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Cancer stem cells (CSCs) are a small subpopulation of cells within tumors with capabilities of self-renewal, diﬀerentiation,
and tumorigenicity when transplanted into immune-comprised mice. Accumulating evidences have shown that CSCs or
tumor-initiating cells are key drivers of tumor formation and progression in both solid tumors and haematological malignancies. Identiﬁcation of the CSCs or tumor-initiating cells is a fundamental and important problem in cancer research. There
is still a lack of consensus regarding the existence of a “global” marker for CSCs in diﬀerent human cancers, but isolated
CSCs have shown both the tumor-propagating ability in immune-compromised mice and the capacity to fully recapitulate
the original heterogeneity of cell types. Several cell surface markers, including CD133, CD44 and CD90, were often used to
identify and enrich CSCs. Although not all types of cancer follow the CSC theory, it provides an attractive cellular mechanism
to account for the therapeutic resistance and recurrence of the disease. Here we provide a brief review regarding the markers
for identiﬁcation of CSCs in hepatocellular cancer, allowing us to deep understand of the cellular organization of HCC and
to develop therapies that target speciﬁc CSCs.
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Hepatocellular carcinoma (HCC) is the ﬁfth most prevalent
cancer and the third most frequent cause of cancer-related
death [1]. During the past two decades, the incidence of HCC
in the United States has tripled, while the 5-year survival rate
has remained below 12% [2]. Great eﬀorts have been made in
treatment of HCC in the past decade. However, recurrence
after ablation or resection is a major drawback. The diﬃculty
in eradicating tumors may be due to the fact that conventional
treatments target the bulk of the tumor cells leaving behind
the cancer stem cells, which like their normal counterparts,
maintain the ability to initiate tumorigenicity [3]. According
to this hypothesis, identifying and killing cancer stem cells
(CSCs) may be an eﬀective treatment modality.
Recently, accumulating data support that the problem
of relapse as well as drug resistance in cancers may well be

a function of CSCs within the tumor [4]. CSCs have been
identiﬁed in both solid tumors and haematological malignancies, including breast [5, 6], liver [7-9], brain, colorectal
[10-12], lung [13, 14], pancreatic [15, 16], and multiple myeloma [17]. Various cell surface markers have been used for
the isolation and characterization of CSCs from solid tumors,
for example, CD133, CD24, CD44, CD90, epithelial cell adhesion molecule (EpCAM), THY1, ATP-binding cassette B5
(ABCB5) and aldehyde dehydrogenase 1(ALDH1). There is
still a lack of a global marker of CSCs, but the identiﬁcation
of CSC has profound implications for understanding the
mechanisms of HCC and for the design of novel and speciﬁc
therapeutic strategies. Here we provide a brief review regarding the markers for identiﬁcation of CSCs in hepatocellular
cancer, and hope these studies may contribute to diagnosis and

506

prognosis prediction in patients with HCC, as well as improve
HCC patients’ survival.
Characteristics of CSCs
Two models have been proposed to explain tumor heterogeneity, including the stochastic model and the hierarchical
model [18]. The stochastic model postulate that all tumor cells
within tumor bulk are biologically homogenous and have an
equal capacity to regenerate a tumor. While the hierarchical
model, also termed the CSCs model, suggests that only a small
subset of tumor cells within tumor bulk exhibit the capacity
to initiate and sustain tumor growth. According to this CSCs
model, these cells present unlimited proliferation potential,
ability to self-renew, and capacity to generate a progeny of
diﬀerentiated cells that constitute the major tumor population. CSCs can divide asymmetrically, producing an identical
daughter cell and a more diﬀerentiated cell [19]. In contrast
to diﬀerentiated tumor cells, CSCs are relatively quiescent
and have a slow cycling rate[20]. CSCs also have the ability to form tumors when they are injected into non-obese
diabetic/severe combined immunodeﬁciency (NOD/SCID)
mice[21-24]. Characteristically, CSCs are also radiotherapy
and chemotherapy-resistant. Potent tumor initiation, selfrenewal and diﬀerentiation are the common characteristics
of CSCs [25-28]. Studies have now demonstrated that CSCs
exhibit many classical properties as follows [29]: (i) a high selfrenewal capacity; (ii) an enhanced ability to diﬀerentiate and
generate heterogeneous lineages; (iii) an increased capacity for
self-protection against drugs, toxins and radiation; and (iv) an
increased capacity to initiate and sustain tumor growth.
