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1. Introduction

Hepatocellular carcinoma (HCC), a prevalent malig-
nant tumor, poses a significant mortality risk. The global
incidence of liver cancer continues to escalate!'’. Among
primary liver cancers, hepatocellular carcinoma stands
as the most prevalent, constituting approximately 90% of
cases, while intrahepatic cholangiocarcinoma and mixed
hepatocellular carcinoma contribute to a mere 10%>*. In
some developing regions of Asia, hepatitis B virus (HBV)
emerges as the primary culprit for HCC'. Early-stage
HCC lacks clinical significance and specific serum mark-
ers, resulting in challenges for timely intervention. As
HCC advances to later stages, the optimal window for
effective treatment diminishes, emphasizing the critical
importance of early detection”. Hence, there is an urgent
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Globally, Hepatocellular carcinoma (HCC) is recognized as a major
malignant tumor, being the 6th most common in terms of occurrence and
ranking third in mortality rates among all cancer types. Within China,
HCC is noted as the fourth most prevalent cancer and the second most
common cause of cancer-related fatalities. The difficulty in managing HCC
stems from its tendency to remain undetected due to a lack of symptoms
in the early stages, along with the current lack of both effective diagnostic
techniques and treatments for chemotherapy.

MiRNA, also referred to as microRNA, is a type of non-coding RNA
typically consisting of 19-22 nucleotides in length. Upon binding to the
mRNA of target genes, it functions to suppress mRNA translation or
induce mRNA degradation, thereby exerting regulatory control over gene
expression. Recent research increasingly suggests the pivotal involvement
of miRNA in the onset and progression of primary hepatic cells. Studies
exploring the association between miRNA and primary hepatic cell
carcinoma hold substantial clinical significance in elucidating the
pathogenesis, facilitating diagnosis, and advancing treatment modalities for
liver cancer.

need for a reliable serum biomarker to facilitate early di-
agnosis, treatment initiation, and enhanced prognosis for
liver cancer patients.

MicroRNAs (miRNAs), small non-coding sin-
gle-stranded RNAs within the human body, orchestrate
diverse biological activities by modulating downstream
target genes'®”. In recent years, the progressively unveiled
significance of miRNAs has shed light on their role in
tumor development, including breast cancer', prostate

191 and more. A substantial body of

cancer””, colon cancer
literature has emerged, exploring the potential of miRNAs
in cancer diagnostics and targeted drug research. This ar-
ticle provides a comprehensive overview of miRNAs and
their involvement in the development of hepatocellular

carcinoma (HCC). The objective is to deepen our under-

Research direction: Research on the basic pathogenesis of liver cancer;
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standing of the mechanisms underlying HCC development
and establish the groundwork for utilizing miRNAs as
molecular markers for HCC and potential targets for drug
intervention.

2. miRNA biology

In 1993, Ambros Laboratories reported the cloning
and developmental function of the first microRNA: lin-4,
marking a pivotal moment in gene exploration""’. In 2000,
Reinhart et al. demonstrated that another small non-cod-
ing RNA, called let-7 (for lethal-7), serves as a crucial
regulator in the developmental time series of stem cells in
the cryptic nematode Cryptomeria japonica'”"*. Notably,
let-7 was also identified as the first miRNA discovered in
humans!*'®. However, the miRase miRNA database cur-
rently catalogues 38,589 mature miRNAs, with over 2,000
sequences representing unique human miRNA genes. In
recent years, an increasing number of genes have become
implicated in developmental, physiological, and patholog-
ical processes!”.

MiRNAs are a class of small, non-coding, sin-
gle-stranded RNA molecules containing 19-25 nucle-
otides. miRNAs bind to the 3’ end of the target mRNA
molecule in response to the interaction of a number of pro-
teins, resulting in either inhibition of translation or specif-
ic cleavage of the mRNA molecule induced by the interac-
tion of the target mRNA with the target gene!"®'"”. One of
the most common modes of cleavage known to date is that
miRNAs proceed in an incomplete complementary form
with the target gene, thereby blocking it from the target
mRNA without causing any interference with its stability,
thus preventing its translation from proceeding. miRNAs
mainly regulate mRNAs as as initiating or repressing
factors involved in tumourigenesis and progression***” .
The fact that miRNAs are highly conserved across differ-
ent species makes this simple class of miRNAs have very
critical functions in life activities.

