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Abstract: Objective: To explore the regulation of miR-125a-5p in hepatocellular carcinoma (HCC) and its mecha-
nisms. Methods: By transfecting a miR-125a-5p sequence and an interfering sequence of miR-125a-5p-s into hu-
man HCC cell lines HCC-LM3 and HepG2, miR-125a-5p-related levels were assesed by Western blot. The abilities of
cell proliferation and migration were assessed by cell culture and Transwell assay, respectively. Results: HepG2 cells
showed increased miR-125a-5p levels compared with HCC-LM3 cells (P < 0.01). However, compared with QZG cells,
the level of miR-125a-5p in HepG2 and HCC-LM3 cells was down-regulated. Compared with miR-125a-5p groups,
miR-125a-5p-s groups showed increased colony formation rate and mobility (P < 0.01). After being transfected with
miR-125a-5p, the transformation factor 23 (TRA23) and mRNA levels were decreased, whereas 5p-s expression was
increased (P < 0.01). Inhibition of TRA2 by small interfering RNA (siRNA) diminished the ability of cells. Conclusion:

miR-125a-5p inhibits the invasive capacity of HCC cells through targeting the TRA2(3 pathway.
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Introduction

Hepatocellular carcinoma (HCC) poses a seri-
ous threat to public health [1]. At present, the
diagnosis and treatment of liver cancer is still a
big problem [2]. The origin and development of
HCC and the search for new therapeutic targets
have become the focus of HCC research in
recent years [3].

miRNAs play a critical role in the regulation
of physiological processes such as develop-
ment, differentiation, apoptosis, proliferation,
and metabolism. Abnormal expression of miR-
NAs is involved in various human diseases [4].
mMiRNAs are located in vulnerable, abnormal
genomic regions and have oncogenic or inhibi-
tory effects in cancer [5]. It is noteworthy that
different expression levels of the same miRNA
may be expressed differently in multiple con-
ditions. For example, miR-125a-5p may be ex-
pressed at different levels in hepatic fibrosis
and HCC [6, 7]. miR-125a is located on chromo-

some 19913 and is often absent in human can-
cers. Studies have shown that miR-125a-5p
expression is decreased in HCC cells and it is
associated with aggressive forms of cancer. It
is clear from these studies that miR-125a-5p is
a valuable biomarker for HCC.

The correlation between miR-125a-5p and HCC
correlation needs further elucidation. In order
to clarify the character of miR-125a-5p in regu-
lating HCC cell invasion and elucidate its under-
lying mechanisms, this study investigated the
connection between miR-125a-5p expression
and the migration of human HCC HepG2 and
HCC-LM3, as well as its effects on proliferation
and metastasis.

Materials and methods
Main reagents and materials

Human HCC cell lines (HepG2 and HCC-LM3)
and the non-malignant human epithelioid he-
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patic cell line QZG were purchased from the
Cell Bank of the Chinese Academy of Sciences
(Beijing), and the use of these cell lines was
in accordance with the ethical requirements.
Transforming factor 23 (TRA2pB) polyclonal an-
tibody was bought from Abcam (Cambridge,
UK), while fluorescence detection kit, RPMI-
1640, Opti-MEM medium were bought from
Hyclone (Logan, Utah, USA), and fluorescent
dye FAM was bought from Shanghai Chutai
Biotechnology Co. Wright-Giemsa stain was
bought from Shanghai Yuanmu Biotech (Shan-
ghai, China), and TRIzovl reagent and Lipofecta-
mine 2000 transfection reagent were bought
from Invitrogen (Grand Island, NY, USA). SDS-
PAGE was bought from Sigma-Aldrich (St. Louis,
Missouri, USA). THPCR kit was bought from
Toyobo Scientific Research (Tokyo, Japan). PBS
buffer was bought from Beyotime Institute of
Biotechnology (Jiangsu, China). TRA2( small
interfering RNA (siRNA) was bought from Santa
Cruz Biotechnology (Shanghai, China).

