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Abstract. Hepatocellular carcinoma (HCC) is one of the most 
common malignancies, which accounts for 90% of primary 
liver cancer. HCC usually presents with poor outcomes due to 
the high rates of tumor recurrence and widespread metastasis. 
However, the underlying mechanism of HCC initiation and 
progression, which significantly hindered the development 
of valid approaches for early detection and treatment remain 
to be elucidated. As a group of small non-coding RNAs, 
microRNAs (miRNAs) have been demonstrated to be involved 
in many types of diseases especially human malignancies. 
Numerous miRNAs are deregulated in HCC, which may shed 
some light on current investigations. Since miRNAs are stable 
and detected easily, their ectopic expression has been reported 
in HCC tissues, serum/plasma and cell lines. As previously 
described, miRNAs serve as tumor suppressors or oncogenes, 
indicating that miRNAs may be useful as diagnostic, thera-
peutic and prognostic markers of HCC. In the present review, 
we assessed the latest data regarding dysregulated miRNAs in 
HCC and reviewed the reported functions of these miRNAs as 
they apply to the diagnosis and prognosis of HCC.
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1. Introduction

Globally, hepatocellular carcinoma (HCC) is the fifth most 
common human cancer and the third leading cause of cancer-
associated mortalities (1). In spite of the great achievements 
of novel therapies and diagnostic techniques, the early detec-
tion of HCC is difficult, resulting in a poor 5-year survival 
for HCC patients (ranging from 0 to 14%) (2,3). Therefore, the 
identification of the most specific and sensitive biomarkers for 
HCC is crucial.

MicroRNAs (miRNAs) are a large set of small non-coding 
RNAs, ~22 nucleotides in length, that mainly bind to the seed 
sequences located within the 3' untranslated region (3'UTR) 
of target mRNAs. miRNAs can promote the degradation or 
suppress the translation of target mRNAs, eventually inhib-
iting the biological functions of their target genes. Different 
genes can be regulated by the same miRNA, while different 
miRNAs can be regulated by the same gene (4,5). Over 2,500 
human miRNAs have been found to play important roles in 
various physiological and pathological processes such as 
embryonic development, cell proliferation, differentiation, 
cell cycle progression, apoptosis, autophagy, angiogenesis 
and metabolism (6,7). Recently, it has been demonstrated that 
miRNAs exhibit tissue- and disease-specific patterns in human 
cancers, indicating that miRNAs may be novel biomarkers for 
the early diagnosis and prognosis prediction of HCC (8). In 
the present review, we summarized the known alterations of 
miRNAs and their biological roles in the development of HCC.

2. Biogenesis of miRNAs

Primary miRNAs (pri-miRNAs, containing stem-loop 
structures) are first transcribed by RNA polymerase  II 
and then processed into the hair-shaped precursor miRNA 
(pre-miRNA, 70-90 nucleotides in length) by the complex 
comprising RNAase III (also known as Drosha) and DGCR8/
Pasha in the nucleus (Fig. 1). Pre-miRNAs are transported 
into the cytoplasm by the exportin-5 complex and cleaved into 
mature miRNAs by Dicer (9-13). Earlier studies have identified 
enhancers and silencers of miRNA transcription (11,14,15). 
Recently, other mechanisms including DNA methylation and 
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histone modification have been shown to regulate the produc-
tion of miRNAs (16,17).

3. miRNAs in cancer

During the past decade, the multiple roles of miRNAs in the 
initiation and progression of human cancer have been well 
established. miRNAs are commonly dysregulated in tumor 
tissues and act as oncogenes or tumor suppressors, respectively. 
miRNAs are able to manipulate tumor proliferation, migra-
tion, invasion, metastasis, angiogenesis, cell cycle progression, 
apoptosis and autophagy. Consistently, the crucial roles of 
miRNAs in tumorigenesis and development have been further 
demonstrated in several animal models. For example, miRNA-
15a/miRNA-16-1 knockout mice were predisposed to develop 
chronic lymphocytic leukemia (18). In addition, Eμ-miRNA-155 
transgenic mice were prone to develop a proliferative B-cell 
malignancy in lymph nodes (19). Collectively, these results 
indicated that miRNAs may be valid therapeutic targets for 
treating human cancers.

