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Abstract: Hepatocellular carcinoma (HCC) is
one of the most common malignant tumors in
clinical practice. The pathogenesis of HCC is still
unclear. Currently, the clinical treatment of HCC is
poorly targeted and the therapeutic effect is poor.
MicroRNAs (miRNAs) are closely related to the
occurrence of HCC, and they are mainly involved
in the occurrence and development of HCC through
binding to target genes or acting on related signaling
pathways. In recent years, studies have shown
that miRNA can be used as a potential biomarker
for diagnosis and prognosis of HCC. In addition,
studies have also shown that miRNA plays a tumor-
suppressing or tumor-promoting role in the process of
HCC by regulating the biological processes of tumor
cell proliferation, migration, invasion and metastasis.
In this paper, the recent studies on miRNA signaling
pathways related to the occurrence and development
of HCC were reviewed, with a view to providing
ideas for the clinical diagnosis and treatment of HCC.
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As a small single-stranded RNA molecule with a
length less than 200nts in non-coding RNA, miRNA
can act on target mRNAs based on the principle
of sequence complementarity to control gene
expression, play a role in gene regulation, and play a
non-negligible role in transcription and translation.
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From the neglect of miRNAs when they were first
discovered to the widespread attention now, miRNAs
have attracted much attention in the field of gene
regulation and molecular targeted therapy in life
science research in just 20 years, and continue to
attract the attention of the scientific community.
The research on HCC mainly focuses on the levels
of cells, signaling pathways and genes. In recent
years, the research on cell signaling pathways has
become a hot topic. Current studies have shown
that Notch signaling pathway, VEGF signaling
pathway, Hedgehog signaling pathway, Wnt/B-catenin
signaling pathway, PI3K/Akt signaling pathway,
Hippo signaling pathway and so on are the major
signaling pathways related to HCC occurrence. This
paper in recent years were reviewed and the Wnt/
B-catenin, PI3K/AKT, Hippo signaling pathways
relevant miRNA research, and the function of miRNA
and its molecular mechanisms are summarized and
expounded the miRNA value in the diagnosis and
treatment of HCC, To explore how miRNA plays a
role in Wnt/B-catenin, PI3K/Akt and Hippo signaling
pathways to regulate the occurrence of HCC, so
as to provide help for the diagnosis, treatment and
prognosis evaluation of HCC in clinical practice.

1 Overview of miRNA function

MiRNA is a class of small non-coding single-
stranded RNA molecules existing in organisms. Its
main function is to recognize the 3 'untranslated
regions (3' -UTR) at the 3 'end of target mRNA, and
its specific binding affects target mRNA expression
through the following two mechanisms: one is
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to cause target mRNA degradation, the other is
translation inhibition'". Studies have pointed out that
miRNA inhibits the expression of target genes and
plays an important role in the regulation of a series
of life activities, such as proliferation, differentiation
and apoptosis in the process of cell development,
especially when cancer occurs™. As an important
regulatory factor involved in the occurrence of
HCC, miRNA can not only regulate the expression
of oncogenes, but also interact with tumor inhibitors
and play different feedback roles in the process of
promoting and suppressing cancer.

2 Different signaling pathways are associ-
ated with miRNAs

2.1 Wnt/B-catenin signaling pathway-related
miRNAs

Wnt/B-catenin signaling pathway is one of the
intracellular signal transduction pathways involved in
the regulation of tumorigenesis, which is particularly
critical in the occurrence of HCC. The Wnt/B-catenin
signaling pathway is mainly composed of Wnt
proteins, transmembrane receptors, cytoplasmic
proteins, nuclear transcription factors, downstream
target genes, etc.

Wntl is a key upstream molecule of the Wnt/
B-catenin signaling pathway. When the Wntl protein
molecules bind to the Frizzled receptor proteins,
the Wntl pathway is activated, causing a complex
cascade reaction. Wntl protein expression was found
to be increased in HCC tissues and cell lines, and
Wntl protein antibody can reduce the proliferation
and viability of HCC cell lines HUH7 and Hep40,
induce tumor cell apoptosis, inhibit the classical Wnt
signaling pathway, but have no effect on the growth
of normal liver cells, indicating that Wntl is closely
related to the occurrence of HCC"'. Studies have
shown that miR-122 can target Wntl, down-regulate
Wntl expression, affect Wnt/B-catenin pathway
signal transduction, and regulate the occurrence of
liver cancer™.

