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Abstract: MicroRNAs (miRNAs), a class of emerging small non-coding RNAs, serve as vital players in modulating 
multiple biological processes via the post-transcriptional regulation of gene expression. Dysregulated expression of 
miRNAs in liver cancer is well documented, and the involvement of miRNAs in liver cancer initiation and progression 
has also been described. Cancer stem cells (CSCs) are a subset of cells known to be at the root of cancer recurrence 
and resistance to therapy. In this review, we highlight recent reports indicating that miRNAs participate in the regula-
tion of liver cancer stem cells (LCSCs). The Wnt signaling pathway, TGF-beta signaling pathway, JAK/STAT signaling 
pathway and epithelial-mesenchymal transition (EMT) are all closely correlated with the miRNA modulation of LC-
SCs. In addition, several miRNAs have been demonstrated to be involved in the regulation of LCSCs in response to 
therapy sensitivity. Targeting LCSCs by regulating the expression of these miRNAs represents a potential therapeutic 
strategy for treating cancer drug resistance, metastasis and recurrence in the near future.
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Background

Liver cancer is the sixth most common cancer 
worldwide [1] and the second leading cause of 
cancer-related mortality, partially due to a defi-
ciency of marked symptoms during early stages 
[2]. Unfortunately, liver cancer incidence has 
been increasing, and liver cancer mortality is 
rising at a much faster pace than that of other 
types of cancer [3]. The pathogenesis of liver 
cancer is a remarkably intricate process con-
sisting of a series of linked steps, which are 
mediated by multiple risk factors, including 
chronic viral hepatitis, alcohol abuse, aflatoxin, 
nonalcoholic steatohepatitis and type 2 diabe-
tes [4-8]. Over the past few years, despite great 
advances in liver cancer prevention along with 
detection and treatment increasing the possi-
bility of curing the disease at early stages, most 
patients still eventually relapse and succumb to 

their disease [9]. Treatment options for liver 
cancer include surgery, chemotherapy, radio-
therapy, embolization therapy, ablation therapy 
and liver transplantation [10]. However, thera-
peutic choices for advanced liver cancer are 
still scarce. The only current effective molecu-
lar-targeted drug against advanced liver cancer 
is the kinase inhibitor sorafenib, which harbors 
a resistance rate greater than 50% [11]. There- 
fore, the prognosis of patients with liver cancer 
remains dismal, with five-year survival rates 
less than 17% for all stages [12]. Many recent 
studies have demonstrated that liver cancer 
stem cells (LCSCs) are one of the major factors 
contributing to the refractory nature of liver 
cancer to conventional treatment and are clo- 
sely associated with liver cancer growth, re- 
lapse and metastasis [13]. Thus, successfully 
seeking and developing potential therapeutic 
approaches targeting LCSCs holds huge prom-
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Figure 1. Differences between cancer cells and cancer stem cells (CSCs). A cancerous mass includes cancer cells and CSCs. Conventional therapies kill only 
common cancer cells, while CSCs tend to be resistant to these therapies. After treatment, residual CSCs at the primary cancer site eventually cause cancer re-
emergence or relapse. CSCs in the circulatory system can serve as biomarkers and are also responsible for cancer metastasis.
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ise for improving the outcomes of patients with 
liver cancer.

MicroRNAs (miRNAs) are a family of small, 
endogenous, non-coding RNAs that are approx-
imately 19-25 nucleotides in length. MiRNAs 
can inversely modulate gene expression via 
directly inducing messenger RNA (mRNA)  
degradation or suppressing translation by  
base pairing with complementary sites in the 
3’-untranslated regions (3’-UTRs) of target 
mRNAs [14, 15]. Via this mechanism, miRNAs 
regulate a number of biological processes, 
including cellular differentiation, proliferation, 
migration, and maintenance of LCSCs [16-20]. 
However, the mechanisms underlying how miR-
NAs modulate LCSCs remain poorly understood 
and need to be further elucidated. In this arti-
cle, we will describe the clinical significance of 
LCSCs, provide an overview of miRNAs that are 
dysregulated in LCSCs, summarize the molecu-
lar regulatory pathways of selected miRNAs in 
LCSCs, and finally, discuss the potential utility 
of miRNAs for treating liver cancer in the future.