4. miRNAs in HCC

Numerous studies have focused on the ectopic expression (up‑ 
or downregulation) of miRNAs in HCC. A panel of miRNAs 
have been identified to be candidate tumor suppressors or onco-
gene inducers and further proven to be critical factors in the 
regulation of malignant tumor behaviors. A brief description of 
these miRNAs is provided below.

Downregulation of miRNAs in HCC. The most common 
downregulated miRNAs in HCC are summarized in Table I. 
Of these miRNAs, let-7g, miR-122 and miR-199 are particu-
larly noteworthy.

The miRNA let-7g is a member of the large let-7 family. 
It is significantly downregulated in human HCC tissues and 
is closely associated with the metastasis and poor overall 
survival of HCC. In  vitro, restoration of let-7g markedly 
inhibited tumor proliferation and migration, suppressed the 
epithelial-mesenchymal transition (EMT), and induced cell 
apoptosis and cell cycle arrest by blocking the K-Ras/HMGA2/
Snail signaling pathway (20). Let-7g also targets Bcl-xL and 
collagen type I α2, thus promoting apoptosis and inhibiting 
migration in HCC cells.

The liver-specific miRNA-122 is significantly downregu-
lated in a large number of HCC patients and is often inversely 
associated with a poor prognosis and metastasis. Restoration 
of miR-122 inhibits proliferation and migration, and increases 
apoptosis by targeting AKT3 in HCC cell lines (21). miR-122 
was able to directly bind to the 3'UTR of the DLX4 gene 
(Distal-less 4) and downregulate its expression, which mark-
edly suppressed HCC cell proliferation. Considering that 
miR-122 is associated with tumor invasion and metastasis 
in HCC, Wang et al (22) performed a panel of experiments 
and demonstrated that miR-122 was capable of triggering the 
EMT, induce disruption of the cellular cytoskeleton, block the 
RhoA/Rock signaling pathway, enhance adhesion and suppress 
invasion in HCC cells. Recently, it has been suggested that cell 
morphology and mitochondrial functions can be markedly 
regulated by miR-122, proposing that miR-122 is critical for 
hepatocarcinogenesis  (23). Thus, miR-122 knockout mice 
eventually developed spontaneous tumors resembling human 
HCC. In particular, in the Huh7, HepG2 and QSG-7701 HCC 
cell lines, the expression of miR-122 has been shown to be 
significantly inhibited by the methylation of its promoter, 
which was restored by treatment with the demethylation 
agent 5-aza-dC. Additionally, the overexpression of miR-122 
induced further cell apoptosis in these HCC cells (24).

Figure 1. The biogenesis of miRNA.



ONCOLOGY REPORTS  34:  2811-2820,  2015 2813

Table I. Downregulated miRNAs in HCC.

microRNA	 Target genes	 Characteristics	 Refs.

