medium.

Cell proliferation was detected 1.5 MTT in logarithmic
growth phase HEPG2 cells, with 3 * 10* / inoculated in
96 pore plate, by the methods of grouping and accord-
ing to the above, each with 5 parallel holes, respectively
24, 48, 72 by H, 20 1 per hole adding MTT (5 mg/ml),
to at 37 C and 5% CO, culture in the incubator for 4 h,
after careful medium centrifugal aspiration holes, each
hole with DMSO 150 1, table light oscillation of 15~20
min, the absorbance of each hole was detected in the
ELISA value of 490 nm (A490).

Cell cycle distribution was analyzed by flow cytometry

Forty eight hours after transfection, the cells were
washed with PBS buffer, followed by 5 min centrifu-
gation. The supernatant was discorded and allowed for
cooling, and stored at 4 °C. The cell suspension was
washed with PBS, and 5 min centrifugation was done,
followed by removal of the supernatant. PI dye 1 ml
dye 30 min, 488 excitation wavelength of nm samples,
620 nm bandpass filter to detect the fluorescence of
PI. More than 10000 fluorescence signals were collect-
ed from each sample, and the number of cells in each
phase was accounted for. Repeat 3 times.

Western blot analysis

Western blot was used to detect the expression of
SOX4 protein in the polyacrylamide gel electrophore-
sis of the total protein of 40 g in 10%. By semi dry
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electroblotting protein transfer to nitrocellulose mem-
brane, 5% skim milk closed after 40 minutes were add-
ed to the corresponding antibody (1:1000 dilution), 4
degrees overnight, second days at room temperature 40
min, washing the membrane after horseradish peroxi-
dase were added in two - 37 °C, 1 hour of incubation,
membrane cleaning with enhanced chemiluminescence
reagent (ECL), X-ray film in a cassette, pressing, de-
veloping and fixing, the expression of GAPDH as a
reference, the target band gray value compared with the
reference gray value of bands.

Statistical significance

Statistical methods were analyzed by SPSS 12 statisti-
cal software. The experimental data were expressed as
mean + standard deviation (+s), and the mean scores
between the 2 groups were compared with t test. The
mean variance analysis was used to compare the dif-

A

15 P

1.2 .::

0.9 g - &

0,61 s 5 : L 1

1=, k

0.3 ¥ .y s

0.0 - :
sarmal Tumaor

ferences between the two groups. The difference of
P<0.05 was statistically significant.

Results

Expression of 2.1 miR-489 in hepatocellular carci-
noma and hepatocellular carcinoma cells

The results of qRT-PCR showed that the expression of
miR-489 in 30 cases of human hepatocellular carcino-
ma tissues was significantly lower than that in normal
hepatocellular tissues (P<, 0.001), as shown in figure
1A. In order to verify the expression pattern of miR-
489 in hepatocellular carcinoma cells, the expression
of miR-489 in four hepatocellular carcinoma cells with
different metastatic potential was detected by qRT-PCR
technique. The results showed that the expression level
of miR-489 in the highly metastatic potential cell line
HEPG2 and HT29 of hepatocellular carcinoma was
significantly lower than that of HR8348 (P <0.05) in
the metastatic potential cell line HCT116 (see figure
1B).
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Figure 1. miR-489 expression in hepatocellular cancer tissues and in hepatocellular
cancer cell lines with different metastasis potency. (A) miR-489 expression was tested
using qRT -PCR in 30 pairs of human hepatocellular cancer tissues (Tumor) and

adjacent non -tumorous tissues (Normal), and

its expression was normalized to the

level of U6 small nuclear RNA (U6) expression in each sample; " P<0.001. (B) miR-

489 expression detected by qRT-PCR in four groups of hepatocellular

cells; *P<0.05.

Effect of 2.2 MTT detection of miR-489 on the pro-
liferation of human hepatocellular carcinoma cells
HEPG?2 respectively using the negative control agent or
MiR-489 mimics HEPG?2 cells treated with 24,48, 72 h,
measured at 490 nm absorbance value indicates that the
proliferation of HEPG2 cells by ELISA plate reader.
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The results showed that compared with the non-trans-
fection group and the negative control group, the ab-
sorption value of nm 490 in the miR-489 mimics group
was significantly lower (P<0.05), as shown in table 1.
The results suggest that the low expression of miR-489
may promote the proliferation of tumor cells.
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Table 1 Effect of miR-489 on cell proliferation evaluated by MTT assay.