Cancer stem cells (CSCs) and LCSCs

Cancer stem cells (CSCs)

Cancer stem cells (CSCs), also known as can-
cer-initiating cells and tumor-initiating cells, are 

a rare subset of cancer cells endowed with 
stem cell properties, including self-renewal and 
pluripotency [21, 22]. The first conclusive evi-
dence of the existence of CSCs came in 1997 
from a study by Bonnet et al. [23]. The CD34+/
CD38- subpopulation of cells isolated by the 
authors from leukemia cells could initiate 
tumors in NOD/SCID mice that were histologi-
cally similar to those of the donor. In 2002, can-
cer stem-like cells were further confirmed in 
human cortical glial tumors, which contain neu-
ral stem-like cells expressing both astroglial 
and neuronal markers [24]. 

To date, numerous studies have reported that 
CSCs exist in the context of multiple human 
cancers, including breast cancer, glioblastoma, 
prostate cancer, pancreatic cancer and colon 
cancer [25]. As shown in Figure 1, it is well  
documented that this specific cancer cell  
population can survive conventional therapy 
and is responsible for cancer relapse and 
metastasis via re-emerging or initiating new 
cancer. 

Liver cancer stem cells (LCSCs)

CSCs in liver cancer were first described by Ma 
et al. [26], wherein the authors identified and 
isolated a population of CD133+ cells from HCC 
cell lines and xenograft tumors. It was shown 
that these cells not only possessed higher lev-
els of proliferation, greater colony-forming effi-
ciency and more potent abilities to form cancer 
in vivo but also shared stem cell properties, 
such as the preferential expression of ‘stem-
ness’ genes and the ability to self-renew and 
differentiate [27]. In addition to CD133, a large 
number of other LCSC surface markers, includ-
ing aldehyde dehydrogenase (ALDH), CD13, 
CD90, CD44, CD24, OV6, Delta-like 1 homolog 
(DLK1) and epithelial cell-adhesion molecule 
(EpCAM), have since been discovered [28]. 

Based on the surface markers shown in Figure 
2, LCSCs can be isolated from heterogeneous 
cancer tissues. In addition, increasing studies 
have demonstrated that these markers have 
great potential for use in the diagnosis, therapy 
and prognosis of liver cancer. Many studies 
suggest that LCSCs are responsible for the 
metastasis and relapse of liver cancer. More- 
over, it has also been widely accepted that 
LCSCs account for chemotherapy and radiation 
resistance in liver cancer. Current therapies 
against liver cancer successfully kill a majority 
of cancer cells but may ultimately fail, as they 

Figure 2. Surface markers of liver CSCs (LCSCs) and 
their clinical significance. A large number of surface 
LCSC markers have been discovered. These surface 
markers include OV6, ALDH, DLK1, CD13, CD24, 
CD44, CD90, CD133 and EpCAM, which have great 
potential in the diagnosis, therapy and prognosis of 
liver cancer.
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do not eliminate LCSCs, which survive to regen-
erate new tumors [9]. Therefore, eradication of 
LCSCs can improve the prognosis of patients 
with liver cancer. In addition, LCSCs in periph-
eral blood can serve as diagnostic markers, 
which are extremely meaningful due to the  
deficiency of effective measures for early diag-
nosis of liver cancer. These findings all support 
the clinical significance of LCSCs. 

MiRNAs and LCSCs

MiRNA biogenesis and function

MiRNAs are a class of well-studied non-coding, 
small, single-stranded RNAs of approximately 
22 nucleotides in size. MiRNAs are initially 
derived from primary transcripts (pri-miRNAs), 
generally transcribed by RNA polymerase II 
[29]. Subsequently, pri-miRNAs undergo a  
two-step processing pathway mediated by two 

enzymes, Drosha and Dicer, both of which 
belong to the nuclear ribonuclease III (RNase 
III) enzyme [30]. Finally, a mature, functional, 
double-stranded miRNA molecule is yielded. 
The so-called guide strand, or mature miRNA,  
is loaded on Argonaute proteins within the  
RNA-induced silencing complex (RISC) and fu- 
nctions to guide the RISC to complementary 
sequences in the 3’UTR of specific target 
mRNAs, resulting in mRNA degradation or 
translational repression [31-33]. In addition, 
miRNAs can also activate translation via bind-
ing to the 5’UTR of target mRNAs. 