Markers for identiﬁcation and isolation of liver cancer
stem cells
CSCs could be selected through functional assays, such as
isolating side population (SP) cells by Hoechst dye staining
and screening cells with activity of ALDH. In recent years,
Fluorescence-activated cell sorting and magnetic activated cell
sorting analyses are two most common methods to identify

Table 1. Common characteristics of cancer stem cells
 Potent tumor initiation – CSCs should regenerate the tumor when limited
number cells are injected into mice.
 Self-renewal – the ability of a cell to reproduce itself without losing developmental potential. Direct evidence of CSCs self-renewal is achieved
by observing regrowth of a phenotypically identical and heterogeneous
tumor.
 Diﬀerentiation – the ability to give rise to a heterogeneous progeny of
cells, which progressively diversify and specialize according to a hierarchical process, constantly replenishing the tissue of short-lived, mature
elements. CSCs should demonstrate some diﬀerentiation capacity reﬂecting the tumor. Tumors arising in vivo should represent a phenocopy of
the original human tumor.
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and isolate CSCs. Compelling data have shown that hepatic
CSCs could be isolated by several diﬀerent cell markers, i.e.,
CD133, CD24, CD44, CD90, CD13, EpCAM and OV6.
Side population cells (SP cells)
SP cells were ﬁrst isolated from hematopoietic stem cells
(HSC) in 1996. Goodell Ma et al [30] used Hoechst 33342 to
stain murine bone marrow cells, and discovered that a small
subset of cells were shown to have phenotypic markers of
multipotential HSC and to be enriched at least 1,000-fold for
in vivo reconstitution activity. Further, these Hoechst-stained
cells were shown to protect recipients from lethal irradiation at
low cell doses, and to contribute to both lymphoid and myeloid
lineages. These cells were called SP cells. After that, SP cells
were identiﬁed in various cancer cell lines. Chiba and colleagues [31] detected SP cells in Huh-7 and PLC/PRF/5 cells.
Compared to non-SP cells, SP cells exhibited high proliferative
potential and anti-apoptotic properties. In vivo, only 1 x 103
SP cells were suﬃcient for tumor formation in NOD/SCID
xenograft transplant experiments, whereas an injection of 1
x 106 non-SP cells did not initiate tumors. Re-analysis of SP
cell-derived tumors showed that SP cells generated both SP and
non-SP cells and tumor-initiating potential was maintained
only in SP cells in serial transplantation. Several “stemness
genes” were upregulated in SP cells, but not in non-SP cells.
Zhou S et al [32] further found that the SP phenotype was
determined by expression of the Bcrp1/ABCG2 gene. Koichi
Shimano et al [33] showed that hepatic oval cells, which possess
several characteristics of stem cells, had the SP phenotype. The
expression pattern of ABCG2/BCRP1 mRNA level was well
correlated with the number of oval cells. These data support
that SP cells can serve as a maker of cancer stem cells.
However, several criticisms have been raised concerning
the use of Hoechst dye as a means of isolating stem-like cells.
There are many variables involved in the preparation and
staining for isolation of SP cells by FACS. Because eﬄux of
a dye is a dynamic process, slight variations can dramatically
aﬀect the viability, homogeneity, and apparent yield of SP
cells in tissue dissociation [34, 35]. Xu Y et al [36] found that
four factors in the staining process inﬂuenced SP percentage,
including incubation time, shaking interval, culture time
and Hoechst 33342 concentration. In addition, Hoechst dye
renders the assay toxic to live cells, so it can be argued that SP
cells are only a population of cells that are able to escape the
lethal eﬀects of Hoechst[3]. As a result, there are often large
discrepancies between SP abundances from the same tissue.
We believe that SP cells should not be used alone for stem cell
puriﬁcation, and they at least need to be validated in combination with other markers.
