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Abstract. Hepatocellular carcinoma (HCC) is a life-threat-
ening cancer of the digestive system, with complex pathogenesis
affected by a broad spectrum of genetic and epigenetic
factors. Among several factors, microRNAs (miRNAs),
which are considered regulators of the post-transcriptional
gene expression, play important roles in determining the
malignant phenotype of HCC. In recent years, the advances
in molecular genetics have resulted in the characterization of
complex genetic factors and in the identification of epigenetic
mechanisms of diseases. Accumulating data have suggested
that miRNA polymorphisms are involved in tumorigenesis
and prognosis, suggesting that the miRNAs may serve as a
target for HCC with regard to pathogenesis and prognosis. In
the present review, a comprehensive and detailed literature
search was conducted and the role of miRNA polymorphisms
in the pathogenesis and prognosis of HCC is summarized. The
data proposed the use of miRNAs as targets for the diagnosis
and treatment of HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors. It ranks sixth in incidence and fourth in
mortality among other types of cancer (1). HCC exhibits
poor prognosis mainly due to its undetectable symptoms at
the early stages of the disease and high risk of intrahepatic
and extrahepatic metastasis during progression. Early diag-
nosis is a major challenge, due to the lack of a diagnostic
target/biomarker allowing specific and sensitive detection of
HCC prior to the observation of clear clinical symptoms. The
most common marker for the clinical diagnosis of liver cancer
is a-fetoprotein (AFP). However, only a small proportion of
liver cancer cases present with abnormal AFP serum levels at
an early stage (10-20%) (2). AFP-based methods are unsuit-
able for early diagnosis of patients with AFP-negative HCC
in the clinic. Therefore, specifically optimized markers are
urgently required for targeting AFP-negative HCC cases. In
addition to AFP, several markers have been used for the early
detection of HCC (summarized in Table I) (3-7). However, no
optimal biomarker has yet been identified.

The occurrence and progression of liver cancer is
closely associated with the expression levels of microRNAs
(miRNAs/miRs), which can be abnormally regulated by
epigenetic modifications, such as alterations in DNA meth-
ylation, RNA and histone modifications, ultimately leading to
malignant cell transformation. miRNAs are short non-coding
single-stranded RNAs that regulate gene expression by binding
to the target sites of the 3' untranslated region (3'UTR) of
mRNAs. Numerous studies have revealed that the single-nucle-
otide polymorphisms (SNPs) in miRNA processing machinery
genes can affect tumor risk, curative efficacy and prognosis by
regulating various signaling pathways (8). The specific genetic
variants involved in the miRNA machinery genes disrupt
miRNA-dependent regulation by affecting the transcription of
the primary transcript and pri/pre-miRNA processing to alter
gene expression and susceptibility in cancer (9).

The literature search demonstrated 18 distinct miRNAs
with polymorphisms that were specifically associated with
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HCC (summarized in Tables II and III). The roles of 7 selected
miRNA polymorphisms were examined in the pathogenesis and
prognosis of HCC. Subsequently, the applications of miRNA
polymorphisms as biomarkers for diagnostic and therapeutic
targets were explored. Potential improvements in the sensitivity
of these markers may include combined multi-target detection.

2. miR-196a2 polymorphism

miR-196a2 rs11614913 can affect the expression of mature
miRNAs and target genes, including homeobox (HOX) and
annexin Al (ANXA1). In various physiological and patholog-
ical processes, the HOX gene encodes important transcription
factors, while the ANXAT1 gene is a mediator of apoptosis and
an inhibitor of cell proliferation (10).