MiRNAs function as vital players in regulating  
a variety of biological processes. Dysregulated 
expression of miRNAs contributes to multiple 
human diseases via alterations in proliferation 
[34], apoptosis [35], cell cycle [36], differen- 
tiation [37], angiogenesis [38], autophagy [39], 
invasion [40] and migration [41]. Increasing 

Table 1. Summary of miRNAs dysregulated in LCSCs
MiRNA Up/Down Surface marker Target gene Related pathway Reference
let-7b Down CD24, CD133 Frizzled4 Wnt/beta-catenin pathway [56]

let-7a Down Wnt1 Wnt signaling pathway, EMT [57]

miR-21 Up CD13, EpCAM, CD90, OCT4 PTEN, RECK, PDCD4 STAT3 signaling [85, 115, 116]

miR-25 Up PTEN PTEN/PI3K/AKT pathway [109]

miR-33a Down Lgr5 ABCB1 Chemo-resistance to doxorubicin [105]

miR-122 Down CD133 PDK4 Glycolysis, Smad-independent TGF-
beta pathway

[76, 110]

miR-125b Down Smad2, Smad4 EMT [73]

miR-130b Up CD133 TP53INP1 [75]

miR-137 Down ANT2 Chemoresistance to sorafenib [108]

miR-142-3p Down CD133 CD133 [111]

miR-145 Down OCT4 [119]

miR-148a Down Smad2, ACVR1, Wnt1 TGF-beta-Smads signaling pathway, 
BMPs pathway, EMT

[71, 72, 102]

miR-148b Down NRP1 [114]

miR-150 Down CD133 c-Myb [112]

miR-152 Down CD133 KIT [113]

miR-155 Up CD90, CD133 TP53INP1, SOCS1 EMT, STAT3 signaling [74, 86, 87]

miR-181 Up EpCAM CDX2, GATA6 Wnt/beta-catenin signaling pathway [118]

miR-200a Down CTNNB1 Wnt/beta-catenin pathway, EMT [61, 99, 100]

miR-200b Down CD13, CD24, EpCAM, CD133, CD90 ZEB1 ZEB1 pathway [101]

miR-205 Down CD24 PLCbeta 1 [122]

miR-214 Down CTNNB1 Beta-catenin signaling pathway [62]

miR-217 Up DKK1 Wnt signaling pathway [59]

miR-429 Up EpCAM RBBP4 RBBP4/E2F1/OCT4 axis [120]

MiR-452 Up SOX7 Wnt/beta-catenin signaling pathway [63]

miR-491 Down GIT-1 NF-kappa B pathway, EMT [103, 104]

miR-500a-3p Up SOCS2, SOCS4, PTPN11 JAK3/STAT3 pathway [84]

miR-589-5p Down CD90 MAP3K8 [117]

miR-612 Down CD133 AKT2, Sp1 Wnt/beta-catenin pathway, EMT, 
Sp1/Nanog signaling pathway

[60, 121]

miR-1246 Up Wnt/beta-catenin pathway [58]
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findings and data have demonstrated that  
miRNAs with low expression in cancer often  
act as tumor suppressors, while miRNAs with 
high expression usually behave as oncogenes. 

Dysregulated miRNAs in LCSCs

Accumulating evidence has shown that miRNAs 
are involved in controlling self-renewal, prolif-
eration, apoptosis, migration, invasion, differ-
entiation and resistance to therapy in LCSCs. 
To date, several miRNAs have been reported to 
modulate LCSCs, such as let-7, the miR-200 
family, miR-122, miR-1246, miR-152, miR-181, 
miR-145, miR-217, miR-500a-3p, and miR-148 
(Table 1). These miRNAs exert their roles in 
LCSCs by directly or indirectly binding to spe-
cific target genes that are key molecules in the 
following pathways: Wnt/beta-catenin signal-
ing, TGF-beta signaling, JAK/STAT signaling, 
epithelial-mesenchymal transition (EMT) and 
sensitivity to therapy (Figure 3). Hence, building 
a therapeutic strategy based on these miRNAs 
or their relevant pathways can effectively tar- 
get LCSCs and will be beneficial to rapidly 
removing the obstacles of metastasis, recur-
rence and resistance to therapy in liver cancer.

MiRNAs that regulate LCSCs via the wnt signal-
ing pathway: The Wnt signaling pathway com-
prises a group of three signaling transduction 
pathways: the canonical Wnt pathway (Wnt/
beta-catenin pathway), the non-canonical pla-

nar cell polarity (PCP) pathway and the non-
canonical Wnt/calcium pathway [42]. The Wnt 
signaling pathway’s significant evolutionarily 
conservation has been well described and is 
essential for determining cell fates [43].

Dysregulation of the Wnt pathway contributes 
to several diseases, including cancer [44-46]. 
The first evidence that Wnt signaling is impli-
cated in cancer came from a study by Nusse et 
al. in mouse mammary tumor [47], after which 
the Wnt signaling pathway was subsequently 
shown to be involved in the occurrence and 
development of other types of human cancer, 
including colorectal cancer, lung cancer, pros-
tate cancer and liver cancer [48-51]. 

