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Turning Hepatic Cancer Stem Cells Inside Out -
A Deeper Understanding through Multiple

Perspectives
Lok-Hei Chan', Steve T. Luk’, and Stephanie Ma"**

Hepatocellular carcinoma (HCC), a highly malignant disease
and the third leading cause of all cancer mortalities world-
wide, often responses poorly to current treatments and re-
sults in dismal outcomes due to frequent chemoresistance
and tumor relapse. The heterogeneity of HCC is an im-
portant attribute of the disease. It is the outcome of many
factors, including the cross-talk between tumor cells within
the tumor microenvironment and the acquisition and accu-
mulation of genetic and epigenetic alterations in tumor cells.
In addition, there is accumulating evidence in recent years
to show that the malignancy of HCC can be attributed partly
to the presence of cancer stem cell (CSC). CSCs are capable
to self-renew, differentiate and initiate tumor formation. The
regulation of the stem cell-like properties by several im-
portant signaling pathways have been found to endow the
tumor cells with an increased level of tumorigenicity,
chemoresistance, and metastatic ability. In this review, we
will discuss the recent findings on hepatic CSCs, with spe-
cial emphasis on their putative origins, relationship with
hepatitis viruses, regulatory signaling networks, tumor mi-
croenvironment, and how these factors control the
stemness of hepatic CSCs. We will also discuss some novel
therapeutic strategies targeted at hepatic CSCs for combat-
ing HCC and perspectives of future investigation.

INTRODUCTION

Hepatocellular carcinoma (HCC) ranks the fifth most frequently
diagnosed malignancy and the third leading cause of all cancer
mortalities worldwide (Altekruse et al., 2009; Jemal et al., 2011).
Individuals with chronic infections of hepatitis B or C viruses,
non-alcoholic steatohepatitis (NASH) as well as cirrhosis are
the most common preceding conditions leading to HCC.
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Chemoresistance and frequent tumor relapse have been the
major challenges hampering treatment efficacy. Similar to other
cancers, HCC is heterogeneous in terms of cellular morphology,
molecular profiles and clinical outcome. HCC heterogeneity is
believed to be the outcome of combinatorial effects, including
the acquisition of genetic and epigenetic alterations in tumor
cells, the cross-talk of cells within the tumor microenvironment,
as well as the existence of a cancer stem cell (CSC) subpopu-
lation that has the ability to self-renew and differentiate. To date,
liver CSCs have been identified based on various cell surface
markers including epithelial cell adhesion molecule (EpCAM)
(Yamashita et al., 2009), CD133 (Ma et al., 2007; 2010), CD90
(Yang et al., 2008), CD44 (Mima et al., 2012), CD24 (Lee et al.,
2011), CD13 (Haraguchi et al., 2010), oval cell marker OV6
(Yang et al., 2012), calcium channel 0.25 1 isoform5 (Zhao et al.,
2013) and CD47 (Lee et al., 2014a). Hoechst dye efflux (Chiba
et al., 2006) and aldehyde dehydrogenase activities (Ma et al.,
2008a) have also been used for liver CSCs isolation. These
liver CSCs are governed by different signaling mechanisms in
maintaining their tumorigenicity, chemoresistance and meta-
static ability. Importantly, the presences of distinctive CSC pop-
ulations that are endowed with differential functional character-
istics suggest that a combination of targeted therapies will be
necessary for successful cure of HCC. On the other hand, given
the well-known etiological roles of chronic hepatitis viral B and C
infection in HCC, recent studies have also revealed proteins
encoded by these two viruses endow chronically infected
hepatocytes or their progenitors with CSC-like properties, such
as enhanced tumorigenicity, up-regulated expression of some
CSC markers and activation of the relevant stemness signaling
pathway (Arzumanyan et al., 2011; Li et al., 2011; Wang et al.,
2012). This review summarizes recent discoveries relevant to
liver CSCs, with emphasis on discussing their putative cellular
origins, the roles of hepatitis viruses, tumor microenvironment
and signaling network in controlling the stemness of CSCs. The
novel therapeutic strategies and perspectives of future investiga-
tion will also be discussed.