Let-7g	 K-Ras/HMGA/Snail	 Proliferation and migration	 (8)
miR-1	 ET1	 Proliferation	 (9)
miR-7	 CUL5, CCNE1	 A tumor suppressor and therapeutic application in HCC	 (59)
miR-20a	 Mcl-1	 Proliferation, G1 arrest and apoptosis	 (10)
miR-22	 NP	 Differentiation, metastasis and prognosis of HCC	 (39)
miR-23a	 TOP1	 A potential target in regulating chemosensitivity of HCC	 (60)
miR-26a	 PIK3C2α	 A potential therapeutic target and a new basis	 (61)
		  for targeted molecular therapy of HCC
miR-26b	 USP9X, TAK1, TAB3	 EMT, chemosensitivity of HCC	 (62,63)
miR-27a	 FZD7	 A promising chemosensitizing strategy for the treatment of HCC	 (64)
miR-29c	 SIRT1	 A tumor suppressor in HCC	 (40)
miR-30a-3p	 NP	 Proliferation, invasion and metastasis	 (11)
miR-34a	 Bcl-2, c-Met	 Induces sensitivity to the antitumor effect of sorafenib in HCC,	 (65,66)
		  a critical targeted therapy for HCC
miR-34b	 NP	 An important component of the tumor suppressor	 (41)
		  network during carcinogenesis
miR-99	 Ago2	 A potential strategy for HCC	 (67)
miR-100	 plk 1	 A prognostic marker and molecular therapeutic target in HCC	 (68)
miR-101	 NLK	 A tumor suppressor in liver cancer	 (42)
miR-122	 Cyclin G1, Bcl-w,	 Proliferation and apoptosis of HCC, regulation of morphology
	 AKT3, MMP-17	 and cyto-architecture of HCC, a tumor suppressor
		  and a potential therapeutic candidate	 (12-14)
miR-124	 STAT3	 A tumor suppressor and a biomarker for diagnosis and	 (43)
		  therapeutics in HCC
miR-125b	 eIF5A2	 Prognosis of HCC	 (44)
miR-127	 7-Sep	 A tumor suppressor and a potential diagnostic biomarker for HCC	 (37)
miR-134	 ITGB 1	 A novel metastasis suppressor in HCC and	 (69)
		  a potential therapeutic target for HCC
miR-137	 AKT2	 A valuable biomarker for HCC prognosis	 (45)
miR-138	 CCND3	 Cell cycle	 (9)
miR-139	 TCF-4	 A therapeutic strategy for the treatment of HCC	 (106,107)
miR-141	 E2F3, ZEB2	 Growth and metastasis of HCC, a novel potential	 (15,16)
		  therapeutic target for HCC treatment
miR-144	 E2F3	 Proliferation and metastasis of HCC	 (17)
miR-145	 ADAM17, IRS1	 A potential therapeutic and biological target for HCC and a potential	 (70-73)
		  molecular mechanism causing aberrant oncogenic signaling in HCC
miR-148a	 DNMT1	 A tumor suppressor during HCC	 (46)
miR-148b	 NP	 An independent prognostic factor for HCC	 (47)
miR-185	 DNMT1	 A potential prognostic biomarker for HCC in the early stage	 (48,49)
		  and a novel therapeutic strategy for HCC treatment
miR-181a-5p	 c-Met	 Motility, invasion and branching morphogenesis	 (18)
miR-195	 PCMT1, Wnt3a	 Increasing tumor life span, and a potential therapeutic strategy	 (74,75)
		  in the treatment of HCC
miR-199	 MMP-9	 Adhesion of HCC	 (19)
miR-200a	 CDK6	 A potential tumor suppressor in HCC	 (50)
miR-202	 LRP6	 A potential tumor suppressor in HCC	 (51)
miR-203	 Survivin	 Proliferation	 (20)
miR-212	 RBP2	 May be important in the pathogenesis of HCC	 (108)
miR-214	 FGFR-1	 Potential prognostic marker and therapeutic target in HCC	 (52)
miR-218	 Bmi-1, CDK6	 Proliferation and apoptosis	 (21)
miR-219-5p	 GPC3	 Proliferation	 (9)
miR-223	 ABCB1	 A therapeutic biomarker for HCC	 (76)
miR-302b	 EGFR, AKT2	 An effector in gene therapy of HCC, proliferation and growth	 (22,23)
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miR-199a-1, miR-199a-2 and miR-199b belong to the 
miR-199 family. In HCC tissues, miR-199a was significantly 
downregulated, correlating with a higher recurrence rate and 
a poor prognosis. In HCC cell lines, miR-199a was able to 
suppress tumor proliferation and induce apoptosis and cell 
cycle arrest by regulating the expression of matrix metallo-
proteinase-9 (MMP-9), frizzled type 7 receptor (FZD7) and 
hypoxia-inducible factor-1α. In a similar manner, miR-199a-3p 
expression was significantly reduced in a panel of human HCC 
cell lines. In addition, it was shown that miR-199a-3p directly 
targeted CD44 and inactivated the c-Met signaling pathway. The 
other known targets of miR-199a-3p include the mammalian 
target of rapamycin (mTOR) and c-Met, which play important 
roles for the biological functions of miR-199a-3p as a tumor 
suppressor. Downregulation of miR-199a-5p was observed in 
more than two-thirds of HCC samples and notably associated 
with an advanced tumor stage. In vitro experiments suggested 
that miR-199a-5p directly inhibits the expression of discoidin 
domain receptor-1 (DDR1) and that the loss of miR-199a-5p 
leads to the upregulation of DDR1 and enhances the invasion of 
HCC cells. In another study, it was found that upregulated miR-
199a-5p directly inhibited the activity of E2F3 and sensitized 
HCC cells to routine chemotherapies (25). Of note, miR-199a-5p 
significantly enhanced the suppressive effects of cisplatin on 
cell proliferation (26), while cisplatin downregulated the level 
of miR-199a-5p and then induced autophagy by activating 
autophagy-associated gene 7, a direct target of miR-199a-5p. 
These controversial results remain to be clarified in the future 
using more powerful experimental approaches (25-34).