A growing body of studies have recently demon-
strated that Wnt signaling is deregulated in 
many kinds of CSCs, including lung [52], pros-
tate [53], colorectal [54] and liver cancers [55]. 
Interestingly, a large number of studies have 
demonstrated that miRNAs significantly alter 
the fraction of LCSCs in liver cancers and effec-
tively regulate several biological behaviors of 
LCSCs via modulation of the Wnt signaling 
pathway. 

Several lines of evidence underline the pivotal 
impact of the let-7 family on Wnt signaling in 
LCSCs. For example, a study by Cai et al. illus-
trated that upregulation of let-7b not only sup-
presses the proliferation, invasion and migra-

Figure 3. MiRNAs regulate LCSCs via several pathways, including Wnt signaling (miR-1246, miR-452, miR-217, 
miR-612, miR-214, miR-200a, let-7b), TGF-beta signaling (miR-148a, miR-125b, miR-122, miR-130b, miR-155), 
JAK/STAT signaling (miR-21, miR-155, miR-500-3p), epithelial-mesenchymal transition (miR-148a, miR-200a, miR-
200b) and sensitivity to therapy (miR-33a, miR-25, miR-137).
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tion of liver cancer cells but also reduces the 
proportion of LCSCs in liver cancer cells [56]. 
Subsequent mechanistic analysis indicated 
that let-7b exerts these anti-cancer effects by 
inhibiting Wnt/beta-catenin signaling via the 
downregulation of Frizzled4 [56]. Jin et al.  
also found that let-7 miRNAs repress self-
renewal of LCSCs via the regulation of Wnt  
signaling [57]. 

Chai et al. reported that miR-1246 enhances 
the activation of Wnt/beta-catenin in LCSCs by 
cooperating with octamer 4, a direct upstream 
regulator of miR-1246 [58]. 

Another study suggested that miR-217 mark-
edly increases the fraction of the CSC popula-
tion by promoting the expression of CSC fac- 
tors via activation of the Wnt signaling pathway 
by directly targeting dickkopf-1 (DKK1) in hepa-
tocellular carcinoma [59]. 

According to Tang et al., miR-612 is capable  
of inhibiting the stemness of HCC via modula-
tion of the Wnt/beta-catenin signaling pathway 
[60]. The study identified that overexpression 
of miR-612 significantly reduces the number 
and size of tumorspheres and clone formation 
in soft agar and effectively relieves drug resis-
tance to cisplatin and 5-fluorouracil [60]. 

Liu et al. also demonstrated that miR-200a  
is markedly downregulated in F344 rat HCC 
side population fraction cells using a miRNA 
microarray [61]. Their subsequent functional 
investigation confirmed that knockdown of  
miR-200a confers several CSC-like traits to 
these cells, which exhibit enhanced spheroid-
forming capacity, express LCSCs markers and 
display enhanced resistance to chemothera-
peutic drugs [61]. Finally, they demonstrated 
that the Wnt/beta-catenin signaling pathway is 
essential for the impact of miR-200a on these 
cells. 

Xia et al. showed that miR-214 suppresses 
stem-like traits of HCC as well as invasion and 
recurrence via regulation of the beta-catenin 
pathway by targeting the CTNNB1 gene, which 
encodes the protein beta-catenin [62]. In con-
trast, knockdown of miR-214 increases Ep- 
CAM+ stem-like cells [62]. 

In addition, a study conducted by Zheng et al.  
in 2016 demonstrated that miR-452 markedly 
promotes stem-like cells of HCC both in vitro 

and in vivo via activation of Wnt/beta-catenin 
signaling by directly inhibiting SRY-related 
HMG-box member 7 (Sox7) [63]. Together, 
these findings underline the key roles of miR-
NAs on Wnt signaling in LCSCs.

MiRNA regulation of LCSCs through TGF-beta: 
Transforming growth factor beta (TGF-beta) sig-
naling is another pathway in LCSCs that is often 
influenced by miRNAs. It contains a series of 
linked processes, including TGF-beta super-
family ligand binding, receptor recruitment and 
phosphorylation, small mothers against deca-
pentaplegic (SMAD) phosphorylation, and coS-
MAD binding, eventually resulting in transcrip-
tion of DNA [64, 65]. The TGF-beta signaling 
pathway participates in a variety of physiologi-
cal processes, such as cell growth, differentia-
tion, apoptosis, invasion and migration, and its 
dysregulation usually contributes to the occur-
rence and development of multiple diseases, 
including cancer [66-70]. TGF-beta signaling 
has recently been implicated in miRNA-mediat-
ed regulation of LCSCs. 