CELLULAR ORIGINS OF HEPATIC CANCER STEM CELLS

Through extensive efforts by Holczbauer and colleagues, the origin
of hepatic CSCs is starting to unveil. It appears that hepatic
CSCs may well have arisen from populations of normal
hepatocytes and some other specific liver lineages (Holczbauer
etal., 2013).
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It was suggested by Holczbauer et al. (2013) that hepatic CSCs
can originate from cells of any of the three liver lineages - hepatic
progenitor cells (HPCs), lineage-committed hepatoblasts (HBs),
and differentiated adult hepatocytes (AHs). Their group was able to
show that forced expression of H-Ras and SV40LT can transform
these cells into CSCs.

Although various types of cells appear to have the potential
of becoming hepatic CSCs, HPCs have the highest potential of
undergoing oncogenic transformation compared to HBs or AHs
(Holczbauer et al., 2013). In a limiting dilution analysis, injection
of as few as 10 transduced HPCs is able to initiate tumors in
75% of all 8 injections, compared to 25% and 0% for trans-
duced HBs and AHs, respectively (Holczbauer et al., 2013).
When 100 cells were injected, tumors were generated from all
HPC, HB and AH with an estimated tumor initiating frequency
of 1/7, 1/26 and 1/42, respectively. The above studies demon-
strated clearly that any hepatic lineage cell can, in the presence
of genetic manipulation (Holczbauer et al., 2013), be trans-
formed into hepatic CSCs that contributed to the initiation of
aggressive liver cancers.

HEPATIC VIRUS AND HEPATIC CANCER STEM CELLS

Chronic infections of hepatitis B (HBV) or C viruses (HCV) are
both prominent risk factors in the development of HCC (Bartosch
et al., 2009; Levrero, 2006; Sun et al., 1999; Wurmbach et al.,
2007). With the ever growing understanding of the importance of
CSCs in the tumorigenesis of HCC, various groups have also
begun investigating how HBV and HCV influence the malignant
transformation of cells of various liver lineages into CSCs.

HBV-encoded X antigen (HBx) is implicated to be an important
component in the occurrence and development of HBV-related
HCC (Neuveut et al., 2010). This protein is believed to influence
gene expression patterns, resulting in the up-regulation of many
important genes involved in oncogenesis and proliferation (Tang
et al., 2005). Recent studies (Arzumanyan et al., 2011; Li et al.,
2011; Wang et al., 2012) have indicated that expression of HBx
can enhance tumorigenic and stem cell-like properties of cells.

By using a 3,5-diethoxycarbonyl-1,4-dihydrocollidine (DDC)-
induced liver injury model, EpCAM" HPCs are activated in both
the wild-type (WT) and HBXx transgenic mice. After isolating and
assaying the activated HPCs for their tumorigenicity in vivo, it
was discovered that EpCAM" HBx HPCs are more tumorigenic
compared to EpCAM* WT HPCs (Wang et al., 2012). Similarly,
forced expression of HBx in other cell lines of liver lineages
increased their tumorigenicity (Arzumanyan et al., 2011; Li et
al., 2011).

This observation may be explained by a number of charac-
teristics these HBx-expressing cells possess. A research group
uses in vitro and in vivo studies to demonstrate that expression
of HBx in liver cells could trigger “stemness” by stimulating the
expression of various stem cell marker genes, including
EpCAM and B-catenin (Arzumanyan et al., 2011). Another re-
search group shows that the presence of aflatoxin B1 (AFB1) in
the liver microenvironment and the expression of HBx in liver
cells, in particular the HPCs or the oval cells, has significantly
higher tumorigenic potential compared to the presence of either
one of the two etiologic factors alone. The authors propose a
reason to the above observation and suggest that the HBx-
expressing cells are more sensitive to AFB1 and results in a
higher incidence of mutation (Li et al., 2011).

