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FIG 6 Expression of lipid metabolism-related transcription factors and ER stress-related factors. Huh-7.5 cells were transfected with H77Sv2 Gluc2A RNA or
H775v2 Gluc2A (AAG) RNA and pre- or anti-miR-27a. At 24 h posttransfection, oleic acid (100 wM) was added to the culture medium. At 72 h after oleic acid
treatment, the cells were harvested. (A) Western blotting of lipid metabolism-related transcription factors changed by HCV infection and oleic acid. Experiments
were repeated three times. (B) Western blotting of lipid metabolism-related transcription factors changed by pre- or anti-miR-27a. Experiments were repeated
three times. (C) Western blotting of ER stress-related transcription factors changed by pre- or anti-miR-27a. Experiments were repeated three times. (D) Cell
viability in the same experiments was determined by MTS assay (n = 9). Experiments were performed in triplicate and repeated three times. Values are means =

standard errors. *, P < 0.01; **, P < 0.005.

miR-27a targets RXRa and the ATP-binding cassette trans-
porter ABCA1. We next analyzed the expression of miR-27a tar-
get genes. A previous report showed that miR-27a targets RXRa in
rat hepatic stellate cells (32), and we confirmed that miR-27a
targets the 3" UTR of human RXRa in Huh-7.5 cells (data
not shown). Although the primary sequence of the human RXRa
" UTR shares approximately 60% homology with the corre-
sponding rat sequence, the putative miR-27a binding site
(ACUGUGAA) is conserved among several different species.
Therefore, we constructed an expression vector containing a lu-
ciferase (Luc) reporter gene fused to the human RXRa 3" UTR
(pmirGLO-RXRa 3" UTR) and reevaluated Luc activity (data not
shown). Pre-miR-27a repressed Luc activity, while anti-miR-27a
significantly increased Luc activity. The introduction of three nu-
cleotide mutations into the conserved miR-27a binding site was
shown to abolish these changes in Luc activity. These results con-
firmed previous findings that miR-27a targets RXRa (32). RXRa
interacts with liver X receptor (LXR) and regulates many lipid
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synthetic genes such as SREBPI1 and FASN. We found that the
expression of SREBPI, FASN, and SREBP2 was regulated by miR-
27a (Fig. 6B) and confirmed that PPARy was also regulated by
miR-27a, as reported previously (Fig. 5) (33). In addition, PPAR«a
was shown to be regulated by miR-27a (Fig. 6B).

We next evaluated the expression of lipid transporter genes.
The ATP-binding cassette transporter ABCA1 is mutated in Tang-
ier’s disease (34) and plays an important role in the efflux of
TCIHO for high-density lipoprotein (HDL) synthesis (35). A re-
cent report demonstrated a functional role for ABCAT1 in hepato-
cyte TG secretion to the plasma and in the reduction of cellular TG
levels (29). Here we found that pre-miR-27a significantly re-
pressed ABCA1 and, conversely, that anti-miR-27a increased the
mRNA and proteinlevels of ABCA1 (Fig. 7A and B). We identified
two miR-27a binding sites (sites 1 and 2) in the 3" UTR of ABCA1
(Fig. 7C) that were conserved between species (Fig. 7C). An ex-
pression vector containing the Juc reporter gene fused to the hu-
man ABCA1 3" UTR (wild type [WT]) was constructed, and a
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FIG 7 miR-27a targets ABCAL. (A) Regulation of ABCA1 by pre-miR-27a. RTD-PCR and Western blotting of ABCA1 in Huh-7.5 cells at 72 h posttransfection
with pre-miR-control and pre-miR-27a (1= 6). **, 7 < 0.005. (B) Regulation of ABCAI by anti-miR-27a. RTD-PCR and Western blotting of ABCA 1 in Huh-7.5
cells at 72 h posttransfection with pre-miR-control and anti-miR-27a (1 = 6). **, P < 0.005. (C) Sequence alignment of the ABCA1 3" UTR and the construction
of the luciferase (Luc) expression vector fused to the ABCAL 3" UTR. Ptr, Pan troglodytes; Mmu, Mus miusculus; Rno, Rattus norvegicus; WT, Luc reporter vector
with the WT ABCAI 3" UTR (2186 to 2742); MT-1, Luc reporter vector with the site 1 mutation of the WT; MT-2, Luc reporter vector with the site 2 mutation
of the WT; MT-1,2, Luc reporter vector with mutations at sites 1 and 2 of the WT. (D, E) Suppression (D) or induction (E) of Luc activity with the various
mutations of the ABCA1 3" UTR by pre-miR-27a. Huh-7.5 cells were transfected with pre- or anti-miR-control or pre- or anti-miR-27a, and WT, MT-1, MT-2,
and MT-1,2. Luc activities were measured at 24 h posttransfection (1 = 6). All experiments were performed in duplicate and repeated three times. Values are

means * standard errors. *, P < 0.01; **, P << 0.005.
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FIG8 Suppression of ABCA1 inhibits HCV replication and infection. Huh-7.5 cells were transfected with H77Sv2 Gluc2A RNA and siRNA to ABCA1 or control
siRNA. ABCA1 expression was quantified at 72 h posttransfection by RTD-PCR (1 = 6). (A) Knockdown efliciency of ABCA1 in Huh-7.5 cells by siRNA. (B) TG
concentration in cells (# = 6). (C) TCHO concentrations in cells (n = 6). (D) HCV RNA assay by RTD-PCR (= 6). (E) HCV infectivity. Huh-7.5 cells were
infected with HCVcc derived from ABCAT knockdown Huh-7.5 cells. HCV RNA was quantified at 72 h postinfection by RTD-PCR (1 = 6). Experiments were
performed in duplicate and repeated three times. Values are means = standard errors. *, P < 0.01; **, P < 0.005. (F) Regulation of ApoAl, ApoE2, and ApoB100
by miR-27a. Experiments were performed under the same conditions as Fig. 6B and C and repeated three times.