For instance, research conducted by Jiang et al. 
showed that miR-148a attenuates CSCs-like 
traits by inhibiting TGF-beta/SMAD2 signaling 
in several HCC cell lines, including HepG2, 
Huh7 and MHCC97H [71]. MiR-148a’s effect  
on LCSCs has been further confirmed by si- 
milar results achieved in another study from Li 
et al. [72]. In this study, investigators found  
that the subtype characterized by a CSC-like 
signature displayed much lower expression of 
miR-148a than other HCC subtypes. By in- 
creasing expression of miR-148a, the cancer 
phenotype was suppressed through direct tar-
geting of the activin A receptor type 1 (ACVR1). 
ACVR1 is an important receptor in the bone 
morphogenetic protein (BMP) signaling path-
way and is also implicated in the regulation of 
multiple stem cell markers [72]. 

Additionally, Zhou et al. reported for the first 
time that miR-125b overexpression significant-
ly suppressed generation of LCSCs and reduc- 
ed cancer incidence in a mouse model [73]. 
They also demonstrated a negative correlation 
between miR-125b and CSC markers in HCC 
specimens. Subsequently, using a dual-lucifer-
ase reporter assay their research on the mo- 
lecular mechanism underlying this phenotype 
confirmed that miR-125b exerts its effect  
on LCSCs via direct inhibition of SMAD2 and 
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SMAD4 [73]. Most importantly, in a mouse 
xenograft model, systemic delivery of synthetic 
miR-125b mimetics significantly decreased 
surface markers of CSCs and suppressed HCC 
metastasis, partially owing to the suppressive 
role of miR-125b in LCSCs. 

It was reported by Liu et al. that miR-155 is 
involved in the promotion of TGF-beta1 in liver 
cancer stem cell phenotypes [74]. The study 
demonstrated that upregulation of miR-155 
enhances expression of several CSC surface 
markers, such as CD90 and CD133, and 
increases the stem-like CSC population among 
liver cancer cells. Subsequent mechanistic 
studies have shown that silencing the tumor 
protein 53-inducible nuclear protein 1 (TP53- 
INP1), at least partially accounted for the effect 
of miR-155 on LCSCs [74]. 

Moreover, another study conducted by Ma et  
al. found that miR-130b facilitates growth and 
self-renewal of CD133+ liver tumor-initiating 
cells via targeting TP53INP1 [75]. The au- 
thors revealed that antagonizing miR-130b in 
CD133+ tumor-initiating cells significantly in- 
creases sensitivity to chemotherapeutic ag- 
ents and attenuates tumorigenicity in vivo [75]. 

Biox L and colleagues, for the first time, demon-
strated that reintroduction of miR-122 sup-
presses stem-like HCC cells, thereby prompting 
cancer dormancy via a Samd-independent  
TGF-beta signaling pathway [76]. These find-
ings suggest that upregulation of miR-122  
may be a promising approach to weaken liver 
cancer aggressiveness and decrease cancer 
recurrence.

MiRNA regulation of LCSCs through JAK/STAT: 
The JAK-STAT signaling pathway comprises 
three major components, including cell surface 
receptors, Janus kinases (JAKs) and two signal 
transducer and activator of transcription (STAT) 
proteins. The JAK-STAT pathway plays a cru- 
cial role in regulating a wide range of biologi- 
cal processes, including differentiation, prolif-
eration, cell cycle and apoptosis [77-79]. It is 
well documented that disrupting JAK-STAT sig-
naling can lead to dozens of diseases, such as 
immune deficiency syndrome and cancer [80, 
81]. Recent studies have shown that the JAK/
STAT pathway serves as a pivotal regulator of 
miRNA expression in CSCs, including LCSCs, 
and in return, miRNAs can also modify JAK/

STAT signaling in LCSCs [82, 83]. For example, 
Jiang et al. discovered that miR-500a-3p pro-
motes LCSCs characteristics, including en- 
hanced spheroid formation, increased fraction 
of side population and upregulated expression 
of cancer stem cell factors [84]. In this study, 
the authors demonstrated elevated expres- 
sion of miR-500a-3p in HCC tissues and cells. 
Further investigation revealed that miR-500a-
3p exerts its effects on LCSCs by suppressing 
several negative regulators of the JAK/STAT  
signaling pathway, such as suppressor of cyto-
kine signaling 2 (SOCS2), SOCS4 and tyrosine-
protein phosphatase non-receptor type 11 
(PTPN11), resulting in constitutive activation of 
STAT3 signaling [84]. 