The phenotypic changes of the HBx-expressing liver cells may
be related to their altered gene expression patterns. Various
groups have discovered the up regulation of B-catenin and inter-
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leukin-6 in HBx-expressing cells (Wang et al., 2012). It is there-
fore suggested that the increase in tumorigenicity, ‘stemness’,
and decrease in apoptosis of HBx-expressing cells may be as-
sociated with the IL-6/STAT3, and Wnt/B-catenin pathways.

Chronic HCV infection is also another important risk factor in
the development of HCC (Bartosch et al., 2009; Levrero, 2006;
Wurmbach et al., 2007). Hepatoma cell lines with forced expres-
sion of a subgenomic replicon of HCV appear to acquire CSC
characteristics, which were reversed when the cell lines were
cured of the replicon. The CSC characteristics are shown as
elevated expression levels of proteins including doublecortin and
CaM kinase-like 1 (DCAMKL-1), Lgr5, CD133, and alpha-
fetoprotein (AFP). These observations are substantiated by anal-
ysis using samples from HCV-positive patients (Ali et al., 2011).
These results indicate a correlation between HCV infection and
the acquisition of CSC characteristics in liver cells.

CYTOKINE NETWORK/TUMOR MICROENVIRONMENT
AND HEPATIC CANCER STEM CELLS

In the course of identifying CD47* HCC cells as chemo-
resistant tumor-initiating cells, Lee et al. (2014a) delineated an
autocrine mechanism to explain the sustaining of stem-like
properties in this HCC subpopulation. The CD47* CSCs prefer-
entially secreted cathepsin S (CTSS) and activated protease-
activated receptor 2 (PAR2) through an autocrine loop, which
facilitated the tumorigenic, metastatic and self-renewal ability of
HCC in an NF-kB-dependent manner. IL-8 is another cytokine
that has been found to be preferentially up-regulated by the
CD133" liver CSCs. IL-8 expression was associated with in-
creased neurotensin (NTS) and CXCL1 and activated the
MAPK signaling pathway in sustaining stemness and cancer-
ous properties (Tang et al., 2012). He et al. (2013) isolated and
characterized HCC progenitor cells (HPCs) from the livers of
DEN-treated mice. These HPCs gave rise to tumors when
injected into chronically damaged livers but not in normal livers.
The group further identified the HPCs relied on autocrine IL-6
signaling via LIN28 up-regulation for malignant progression.

Cross-talk between tumor cells and infiltrated non-tumor cells
also affects cancer stemness. A recent study showed that co-
culturing of patient-derived CD14* tumor-associated macro-
phages (TAMs) promoted the expansion of CD44" liver CSCs
(Wan et al., 2014). In vitro self-renewal and xenograft tumor
forming abilities of HCC cells were also enhanced by co-
culturing with CD14* TAMs. These intercellular signaling was
mediated by IL-6 secreted by the TAMs and transduced
through STATS3 in the recipient tumor cells. Another report us-
ing mouse macrophage cell suggested that TAM secreted
TGF-B1 to induce mouse hepatoma cells to undergo epithelial-
mesenchymal transition (EMT) and promoted their invasive
phenotype (Fan et al., 2014). The study also reported a positive
correlation between the number of TAMs and the density of
CSCs in the margin of HCC clinical samples.

Chronic inflammation and fibrosis of the liver has been a well-
known microenvironment fostering HCC development. The
stiffness of these inflammatory and fibrotic tissues can be a
measurable physical parameter of which the tumor microenvi-
ronment modulates the behavior of cancer cells. By using a
matrix-coated polyacrylamide support that modeled the tumor
stiffness across patho-physiological range, Schrader et al.
(2011) showed that Huh7 and HepG2 cells proliferated faster
when cultured on stiff than on soft supports. Culturing on stiff
supports endowed the HCC cells with higher resistance to
cisplatin. On the other hand, HCC cells cultured on soft sup-
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ports revealed high clonogenic capacity, which was associated
with increased abundance of CD133, CD44, CXCR4 and en-
hanced transcriptions of OCT4 and NANOG. These data sug-
gested increasing stiffness of ECM has the potential to promote
proliferation and chemoresistance, whereas decreasing ECM
stiffness induced cellular dormancy and stemness of HCC cells.