Cell culture and proliferation

The frozen cells were thawed in a 37°C water
bath, and centrifuged at 4°C at 300 r/min. Ce-
lls were resuspended in modified RPMI-1640
medium containing 10% FBS. Cells in the loga-
rithmic growth period were diluted into 1 x 103
cells/mL. The agar was mixed thoroughly with
the medium (1:9), added to the plate, placed
at 25°C, and then inoculated with cell suspen-
sion mixture and 15 mL of 0.5% soft agar. The
plates were placed in a 37°C, 5% CO, incuba-
tor for 2 weeks to obtain the appropriate cell
density. The colony formation rate (%) = (num-
ber of colonies)/number of cells incubated) x
100%. This study was approved by the Ethics
Committee of the Second Affiliated Hospital of
Harbin Medical University.

miR-125a-5p gene transfection

The 2’-O-methyl oligonucleotide of miR-125a-
5p was synthesized by Biotech (Shanghai,
China): the forward sequence was 5-UCCCU-
GAGACCC UUUAACCUGUGA-3’ and the reverse
sequence was 5-UCA CAGGUUAAAGGGUCUC-
AGGGA-3’; the 2’-0-Me-scramble-5p sequence
was 5-GGACGGCGAUCAGAUAAGAGUUUCU-3'.
The fluorescent dye FAM was the fluorescent
tracer for oligonucleotides. The transfection
procedure was performed according to Lipo-
fectamine 2000 instructions. A cell volume of
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3 x 10* including modified RPMI-1640 medium
and 500 pL of 10% FBS was inoculated in
24-well plates and cultured to 70%-90%. A to-
tal of 100 pmol of oligonucleotides was added
to 50 yL Opti-MEM serum-free medium and
shaken to mix. Then, Opti-MEM serum-free me-
dium was used to dilute the Lipofectamine
2000 to 1:50. After shaking, it was let stand
for 5 min at 25°C. The above two dilutions were
mixed and the mixture was added to each well.
After incubation at 37°C for 5 h, 500 uL of
fresh modified RPMI-1640 medium replaced
the original medium. After incubating in the
incubator for 24 h, cells were observed by the
fluorescence bio-microscope (CX41-32RFL, Oly-
mpus Corporation, Tokyo, Japan). Lipofecta-
mine 2000 and PBS were added to create a
blank control group using the same protocol. To
interfere with TRA2[ protein expression, TRA2[3
siRNA (50 pmol) was added to the medium, and
the control group was treated with interference
fragment siNC.

Reverse transcription and qPCR analysis

TRIzovl reagent was added and the cultured
cells were harvested for extraction. The reverse
transcription kit was operated referring to the
ABI (Abilene, Texas, USA) reverse transcription
Kit instructions. Using cDNA as the template,
the reaction system and conditions were: 10 uL
deionized water, 1 pL, oligo (dT), 2 yL RNA incu-
bated at 16°C for 30 min, 2 pL deoxyribonucle-
otide triphosphate, 1 yL RNA inhibitor, 4 pL
loading buffer, incubated at 42°C for 30 min,
heated at 85°C for 5 min, rapidly cooled and
stored at 4°C. The fluorescence quantification
PCR was performed using TagMan Universal
PCR Master Mix 20 uL reaction system, oper-
ated on a Roche (Switzerland) LightCycler480
instrument, with B-action as the internal refer-
ence. Pre-denaturation, 10 min; denaturation
95°C for 15 s; annealing 60°C for 30 s, and
70°C for 30 s over 40 cycles of amplification
(Table 1).

Western blot analysis

A volume of 50 pg of cellular protein was sepa-
rated by 10% SDS-PAGE and transferred to a
polyvinylidene difluoride membrane, which was
incubated overnight at 4°C after TRA2[ diluted
1:3000 with rat anti-human monoclonal anti-
body. After washing three times with PBS, the
membrane was treated with horseradish perox-
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Table 1. Quantitative polymerase chain reaction prim-

ers and miRNA sequences

125a mRNA expression was increased (P
< 0.01). miR-125a-5p expression was the

Gene Primer, 5'—3’

highest in non-malignant QZG cells, while

miR-125a

Sense: CTATGTTTGAATGAGGCTTCAG
Antisense: CGCGTCGCCGCGTGTTTAAACG

HCC-LM3 expression was the lowest in
malignant cell lines, indicating that miR-
125a-5p could be related to HCC and

TRA2(3 Sense: TCTACTCGCAGGCGTCATGTTG miR-125a-5p was involved in regulation
Antisense: AGCTCAGCCCAAATACTCCAAGAC . P . .
) in HCC cells by transfection (Figure 1).
B-action Sense: ATCATGTTTGAGACCTTCAACA

Antisense: CATCTCTTGGTCGAAGTCCA

miRNA-125a 5p  ccctgagaccctttaacctgtga
miRNA-125a 5p-s ucccugagacccuuuaaccuguga

miR-125a-5p restrained the proliferation
of HCC cells

idase-conjugated goat anti-rat secondary anti-
body at a dilution of 1:3000 at 25°C for 30 min,
and then washed for removal of all uncoupled
Abs. Western blotting detection reagents were
used for staining and image optical density was
observed.