Since their discovery, miRNAs have garnered signif-
icant attention in basic medical research, owing to their
profound regulatory effects on gene expression and wide-
spread distribution in human tissues and body fluids"**".
This characteristic renders miRNAs promising diagnostic
markers and therapeutic targets in clinical practice. Nota-
bly, miRNAs are actively and passively secreted by tissue
cells, and those circulating in the bloodstream exhibit re-
markable stability, unaffected by factors such as repeated
freezing, pH changes, or RNA degradation. Furthermore,
studies indicate minimal gender and inter-individual vari-
ations in miRNA expression levels in peripheral blood.
These findings underscore the potential of peripheral
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blood miRNAs as superior diagnostic and therapeutic
tools. Presently, the utilization of miRNAs in diverse dis-
ease contexts is expanding"”.

3. miRNA expression and mechanism of action
in cancer

The miRNA-mediated regulation of gene expression
induces cellular stress in response to environmental
changes, such as starvation, hypoxia, oxidative stress, and
DNA damage™*". This phenomenon is closely associated
with human diseases, particularly cancer. MiRNAs in-
volved in cancer regulation can be categorized into onco-
genes (oncomiRs) and tumor suppressors. OncomiRs are
up-regulated in cancer, suppressing their target oncogenes,
while tumor suppressors are down-regulated in malignant
tumors, leading to the overexpression of their target on-
cogenes. Approximately 50% of miRNAs are located at
“fragile sites” in the genome, and many of them undergo
amplification or deletion in cancer™™ ",

Numerous miRNAs have been identified to be associ-
ated with cancer, with a single miRNA exerting effects on
multiple cancer types. For instance, the oncogene MiR-
155, a validated immune system oncogene™ ", has been
implicated in nasopharyngeal carcinoma and breast cancer
in recent studies”'. In vitro experiments have demon-
strated that the overexpression of miR-155 influences the
expression of transforming growth factor-beta receptor 2
(TGFPBR2), subsequently impacting the proliferation and
metastasis of gastric cancer cells®>*. Similarly, miR-21
is another miRNA exhibiting elevated expression in vari-
ous cancers. In ovarian cancer, miR-21 interacts with the
3’-UTR of PTEN mRNA"". In lung cancer, miR-21-5p
directly targets SMAD?7, resulting in a significant up-reg-
ulation of SMAD?7 in lung cancer tissues. Additionally,
the MiR-17~92 family has been demonstrated to be up-
regulated in various cancers™®.

MiR-15 and miR-16 function as oncogenes and are
located within the intron of the non-protein coding gene
LEU2. They act as tumor suppressors in approximately
68% of B-cell chronic lymphocytic leukemia (B-CLL)
cases and are associated with lymphoma of the condylo-
ma, multiple myeloma, and prostate cancer””**. The miR-
34 family comprises miR-34a and miR-34b/c, which are
direct transcriptional targets of p53 and are downregulated
in various cancers, including acute myeloid leukemia™*".
Conversely, in prostate cancer'*'), breast cancer'*”, and
renal cancer'*”’, miR-34 has been found to be upregulated,
resulting in tumor suppression by inhibiting cell cycle reg-
ulation, promoting apoptosis, and reducing cell invasion
and proliferation™.
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4. Mechanisms of miRNA action in hepatocellular
carcinoma

In conclusion, miRNAs exert a critical role in the pro-
gression of hepatocellular carcinoma and its related dis-
eases. On one hand, they can be targeted to impact viral
transcription, as exemplified by miR-199-3p and miR-201,
which can inhibit HBV replication'*’. Moreover, HCV
possesses two miR-5-binding sites at the RNA 122'UTR
of its genome, and binding of the miR-122/Ago2 complex
to these sites can stabilize viral RNA and inhibit its deg-
radation™™*®!. On the other hand, miRNAs can also con-
tribute to liver protection or influence the progression of
hepatocellular carcinoma by modulating hepatic fibrosis,
hepatic lipid metabolism, hepatic inflammation, alcoholic
liver disease, and non-alcoholic liver disease.