In solid tumors, the pace of angiogenesis and the vessel
network may not be efficient enough to nourish all tumor re-
gions, such that nutrients and oxygen deprivation are environ-
mental stresses challenging the cells within a tumor bulk. How
CSCs in liver cancer cope with the hostile microenvironment is
a field beginning to be explored. Two research groups have
reported that CD133" HCC cells made use of autophagy in
maintaining their survival under nutrient-deprived and hypoxic
environment (Chen et al., 2013a; 2013b).

SIGNALING NETWORKS AND HEPATIC CANCER STEM
CELLS

The understanding of cellular signaling regulating the stemness
and malignant phenotypes of hepatic cancer stem cells has ad-
vanced greatly in the past few years. In addition to the identifica-
tion of developmental pathways and transcription factors impli-
cated in regulating stem cell pluripotency de-regulated in liver
CSC subpopulations, recent studies are also disclosing the im-
portance of epigenetic regulators, microRNAs and metabolic
enzymes in controlling the diverse properties of liver CSCs.

Wnt signaling has been implicated to play a critical etiological
role in cancers arising from rapidly self-renewing tissues. In the
case of the liver, Mokkapati et al. (2014) used B-catenin overex-
pressing transgenic mice specifically targeted at liver stem/pro-
genitor cells to demonstrate that this stem cell regulatory pathway
has a tumor initiating role in HCC. The 90% of all transgenic mice
examined developed HCC by 26 weeks of age. Further, the HCC
tumor showed activation of both Ras/Raf/MAPK and PISK/AKT/
mTOR pathways, as well as up-regulation of hepatic stem/pro-
genitor cell markers including CITED1, DLK1, CD133, LGRS,
SOX9, SOX4 and AFP (Mokkapati et al., 2014).

The role of TGF-B signaling in HCC development remains con-
troversial. In a DEN-induced hepatocarcinogenesis rat model, the
transcriptional level of TGF-B showed positive correlation with
CD90, CD133 and EpCAM (Wu et al., 2012). TGF-B also con-
ferred the rat liver progenitor cells with tumor-initiating cells prop-
erties, which was accompanied with activation of AKT and mi-
croRNA-216a mediated suppression of PTEN signaling. Where-
as another study showed loss of TGF-B signaling in liver-
restricted Pten and Tgfbr2 double knockout mice promoted HCC
development. Histological analysis of the tumor tissues revealed
up-regulated expression of CD133, in addition to EpCAM and c-
Kit (CD117) (Morris et al., 2014).

A number of signaling pathways have now been implicated in
the maintenance of stemness and cancerous properties of
CD133" liver CSCs. In particular, miRNA-130b was found to be
preferentially up-regulated in CD133" HCC cells and to be re-
sponsible in promoting CSC-like properties via silencing tumor
protein 53 induced nuclear protein 1 (TP53INP1) (Ma et al.,
2010). Overactivation of the Akt/PKB and Bcl-2 survival path-
way has been identified to be employed by CD133" liver CSCs
to escape conventional chemotherapeutic agents (Ma et al.,
2008b). Another study reported the CD133 subset to escape
radiation exposure through MAPK/PI3K signaling activation and
reduced reactive oxygen species levels (Piao et al., 2012).
Ikaros has been known to suppress gene expression through
recruiting promoter regions into pericentromeric heterochroma-
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tin. In HCC, decreased lkaros expression was correlated with
poor survival and the study by Zhang et al. (2014) showed that
Ikaros exerted a tumor suppressive function through interacting
with CtBP to form a transcriptional repressor complex that di-
rectly binds to the P1 promoter of CD133 such that the CSCs
properties of HCC cells were suppressed (Zhang et al., 2014).
TGF-B has also been suggested to regulate CD133 expression
in HCC cells via inhibiting the expression of DNA
methyltransferase (DNMT) 1 and DNMT3p, whereas Smad6
and Smad7 partially attenuated TGF-p1-induced CD133 ex-
pression (You et al., 2010). Interestingly, despite that the
mTOR pathway is known for its tumorigenic functions through
enhancing cell proliferation, inhibition of this pathway was found
to increase the abundance of CD133" cells and up-regulation of
stemness markers. Moreover, inhibiting the mTOR signaling
promoted the conversion of CD133" liver tumor cells to CD133*
cells (Yang et al., 2011). The CD133"* population of HCC cell
lines has also been reported to contain higher levels of activat-
ed Ras, activated Ral and activated Aurora kinase (Ezzeldin et
al., 2014).