Frizzled is one of the important transmembrane
receptor proteins of the Wnt/B-catenin signaling
pathway. It mainly combines with Wnt proteins and
activates the Wnt/B-catenin signaling pathway. MiR-
1324 directly targets FZDS5 mRNA to inhibit the
activation of Wnt/B-catenin signaling pathway in liver
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GSK-3pB is an important member of the Wnt /
B-catenin signaling pathway, which can degrade
B-catenin by phosphorylation at Ser33, Ser37 and
Thr41. In vitro experiments have confirmed that miR-
1246 and miR-26a-5p can directly bind to GSK-
3BmRNA, inhibit its post-transcriptional translation,
and thus promote the activation of B-catentin pathway,
was negatively correlated with the clinical stage and
prognosis of the tumor'®. MiR-500a can directly bind
GSK-38 mRNA and SFRp2's 3 '-UTR, and at the
same time enhance the binding of Wnt proteins to the
Frizzled receptor, reduce the degradation of B-catenin,
and enhance the activation of downstream targets of
the Wnt pathway'”.

By tumor antigen MA1 (PNMAL) is the control
factor of the B-catenin, can activate the Wnt/B-catenin
signaling pathway, promote the occurrence of HCC
cells EMT, compared to normal tissue, PNMA1
expression in HCC, and rise in PNMA1 with HCC
Edmondson-Steiner grading and closely related
BCLC staging, and poor prognosis in patients with
HCC, miR-a-5p33 is the transcription regulatory
factors, involved in the upstream of PNMAI
regulation, raise miR-a-5p33 expression, at the same
time, down-regulation of PNMAT1 expression can be
used as a new method of HCC gene therapy'.

Overexpression of miR-186 can inhibit the
accumulation of B-catenin and block the activation
of Wnt/B-catenin signal in HCC cells, It plays
an important role in regulating the proliferation,
migration and invasion of hepatoma cells, MCRS1
is a new target of miR-186, MCRS1 mandatory
expression can inhibit the miR-186 regulation role
in cell growth and metastasis of liver cancer, and
prevent miR-186 for Wnt/B-catenin signal blocking
effect, thus miR-186 / MCRS1 may become the new
therapeutic targets for HCC"',

2.2 PI3K/AKT signaling pathway-related miRNAs

The PI3K/Akt signaling pathway is mainly composed
of posphatidylinositide 3-kinases (PI3K/Akt) protein
kinase B(PKB, Akt). As one of the many mechanisms
regulating cell cycle and apoptosis, the PI3K/Akt
signaling pathway is malregulated by one component
of the pathway, which may cause the occurrence of
tumors!"”,

Insulin-like growth factor 1 (IGF-1R) receptor
is a key upstream molecule, which can promote
carcinogenesis of hepatocytes through activation
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of PI3K/Akt signaling pathway, and IGF-1R
overexpression is closely related to the occurrence,
development and metastasis of HCC''"). Restoration of
miR-133a expression in HepG2 cells can inhibit cell
proliferation, metastasis and invasion. Bioinformatics
analysis and luciferase detection proved that IGF-
1 was a direct target, and overexpression of miR-
133a inhibited the activation of Akt and inhibited
the growth of tumor cells'"”. DLEU1 can act as an
oncogenic IncRNA, regulate IGF-1R and PI3K/ Akt
pathway by regulating miR-133a expression in HCC,
and knock out DLEUI can inhibit the progression
of HCC by regulating the miR-133a/IGF-1R axis'"”.
MiR-342-3p inhibited the proliferation of HCC cells
by directly targeting IGF-1R, thereby inhibiting the
PI3K/Akt/GLUT]1 axis mediated glycolysis'*. MiR-
944 also targets the expression of IGF-1R and the
activation of PI3K/Akt pathway, and inhibits the
proliferation of liver cancer cells"”.

Mammals target of rapamycin (mTOR), a
target molecule of rapamycin, belongs to PI3K
related kinase family, and can regulate cell growth,
proliferation and cell cycle. MiR-511 was significantly
down-regulated in HCC cells, and the overexpressed
miR-511 could inhibit the phosphorylation of Akt /
mTOR, thus inhibiting the growth of HCC cells".
MiR-100 can promote autophagy in liver cancer cells
by reducing mTOR and its receptor levels"”.