ALDH
In addition to identiﬁcation of CSCs by SP analysis, ALDH
activity is another functional marker of CSCs. Long before
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ALDH activity was used as a marker for identifying CSCs,
the potential role of ALDH in chemoresistance had already
been identiﬁed. There are 17 isoforms of ALDH in the human body that also localize to the mitochondria in addition
to cytosol[37], and ALDH1 has been extensively analysed in
candidate CSCs as a potential marker for CSCs. Ginestier et al
[38] found that ALDEFLUOR-positive breast cancer cells that
had ALDH activity were capable of forming xenograft tumors
with as little as 500 cells. ALDEFLUOR-negative cells from the
same tumor samples, however, were unable to form xenograft
tumors with as many as 50,000 cells. When ALDEFLUOR-positive staining was combined with CD44 (+)/CD24 (-) markers,
as little as 20 breast cancer cells could form tumors. Ma and
colleagues [9] analysed the expression of several diﬀerent
ALDH isoforms and ALDH enzymatic activity in liver cell lines
and found that ALDH was positively correlated with CD133
expression by dual-color ﬂow cytometry. They also reported
that the majority of ALDH (+) HCC cells were CD133 (+),
yet not all CD133 (+) HCC cells were ALDH (+). Subsequent
studies found that CD133 (+) ALDH (+) cells were signiﬁcantly
more tumorigenic than their counterparts, CD133(-) ALDH
(+) or CD133 (-) ALDH (-). These data suggested that ALDH,
combined with CD133, could more speciﬁcally characterize
the tumorigenic liver CSC population.
CD133
Human CD133 is a ﬁve transmembrane single-chain
glycoprotein that belongs to the prominin family containing two large extracellular and two small intracellular loops.
The glycosylated forms have a molecular mass of ≈115~120
kDa [39-41]. The role of CD133 as a CSC marker has been
documented in various tissues, including lung cancer [42-46],
gastric carcinoma [47, 48], pancreatic cancer [49-51], colon
cancer [52-55], as well as liver cancer [9, 56, 57].
CD133 (+) HCC cells were ﬁrst reported to represent a potential CSC subpopulation in HCC by Suetsugu and colleagues
[58]. They found that CD133 (+) cells from Huh-7 performed
a higher proliferative potential than CD133 (-) population of
Huh-7 cells. CD133 (+) Huh-7 were subcutaneously injected
into SCID mice, and ﬁnally formed tumors; whereas CD133 (-)
Huh-7 cells induced either a very small number of tumors or
none at all. Ma et al [7] showed that CD133 (+) cells possessed
a greater colony-forming eﬃciency, higher proliferative, and
greater ability to form tumor in vivo. These cells were endowed
with expression of “stemness” genes, the ability to self-renew,
and the ability to diﬀerentiate into nonhepatocyte-like lineages.
Furthermore, CD133 was found to represent only a minority of
the tumor cell population in human HCC specimens. Another
group obtained that CD133 similar ﬁndings (+) fraction from
a SMMC-7721 cell line demonstrated an enhanced clonogenicity in vitro and tumorigenicity in vivo [8]. CD133 (+) and
CD133 (-) fractions from HCC cell lines were then subjected
to functional analyses in vitro and xenograft transplantation in
vivo by Ma and colleagues [59]. They suggested that CD133(+)
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cells possessed the preferential ability to form undiﬀerentiated tumor spheroids in vitro, expressed an enhanced level of
stem cell-associated genes and had a greater ability to form
tumors when implanted orthotopically in immunodeﬁcient
mice. Xenografts resembled the original human tumor and
maintained a similar percentage of tumorigenic CD133 (+)
cells. With over 70% of the mouse liver removed, the expression of prominin-1, the homolog of human CD133 in mice,
was found to be signiﬁcantly upregulated during early liver
restoration [29].