Transcription factors that are known to maintain normal stem
cell pluripotency also regulate stemness properties of liver CSCs.
CD24* HCC cancer stem cells were enriched in residual HCC
cells resistant to cisplatin and relied on STAT3-mediated NANOG
expression in maintaining CSC characteristics (Lee et al., 2011).
Subsequent study identified Twist2, a transcription factor that
mediates EMT, controlled CD24 expression in HCC cells by
directly binding to the E-box region in the CD24 promoter. Thus,
Twist2 regulates liver cancer stem-like cell self-renewal via the
CD24-STAT3-NANOG axis (Liu et al., 2014). Pluripotency tran-
scription factor Nanog marked liver CSCs and maintained their
self-renewal through the IGF signaling pathway (Shan et al.,
2012). Hypomethylation of NANOG promoter was detected in
CD133" liver cancer cells and ecotopic NANOG expression in-
creased the abundance of CD133" cells (Wang et al., 2013).
Increased expression of OCT4 owing to DNA demethylation
mediated chemoresistance in liver cancer through activating
AKT-ABCG2 pathway (Wang et al., 2010). Zinc finger protein X-
linked (ZFX), a transcription factor highly expressed in embryonic
stem cells and hematopoietic stem cells, was recently reported to
regulate CSC properties of HCC (Lai et al., 2014). ZFX is over-
expressed in over half of HCC samples examined in the study
and it carried out CSC regulatory roles through binding to pro-
moters of NANOG and SOX2.

Aberrant functioning of metabolic pathways has also been re-
cently shown to potentiate HCC development. Methionine
adenosyltransferase (MAT) is the enzyme catalyzing S-
adenosylmethionine (SAM) biosynthesis and its activity is known
to diminish in chronically injured liver and HCC (Avila et al., 2000;
Cai et al., 1996). Knockout of Matla in mice has been demon-
strated to induce spontaneous HCC development by 18 months
(Ding et al., 2009; Rountree et al., 2008). The CD133"CD49f*
and CD133'CD45 cell populations isolated from the HCC of
Matla knockout mice showed CSC properties. CD133*CD49f*
cells could be clonally expanded and capable of initiating tumor
formation (Rountree et al., 2008) and CD133'CD45 cells not
only showed higher resistance to TGF-f induced apoptosis com-
pared with CD133" cells, but also revealed a significant increase
of the mitogen-activated protein kinase (MAPK) signaling path-
way. This Matla deficiency in vivo model demonstrated that
interruption of the one-carbon cycle metabolism potentiates HCC
development (Ding et al., 2009).

Epigenetic regulators are emerging candidates that play im-
portant functions in liver CSCs. Histone deacetylase 3 (HDAC3)
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expression was found to be up-regulated in HCC clinical sam-
ples and its expression correlated with poor prognosis (Liu et al.,
2013a). Moreover, HCC cells that preferentially express
HDACS revealed CSC properties including self-renewal and
up-regulation of pluripotency factors. On the other hand, DNA
methyltransferase 1 (DNMT1) was found to be a suppressor of
HCC as its suppression enhanced the self-renewal and
tumorigenicity of HCC cells (Marquardt et al., 2011; Raggi et al.,
2014). Aberrant microRNA functions also plays a critical role in
the maintenance of liver CSCs. MicroRNA profiling in HCC
tissues identified significantly lowered expression of miR-148a
in a subtype of HCC that is characterized by cancer stem-like
cell signature. MiR-148a targets the BMP receptor ACVR1,
whose overexpression has been associated with a dismal out-
come of HCC patients (Li et al., 2014). MiR-142-3p was also
recently found to regulate CD133 expression and its associated
cancer stem cell properties (Chai et al., 2014). Recurrent HCC
tissues have preferential overexpression of miR-216a/217 (Xia
et al.,, 2013). MiR216a/217 silenced PTEN and SMAD7 ex-
pression, induced EMT, escalated EpCAM* cell abundance
and promoted resistance of HCC cells to sorafenib via aug-
menting the positive feedback of TGF-B and PI3K/Akt signaling
cascades.