Groups 24h 48 h 72 h
Blank control 0.356 +£0.048 0.626 +0.024 0.956 + 0.026
mimics NC 0.402 + 0.032 0.641 +0.035 0.920 + 0.038
miR-489 mimics  0.218 £ 0.024" 0.306 + 0.028" 0.385 + 0.046"

Note: “P<0.05, miR-489 mimics vs. Blank control group

Flow cytometry (FCM) was used to detect the ef-
fect of miR-489 on the cell cycle distribution and
apoptosis of HEPG2 cells

The results of FCM showed that there was no signifi-
cant difference in the number of cells in each phase of
cell cycle after transfection of miR-489 mimics for 48 h
(P > 0.05). However, it was observed that the expression

of miR-489 could promote the apoptosis of HEPG2
cells. Compared with the control group, the apoptosis
rate of miR-489 treated group was significantly higher
than that of the control group (P < 0.05), and the dif-
ference was statistically significant. The results showed
that overexpression of mir-489 could induce apoptosis
of hepatocellular carcinoma cells, as shown in table 2.

Table 2. Cell cycle distribution and apoptosis of hepatocellular cancer cells HEPG2

after miR-489 mimics treatment
Cell cycle distribution
Groups GG, S G,/M Cells of apoptosis
Blank control 57.35+0.53 30.36+0.56 12.29+0.88  5.06+0.74
mimics NC 58.45+1.42 26.63+1.25 14.92£1.64  5.02+0.36
miR-489 mimics  57.36+2.09 30.58+1.54 14.06+1.54  26.28+0.26

Note: P<0.05, miR-489 mimics vs blank control group

SOX4 is the downstream target gene of miR-489 in
hepatocellular carcinoma cells

MiRNA target gene prediction software (Miranda, Pic-
tar, and Targetscan) was used to analyze the downstream
target genes of miR-489, and 15 candidate target genes
were found to bind to miR-489 (Fig. 2 A). As shown in
Figure 2, miR-489 and SOX4 gene '3' UTR may bind
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to the region of B. Western blot results showed that
the transfection of miR-489 mimics for 48 h, miR-489
mimics treatment group compared to the control group,
the SOX4 protein band intensityecreased significantly,
as shown in Figure 2 C and D. The results suggest that
the low expression of miR-489 in hepatocellular car-
cinoma may promote the growth of tumor cells by up
regulating the expression of SOX4 gene.

African Health Sciences Vol 20 Issue 3, September, 2020



A
B s
LW N e

-

" Farnar
A g lll.\_\_
o

-
b IIR gomars

S o

g
g Ca
A ﬂ-ﬁ b
S04

Pagead thany 2565257 |
of S04 FUTR e

b - -8

=

0,1

oeq

0.4

Fold chamge)

0.2

SOXNAGAPDH proteln

0.0
T .
-a.“&" e "é"ﬁ:- ﬁ‘ﬁ

ﬂl'-'i“

Figure 2. MiR-489 bound directly to the SOX4 3’-UTRs and down-regulated its expression. A,

A schematic diagram of miR-4489 predicted targets using three algorithms (Miranda, Pictar and

Targetscan), and identified 15 candidate genes which may interact with miR-489. B, A putative

miR-489-binding site exists in the 3’-UTR of the S0X4 mRNA, and 6-nucleotide deletion were generated

in the binding site. C, expressions of SOX4 in each

group cells detected by Western blot assay; B: average relative gray of SOX4 expressions in 3 groups

of HEPG2 cells, GAPDH as a loading control, *P<0.05.

Discussion

The down regulated expression of mircroRNA in tu-
mor tissues usually plays the role of tumor suppressor
gene, and its expression is down regulated, which can
relieve the inhibition of oncogene and promote the de-
velopment of tumot®. The results of this study showed
that the expression of miR-489 in hepatocellular carci-
noma was significantly lower than that in adjacent not-
mal colon tissue. These results suggest that miR-489
acts as a tumor suppressor gene in the development of
hepatocellular carcinoma, and the detection of its ex-
pression is helpful for the early diagnosis of hepatocel-
lular carcinoma.