CD24
CD24 is a small, heavily glycosylated and mucin-like cell
surface glycoprotein, has been shown to be highly expressed
in stem/progenitor cells and has been linked to CSCs derived
from breast, colon, ovarian, pancreatic[18, 60]. Huang et al
[61] ﬁrst cloned the full-length CD24 cDNA sequence from
human HCC and found that CD24 mRNA overexpression
was common in HCC cells in parallel with p53 mutation and
tumor diﬀerentiation. There was a strong correlation between
CD24 mRNA overexpression and p53 gene mutation in HCC
and poorly diﬀerentiated HCC. With regard to hepatocellular
cancer stem cells, Lee et al [23] found CD24 was upregulated
in residual chemoresistant tumors upon cisplatin treatment in
immunocompromised mice model. CD24 (+) HCC cells were
critical for the maintenance of self-renewal diﬀerentiation and
metastasis of tumors. As few as 500 CD24 (+) cells from HCC
cell lines are suﬃcient for consistent tumor development in
NOD/SCID mice. As few as 4,000 CD24 (+) cells from primary HCC specimens could initiate tumors. CD24 was found
to be a functional liver tumor-initiating cells (T-IC) marker
that drives T-IC genesis through STAT3-mediated NANOG
regulation with lentiviral-based knockdown approach. They
further demonstrated that majority CD24 (+) HCC cells also
were positive for CD133 and EpCAM.
CD44
CD44 is a transmembrane glycoprotein involved in the
interaction between cells and extracellular matrix [62], several
variant forms of CD44 have been reported, isoform CD44
RNA (CD44V) was recognized in three metastasized hepatocellular carcinoma cell lines, J5, HCC36, and HEP3B [63].
Restricted expression of CD44s and CD44v6 were revealed by
using the DNA microarray and RT-PCR in small hepatocytes
(SHs), which were hepatic progenitor cells. Sorted CD44s (+)
cells could form colonies and possessed hepatic markers [64].
Cogliati et al [65] searched for stem/progenitor cells in 13 HCC
and 7 CC archived samples by immunohistochemical analysis.
They found that both liver tumors presented a higher amount
of K19 (+) HPCs. Further, 61.6% of HCC cases presented immature CD44 (+) hepatocytes. Nevertheless, only two cases
presented CD133 (+) cells. Zhu et al [66]demonstrated that
CD133(+) CD44 (+) HCC cells showed stem cell properties,
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including extensive proliferation, self-renewal, and diﬀerentiation into the bulk of cancer cells. CD133 (+) CD44 (+) cells
showed more highly tumorigenic capacity than their CD133
(+) CD44 (-) counterparts in vivo xenograft experiments.
Moreover, cells double-positive for CD133 and CD44 exhibited preferential expression of some stem cell-associated genes
and were more resistant to chemotherapeutic agents due to
the upregulation of ATP-binding cassette (ABC) superfamily
transporters, further supporting these cells as HCC cell origin.
It was suggested that CSC phenotype could be precisely deﬁned
by co-expression of CD133 and CD44 cell surface markers.
CD90
CD90 (Thy-1) is a 25-37 kDa glycosylphosphatidylinositol
(GPI) -anchored glycoprotein expressed on many cell types,
including T cells, thymocytes, neurons, endothelial cells, and
ﬁbroblasts. CD90 is an important regulator of cell-cell and
cell-matrix interactions, with important roles in nerve regeneration, metastasis, inﬂammation, and ﬁbrosis [67]. Recently,
CD90 has also received attention as a cancer stem cell marker
in various tumor cells, including hepatic stem cells. Yang et
al [68] showed that the CD90 (+) cells, but not the CD90 (-)
cells, from HCC cell lines displayed tumorigenic capacity. All
the tumor specimens and 91.6% of blood samples from liver
cancer patients bore the CD45 (-) CD90 (+) population, which
could generate tumor nodules in immunodeﬁcient mice. The
CD90 (+) CD44 (+) cells demonstrated a more aggressive phenotype than the CD90 (+) CD44 (-) counterpart and formed
metastatic lesions in the lung of immunodeﬁcient mice. CD44
blockade prevented the formation of local and metastatic
tumor nodules by the CD90 (+) cells. CD90 as a potential
marker was delineated CSCs serially from HCC cell lines,
human liver cancer specimens and blood samples [69]. The
number of CD90 (+) cells from HCC cell lines increased with
the tumorigenicity. All the tumor specimens stained positive
for CD45 (-) CD90 (+) cells, but not in the normal, cirrhotic,
and parallel nontumorous livers. In addition, CD45 (-) CD90
(+) cells of blood samples from liver cancer patients account
for about 90% , but none in normal subjects or patients with