Transwell invasion assay in vitro

Cell invasion was measured using the Transwell
migration assay in vitro. The cells at a concen-
tration of 1 x 10° cells/mL were suspended
and 50 L of it was taken into the upper cham-
ber. A suspension of 50 uL was inoculated into
the upper chamber with 1 x 10% cells/mL.
RPMI-1640 medium containing 10% FBS was
placed in the lower chamber. After 24 h of in-
cubation, cells attached to the lower chamber
were fixed with 10% formalin and cell migration
was quantified by Giemsa staining.

Statistical analysis

SPSS 21.2 software was used and the data
were expressed as mean + standard deviation
and analyzed by data Student t-test. P < 0.05
indicated a significant difference. Graphpad
Prism 8 was used to illustrate the statistical
figures.

Results

The expression of Mir-125A-5p in HCC cells
was decreased

The mRNA expression was detected by qPCR.
Compared with the QZG cell lines, miR-125a-5p
expression was down-regulated in HepG2 and
HCC-LM3 cells (P < 0.01). Moreover, HCC-LM3
cells had the lowest expression, which was
related to the high metastasis ability of cell
lines. Compared with negative controls, miR-
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HepG2, HCC-LM3 and QZG cell lines were
transfected with miR-125a-5p. After re-
suspending growth in modified RPMI-1640
medium containing 10% FBS and culture in an
incubator at 37°C and 5% COz, the cells with
exponential were collected for colony formation
assay to evaluate the proliferation ability of
each cell line. The results showed that the cell
proliferation rates of HepG2, HCC-LM3 and
QZG cell lines transfected with miR-125a-5p
were significantly reduced, and the colony for-
mation assay showed that cell density was sig-
nificantly reduced compared with the negative
control group (P < 0.01, Figure 2).

miR-125a-5p restrained the migration of HCC
cells

Different miR-125a-5p and -5ps sequences
were transfected into cells, and Transwell anal-
ysis was used 48 h after transfection to explore
cell migration ability. The results showed that
the migration rate of HepG2 and HCC-LM3 cells
was significantly higher than that of QZG cells
(P < 0.05). miR-125a-5p transfection could sig-
nificantly inhibit cell migration compared to ne-
gative controls, while miR-125a-5p-s exhibited
inverse results (P < 0.01; Figure 3).

miR-125a-5p regulated TRA2[3

Western-blot results showed that TRA2B in
HCC-LM3 cells after miR-125a-5p transfection
were 0.13 + 0.24, which was lower than 0.44 +
8.78 in the negative control group (P < 0.01).
However, the TRA2p level increased significant-
ly by 0.68 + 0.13 in miR-125a-5p-s groups,
which was significantly higher than that of the
negative control group (P < 0.01). The miR-
125a-5p transfection down-regulated the TRA-
2B mRNA expression in HCC-LM3 cells, where-
as the opposite results were observed after
miR-125a-5p-s transfection (P < 0.01; Figure
4).
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Figure 1. RNA expression after transfection. Note: “*P < 0.01 for compared to NC; ##P < 0.01 compared to QZG NC.
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Figure 2. HCC-LM3 cell proliferation. Note: (A) Proliferation assay showed that transfection of miR-125a-5p inhibited
the proliferation rate of HCC-LM3 and HepG2 cells. The opposite results were observed after transfection of miR-

125a-5p-s (P < 0.01). (B) #*P < 0.01, compared with NC.