Effects of miR-196a2 polymorphism on the risk of HCC are
associated with viral hepatitis. Two case-control studies
suggested that subjects with hepatitis B virus (HBV), who
also carried the miR-196a2 rs11614913 C allele and the CC,
CT or CC + CT genotypes, were associated with an increased
risk of developing HCC (11,12). The male population with
the rs11614913 CC genotype was associated with a high risk
of HCC (12). A multi-country meta-analysis indicated that
miR-196a2 C>T could lower the risk of HBV/HCV-associated
HCC, notably in the Chinese population (13). However, an
additional study suggested that rs11614913 may mainly affect
the mutation of HBV, but not the susceptibility to HCC (14). The
miR-196a2 polymorphism rs12304647 has been shown to be
associated with the development of chronic hepatitis-associated
HCC. A previous study conducted in South Korea indicated that
miR-196a2 rs12304647 AA and AC genotypes in patients with
chronic hepatitis decreased the risk of chronic hepatitis-associ-
ated HCC compared with subjects with the CC genotype (15).

Effects of miR-196a2 polymorphism on the risk of HCC in
patients with liver cirrhosis. Previous studies have shown that
the Han national cirrhotic patients with miR-196a2 rs11614913
C allele genotypes (CT and CC) may exhibit increased suscep-
tibility to liver cirrhosis-associated HCC by affecting mature
miR-196A expression (16). However, no association has been
noted between the incidence of rs11614913 polymorphism and
the risk of progression to liver cirrhosis or HCC in Malaysian
populations (17). The alleles of the rs12304647 AA or AC
genotypes lower the risk of developing HCC associated with
liver cirrhosis in Korean and Malaysian populations (17).

Risk of HCC is low in the population with the miR-196a2
rs11614913 T allele. The results of multicenter case-control
studies and meta-analyses in Asian and Caucasian populations
demonstrated that miR-196a2 rs11614913 TT, CT genotypes
and the T allele were significantly associated with low risk
of HCC (18-20), whereas the CC genotype and the C allele
exhibited a higher risk of HCC (21,22).

The published studies regarding the miR-196a2 polymor-
phism have mainly focused on rs11614913 and the majority of
the studies have shown that the T allele is significantly associated
with decreased risk of HCC in Asian and Caucasian populations,
patients with HBV or cirrhotic, and male patients with HCC.
The overall survival rate of patients with HCC with the T allele

was higher, while the results of the studies on the rs12304647
polymorphism were consistent, indicating that the A allele of this
site was associated with the lowered risk of HCC in patients with
HBYV or liver cirrhosis. Therefore, the aforementioned polymor-
phisms are potentially useful for predicting the risk of HCC in
different populations and can be used as early diagnostic tools.

Effects of miR-196a2 rs11614913 polymorphisms on the clinical
prognosis of patients with HCC. The miR-196a2 rs11614913
polymorphism was associated with the overall survival rate of
patients with HCC (23) and with the tumor size (16,24), whereas
the overall survival rate of individuals with the TT genotype
was higher than that of subjects with the CT+CC genotype (23).
The donor miR-196a2 rs11614913 polymorphism was associated
with HCC recurrence following liver transplantation by regu-
lating the tumor microenvironment (24).

3. miR-146a polymorphism

miR-146a inhibits the proliferation and metastasis of cancer
cells and promotes their apoptosis by blocking the nuclear
factor kB pathway (25).

miR-146a rs2910164 G allele may increase the risk of devel-
oping HCC. A meta-analysis of a large number of cases in China,
Korea and Turkey has shown that individuals with the miR-146a
rs2910164 G allele and the GG genotype exhibit a higher risk
of developing HBV-associated HCC compared with those with
the C allele and the CC genotype (13). The C allele, and the
CC or CG genotypes were associated with low risk of HCC in
Asians. Sex differences, in the C allele and in the CC genotype
decreased the risk for developing HCC, whereas no significant
association was noted between SNPs in female subjects and
HCC risk (20). The rs2910164 G allele increases the risk of HCC
in Asian populations (22,26), notably in the Chinese popula-
tions (26). However, certain studies have shown no significant
association between the incidence of the miR-146a G>C poly-
morphism and the risk of HCC (17,18,27,28). In summary, the
risk of HCC was significantly increased in Asian patients with
HBV with the miR-146a rs2910164 G allele, notably in China.
The G allele at this site is expected to be a predictor of HCC risk
in the aforementioned specific population.