New insights of CSC regulatory mechanisms were also gained
through studies of classic oncogenes and tumor suppressor
genes. A recent study characterized the role of the well-known
oncogene ¢c-MYC in regulating liver CSCs properties. Using a
Tet-On system, Akita et al. (2014) showed that differential c-MYC
expression in hepatoma cell lines have different effects of stem-
cell like properties in HCC. At low level activation, c-MYC en-
hanced both in vitro and in vivo CSCs properties, which were
accompanied with up-regulated expression of CSC maker genes,
through a p53-dependent mechanism. When activated above an
experimental threshold, c-MYC triggered apoptosis and abrogat-
ed CSC properties (Akita et al., 2014). Studies by
Tschaharganeh et al. (2014) indicated that loss of p53 promotes
dedifferentiation of mature hepatocytes into Nestin* progenitor
cells. Nestin, class IV intermediate filament protein, is a known
marker of bi-potential liver progenitor cells (oval cells) that reside
in the adult liver and expand upon chronic liver damage
(Gleiberman et al., 2005). P53 suppressed Nestin expression
through a Sp1/3-dependent mechanism.

THERAPEUTIC TARGETING OF HEPATIC CANCER STEM
CELLS

The heterogeneous characteristics of HCC, frequent disease
recurrence and the chemoresistance nature of the tumor imply
the need of targeting the disease from different perspectives. In
particular, a recent study demonstrated that CSCs from recur-
rent HCC patients can be isolated based on the expression of
isoform 5 of the 0251 subunit of voltage-gated calcium channel.
o231 was further characterized as a functional tumor-initiating
cell marker. Surgical margin of HCC containing cells detectable
by 1B50-1 is predictive of tumor recurrence. The group gener-
ated a monoclonal antibody, 1B50-1, to target these CSCs,
where IB50-1 exerted a promising therapeutic potential through
eliminating CSCs from recurrent HCC (Zhao et al., 2013).
Chemoresistance is another challenge in HCC treatment.
Some recent studies adopted a proactive approach to identify
chemoresistant liver CSCs and their underlying molecular
mechanisms in order to combat the ever evolving cancer cells.
A recently published study indicated that CD47" HCC cells
were enriched in chemoresistant hepatospheres and these
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cells were endowed with CSC characteristics. The ability to
chemo-sensitize these CSC upon CD47 suppression support-
ed it as a novel therapeutic target for HCC treatment (Lee et al.,
2014a).

Targeting dormant or slow cycling CSCs is important to avoid
tumor relapse. By adopting Hoescht-dye exclusion approach,
Haraguchi et al. (2010) identified CD13-expressing side popula-
tion as a semi-quiescent CSC subpopulation in human HCC.
These CD13" liver CSCs displayed resistance to chemothera-
peutic drugs, 5-fluorouracil (5-FU) and doxorubicin. Its
chemoresistance was attributed to lower levels of reactive oxy-
gen species (ROS), which protected ROS-induced DNA dam-
age after exposure to genotoxic chemo/radiation stress. Further,
it was demonstrated in mouse xenograft models that combina-
tion of CD13 inhibitor (ubenimex) and 5-FU led to drastic tumor
regression compared with either agent alone. 5-FU alone sup-
pressed proliferative CD90* CSCs and some of which generat-
ed semi-quiescent CD13* CSCs. The self-renewing and tumor-
initiating potential of these dormant CSCs were inhibited by
ubenimex. Thus, it was proposed that a combination of CD13
inhibition with ROS-inducing chemo/radiation therapy can im-
prove treatment efficacy. Another study using orthotopic HCC
mouse models by injection of human AFP and/or luciferase-
expressing HCC cell lines and primary HCC cells also demon-
strated that CD13" cells were found in minimal residual disease,
suggesting that targeting dormant CSCs is critical for treatment
success (Martin-Padura et al., 2012).