In addition, the marked reduction of miR-20a, miR-138, 
miR-503, miR-218 and miR-376a expression was detected in 
HCC tissues. These miRNAs have been shown to be involved in 
tumor proliferation, apoptosis and cell cycle regulation (35-37). 
Collectively, a large number of miRNAs are downregulated in 

human HCC and have been found to be closely associated with 
tumor progression and prognosis.

Upregulation of miRNAs in HCC. miRNAs can also serve as 
oncogenes in human cancers. In HCC, a group of onco-miRNAs 
(listed in Table II) has been identified, and their functions have 
been well defined. Of these, miR-21, miR-221 and miR-224 
are the best studied. Consequently, the roles in HCC of these 
miRNAs are reviewed.

miR-21 is one of the most common dysregulated miRNAs 
in human cancers and is involved in the regulation of cell 
proliferation, differentiation, apoptosis, angiogenesis, migra-
tion and invasion (38-40). Recent studies have suggested that 
miR-21 functions as a pro-metastatic miRNA in HCC (41) 
and can promote the invasion and metastasis of HCC by 
targeting phosphatase and tensin homolog (PTEN) and 
heparin-degrading endosulfatase-1 (hSulf-1) and activating 
the AKT/ERK signaling pathways (42). The HEPN1 gene is 
another target of miR-21, and its silence induced by miR-21 
significantly accelerated the tumor growth of HCC. In addition, 
mitogen-activated protein kinase-kinase 3 (MAP2K3), rever-
sion-inducing-cysteine-rich protein with kazal motifs (RECK), 
and programmed cell death 4 (PDCD4) were the direct targets 
of miR-21, and their expression and functions were notably 
suppressed in HCC (41,43,44).

Another overexpressed miRNA in human HCC is miR-221, 
and its expression is significantly correlated with a poor 
overall survival and recurrence-free survival. It was found 
that miR-221 causes rapid S-phase entry and enhances tumor 
growth by targeting p27, p57 and aryl hydrocarbon nuclear 
translocator (Arnt) in HCC. Additionally, the upregulation of 
miR-221 has been associated with a more aggressive phenotype 
of HCC and can suppress cell apoptosis by targeting the Bmf 
gene (45). Recently, miR-221 was shown to be able to silence 

Table I. Continued.

microRNA	 Target genes	 Characteristics	 Refs.