In order to further verify whether the down-regulation
of miR-489 expression promotes the proliferation and
invasion of hepatocellular carcinoma, we performed a
series of experiments on cell function. The expression
of fluorescence quantitative PCR detection of different
metastatic potential of hepatocellular carcinoma cell
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line miR-489, the expression level of miR-489 in highly
metastatic HEPG2 cells than in low metastatic potential
of HR8348 and HCT116 significantly decreased, the
difference was statistically significant, indicating that
miR-489 expression promotes hepatocellular cancer
cell invasion and increased metastasis. The MTT exper-
iment showed that overexpression of miR-489 can in-
hibit liver cancer cell growth. Further study found that
HEPG2 cells of liver cancer cells transfected with miR-
489 mimics 48 hours after tumor cell cycle phases dis-
tribution had no significant difference. Rather, the miR-
489 mimics treatment group significantly increased the
percentage of apoptotic cells. These results suggest that
the upregulation of miR-489 expression in HEPG2
cells may contribute to the inhibition of cell growth by
promoting apoptosis rather than cell cycle arrest.

It is well known that the function of micoRNA main-

ly depends on the regulation of target gene expres-
sion. The pairing of mammalian microRNA and tar-
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get mRNA imprecision, each microRNA can regulate
multiple target genes, and multiple microRNA can
have a target gene, which form a complex regulatory
network, the expression of’ gene regulation function.
Therefore, it is important to predict the target gene
of microRNA to understand the role of mictoRNA in
tumorigenesis. The SOX4 gene is SOX (SRY (sex de-
termining region Y) -box) important members of the
family, through the developmental regulation of tran-
scription factor encoding and involved in embryonic
cell fate decisions, and participate in all kinds of bio-
logical behavior of tumors'’. This research showed that
the expression of SOX4 gene silencing can lead to tu-
mor cell nuclear transcription factor kappa B activation
factor Bcl-10 expression level decrease, and enhance
the stability of inhibitor of apoptosis protein Survivin,
which increases the apoptosis of tumor''. In addition,
SOX4 can promote tumor cell apoptosis by activating
the caspase pathway in hepatocellular carcinoma cells'?.
In this study, we used a variety of miRNA target gene
prediction software to predict the downstream target
gene of miR-489, a tumor cell regulatory factor SOX4.
Compared with the control group, the expression of
SOX4 was significantly decreased in the over expression
miR-489 hepatocellular carcinoma cells. These results
indicate that miR-489 can inhibit the growth of tumor
cells and induce apoptosis, which is mainly achieved by
down regulating the expression of SOX4 gene.

In recent years, the incidence and mortality of hepato-
cellular carcinoma have been on the rise, and the oc-
currence of the disease is likely to be a gradual process
due to multiple factors. MiR-489 can inhibit the growth
of hepatocellular carcinoma by regulating multiple tar-
get genes. However, there are still many unknown tar-
get genes to be identified and validated by miR-489.
The interaction between the target genes and the role
of miR-489 in the tumor suppressor gene regulatory
network remains to be elucidated. The mechanism of
down-regulation of miR-489 expression in liver cancer
cell needs further study. With in-depth understanding
of miR-489, using miR-489 as a marker for diagnosis
and treatment of biological targets will bring new hope
for the diagnosis and treatment of liver cancer.

Conclusion

In conclusion, miR-489 can significantly inhibit the oc-
currence and development of hepatocellular carcinoma
cells. The mechanism may be down regulated by the
expression of SOX4 and inhibit cell proliferation. RT-
PCR results showed that in the cells compared with pa-
ra-cancerous tissue, the expression level of miR-489 in
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hepatocellular carcinoma tissues was significantly lower
than in adjacent tissue (P<0.05). Analogue transfection
constructed miR-489 over expressed HEPG2 cell line
by mictoRNA. MTT results show that miR-489 can in-
hibit the proliferation of HEPG2 cells, the differences
were statistically significant (P<0.05)" Flow cytometry
results showed that miR-489 mimics transfected into
HEPG?2 cells at 48 hours had no significant effect on
cell cycle distribution (P > 0.05); but miR-489 expres-
sion could induce apoptosis, compared with the con-
trol group. The apoptosis of miR-489 mimics cells the
transfection group was significantly increased compared
with the control group(P < 0.05). Furthe study showed
the tumor cells SOX4 gene as a regulatory factor target-
ing genes of miR-489 in hepatocellular carcinoma.
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