cirrhosis. CD90 (+) cells sorted from cell lines and CD45 (-)
CD90 (+) cells from the tumor tissues and blood samples of
liver cancer patients formed tumor nodules in immunodeﬁcient mice. Serial transplantation of CD90 (+) cells from
tumor xenografts generated tumor nodules in a second and
subsequently third batch of immunodeﬁcient mice. CD45 (-)
CD90 (+) cells accounted for a very low number (0%-0.05%)
of in the normal, cirrhotic, and parallel non-tumorous livers
by ﬂow cytometry. However, CD45 (-) CD90 (+) cells were
detected in all the tumor tissues, but not in the normal, cirrhotic, and parallel non-tumorous livers. CD90 (+) cells were
detected in tumor tissues, with both scattered and clustered
patterns by IHC. Several other stem cell markers were also
demonstrated in the tumor tissues, such as CD133, ESA,
CXCR4, CD24, KDR and CD44. There was a signiﬁcant posi-
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tive correlation between the number of CD45 (-) CD90 (+)
cells in the tumor tissues and the number of CD45 (-) CD90
(+) cells in the blood samples.
CD13
CD13, also known as aminopeptidase N, is a membranous
glycoprotein that plays important roles in cancer progression
including cell proliferation, invasion, and angiogenesis [70-72].
Christ et al [73] demonstrated that CD13(+) cells predominated in the G0 phase of the cell cycle and typically formed
cellular clusters in cancer foci. CD13 reduced ROS-induced
DNA damage after genotoxic chemo/radiation stress and
protected cells from apoptosis. Compared with either agent
alone, tumor volume was drastically reduced by treatment
of combination a CD13 inhibitor with the geotaxis chemotherapeutic ﬂuorouracil (5-FU) in mouse xenograft models.
5-FU inhibited CD90 (+) proliferating CSCs, some of which
produce CD13 (+) semiquiescent CSCs, while CD13 inhibition
suppressed the self-renewing and tumor-initiating ability of
dormant CSCs. They argued that combining a CD13 inhibitor
with a ROS-inducing chemo/radiation therapy could improve
the treatment of liver cancer. They further demonstrated that
CD13 was a marker for semiquiescent CSCs in human liver
cancer cell lines and clinical samples and that targeting these
cells might provide a way to treat this disease. Nagano and
colleagues [74] found that CD13 was a surface marker for
CSCs in human liver cancer cell lines and clinical samples, and
that CD13 (+) CSCs were associated with a hypoxic marker
in clinical hepatocellular carcinoma sample, suggesting that
CD13(+) CSCs have the critical role in tumor growth and
resistance to anti-cancer therapy in liver cancers.
EpCAM
EpCAM is a homophilic, Ca2+-independent cell-cell adhesion molecule that is expressed in many human epithelial
tissues. Its increased expression is closely associated with
active cell proliferation. Furthermore, in epithelial cell types
that lack EpCAM in adults, upregulation of EpCAM coincides
with the early stages of neoplastic change [75]. EpCAM was
identiﬁed in 2008 as a marker for human embryonic stem cells
in an antibody-based screening assay [76]. In 2010, Terris et al
[75] revealed that the EpCAM (+) AFP (+) HCC subtype had
features of hepatic stem/progenitor cells with gene expression
and pathway analyses. EpCAM (+) HCC cells isolated by the
ﬂuorescence-activated cell sorting displayed hepatic cancer
stem cell-like traits including the abilities to self-renew and
diﬀerentiate. Moreover, these cells were capable of initiating
highly invasive HCC in nonobese diabetic, severe combined
immunodeﬁcient mice. Chen et al [77] found that CD133(+)
EpCAM (+) cells possessed many characteristics of TICs in
Huh-7 cells, including higher diﬀerentiation capacity, increased colony-formation ability, preferential expression of
stem cell-related genes, drug-resistant to some chemothera-
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peutics, more spheroid formation of culture cells and stronger
tumorigenicity in NOD/SCID mice. In 2013, Yamashita et al
[78] showed that CSC markers EpCAM and CD90 was independently expressed in liver cancer. In primary HCC, EpCAM
(+) and CD90 (+) cells resided distinctively, and gene-expression analysis of sorted cells suggested that EpCAM (+) cells
had features of epithelial cells, whereas CD90 (+) cells had
those of vascular endothelial cells. Serial xenotransplantation
of EpCAM (+) / CD90 (+) cells from primary HCCs in immune-deﬁcient mice revealed rapid growth of EpCAM(+) cells
in the subcutaneous lesion and a highly metastatic capacity of
CD90 (+) cells in the lung.