Oncofetal proteins are another attractive class of therapeutic
targets. Granulin-epithelin precursor (GEP) is an oncofetal pro-
tein found expressed in fetal livers but not normal adult livers
(Cheung et al., 2011). GEP" fetal liver cells expressed an array
of embryonic stem cell-related signaling proteins including -
catenin, OCT4, NANOG, SOX2 and DLK1, and hepatic CSC
markers CD133, EpCAM and ABCB5. GEP" HCC clinical
sample and cell lines also expressed these pluripotent mole-
cules. The group further proposed that co-expression of GEP
and ABCBS5 enriched a subpopulation of liver CSCs that are
rational therapeutic targets of HCC.

Sorafenib, a multikinase inhibitor targeting the ERK pathway,
is the only FDA-approved drug for treatment of advanced HCC
patients. However, sensitivity towards this drug varies among
patients. A recent study found that the therapeutic response of
HCC patients to sorafenib was inversely correlated with CD133
expression and JNK pathway activity. Using a JNK specific
inhibitor, the group was able to reduce xenografted CD133"
cells in athymic mice (Hagiwara et al., 2012). These results
highlight the necessity of perturbing pathways regulating the
maintenance of CSCs in order to improve treatment outcome.
Several other studies also support the therapeutic potential
through targeting CD133 cells. CD133" HCC cells have been
shown to maintain their survival under hypoxic and nutrient-
deprived environment via undergoing autophagy. In vitro data
showed that inhibition of autophagy can significantly promote
apoptosis while reducing the clonogenic potential of the
CD133" subset (Song et al., 2013). Another study also showed
that CD133 promoted HCC cells autophagy under low glucose
medium and that stable knockdown of CD133 also led to im-
paired glucose uptake. CD133 monoclonal antibody treatment
inhibited autophagy while inducing apoptosis of HCC cells
(Chen et al., 2013a). BMP4 has been tested and shown to be
capable of promoting differentiation of CD133" HCC cells and
reduced both in vitro and in vivo cancer stem-like cells proper-
ties (Zhang et al., 2012). Oncolytic measles virus targeting
CD133" HCC cells has been shown to exert anti-tumoral effect
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Fig. 1. Our current knowledge of hepatic
cancer stem cells gained from different
perspectives.
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on HCC growing subcutaneously or multifocally in the peritone-
al cavity of nude mice (Bach et al., 2013).

Immunotherapy has also been proposed for targeting liver
CSCs. The therapeutic efficacy of current dendritic cell (DC)-
based vaccine against HCC remains limited. A recent study
reported the development of a DC-based vaccine that acted
against CD133"HCC CSCs (Sun et al., 2010). The DCs used
were loaded with RNA from CD133" HCC cells and induced in
vitro cytotoxic CD8" T lymphocytes against CD133* Huh7 cells
(CD133*Huh7-CTLs). These primed CTLs inhibited the tumor-
igenic ability of Huh7 cells subcutaneously injected in nude
mice. Recurrent HCC cells derived from the sample patient
expressed higher levels of liver progenitor markers and showed
enhanced tumorigenic capacity in serial transplantation assays
(Xu et al., 2010). Furthermore, these recurrent HCC cells could
be recognized and killed by autologous-activated tumor-
infiltrated lymphocytes (TILs). Pre-treatment of the recurrent
HCC cells with TNF-o. and INF-y potentiated in vitro CD8* T-
cell-mediated recognition and TILs-mediated cytotoxicity. The-
se results supported the proposal of adopting immunotherapy
to control recurrent HCC.