miR-320	 GNAI 1	 A new therapeutic avenue for targeting HCC metastasis	 (77)
miR-363	 S1PR1	 A novel target for treatment of HCC	 (78)
miR-376a	 PIK3R1	 Apoptosis, proliferation	 (9)
miR-424	 c-Myb	 A tumor suppressor in HCC, a potential biomarker and	 (53)
		  therapeutic target for HCC
miR-425-3p	 NP	 Elevated expression of miR-425-3p in tumor cells is a novel marker of	 (79)
		  better prognosis in HCC treated with sorafenib
miR-433	 CREB1	 Migration	 (24)
miR-449	 SIRT1	 A novel targeting mechanism for HCC therapy	 (80)
miR-450a	 DNMT3a	 Proliferation	 (25)
miR-451	 ATF2, IKK-β	 Migration, proliferation	 (26-28)
miR-491	 MMP-2/9, EMT	 A new clue for preventing tumor metastasis of HCC	 (81)
miR-503	 Cyclin D3, E2F3,	 An important role in cell cycle regulation(G1/S) and in the	 (30)
	 ARHGEF19	 molecular etiology of HCC
miR-520c-3p	 GPC3	 A prospective prognosis predictor and biological treatment target of HCC	 (54)
miR-612	 AKT2	 An effective molecular target for HCC therapy	 (82)
miR-744	 c-Myc	 Potentially useful target for miRNA-based therapies of HCC	 (83)
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histone deacetylase 6 (HDAC6) and enhance the malignant 
progression of HCC.

miR-224 is upregulated in HCC, and recent studies have 
shown that miR-224 can act as an onco-miRNA in HCC through 
activating the AKT signaling pathway  (46). In a previous 
study, we demonstrated that miR-224 can promote migration 
and invasion in HCC cells by targeting the homeobox D10 
(HOXD10) gene (47).

Thus, dysregulated miRNAs are frequently involved in 
almost every step of the initiation and progression of HCC, 
indicating that these miRNAs are potential targets for the diag-
nosis and prognosis prediction for HCC patients.

5. miRNAs in HCC diagnosis and prognosis

Since a large number of HCC patients are diagnosed at an 
advanced stage of disease, the development of novel valid 

approaches to detect HCC earlier is crucial. Currently, 
α-fetoprotein is the only marker commonly used for HCC 
detection in the clinic. However, its reliability is question-
able and its accuracy is not satisfactory  (6). Based on the 
amount of evidence from clinical and basic research, it has 
been suggested that miRNAs have potential characteristics as 
diagnostic markers for HCC. Technically, miRNAs in circula-
tion and in the cytoplasm are abundant and stable enough for 
detection using commercial kits. For example, a recent study 
has shown that miR-127 is significantly downregulated in HCC 
and that it is a potential diagnostic biomarker for HCC (48). 
It has been previously demonstrated that miR-21, miR-26a, 
miR-27a, miR-122, miR-192, miR-223 and miR-801 can 
discriminate between HCC and healthy, chronic hepatitis B 
and cirrhosis groups (6). miR-126, miR-141 and miR-200c 
are also able to differentiate HCC from metastatic liver 
cancer with a high accuracy (49). In addition, aberrant DNA 

Table II. Upregulated miRNAs in HCC.

microRNA	 Target genes	 Characteristics	 Refs.