OV6
OV6 is a monoclonal antibody isolated from carcinogentreated rat liver [18]. Recently , OV6, a marker of oval cells, is
used as a hepatic stem cell marker [79, 80]. In 2008, Yang et al
[81] reported that OV6 (+) HCC cells had a greater tumorigenic ability in NOD/SCID mice when compared with OV6
(-) cells and resistance to standard chemotherapy. Moreover,
Wnt pathway activation was able to enriched OV6 (+) cells, and
inhibition of β-catenin signalling decreased in the proportion
of OV6 cells. In 2012, they [82] further demonstrated that these
OV6 (+) HCC cell not only possessed a higher capacity to form
tumor spheroids in vitro, but also exhibited more invasive and
metastatic potentials both in vitro and in vivo. These results
suggested that OV6 (+) HCC cells possessed self-renewal capacity and tumorigenicity, and Wnt/β-catenin pathway played
the importance role in the activation and expansion of OV6
(+) populations within tumors. Therefore, OV6 also might be
a hepatic CSC marker.
DLK1 (Delta-like 1 homolog)
DLK1 is known to be expressed in fetal liver, but absent in
neonatal and adult liver in mice and rats [83]. Up-regulation
of DLK was found in 73.2% of HCC specimens due to genomic
methylation [84]. DLK1 (+) cells were found in all 17 HCC
cell lines and exhibited stronger ability of in vitro clonogenicity
and in vivo tumorigenicity in mice. Moreover, some known
stem/progenitor cell-like markers were found upregulated,
such as Nanog, SMO, SOX2, Oct3/4, CD133, CD90, and
EpCAM. The sorted DLK1 (+) HCC cells are highly resistant
to conventional chemotherapy drug, such as doxorubicin,
cisplatin, epirubicin, and 5-FU. Knockdown of DLK1 suppressed CSCs traits including proliferation, spheroid formation
and tumorigenicity. Adenoviral-mediated RNA interference
against DLK1 attenuated the in vivo tumorigenicity of HCC
cells [21].These features of DLK1 (+) HCC cells are consistent
with known characteristics of CSCs and DLK1 (+) was able to
use to identify CSCs of liver.
Taken together, considerable eﬀort has been made in the
detection and characterization of CSCs markers. We can use
these makers to identify and isolate a minority of cancer cells
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from various hepatocellular cell lines, which possess feature
of CSCs, including proliferation, spheroid formation tumorigenicity and resistance to chemotherapeutic drugs. These
ﬁndings provided deeper insight into HCC stem cells. However, we should note that not all sorted cells are CSCs; some
markers are indeed more or less speciﬁc for hepatic CSCs.
More important, we have not found a global marker to isolate
hepatic CSCs. Therefore, further studies need to be carried out
for accurate characterization the CSCs of liver.
Clinical implications of CSCs surface markers
Recently, diﬀerent markers were used to identify hepatic
CSCs and subsequently several deregulated molecular pathways were discovered in hepatic CSCs. Thus, hepatic CSCs
were believed to be responsible for metastasis and recurrence.
Further studies have demonstrated that the markers may
contribute to diagnosis, therapeutic, prognosis potential in
patients with HCC. These shed lights on the potential utility
of hepatic CSCs in assisting HCC clinical management.