TRAZ2p inhibited the proliferation and migra-
tion of HCC

In order to elucidate and analyze the correla-
tion between TRA2B and HCC cell proliferation
and migration, TRA2B-specific siRNA was used
in HCC-LM3 cell lines. The results showed that
the addition of siRNA inhibitors significantly
reduced the colony formation and cell density
of HCC-LM3 cell lines (Figure 5A). Meanwhile,
Transwell analysis showed that siRNA inhibitors
also significantly reduced the migration ability
of cells (Figure 5B).
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Discussion

Aberrant miRNA expression was found to be
involved in the development and metastasis of
several cancers [8-12]. miR-125a has been sh-
own to inhibit the progression of breast cancer
cells, and has also been reported to predict the
onset of ovarian cancer [13, 14]. Also, miR-
125a is associated with the replication and
development of hepatitis B virus [15, 16]. It
has been found that miR-125a inhibits the
proliferation and migration of HCC cells by
vascular endothelial growth factor and regula-
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Figure 3. miR-125a-5p inhibited the migration of hepatocytes. Note: (A) miR-125a-5p transfection inhibited cell
migration, whereas the opposite results were detected upon transfection with miR-125a-5p-s. (B) #P < 0.01 com-

pared with NC.

tion of the mitochondrial membrane potential.
The phosphatidylinositol 3-kinase (PI3K)/AKT
pathway accelerates cell proliferation, invasion,
and migration [17]. Moreover, miR-21 has been
shown to inhibit HCC cells by modulating the
PIBK/AKT pathway [18].

HepG2 and HCC-LM3 cells have different me-
tastatic potentials in HCC, and HCC-LM3 cells
have greater migration and invasion ability than
HepG2 cells. This study showed that miR-125a-
5p was greatly decreased in HCC-LM3 cells
compared with HepG2 cells. QZG has hepato-
cellular specificity. The levels of miR-125a-5p in
the cells were changed by miR-125a-5p and
miR-125a-5p-s transfection. Transfection with
miR-125a-5p increased its level in HCC cells, as
miR-125a-5p-s decreased its level in hepatoma
cells. These results suggested that miR-125a-
5p was correlated with the invasion and migra-
tion ability of HCC cells. The expression of miR-
125a-5p in HCC cell lines with varying invasive
abilities was detected by immunohistochemis-
try, WB and gPCR. It has been demonstrated
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that HCC tissues show down-regulated miR-
125a-5p with high invasive capacity, suggest-
ing that miR-125a-5p expression was related
to invasion and migration of HCC and could be
used as a prognostic marker for patients with
HCC. The part of miR-125a-5p in HCC progres-
sion was further demonstrated.

In this study, Transwell assay was conducted to
verify the role of miR-125a-5p in the regulation
of proliferation and migration of HCC. Cell pro-
liferation assays can be performed to monitor
tumor growth after fixation and determine the
degree of malignancy, and in addition, there is
a correlation between the strength of invasive
capacity of tumor cells and the number of cell
colonies [19-21]. Tumor ability depends on the
ECM in which it grows; therefore, the Transwell
compartments that mimic the ECM are a reli-
able method to determine cell invasion capaci-
ty. In the present study, a significant decrea-
se in colony formation of hepatoma cells was
detected after miR-125a-5p overexpression,
while it was increased after inhibiting miR-

Am J Transl Res 2021;13(12):14074-14080
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Figure 4. Western Blot results. Note: (A) Western Blot images. (B) The ex-
pression of TRA2[ protein decreased in HCC-LM3 cells after miR-125a-5p
transfection, but increased after transfection with miR-125a-5p-s. #P <
0.01 compared with NC.
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Figure 5. Proliferation and migration after si-RNA inhibition. A. Inhibition of
cell proliferation after siRNA transfection. B. siRNA transfection inhibits cell
migration.

125a-5p. Meanwhile, the ov-
erexpression of miR-125a-5p
decreased and the migration
ability of HCC cells, whereas
after the inhibition of miR-
125a-5p, the results were in-
versed. The above data sug-
gest that the overexpression
of miR-125a-5p may inhibit
the progress of HCC.

It is shown that miR-125a-5p
regulates the invasion and mi-
gration of HCC, but the under-
lying mechanism remains to
be elucidated. This study sh-
owed that TRA2B mRNA and
protein levels decreased after
miR-125a-5p overexpression,
but levels were upregulated
after miR-125a-5p-stransfec-
tion. Therefore, miR-125a-5p
may inhibit HCC progression
by inhibiting the TRA2 path-
way. In order to confirm this
idea, the cells were transfect-
ed with siRNA. This showed
that the proliferation and mi-
gration of HCC decreased af-
ter inhibition of TRA2[( expres-
sion by si-TRA2[3 transfection.

In conclusion, miR-125a-5p ex-
pression can inhibit the prolif-
eration and migration of HCC,
which is related to its inhibi-
tion of TRA2[ protein expres-
sion. Therefore, miR-125a-5p
may be a new therapeutic tar-
get for HCC.
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