miR-9	 KLF17	 A predictive marker of high metastatic potential in HCC	 (55)
miR-10a	 EphA4, CADM1	 EMT, metastasis	 (9)
miR-17-5p	 p38 pathway	 Multiple tumor nodules, vein invasion, shortened overall survival	 (9)
miR-18	 TNRC68	 Proliferation and adhesion, a diagnostic and	 (56)
		  prognostic marker for HCC progression
miR-21	 PTEN, RECK, PDCD4	 Migration and invasion of a stem-like population in HCC	 (31,32)
miR-24	 SOX7	 Proliferation and invasion	 (109)
miR-25	 NP	 A predictive value on prognosis	 (57)
miR-135a	 FOXM1, MTSS1	 Metastasis	 (9)
miR-143	 FNDC3B	 Metastasis	 (9)
miR-146a	 NP	 A potential anti-angiogenic target for HCC therapy	 (84)
miR-182	 TP53INP1	 A new target for chemotherapy of HCC	 (85)
miR-184	 INPPL1, SOX7	 As an oncogenic regulator in HCC	 (86,87)
miR-190b	 IGF-1	 A therapeutic target of HCC	 (88)
miR-197	 CD82	 Migration and invasion	 (110)
miR-210	 VMP1, AIFM3	 Metastasis, apoptosis and proliferation	 (9)
miR-216a	 TSLC1	 Tumorigenesis	 (9)
miR-221	 BMF, BBC3, ANGPTL2	 Proliferation, clonogenicity, migration/invasion, 	 (33)
		  G1 arrest, and apoptosis
miR-222	 p27	 Proliferation	 (111)
miR-224	 PPP2R1B, NF-κB pathways,	 An onco-miRNA in HCC	 (34,35)
	 Homeobox D 10
miR-301a	 Gax	 Metastasis	 (9)
miR-373	 PPP6C	 Cell cycle	 (9)
miR-490-3p	 ERCIC3	 EMT	 (9)
miR-519d	 CDKN1A/p21, PTEN,	 Proliferation, invasion and apoptosis	 (9)
	 AKT3, TIMP2
miR-525-3p	 ZNF395	 Migration and invasion	 (112)
miR-550a	 CPEB4	 Metastasis	 (9)
miR-590-5p/3p	 PDCD4, PTEN	 An important tumorigenic factor for HCC	 (58)
miR-615-5p	 IGF-II	 Cell growth and migration	 (9)
miR-657	 TLE1, NF-κB	 Proliferation	 (9)
miR-1246	 CADM1	 Migration and invasion	 (113)
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methylation of miRNA is potentially a useful parameter for 
the early diagnosis of HCC, and it has been found that single 
locus hypermethylation of miR-129-2 functions as a highly 
specific marker to distinguish HCC from chronic hepatitis and 
healthy liver tissues (50). Circulating miRNAs are also valu-
able for the early detection and prognosis prediction of HCC. 
The circulating miRNAs present in the serum and plasma of 
HCC patients are provided in Table III.

As previously reported, miRNAs are a powerful predictor 
of prognosis for cancer patients. Recently, several studies 
have shown the validity of miRNAs as prognostic markers in 
HCC (35,51-70). Upregulation of miR-9, miR-17-5p, miR-18, 
miR-25 and miR-590-5p/3p presented a high metastatic poten-
tial and a shorter survival in patients with HCC (35,67-70). 
Another study has indicated that concordant DNA methyla-
tion at certain miRNA loci correlated with a poor survival for 
HCC patients. Therefore, methylation may be used as a 
biomarker to predict the prognosis for HCC patients (50). In 
other studies, either a single miRNA or a panel of several 
miRNAs was proven to be a good predictor of prognosis for 
HCC patients (71,72).

Taken together, all of the abovementioned studies suggest 
that miRNAs can act as valuable biomarkers for the early 
diagnosis and prognosis prediction of HCC. However, contro-
versies regarding the application of these markers in the clinic 
remain, thus further investigations are required.

6. miRNAs in HCC treatment

miRNAs function as tumor suppressors or oncogenes in 
HCC. Therefore, targeting these miRNAs may be a novel 
approach to treat HCC (24,35,60,61,64,73-102). Currently, the 
therapeutic application of miRNAs mainly consists of two 
strategies: miRNA inhibition and miRNA replacement.

miRNA inhibition. The aim of miRNA inhibition is to suppress 
oncogenic miRNAs using miRNA antagonists that usually 
involve some chemical changes to heighten binding, reduce 
nuclease resistance and promote cellular intake (6). Evidence 

has suggested that miR-146a, miR-182, miR-184, and miR-
190b can act as therapeutic targets for HCC (98-102).

miRNA replacement. The aim of miRNA replacement is to 
restore the level of tumor suppressor miRNAs. In HCC cell 
lines, restoration of miR-26a/b was able to increase their 
chemosensitivity, which was favorable for the targeted molec-
ular therapy of HCC (75-77). A previous study has shown 
that miR-26a replacement using an adeno-associated (AAV8) 
delivery system decreased the tumorigenicity in a mouse 
model of HCC (49). Another example is that miR-122 can be 
used as a tumor suppressor through AAV-mediated delivery 
in a mouse model of HCC (49). Of these miRNAs, miR-34a 
is particularly noteworthy as it is the first miRNA mimic to 
reach the clinic (49) and is capable of inducing sensitivity to the 
antitumor effect of sorafenib in the treatment of HCC (79,80). 
Furthermore, miR-425-3p is a promising prognostic marker in 
HCC treated with sorafenib (93).