Research conducted by Zhang et al. illustrated 
that both STAT3 and phospho-STAT3 are highly 
expressed in HCC side populations compared 
to the primary cell population [85]. They found 
that upregulation of STAT3 promotes migration 
and invasion of the stem-like subpopulation. 
Further, their study revealed that abnormal 
STAT3 signaling enhances LCSC migration and 
invasion via a miR-21-dependent mechanism. 
Activation of STAT3 signaling significantly upre- 
gulated expression of miR-21, leading to de- 
creased production of phosphatase and tensin 
homolog (PTEN), reversion-inducing-cysteine-
rich protein with kazal motifs (RECK) and pro-
grammed cell death protein 4 (PDCD4), all of 
which function as anti-metastatic molecules 
[85]. 

In addition to its role in LCSCs, the JAK-STAT 
signaling pathway has been reported to partici-
pate in regulation of HCC-associated mesen-
chymal stem cells (MSCs) according to a study 
by Yan et al. [86]. They indicated that miR-155 
could facilitate the activation of STAT pathway 
by downregulation of SOCS1, which is a nega-
tive regulator of STAT phosphorylation, eventu-
ally promoting the expression of matrix metal-
loproteinases 9 (MMP9). In addition, Liu et al. 
demonstrated that miR-155 could promote 
LCSCs acquisition and self-renewal by targeting 
TP53INP1 [87].

MiRNA regulation of epithelial-mesenchymal 
transition in LCSCs: The epithelial-mesenchy-
mal transition (EMT) refers to a process by 
which epithelial cells lose their cell polarity and 
cell-cell adhesions and gain migratory and inva-
sive properties to become mesenchymal stem 
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cells [88]. EMT can be mediated by activation 
of transcription factors, such as TWIST [89], 
Snail [90] and ZEB [91]. In these EMT-activated 
cells, intercellular junction proteins, such as 
E-cadherin, are downregulated, while mesen-
chymal-related proteins, such as N-cadherin, 
fibronectin and vimentin, are upregulated [92]. 
EMT plays key roles in a variety of physiological 
and pathological processes involving neural 
tube formation, mesoderm formation, wound 
healing and cancer metastasis [93-97]. 

Recently, several miRNAs have been confirmed 
to modulate EMT in LCSCs. The miR-200 family 
consists of five members, miR-200a, miR-
200b, miR-200c, miR-141 and miR-429 [98], 
some of which have been implicated in EMT in 
LCSCs. For instance, according to a study con-
ducted by Wang et al., overexpression of miR-
200a significantly downregulates expression  
of N-cadherin, zinc finger E-box-binding homeo-
box 2 (ZEB2) and vimentin in LCSCs, while 
upregulating expression of E-cadherin, indicat-
ing an inhibitory effect of miR-200a on EMT in 
LCSCs [99]. 

Liu et al. also found that downregulating miR-
200a induces the EMT phenotype in HCC [61]. 
Interestingly, another study conducted by Xue 
et al. also confirmed that miR-200a/b/c-upre- 
gulated Vasohibin 2 (VASH2) facilitates malig-
nant transformation of HCC by inducing EMT 
[100]. 

In addition, Tsai et al. recently reported that 
miR-200b could regulate diverse stemness of 
HCC [101]. In this study, the authors found  
that the overexpression of miR-200b could 
decrease the proportion of CD13+ and CD24+ 
LCSCs whereas increase EpCAM+ LCSCs. All 
these findings suggest that the miR-200 family 
can regulate LCSCs via modulation of EMT 
process.

Several other lines of evidence have also link- 
ed miRNAs to EMT in LCSCs. Yan et al. report- 
ed a suppressive role for miR-148a on EMT  
and CSCs-like properties in HCC, consequently 
resulting in inhibition of liver cancer metasta- 
sis [102]. Further analysis demonstrated evi-
dence for a Wnt signaling pathway-dependent 
mechanism. A study from Zhou et al. showed 
that miR-491 levels in well-differentiated HCC 
tissues were higher than those in poorly differ-
entiated HCC tissues [103]. Additionally, they 

found that miR-491 represses metastasis of 
HCC via inhibition of EMT and MMP2. Interes- 
tingly, miR-491 was also shown to attenuate 
CSC-like properties in HCC according to a study 
conducted by Yang et al. [104]. Their subse-
quent studies revealed that miR-491 exerts its 
effect on inhibition of CSC-like traits through 
EMT suppression mediated by the GIT-1/
NF-kappa B pathway.