In liver tissues, oncogenic factors are present. miR-
221 is one of the most highly expressed miRNAs in HCC
tissues; its overexpression increased the tumorigenicity
of hepatic progenitor cells expressing p53-/-myc. In addi-
tion, miR-221 overexpression stimulated the growth of tu-
mourigenic murine hepatic progenitor cells targeting DNA
damage-inducible transcript 4 (mTOR pathway regulator
DDIT4)"”. miRNA-21 contributes to hepatocarcino-
genesis through the promotion of collagen synthesis and
fibrogenesis in the extracellular matrix in the liver'™, and
the expression level of miRNA-21 was increased in both
serum and tissues"**”, and the expression level was sig-
nificantly correlated with tumour progression significantly
correlated”"’. Correspondingly, oncogenic factors exist
in the liver. In HCC, miR-1, which targets MCL101, is
downregulated, thereby inducing apoptosis and delaying
tumour progression”>, miR-29 plays an important role as
an oncogenic factor in various cancers”, an in vivo HCC
study found that the inhibitory effect of miR-29 was due
to the suppression of IGF2BP1 proliferation, migration
and invasion in HCC cells®. Cheng et al.”” demonstrated
that miR-122 is a significant factor in HCC tissues and
cells. 122 was significantly inhibited in HCC tissues and
cell lines and targeted IGF-1R, ADAMI0 and pyruvate
kinase M2 (PKM2). And when miR-122 expression was
elevated, it reversed the oncogenicity and could hinder the
development of HCC in mice. miR-342-3p expression in
hepatocellular carcinoma cells showed a significant reduc-
tion in cell proliferation, migration and colony formation.
Monocarboxylate transporter protein 1 (MCT1) was iden-
tified as a bona fide target of miR-342-3p in HCC"®.

5. miRNA as a diagnostic marker for hepatocellular
carcinoma

There have been many discoveries of biomarkers that
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can be used for cancer diagnosis. For example, CEA
(carcinoembryonic antigen) can be used as a diagnostic
marker for colon cancer, increased PSA (prostate-specific
antigen) in prostate cancer has obvious diagnostic signif-
icance, as well as AFP and PIVKA-II in hepatocellular
carcinoma” . However, HCC markers are often not able
to achieve simple and effective diagnosis, and the sig-
nificance of persistently increased AFP in the diagnosis
of HCC is quite clear, but it is impossible for the general
public to monitor AFP for a long time. Long-term mon-
itoring of AFP has been reported to be negative in about
one-third of HCC patients. PIVKA-II is often used in the
assessment of HCC after surgical treatment °*. MiRNAs
can be released into the body fluids after necrosis, apopto-
sis and rupture of the cell, or released into the body fluids
in tumors, allowing miRNAs to be easily detected and an-
alyzed in both normal and cancerous cells””. So miRNAs
have greater application prospects in tumor diagnosis®”.In
addition miRNAs have certain tissue specificity. In human
tissue biopsies of different organs, the expression of miR-
NAs has certain differences®’’. Hong Z et al’®" investigat-
ed the potential utility of circulating miR-122 and let-7 in
the diagnosis of early hepatocellular carcinoma, and their
sensitivity was comparable to that of AFP based on the se-
rum levels of patients with precancerous nodules of HBV
and early hepatocellular carcinoma. Circulating miRNAs
are stable in peripheral blood, and miRNAs in tissues will
show specificity and therefore are more useful biomarkers
for circulating miRNA assessment of HCC.

6. Summary and outlook

MiRNAs serve not only as markers for clinical diag-
nosis but also as independent prognostic factors and dis-
criminators between early and late tumor stages in certain
cancers. Furthermore, they play a crucial role in molecular
targeted therapy and tumor immunotherapy'®”. Presently,
miRNA mimics are employed to supplement tumor sup-
pressor miRNAs or inhibit tumors using anti-miRs. How-
ever, further in-depth studies are required to translate this
therapeutic approach into clinical practice.

References

[1] Pifiero F, Dirchwolf M, Pess6a MG. Biomarkers
in Hepatocellular Carcinoma: Diagnosis, Progno-
sis and Treatment Response Assessment. Cells.
2020;9(6):1370. Published 2020 Jun 1.