By targeting protein tyrosine phosphatase gene
(PTEN), miR-155-5p activates PI3K/Akt pathway
and promotes the proliferation, metastasis and
invasion of HCC cells, proving that miR-155-5p plays
a crucial role in the progression of HCC and may
become a new target for the diagnosis or treatment of
HCCJ[18]. MiR-494-3p also promotes the metastasis
of HCC cells by directly inhibiting the expression of
PTEN, providing a new target for HCC gene targeted
therapy. Moreover, miR-494-3p is highly expressed
in HCC tissues, and may also be used as a biomarker
to evaluate the prognosis of HCC patients'”.

MiR-1296 can directly target arginine-serine
protein kinase 1 (SRPK1), reduce the expression of
SRPK1, affect the activation of PI3K/Akt signaling
pathway, inhibit the migration, invasion and EMT
process of HCC cells, and the combination of miR-
1296 and SRPK1 expression level can be used as a
potential indicator for predicting the prognosis of
HCC patients™".
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The expression of macrophage colony stimulating
factor (MCSF) in liver cancer was determined by
enzyme-linked immunosorbent assay, and using
cell migration analysis to explore the liver cancer
cells of macrophage, the influence of was studied
by immunohistochemical miR-26a and MCSF
expression, the relationship between the find miR-
26a can pass a targeted the expression of PI3K/AKT
signal pathway cut MCSF which affects the liver
cancer cell autophagy"".

2.3 Hippo signaling pathway-related miRNAs

Hippo signal transduction is a major tumor
suppressive pathway discovered in recent years,
and plays a key role in inhibiting the proliferation,
development and carcinogenesis of HCC””. Hippo
LATS kinase signaling pathways first activated cells,
then inhibit YAP transcriptional activity, achieve
YAP phosphorylation”!, phosphorylation of the
nuclear effect of YAP is the Hippo pathway, it with
Src homology phosphoric acid tyrosine phosphatase
2 (SHP2) interaction, which can control cell
proliferation and survival, the effect on each other
and further activate the Hippo signaling pathways
downstream of small molecules, to play a role of
tumorigenic together, regulation of cell proliferation,
differentiation, inducing liver cells arise’™

As a core factor of Hippo signaling pathway,
LATSI plays a key role in regulating the expression
of downstream oncogene YAP, and lowering the
expression of LATS1 can inhibit Hippo signaling™".
MiR-29C-3p plays a tumor suppressor role in HCC,
inhibiting the expression of DNMT3b and promoting
the demethylation of LATS1, thereby activating the
Hippo signaling pathway to inhibit the development
of HCC™®. GPC3, the target protein of miR-520c-3p,
has a regulatory effect on YAP, and Hoxa-As2 can
promote the migration and invasion of HCC cells,
and overexpression of miR-520c-3p can reduce the
oncogenic effect of Hoxa antisense RNA2 (Hoxa-As2)
in HCC cells, and inhibit the proliferation, invasion
and migration of HCC cells®”.

As an oncogenic gene, overexpression of miR-
665 can promote the proliferation, migration and
invasion of HCC, and protein tyrosine phosphatase
receptor type B(PTPRB) is the direct target of
miRNA-665, miRNA-665 specifically binding with
PTPRB activates Hippo signaling pathway, plays a
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role in carcinogenesis, and inhifies the expression of
miR-665, which may become a potential therapeutic
method for HCC™?,

3 Summary and outlook

MiRNA acts on Wnt/B-catenin, PI3K/Akt, Hippo and
other cell signaling pathways through various ways,
and is involved in the regulation of the occurrence,
metastasis and invasion of HCC, providing a strong
theoretical basis for the clinical promotion of effective
treatment of HCC, and providing a new reference
for improving the efficiency of chemotherapy drug
therapy and improving the prognosis of HCC patients.
With the further improvement of subsequent studies
and the further promotion of miRNA detection, it is
of unpredictable value to establish a complete HCC
gene database and determine the clinicopathological
classification of HCC, so as to provide personalized
treatment plans for HCC patients and carry out
reasonable prognosis assessment. According to the
current studies, detection of the expression of related
miRNA in serum can be used as a new method for
clinical diagnosis of HCC in the future, and miRNA
modulator combined with chemotherapy drugs can be
used as the most potential regimen for the treatment
of HCC.
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