4. miR-499 polymorphism

miR-499 and miR-1 inhibit the expression levels of Etsl
by binding to the 3'UTR of the mRNA molecule of the
proto-oncogene etsl. This process reduces the invasion and
migration of HepG2 cells induced by HGF (29). The miR-499
polymorphism has been investigated with regard to rs3746444.

Effects of miR-499 polymorphism on the risk of HCC. The
miR-499 rs3746444 C allele caused a significant increase in the
risk of HCC compared with that noted for the T allele (22,28).
However, previous studies suggested the lack of significant
associations between the incidence of the miR-499 T>C
polymorphism and the risk of HCC (21,27). A previous study
demonstrated that the presence of the A>G allele at the
miR-499 rs3746444 site was significantly associated with the
risk of developing HCC in a recessive model (20), whereas the
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Table I. Summary of HCC biomarkers.

Biomarker Source Application of biomarker in HCC View of clinical utility (Refs.)
AFP Serum/plasma  Early diagnosis, monitoring and recurrence ~ Low sensitivity )
GPC3 Serum/plasma  Early diagnosis and discriminating tumor Combination of AFP significantly 3)
and tissues cells from benign hepatic cells elevate the sensitivity and specificity
CTCs Serum/plasma  Diagnostic The detection of CTCs is technically “4)
challenging
GP73 Serum/plasma  Early diagnosis, and recurrence High sensitivity and specificity 5)
AFP-L3% Serum/plasma  Early diagnosis and screening The combination of AFP, AFP-L3%, 6)

and DCP may be useful in the
diagnosis and screening
OPN Serum Diagnosis and screening High sensitivity and specificity @)

HCC, hepatocellular carcinoma; AFP, a-fetoprotein; GPC-3, glypican-3; CTCs, circulating tumors cells; GP73, Golgi protein 73;
DCP, des-y-carboxy prothrombin; OPN, osteopontin.

Table II. Pattern of miRNA polymorphism in HCC.

miRNA SNP Allele gene Susceptibility or prognosis® (Refs.)
miR-196a2 rs11614913 C/T C(+) (12,13,16,21,22)
T() (12,13,18-20,23,24)
= A7)
rs12304647 A/C A(-) (15,17)
miR-146a 152910164 C/G G(+) (13,22,26)
Ce) (20)
= (17,18,27,28)
miR-499 153746444 A/G G(+) (20,21,23)
G() (30)
= (18,28)
C/T CH) (22,28)
= 27)
miR-149 152292832 T/C C(-) (30.,33)
T(+) (33)
miR-34b/c 154938723 C/T C(+) (14,36)
= (36)
miR-122 rs1135519 C/T CH) (38)
= (38)
189966765 C/T = (38)
1517669 G/A = (38)
rs4309483 C/A CH) 39)
rs3783553 Ins/Del Del(+) 27
miR-218 rs11134527 G/A G(+) 41)
= 27)

*Susceptibility or prognosis of HCC: (-), allele is associated with decreased susceptibility to HCC or good prognosis; (+), allele is associ-
ated with increased susceptibility to HCC or poor prognosis; =, polymorphism is not associated with susceptibility or prognosis of HCC.
miRNA/miR, microRNA; HCC, hepatocellular carcinoma; SNP, single-nucleotide polymorphism.

1s3746444 G allele was associated with high risk of non-HBV  assessment. In addition, the association between the incidence
HCC (21), suggesting that the HBV played an important role ~ of miR-499 polymorphisms and HCC risk was different in
in the presence of miR-499 polymorphisms and HCC risk  different populations. The rs3746444 AG+GG genotype
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exhibited a lower HCC risk compared with the AA genotype
in a Korean population (30). This association was not found in
the Chinese population (18,28).