MiRNAs involved in the regulation of LCSC se- 
nsitivity to therapy: It is widely acknowledged 
that LCSCs are responsible for development  
of chemotherapy or radiotherapy tolerance in 
liver cancer. Although significant breakthr- 
oughs have been made in the management of 
liver cancer, current therapies against LCSCs 
remain scarce, accounting for the poor overall 
and relapse-free survival of patients with liver 
cancer. Recently, a great deal of research has 
highlighted the function of miRNAs in modulat-
ing LCSC sensitivity to therapy. 

An investigation conducted by Hou et al. dem-
onstrated that miR-33a effectively sensitizes 
Lgr5+ HCC-CSCs to doxorubicin, a recommend-
ed agent in the course of liver cancer treatment 
[105]. They also found that low expression of 
miR-33a in HCC tissues was correlated with 
chemo-resistance and poor prognosis. ATP-
binding cassette 1 (ABCA1) is a transporter  
and key regulator of cellular cholesterol and 
phospholipid homeostasis, and mutations in 
this gene have been connected to Tangier dis-
ease and familial high-density lipoprotein defi-
ciency [106, 107]. Mechanistic research reveal- 
ed that miR-33a regulates drug sensitivity by 
directly suppressing ABCA1. 

Sorafenib, an inhibitor of multiple protein tyro-
sine kinases, including vascular endothelial 
growth factor receptor (VEGFR), platelet-deriv- 
ed growth factor receptor (PDGFR) and Raf 
family kinases, has already been approved  
for the treatment of advanced primary kidney 
cancer, liver cancer and thyroid carcinoma. 
Unfortunately, similar to other chemotherapeu-
tic drugs, tumor develop resistance to sorafenib 
during the course of treatment. Several recent 
studies have demonstrated that miRNAs are 
involved in the modulation of sorafenib resis-
tance in liver cancer. For instance, a study by Lu 
et al. reported that overexpression of miR-137 
in sorafenib resistant Huh7 cells with CSC traits 
reversed sorafenib resistance, suppressed for-
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mation of CSC characteristics, and inhibited 
migration and invasion in these cells [108]. 
Further research demonstrated that silencing 
of adenine nucleotide translocator 2 (ANT2) at 
least partially accounts for the effect of miR-
137 in HCC. 

TNF-related apoptosis-inducing ligand (TRAIL), 
a protein that induces apoptosis through bind-
ing to certain death receptors, is widely consid-
ered a potential anti-cancer agent. However, 
cancer cell resistance to TRAIL severely limits 
its clinical application. Ma et al. reported that 
knockdown of miR-25 increased the sensiti- 
vity of LCSCs to TRAIL-induced apoptosis via 
targeting the PTEN/PI3K/Akt/Bad signaling 
pathway [109]. These findings all strongly sug-
gest that regulation of these miRNAs and their 
relevant target genes represents a potential 
therapeutic approach against liver cancer drug 
resistance in the future.

Other miRNAs associated with LCSCs: In addi-
tion to those already mentioned, several other 
miRNAs have been correlated with LCSCs. 
Recently, Song et al. demonstrated that en- 
hanced glycolysis is closely correlated with 
CD133+ stem cell characteristics in HCC [110]. 
In this study, they found that miR-122, a liver-
specific miRNA, suppresses LCSC phenotypes 
via modulation of glycolysis.

MiR-142-3p reportedly possesses an inverse 
correlation with expression of CD133 [111], 
and CD133 is a direct target of miR-142-3p. 
Overexpression of miR-142-3p in HCC cells dis-
played inhibitory effect on LCSCs, including 
diminished self-renewal, tumor growth and 
resistance to chemotherapy. 

According to a study from Zhang et al., upregu-
lation of miR-150 leads to cell cycle arrest  
and apoptosis of CD133+ LCSCs via regulation 
of c-Myb [112]. In addition, miR-152 suppress-
es cell proliferation and colony formation of 
CD133+ LCSCs by targeting KIT [113]. 

Ma et al. reported that miR-130b facilitates 
CD133+ LCSC growth and self-renewal [75]. 
Furthermore, increasing the expression of miR-
130b in CD133- LCSCs resulted in enhanced 
resistance to chemotherapeutic agents and 
enhanced tumorigenicity in vivo. The impact of 
miR-130b on LCSCs is, in part, attributed to a 
reduction of TP53INP1 levels. 