[2] Oura K, Morishita A, Masaki T. Molecular and Func-
tional Roles of MicroRNAs in the Progression of
Hepatocellular Carcinoma-A Review. Int J Mol Sci.
2020;21(21):8362. Published 2020 Nov 7.

DOI: https://doi.org/10.26549/jams.v7i1.15782 3


https://doi.org/10.26549/jams.v7i1.15782

Journal of Advances in Medicine Science | Volume 07 | Issue 01 | April 2024

[3] Wei L, Wang X, Lv L, et al. The emerging role of
microRNAs and long noncoding RNAs in drug re-
sistance of hepatocellular carcinoma. Mol Cancer.
2019;18(1):147. Published 2019 Oct 25. doi:10.1186/
$12943-019-1086-z

[4] Sung H, Ferlay J, Siegel RL, et al. Global cancer sta-
tistics 2020:GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin, CA Cancer J Clin. 2021;71(3):209-
249.

[5] Anwanwan D, Singh SK, Singh S, Saikam V, Singh
R. Challenges in liver cancer and possible treatment
approaches. Biochim Biophys Acta Rev Cancer.
2020;1873(1):188314.

[6] Oura K, Morishita A, Masaki T. Molecular and Func-
tional Roles of MicroRNAs in the Progression of
Hepatocellular Carcinoma-A Review. Int J Mol Sci.
2020;21(21):8362.

[71 Han TS, Hur K, Cho HS, Ban HS. Epigenetic As-
sociations between IncRNA/circRNA and miRNA
in Hepatocellular Carcinoma. Cancers (Basel).
2020;12(9):2622. Published 2020 Sep 14.

[8] Sengupta D, Deb M, Kar S, et al. Dissecting miRNA
facilitated physiology and function in human breast
cancer for therapeutic intervention. Semin Cancer
Biol. 2021;72:46-64.

[9] Sancer O, Kosar PA, Tefebas1 MY, Ergiin O,
Demir M, Kosar A. Determination of miRNA ex-
pression profile in patients with prostate cancer
and benign prostate hyperplasia. Turk J Med Sci.
2022;52(3):788-795.

[10] Gebrekiristos M, Melson J, Jiang A, Buckingham
L. DNA methylation and miRNA expression in
colon adenomas compared with matched normal
colon mucosa and carcinomas. Int J Exp Pathol.
2022;103(3):74-82.

[11] Lee RC, Feinbaum RL, Ambros V The C elegans het-
erochronic gene lin-4 encodes small RNAs with anti-
sense complementarity to lin-14. Cell. 1993;75:843—
854.

[12] Reinhart BJ, Slack FJ, Basson M, et al. The 21-nu-
cleotide let-7 RNA regulates developmental timing
in Caenorhabditis elegans. Nature,2000. February
24;403(6772):901-906.

[13] Slack FJ, Basson M, Liu Z, et al. The lin-41 RBCC
gene acts in the C. elegans heterochronic pathway
between the let-7 regulatory RNA and the LIN-29
transcription factor. Mol Cell. 2000. 5(4):659—669

[14] Gilles ME, Slack FJ. Let-7 microRNA as a potential
therapeutic target with implications for immunothera-
py. Expert Opin Ther Targets. 2018 Nov;22(11):929-

4 Distributed under creative commons license 4.0

939.

[15] Lee RC, Feinbaum RL, Ambros V. The C. elegans
heterochronic gene lin-4 encodes small RNAs with
antisense complementarity to lin-14. Cell. 1993. De-
cember 3;75(5):843-854.

[16] Reinhart BJ, Slack FJ, Basson M, et al. The 21-nu-
cleotide let-7 RNA regulates developmental timing
in Caenorhabditis elegans. Nature. 2000. February
24;403(6772):901-906.

[17] Kozomara A., Birgaoanu M., Griffiths-Jones S.
miRBase: From microRNA sequences to function.
Nucleic Acids Res. 2019;47:D155-D162. [18]Hill
M, Tran N. miRNA interplay: mechanisms and con-
sequences in cancer. Dis Model Mech. 2021 Apr
1;14(4):dmm047662. Yoon, A. J., Wang, S., Kutler, D.
L., Carvajal, R. D., Philipone, E., Wang, T., Peters, S.
M., Laroche, D., Hernandez, B. Y. and Mcdowell, B.
D. (2020)

[18] Ha M, Kim VN. Regulation of microRNA biogene-
sis. Nat Rev Mol Cell Biol. 2014;15:509-24.