Diagnostic potential
Hepatic CSCs markers were used not only for identiﬁcation
and isolation CSCs, but also for HCC early diagnosis. Recently,
Yang et al [68, 69] identiﬁed CD45 (−) CD90 (+) hepatic CSCs
in 31 out of 34 blood samples from liver cancer patients by
ﬂow cytometry, but not in normal controls or patients with
cirrhosis. Sorted CD45 (−) CD90 (+) cells were injected into
the liver of SCID/Beige mice. Four months after cells injection,
tumor formation was detected in 5 out of 10 mice. Further serial transplantation of CD90 (+) cells from tumor xenografts
could generate tumors in a second and subsequently a third
batch of immunodeﬁcient mice. Moreover, CD90 (+) cells were
detected in the tumor xenograft by IHC. These results suggest
that examination of CD45CD90 cells in blood might provide
a novel diagnostic method for human HCC.
Therapeutic potential
Yang et al [68] investigated expression relationship between CD44 and CD90 in vivo and in vitro experiments.
They found that administration of anti-CD44 antibody was
able to induced apoptosis of the CD90 (+) andCD90 (-) cells
isolated from MHCC97L cell line in a dose-dependent manner. However, blockade of CD44 activity in PLC cell line only
induced the CD90 (+) cells to undergo apoptosis and had
a mild eﬀect on the CD90 (-) cells. In vivo, diﬀerent doses
of anti-CD44 antibody were administered into nude mice
at the time of cell inoculation. In the absence of anti-CD44
antibody administration, the CD90 (+) cells resulted in tumor
formation subcutaneously in more than 80% of nude mice.
Treatment with diﬀerent dose anti-CD44 antibody was able
to decrease the number of tumor-bearing mice, even though
10 mg/kg further inhibit tumor formation. Most importantly,
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administration of anti-CD44 antibody prevented metastatic
lesions in the liver and lung induced by CD90 (+) cells. Those
ﬁndings highlight the potential of targeting CD90 (+) CD44
(+) CSCs for tumor eradication in future therapeutic strategies. Yamashita et al [22] reported that EpCAM blockage via
RNA interference dramatically decreased the population of
EpCAM (+) cells, and signiﬁcantly inhibited cellular invasion,
spheroid formation and tumorigenicity of HuH1 cells. Their
data suggest that EpCAM may serve as a molecular target to
eliminate HCC cells with stem/progenitor cell features. Yang
et al [82] the property of OV6 (+) CSC cells was sustained by
recombinant stromal cell-derived factor-1 (SDF-1), and this
eﬀect was blocked by a speciﬁc CXCR4 inhibitor, AMD3100,
or transfection of siRNA targeting CXCR4.
Prognostic potential
In 2013, Yamashita et al [78] used EpCAM and CD90
evaluate the clinicopathological characteristics of surgically
resected HCC cases. The results showed that EpCAM (+) cells
(≥ 5%) was characterized by poorly diﬀerentiated morphology and high serum AFP values with a tendency for portal
vein invasion, whereas the existence of CD90 (+) cells (≥ 5%)
was associated with poorly diﬀerentiated morphology and
a tendency for large tumor size. Notably, CD90 (+) cells was
associated with a high incidence of distant organ metastasis.
These results indicated that EpCAM (+) cells was associated
with poorly diﬀerentiated morphology and high serum alphafetoprotein (AFP), whereas CD90 (+) cells was associated with
a high incidence of distant organ metastasis. They also revealed
[22, 85] that EpCAM (+) AFP (+) HCC has progenitor features
with poor prognosis by gene expression proﬁles, whereas EpCAM (−) AFP (−) HCC have adult hepatocyte features with
good prognosis. Yang et al [86] showed that patients with
more OV6 (+) tumor cells were associated with aggressive
clinicopathological features and poor prognosis.
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be of value in identifying hepatic CSCs in the future, and
the identiﬁcation of new CSCs would have more profound
implications for understanding the mechanisms of invasion
(metastasis) and for the design of novel and tumor-speciﬁc
therapeutic strategies.
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