The therapeutic application of miRNAs is a promising 
strategy for HCC treatment. However, it is well known that one 
miRNA regulates multiple target genes and that artificially 
up‑ or downregulating the level of miRNAs may result in 
undesirable off-target effects. Thus, the application of miRNAs 
for HCC treatment remains to be examined in clinical trials.

7. miRNA and radiosensitivity: A new direction for HCC 
treatment

The rapid development of radiation techniques has led to 
radiotherapy becoming a major treatment for HCC. However, 
a subgroup of HCC patients present intrinsic or acquired 
resistance to routine radiotherapy, which significantly hinders 
the therapeutic effects and patient outcomes. Therefore, 
determining methods to improve the effects of radiotherapy is 
of interest to oncologists and radiologists. Recent findings have 
shown that miRNAs are closely associated with radiotherapy 
outcomes and are involved in radiosensitivity  (103). Some 
miRNAs can act as biomarkers to predict the cellular 
sensitivities to radiotherapy, while others enhance or reduce 

Table III. Circulating miRNAs as biomarkers in HCC.

microRNAs	 Sample	 Clinical condition	 Clinical relevance	 Refs.

miR-1	 Serum	 Low level	 A new independent parameter of overall survival in HCC	 (114)
miR-16, let-7f,	 Serum	 Low level	 The indicators to estimate the tumor size	 (115)
miR-21			   or the recurrence of HCC
miR-24-3p	 Serum	 High level in HCC	 An independent predictor of poor overall survival	 (116)
			   and disease-free survival in patients with
			   hepatitis B virus-related HCC
miR-122a	 Serum	 The level was reduced	 The serum miR-122a level has	 (114,117)
		  in HCC	 some value as a diagnostic tool for HCC
miR-139	 Plasma	 Low level	 A diagnostic biomarker and prognostic factor for HCC	 (89)
miR-143	 Serum	 High level	 A potential biomarker for the diagnosis of HCC	 (118)
miR-215	 Serum	 High level	 A potential biomarker for the diagnosis of HCC	 (118)
miR-221	 Serum	 High level in HCC	 May not be able to serve as a non-invasive	 (119)
		  (not statistically significant)	 diagnostic marker for HCC
miR-222	 Serum	 High level	 A useful prognostic factor for HCC	 (120)
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radiosensitivity in vitro and in vivo. For example, miRNA-381 
promoted the radiosensitivity of esophageal squamous cell 
carcinoma (ESCC), and its expression played a vital role in 
the radiosensitivity of ESCC (104). In addition, miRNA-25 is 
overexpressed in radio-resistant non-small cell lung cancer 
(NSCLC) patients, and miRNA-25 affected radiosensitivity by 
regulating BTG2 directly in NSCLC cells. Overexpression of 
miRNA-145 promoted the radiosensitivity of cervical cancer 
and is a potential new biomarker of radio-sensitizing treatment 
for cervical cancer (105). Based on the abovementioned data, 
miRNAs play a crucial role in radiosensitivity for cancer. 
However, the relationship between miRNAs and HCC radio
sensitivity has yet to be reported. Therefore, in view of the 
importance of miRNAs on radiosensitivity, their mechanisms 
in HCC should be elucidated.

8. Conclusions

In summary, miRNAs are widely used in many areas of 
cancer, especially in HCC, including the early diagnosis, prog-
nosis prediction, follow-up monitoring and target therapies. 
Undoubtedly, miRNAs have important effects on HCC; there-
fore, miRNA-based therapies pose a significant challenge for 
HCC treatment. However, investigations regarding miRNAs 
cannot yet be applied in the clinic. Thus, more well-designed 
studies are required to focus on their translational values in the 
future. The accuracy of miRNA detection needs to be further 
improved to avoid variations in the technical procedures. 
Additionally, more large randomized prospective clinical 
trials are required for the application of miRNAs to assess 
their potential efficacy in HCC treatment, especially for the 
radiotherapy of HCC.
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