[19] Oura K, Morishita A, Masaki T. Molecular and Func-
tional Roles of MicroRNAs in the Progression of
Hepatocellular Carcinoma-A Review. Int J Mol Sci.
2020 Nov 7;21(21):8362. [24]Esquela-Kerscher A.,
Slack F.J.J. Oncomirs—microRNAs with a role in
cancer. Nat. Rev. Cancer. 2006;6:2596-2599.

[20] Esquela-Kerscher A., Slack F.J.J. Oncomirs—mi-
croRNAs with a role in cancer. Nat. Rev. Cancer.
2006;6:2596-2599. doi: 10.1038/nrc1840.

[21] Bartel D.P.P. MicroRNAs: Genomics, biogenesis,
mechanism, and function. Cell. 2004;116:281-297.

[22] Hill M, Tran N. miRNA interplay: mechanisms and
consequences in cancer. Dis Model Mech. 2021 Apr
1;14(4):dmm047662. doi: 10.1242/dmm.047662.
Epub 2021 Apr 15. PMID: 33973623; PMCID:
PMC8077553.

[23] Liu R, Chen Y, Liu G, et al. PI3K/AKT pathway as a
key link modulates the multidrug resistance of can-
cers, Cell Death Dis. 2020;11(9):797

[24] Ali Syeda Z, Langden SSS, Munkhzul C, Lee M,
Song SJ. Regulatory Mechanism of MicroRNA
Expression in Cancer. Int J Mol Sci. 2020 Mar
3;21(5):1723.

[25] Trabucchi, M. and Mategot, R. (2019). Subcellular
heterogeneity of the microRNA machinery. Trends
Genet. 35, 15-28. 10.1016/j.tig.2018.10.006

[26] Di Leva G., Garofalo M., Croce C.M. MicroRNAs
in cancer. Annu. Rev. Pathol. 2014;9:287-314. doi:
10.1146/annurev-pathol-012513-104715

[27] varez-Garcia V, Tawil Y, Wise HM, et al. Mecha-
nisms of PTEN loss in cancer: It’s all about diversity.

DOI: https://doi.org/10.26549/jams.v7i1.15782


https://doi.org/10.26549/jams.v7i1.15782

Journal of Advances in Medicine Science | Volume 07 | Issue 01 | April 2024

Semin Cancer Biol. 2019;59:66-79

[28] Monya, B., 2010. MicroRNA profifiling: separating
signal from noise. Nat. Methods 7, 687-692.

[29] Tili E, Croce CM, Michaille JJ. (2009). miR-155: on
the crosstalk between inflammation and cancer. Int
Rev Immunol, 28(5):264-84

[30] Vigorito E, Kohlhaas S, Lu D, et al. (2013). miR-
155: an ancient regulator of the immune system. Im-
munol Rev, 253(1):146-57

[31] Lao TD, Nguyen MT, Nguyen DH, Le TAH. Upregu-
lation of miRNA-155 in Nasopharyngeal Carcinoma
Patients. Iran J Public Health. 2021 Aug;50(8):1642-
1647. PMID: 34917535; PMCID: PMC8643532.

[32] Qu, Y., Zhang, H., Sun, W., Han, Y., Li, S., Qu, Y.,
... Ba, Y. (2018).MicroRNA-155 promotes gastric
cancer growth and invasion by negatively regulating
transforming growth factor-f§ receptor 2. Cancer Sci-
ence, 109(3), 618-628

[33] Saliminejad K, Khorram Khorshid HR, Soleymani
Fard S, Ghaffari SH. An overview of microRNAs:
Biology, functions, therapeutics, and analysis meth-
ods. J Cell Physiol. 2019 May;234(5):5451-5465.

[34] Liu HY, Zhang YY, Zhu BL, Feng FZ, Yan H, Zhang
HY, Zhou B. miR-21 regulates the proliferation and
apoptosis of ovarian cancer cells through PTEN/
PI3K/AKT. Eur Rev Med Pharmacol Sci. 2019
May;23(10):4149-4155. PMID: 31173285.