Effects of miR-499 polymorphism on the clinical prognosis
of patients with HCC. Under different dominant inheritance
patterns, the levels of serum bilirubin, globulin, y-glutamyl
transpeptidase, alkaline phosphatase and serum cholinesterase,
in patients with HCC who carried the miR-499 rs3746444 C
allele, were lower compared with those who carried other
alleles (22). Subjects with the TC+CC genotype were more
likely to develop advanced HCC with larger tumor size and/or
higher total bilirubin levels compared with subjects carrying
the TT genotype (31). The overall survival rate of patients with
the AA genotype of miR-499a was higher compared with that
of the patients with the AG+GG genotype (23).

5. miR-149 polymorphism

miR-149 inhibits the invasion and migration of HCC by directly
targeting Mg?*/Mn**-dependent protein phosphatase 1F (32).
The investigation of the miR-149 polymorphism was mainly
focused on rs2292832.

Effects of miR-149 polymorphism on the risk of HBV-associated
HCC. In the Korean population, patients with HBV and
miR-149 rs2292832 CT or CT+CC genotypes exhibited a
significantly lower risk of HCC and, therefore, miR-149 may
be considered a prognostic biomarker of OKUDA II patients
with HCC (30). However, in the Chinese population, HBV
patients with miR-149 152292832 CT+CC or CT+TT geno-
types exhibited a higher risk of HCC (33), indicating that the
miR-149 polymorphism exerted different effects on the risk of
HBV-associated HCC in different populations. In the Iranian
population, the frequency of the CC genotype in miR-149
rs2292832 female patients with HCC was higher compared
with that noted in the female control group (11).

6. miR-34 polymorphism

miR-34 is an evolutionarily conserved miRNA family,
including the miR-34a, b and ¢ forms. miR-34 is the target of
the p53 gene, which encodes transcription factors involved in
growth inhibition and apoptotic pathways (34).

miR-34b/c rs4938723C alleles increase the risk of HCC.
Previous studies have shown that the incidence of miR-34b/c
rs4938723 C alleles in Chinese and Korean populations
increases their risk of developing HCC (14,35), notably in
women and patients with HBV (14). In addition, the combi-
nation of miR-34b/c rs4938723 CC-TP53 rs1042522 Arg/Arg
genotypes significantly increased the risk of developing HCC
in Korean populations (35). According to two meta-analyses
performed in China, Korea and Turkey, the miR-34b/c
rs4938723 C allele was associated with increased risk of
HCC (27,36). However, a meta-analysis including only Chinese
and Korean populations did not result to this outcome (36).
Due to the small sample size used in that study, the associa-
tion between this polymorphism and the risk of HCC may not
be representative of the entire population and requires to be

determined in a larger sample size. In conclusion, the current
research provided evidence to support the association between
miR-34b/c rs4938723 C alleles and the increased risk of HCC.

7. miR-122 polymorphism

miR-122 can downregulate the transcriptional activity of
[B-catenin by decreasing BCL9 expression, which results in
the regulation of the WNT/B-catenin signaling pathway and
inhibits the growth of HCC (37).

A miR-122 polymorphism is associated with an increased
risk of HCC. The miR-122 rs1135519 CC genotypes alone or
in combination with the miR-122 rs9966765 CC genotypes
can decrease the expression levels of miR-122, resulting in an
increased risk of HCC (38). The miR-122 rs4309483 C alleles
can also decrease the expression levels of miR-122, which
lowers the risk of chronic HBV infection and increases the risk
of HCC in HBV carriers (39). A multi-country meta-analysis
indicated that the miR-122 rs3783553 Del allele may increase
the risk of HCC (27). The exact molecular mechanism by
which certain SNPs alters the expression levels of miR-122
requires further investigation in future studies.

8. miR-218 polymorphism

A previous study demonstrated that miR-218 could
reverse the epithelial-mesenchymal transformation to the
mesenchymal-epithelial transformation by targeting the
RNA binding protein SERBPI1. This process resulted in the
inhibition of cell metastasis (40). The miR-218 rs11134527
AG or GG+AG genotypes significantly increased the risk of
HBV-associated HCC (41). The AG genotypes at this site were
associated with family history and elevated serum AFP levels
(20 ng/ml) (42). However, a previous study demonstrated no
significant association between the incidence of the miR-218
A>G polymorphism and the risk of HCC (27).