Since epigenetic mechanisms have been known to play es-
sential roles in regulating CSC stemness, epigenetic regulators
are another class of plausible therapeutic targets. EZH2 is re-
quired by HCC cells for self-renewal and its pharmacological
inhibition by 3-deazaneplanocin (DNZep) reduced the level of
EpCAM* HCC CSCs. Moreover, DNZep exerted more potent
effect than 5-FU in terms of suppressing the abundance of
EpCAM* CSCs (Chiba et al., 2012). HDAC inhibitors reduced
HCC cells stemness. Further, knockdown of HDACS3, a histone
deacetylase known to be preferentially expressed in liver CSCs,
enhanced the sensitivity of HCC cells to sorafenib (Liu et al.,
2013a). Chromatin modifier HDAC2, despite its unknown roles
in CSCs, have also been recently suggested as therapeutic
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target for HCC (Lee et al., 2014b).

The well-known diabetic drug metformin has recently been
shown to have anti-tumoral effect in various malignancies in-
cluding HCC. A recent report revealed that metformin treatment
reduced the abundance of EpCAM* HCC cells, which was
accompanied by impaired self-renewal capability of HCC cells
(Saito et al., 2013). Small molecule inhibitor of aldehyde dehy-
drogenase, disulfiram, have been shown to down-regulate the
abundance of CSC markers and suppress the self-renewal
ability of HCC cells through activating the ROS-p38 MAPK
pathway (Chiba et al., 2014). Targeting oxidative stress-elicited
AKT activation down-regulated the stem-like cell properties but
enhanced the inhibitory potency of PPARy agonist. Combined
application of AKT inhibitor and PPARYy agonist is believed to
have the potential as HCC therapy (Liu et al., 2013b).

CONCLUSION

Although various liver cancer stem cells have been identified
based on the expression of cell surface proteins and the underly-
ing signaling mechanisms sustaining their perpetuation have
been partially elucidated (Fig. 1), the relative significance of these
CSCs in individual patient and at different disease stages remain
obscure.

There is increasing recognition and appreciation that tumors
comprise of complex networks that resemble an intricate eco-
system where individual cells endowed with distinctive charac-
teristics play different functional roles and co-operate to support
the growth and maintenance of the whole tumor (Kreso and
Dick, 2014). Driver mutations and heritable epigenetic changes
give rise to different clones of tumor cells during the course of
tumor formation, progression and metastasis. Topological biopsy
of tumors followed by whole exome sequencing (WES) and
whole genome sequencing (WGS) indicated the presence of
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intratumoral heterogeneity genetic subclones located in different
regions of the same tumor. In breast cancers, based on the de-
tection of genetic subclones within tumors, it is now possible to
create the evolutionary lineage of these subclones such that the
life histories of breast cancer could be reconstructed (Nik-Zainal
et al., 2012). Thus, it was suggested that understanding the
mechanisms driving evolution of tumors that give rise to genet-
ically distinct subclones can help predict response to therapy and
recurrence and/or metastasis (Kreso and Dick, 2014). These
latest conception of tumor biology can also be applied to study
the progression of HCC that lead to the advancement of patient
management.

Disseminated tumor cells (DTCs) and tumor dormancy is an-
other field with escalating interest. Even before diagnosis, some
cancer cells are believed to have already migrated from the
primary developing tumor to colonize secondary organs. These
DTCs then enter dormancy and become the source of CSCs
for recurrence, years after treatment (Sosa et al., 2014). Unfor-
tunately, the current knowledge of DTC is too scarce when it
comes to pinpointing the therapeutic paradigms of these quies-
cent cells. It is very likely that HCC and/or its pre-diagnostic
stages release numerous DTCs to distant organs. These DTCs
escape treatment and are responsible for tumor recurrence.
Indeed, other than identifying CSCs from the tumor bulk, a
research group prospectively isolated the circulating tumor cells
(CTCs) from HCC patients (Sun et al., 2013). The group further
discovered that some EpCAM* CTCs showed stem cell-like
properties. Moreover, the presence of =2 preoperative CTC per
7.5 ml of blood was shown to be a predictor of tumor recur-
rence in HCC patients, despite the fact that concrete roles of
the EpCAM* CTCs in tumor recurrence and metastasis were
not addressed. Understanding the mechanisms governing the
status of DTC will be a critical avenue for cancer biologists in
achieving disease eradication.
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