[35] Tang J, Li X, Cheng T, Wu J. miR-21-5p/SMAD7
axis promotes the progress of lung cancer. Thorac
Cancer. 2021 Sep;12(17):2307-2313.

[36] Liao, Y.C., Lin, T.H., Chen, C.Y., Lin, S.B., Au, L.C.,
2014. The antileukemia activity of natural product
HQ17(3) is possibly associated with downregula-
tion of miR-17-92 cluster. Biomed. Res. Int. 2014,
306718.

[37] Farsad K, Nabavizadeh N, Kardosh A, et al. Com-
bined locoregional and systemic therapy for ad-
vanced hepatocellular carcinoma: finally, the future
is obscure. Ann Transl Med. 2020;8(24):1700.

[38] Ageilan, R.I., Calin, G.A., Croce, C.M., 2010. miR-
15a and miR-16-1 in cancer: discovery, function and
future perspectives. Cell Death Differ. 17, 215-220.

[39] Wang C, Jia Q, Guo X, Li K, Chen W, Shen Q, Xu
C, Fu Y. microRNA-34 family: From mechanism to
potential applications. Int J Biochem Cell Biol. 2022
Mar;144:106168. doi: 10.1016/j.biocel.2022.106168.
Epub 2022 Jan 24. PMID: 35085803.

[40] Liu, L., Ren, W., & Chen, K. (2017). MiR-34a pro-
motes apoptosis and inhibits autophagy by targeting
HMGBI in acute myeloid leukemia cells. Cellular
Physiology and Biochemistry, 41(5), 1981-1992.

Distributed under creative commons license 4.0

[41] Fu W, Hong Z, You X, Din J, Chen B, Zhao B, Yuan
G, Li Q. Enhancement of anticancer activity of
docetaxel by combination with Fuzheng Yiliu decoc-
tion in a mouse model of castration-resistant prostate
cancer. Biomed Pharmacother. 2019;118:109374.

[42] Imani S, Wu RC, Fu J. MicroRNA-34 family in
breast cancer: from research to therapeutic potential.
J Cancer. 2018 Sep 28;9(20):3765-3775.

[43] Sun D, Li H, Cao M, et al. Cancer burden in China:
trends, risk factors and prevention. Cancer Biol Med.
2020;17(4):879-895.

[44] Bai X, Zheng L, Xu Y, Liang Y, Li D. Role of mi-
croRNA-34b-5p in cancer and injury: how does it
work? Cancer Cell Int. 2022 Dec 1;22(1):381.

[45] Zhang G.L., Li Y.X., Zheng S.Q., Liu M., Li X., Tang
H.H. Suppression of hepatitis B virus replication by
microRNA-199a-3p and microRNA-210. Antivir.
Res. 2010;88:169-175.

[45] Niepmann M., Shalamova L.A., Gerresheim G.K.,
Rossbach 0.0. Signals involved in regulation of
hepatitis C virus RNA genome translation and repli-
cation. Front. Microbiol. 2018;9:395.

[46] Niepmann M., Gerresheim G.K.K. Hepatitis C virus
translation regulation. Int. J. Mol. Sci. 2020;21:2328.

[47] Pineau P., Volinia S., McJunkin K., Marchio A., Bat-
tiston C., Terris B., Mazzaferro V., Lowe S.W., Croce
C.M., Dejean A.A. miR-221 overexpression contrib-
utes to liver tumorigenesis. Proc. Natl. Acad. Sci.
USA. 2010;107:264-2609.

[48] Luo X., Zhang D., Xie J., Su Q., He X., Bai R., Gao
G., Pan W.W. MicroRNA-96 Promotes Schistosomi-
asis hepatic fibrosis in mice by suppressing Smad7.
Mol. Methods Clin. Dev. 2018;11:73-82.

[49] Zhang T., Yang Z., Kusumanchi P., Han S., Liang-
punsakul S.S. Critical role of microRNA-21 in the
pathogenesis of liver diseases. Front. Med. (Laus-
anne) 2020;7:7.