9. Other miRNA polymorphisms

miRNA polymorphisms affecting the risk of HCC associated
with HBV/liver cirrhosis. The miR-106b-25 rs999885 variant
genotypes (AG/GG) may contribute to the overexpression of
miR-106b-5p, inhibiting cell survival, metastasis and tumor
recurrence by decreasing the expression of X-linked inhibitor of
apoptosis protein (43). The change in the polymorphic variant
rs999885 (A to G) may provide protection against chronic HBV
infection. In contrast to these studies, it has also been suggested
that the risk of HCC in persistent HBV carriers is increased by
alteration in the expression levels of miR-106b-25 clusters (44).
Notably, this association was not found in a multi-country
meta-analysis (27). The mechanisms associated with the inci-
dence of miR-106b-25 rs999885 may be more complicated.
Previous studies performed in different regions of China
indicated that the incidence of the pri-miR-378 rs1076064
G allele was associated with a lower risk of HCC in HBV
carriers and that patients with HCC and the G allele exhib-
ited higher survival rate (45). In the Korean population, it
was shown that the miR-604 rs2368392 T allele may be
a risk allele for chronic HBV infection, whereas it may be a
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Table III. Pattern of other miRNA polymorphisms in HCC.
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miRNA SNP Allele gene Susceptibility or prognosis® (Refs.)
miR-106 rs999885 A/G G(-) (44)
= (27)
miR-449b rs10061133 G/A G(+) (48)
miR-3152 rs13299349 G/A A(+) (48.,49)
miR-let-7¢ rs6147150 Ins/Del Del(+) 27)
MET rs1621 G/A G(-) (50)
miR-199a rs74723057 C/G = (50)
pre-miR-3131 rs57408770 Ins/Del Ins(+) n
miR-920 rs16405 Ins/Del Del(-) 27
miR-608 rs4919510 C/G C(+) (53)
= (30)
miR-502 rs16917496 C/T C(-) (57
miR-492 rs2289030 G/C G(-) (54)
miR-155 1s767649 A/T T(+) (56)

*Susceptibility or prognosis of HCC; (-), allele is associated with decreased susceptibility to HCC or good prognosis; (+), allele is associ-
ated with increased susceptibility to HCC or poor prognosis; =, polymorphism is not associated with susceptibility or prognosis of HCC.
miRNA/miR, microRNA; HCC, hepatocellular carcinoma; SNP, single-nucleotide polymorphism.

protective allele for the development of HCC in chronic HBV
carriers (46). In chronic HBV carriers and patients with liver
cirrhosis, the pri-miRNAs-371-373 rs3859501 A allele and the
pri-miRNAs-371-373_ht2 (C-A-C) haplotype decreased the
incidence of HCC (47).

miRNA polymorphisms are associated with increased risk
of HCC. It has been shown that the G allele of miR-449b
rs10061133 can increase the susceptibility to HCC (48),
whereas the miR-1269a rs73239138 A allele may increase the
susceptibility to HCC by lowering the expression levels of
miR-1269a in HCC cells or by weakening the binding to its
target genes (49). In addition, the miR-3152 rs13299349 AA
genotype or the A allele (48) and the miR-let-7c rs6147150 Del
mutation (27) may be associated with increased risk of HCC.