Liu et al. recently reported that miR-148b is  
significantly downregulated in LCSCs, leading 
to enhanced chemo-sensitivity and decreased 
metastasis in patients [114]. However, overex-
pression of miR-148b lead to the opposite  
outcome. Knockdown of neuropilin-1 (NRP1), 
mediated by miR-148b, might be part of  
the mechanism for miR-148b suppression of 
LCSCs. 

Oncogenic miR-21 is one of the most frequent- 
ly upregulated miRNAs in multiple cancers, 
including breast cancer, cervical cancer, colon 
cancer and liver cancer. It was also found to be 
upregulated in a CSC-like population in HCC, 
facilitating migration and invasion of these 
cells [115]. The latter has been further con-
firmed by similar results achieved in another 
study conducted by Jiang et al. [116] who 
reported that miR-589-5p suppresses CD90+ 
LCSCs by directly targeting mitogen-activated 
protein kinase kinase kinase 8 (MAP3K8) [117]. 

Ji et al. found that conserved miR-181 family 
members are overexpressed in LCSCs with the 
surface marker EpCAM [118]. Functional stud-
ies demonstrated that knockdown of miR-181 
resulted in a significant reduction of these 
LCSCs and tumor initiating ability, whereas 
upregulation of miR-181 in HCC cells led to  
an enrichment of EpCAM+ HCC cells, suggest-
ing that targeting miR-181 may completely 
eradicate HCC [118]. 

MiR-145 was identified as a tumor suppressor 
in HCC via inhibition of LCSCs by modulating 
the downstream target octamer-binding tran-
scription factor 4 (OCT4), which is a stem cell-
related gene [119]. Li et al. showed that miR-
429, one member of the miR-200 family, 
facilitates liver tumor-initiating cell properties 
by targeting the retinoblastoma-binding pro- 
tein 4 (RBBP4)/E2F1/OCT4 axis [120]. Another 
investigation conducted by Liu et al. in 2016 
revealed that miR-612 markedly suppresses 
stem cell-like property of HCC via regulation of 
Sp1/Nanog signaling pathway [121]. Zhou et al. 
recently reported that dysregulated expression 
of miR-205 contributes to stemness in HCC 
[122]. 

Conclusions

Cancer stem cells have been reported in multi-
ple human cancers and are notorious for their 
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significant contribution to cancer initiation and 
progression. Compelling studies have demon-
strated that cancer stem cells are master regu-
lators of cancer metastasis, recurrence and 
drug resistance as well as patient prognosis. 
Most existing therapies against cancer fail to 
eliminate cancer stem cells despite killing the 
majority of cancer cells. Unfortunately, thera-
pies targeting CSCs are still rare. Given the 
clinical significance of CSCs and the lack of 
effective therapies against CSCs, it is extreme-
ly urgent to seek and develop a novel and prom-
ising approach to overcome the dilemma in 
treating CSCs. The thorough discovery of miR-
NAs inspires researchers and scholars, as miR-
NAs have been closely associated with CSC 
properties. A growing number of miRNAs have 
been identified as key players in regulating a 
variety of biological behaviors of CSCs. More- 
over, miRNA antagonists, mimetics and their 
delivery technologies have been rapidly devel-
oped over the past few years. Therefore, build-
ing an miRNA-based therapeutic measure tar-
geting CSCs is theoretically feasible. Currently, 
it is well established that the expression of 
miRNA in LCSCs is frequently dysregulated, and 
the involvement of miRNAs in the modulation  
of LCSCs has also been well described. Herein, 
we reviewed recent studies regarding the 
involvement of miRNAs in LCSCs and elucidat-
ed some of the possible mechanisms for the 
miRNA modulation of LCSC characteristics by 
summarizing the current knowledge on several 
signaling pathways. These new findings not 
only greatly enhance our understanding of the 
relationship between miRNAs and LCSCs but 
also inspire us to develop miRNA-based th- 
erapeutic strategies against LCSCs. However, 
there are no drugs based on miRNAs in current 
clinical practice. Thus, while continuing basic 
research, we should perform more clinical trials 
to further assess the effect of these miRNAs  
in the management of patients with liver can-
cer. With advances in these arenas, we believe 
that it is only a matter of time before miRNA-
based diagnosis, therapy and prognosis are 
applied in clinical settings, paving the way for 
liver cancer eradication.
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