[50] Guo X., Lv X., Lv X., Ma Y., Chen L., Chen Y.Y.
Circulating miR-21 serves as a serum biomarker for
hepatocellular carcinoma and correlated with distant
metastasis. Oncotarget. 2017;8:44050-44058.

[51] Zhang T, Yang Z, Kusumanchi P, Han S, Liangpun-
sakul S. Critical Role of microRNA-21 in the Patho-
genesis of Liver Diseases. Front Med (Lausanne).
2020 Jan 31;7:7. doi: 10.3389/fmed.2020.00007.
PMID: 32083086; PMCID: PMC7005070.

[52] Su H., Yang J.R., Xu T., Huang J., Xu L., Yuan Y.,
Zhuang S.M.M. MicroRNA-101, down-regulat-
ed in hepatocellular carcinoma, promotes apop-
tosis and suppresses tumorigenicity. Cancer Res.
2009;69:1135-1142.

DOI: https://doi.org/10.26549/jams.v7i1.15782 5


https://doi.org/10.26549/jams.v7i1.15782
http://10.1016/j.biocel.2022.106168
http://10.3389/fmed.2020.00007

Journal of Advances in Medicine Science | Volume 07 | Issue 01 | April 2024

[53] Kwon J.J., Factora T.D., Dey S., Kota J.J. A system-
atic review of miR-29 in Cancer. Mol. Ther. Oncolyt-
ics. 2019;12:173-194.

[54] Yang J, Gong X, Yang J, Ouyang L, Xiao R, You X,
Ouyang Y. Suppressive role of microRNA-29 in he-
patocellular carcinoma via targeting IGF2BP1. Int J
Clin Exp Pathol. 2018 Mar 1;11(3):1175-1185.

[55] Cheng D., Deng J., Zhang B., He X., Meng Z., Li
G., Ye H,, Zheng S., Wei L., Deng X., et al. LncRNA
HOTAIR epigenetically suppresses miR-122 expres-
sion in hepatocellular carcinoma via DNA methyla-
tion. EBioMedicine. 2018;36:159-170.

[56] Komoll RM, Hu Q, Olarewaju O, von Ddhlen L,
Yuan Q, Xie Y, Tsay HC, Daon J, Qin R, Manns
MP, Sharma AD, Goga A, Ott M, Balakrishnan
A. MicroRNA-342-3p is a potent tumour suppres-
sor in hepatocellular carcinoma. J Hepatol. 2021
Jan;74(1):122-134.

[57] Dharanija, M., Katarina, C., Burwinkel, B., Rongxi,
Y., 2013. Cancer diagnosis and prognosis decoded by
blood-based circulating microRNA signatures. Front.
Genet. 4, 116-127.

6 Distributed under creative commons license 4.0

[58] Hu X, Chen R, Wei Q, Xu X. The Landscape Of Al-
pha Fetoprotein In Hepatocellular Carcinoma: Where
Are We? Int J Biol Sci. 2022 Jan 1;18(2):536-551.

[59] Ludwig, N., Leidinger, P., Becker, K., Backes, C.,
Fehlmann, T., Pallasch, C., Keller, A. (2016). Distri-
bution of miRNA expression across human tissues.
Nucleic Acids Research, 44(8), 3865-3877.

[60] Ho PTB, Clark IM, Le LTT. MicroRNA-Based
Diagnosis and Therapy. Int J Mol Sci. 2022 Jun
28;23(13):7167. doi: 10.3390/ijms23137167.

[61] Hung C.H., Hu T.H., Lu S.N., Kuo F.Y., Chen C.H.,
Wang J.H., Huang C.M., Lee C.M., Lin C.Y., Yen
Y.H., et al. Circulating microRNAs as biomarkers
for diagnosis of early hepatocellular carcinoma
associated with hepatitis B virus. Int. J. Cancer.
2016;138:714-720.

[62] Febit Holding GmbH, 2012. miRNA in the diagnosis
of ovarian cancer. EP 2531611.Flavie, S., Marion,
G., Hubert, L., Louis, B., Pierre, C., 2013. Targeting
miR-21 for the therapy of pancreatic cancer. Mol.
Ther. 21, 986-994.

DOI: https://doi.org/10.26549/jams.v7i1.15782


https://doi.org/10.26549/jams.v7i1.15782
http://10.3390/ijms23137167