miRNA polymorphisms associated with lowered risk of HCC.
The association between miR-199a rs74723057 and HCC risk
was not observed in the population study conducted in South
China. However, the data collected in the population with
the miR-199a rs74723057 CG/GG genotype demonstrated
that subjects with the MET rs1621 GG genotype indicated
a lower risk of HCC compared with those with the AG/AA
genotype (50). MET rs1621 polymorphism alone or in combi-
nation with miR-199a rs74723057 polymorphism may affect
the susceptibility to HCC, as demonstrated in the population
of South China (50). A multinational meta-analysis demon-
strated that the miR-920 rs16405 Del allele may lower the risk
of HCC (27). In the Chinese population, the insertion of the
pre-miR-3131 rs5740877 allele may affect the expression of
mature miR-3131 and its target genes DTHDI1 and XAF1 by
altering the recognition of the CNNC recognition sequence
by SRp20 and its binding to the precursor of miR-3131. This
in turn will promote the proliferation of HCC cells and the

inhibition of their apoptosis (51). This locus is likely to become
a marker for personalized diagnosis of HCC.

miRNA polymorphisms associated with clinical prognosis in
patients with HCC. Previous studies have shown that miR-608
may inhibit the proliferation of HCC cells by targeting the
BET family protein BRD4 (52). However, certain studies have
shown that the miR-608 rs4919510 polymorphism is not associ-
ated with the risk of HCC (33,53). The miR-492 rs2289030 CG
and CG+GG genotypes significantly lowered the risk of death
in patients with HCC compared with that noted in carriers of
the CC genotype (54). This finding may improve treatment
decisions in patients with HCC. The miR-1268a rs28599926 T
allele may increase the risk of aflatoxin B1 (AFB1)-associated
HCC by modifying a disintegrin and metalloproteinase with
thrombospondin motifs 4 (ADAMTS4). This allele was also
associated with larger tumor size, higher portal vein tumor
risk, tumor dedifferentiation, increased AFBI1 adduct levels
and high mutation risk of the TP53 gene (55). The polymor-
phism of miR-1268a may be a biomarker of risk and prognosis
of AFBIl-associated HCC. The miR-155 rs767649 T allele
increases the risk of poor survival and of HCC incidence (56).

In summary, the patients with miR-608 rs4919510 CC,
miR-492 rs2289030 CG and CG+GG genotypes exhibited a
more favorable disease prognosis, while patients with HCC
with miR-1268a rs28599926 T and miR-155 rs767649 T alleles
exhibited a poor prognosis.

10. Lack of association of miRNA gene polymorphisms
with the risk of HCC

Previous studies have shown that the SETS8rs16917496
T/C polymorphism (57) as well as certain polymorphisms
in miR-301b (22) and miR-423 (31) are not significantly
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associated with the occurrence, development and prognosis of
HCC.

11. Conclusion

In summary, the present review indicated that the polymorphic
sites of various miRNAs were associated with HCC. Notably,
miR-146a rs2910164, miR-196a2 rs11614913 and miR-34b/c
rs4938723 polymorphisms played an important role in the
occurrence, development and prognosis of HCC, while the
conclusions drawn regarding the miR-499 rs3746444 and
miR-149 rs2292832 polymorphisms were different in different
populations. This is possibly associated with various factors,
such as ethnic heterogeneity of the study population, differ-
ences in inclusion and exclusion criteria, different sample
sizes and different selection of statistical methods. In addition,
one miRNA polymorphism may not be sufficient as a marker
for the diagnosis or treatment of HCC, whereas a panel of
miRNA polymorphisms holds the potential as a new approach
to improve the diagnosis and treatment of this disease.

The investigations on the association between miRNA
polymorphisms and HCC incidence are mainly concentrated in
Asia and the subjects examined are mainly patients with HCC
from hospitals and normal individuals without liver disease.
The samples are not fully representative of the worldwide
population and additional research on multiple regions and
different stages of HCC will aid the clarification of the asso-
ciations between the different parameters. The mechanisms of
miRNA involved in the occurrence, development and prognosis
of HCC are not fully understood and the interactions among
multiple miRNA polymorphisms require additional studies. As
the awareness of HCC and miRNA continues to improve, the
correlation analysis of larger sample sizes will provide addi-
tional insight into the main pathogenic miRNA of HCC and the
mechanism of various miRNAs in the future, which will result
in improved prevention and treatment of patients with HCC.
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