series of mutations were introduced into the putative miR-27a
binding sites (MT-1, MT-2, and MT-1,2). The Luc activity of the
WT was significantly repressed by pre-miR-27a and increased by
anti-miR-27a. However, there was a smaller change in Luc activity
caused by pre- and anti-miR-27a in the single mutants (MT-1 and
MT-2) and no change in Luc activity in the double mutant (MT-
1,2) (Fig. 7D and E). These results show that miR-27a targets
ABCAL1 to decrease the lipid content of cells.
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The functional relevance of ABCA1 in lipid metabolism and
HCV replication in Huh-7.5 cells was examined by inhibiting
ABCALI with an siRNA (Fig. 8). siRNA to ABCA1 repressed the
expression of ABCA1 in a dose-dependent manner (Fig. 8A).
Under this condition, the cellular TG and TCHO levels de-
creased significantly (Fig. 8B and C) and HCV RNA levels also
decreased to 57% of the control. More strikingly, HCV infec-
tivity decreased to 12% of the control (Fig. 8D and E).
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FIG 9 miR-27ais upregulated by HCV infection. (A) Kinetics of HCV replication and induction of miR-27a. Huh-7.5 cells were transfected with JEH-1 RNA or
infection-incompetent JEH-1AE1E2 RNA (20). At 12, 24, 48, and 72 h posttransfection, HCV RNA (left) and miR-27a (right) levels were quantified by RTD-PCR
(rn=6). (B) Induction of miR-27a and UV-irradiated HCV particles. Huh-7.5 cells were infected with infectious HCV (multiplicity of infection [MOI] 0£0.2, 0.5,
or 1) or UV-inactivated HCV. At 72 h postinfection, HCV RNA (left) and miR-27a (right) were quantified by RTD-PCR (12 = 6). *, P < 0.01; **, P < 0.005; ND,
not detected. (C) Induction of miR-27a and IFN-« treatment. Huh-7.5 cells were treated with different doses of IFN-ce. At 24 h posttreatment, OAS2 (left) and
miR-27a (right) were quantified by RTD-PCR (1 = 6). All experiments were performed in duplicate and repeated three times. Values are means *+ standard

€TTOoTrS.

Several reports have demonstrated the importance of apolipo-
proteins, including the major components of VLDL and LDL
apoE3 (36) and apoB100 (11), in the production of infectious
HCV particles. More recently, the functional relevance of
ApoAl in HCV replication and particle production has been
reported (37). Here the expression of apoAl, apoB100, and
apoE3 was repressed by pre-miR-27a and increased by anti-
miR-27a, suggesting that miR-27a regulates the expression of
apolipoproteins to reduce the production of infectious HCV
particles (Fig. 8F).

Regulation of miR-27a expression through C/EBPa. miR-
27a forms a gene cluster with miR-23a and miR-24-2, and both of
these miRNAs are regulated by the same promoter (38). However,
no detailed analysis of the regulation of this promoter has been

May 2013 Volume 87 Number 9

carried out. Because the expression of miR-27a was upregulated
more in CH-C liver than CH-B liver, it could be speculated that
HCV infection induces the expression of miR-27a. To examine
this, we evaluated the expression of miR-27a during HCV infec-
tion (Fig. 9). The expression of miR-27a increased, correlating
with the increase in JFH-1 RNA, while infection-incompetent
JFH-1AE1E2 did not induce miR-27a expression (Fig. 9A). In
addition, UV-irradiated HCV particles did not induce miR-27a
expression (Fig. 9B). However, IFN-a treatment did not induce
the expression of miR-27a (Fig. 9C). Thus, HCV infection was
essential for induction of miR-27a expression.

We identified a C/EBPa binding site (—614 to —606), a key
regulator of adipocyte differentiation, in the promoter region
of miR-27a. Interestingly, H77Sv2 Gluc2A and tunicamycin
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FIG 10 miR-27a is regulated by the adipocyte differentiation factor C/EBPa. (A) Induction of miR-27a and C/EBPa expression by oleic acid and HCV
replication. Huh-7.5 cells were transfected with H775v2 Gluc2A RNA or H775v2 Gluc2A (AAG) RNA. At 24 h posttransfection, oleic acid (100 M) was added
to the culture medium. At 72 h after oleic acid treatment, miR-27a (left) and C/EBPa (right) levels were quantified by RTD-PCR (n = 6). (B) Induction of
miR-27a and C/EBPa expression by tunicamycin. Huh-7.5 cells were treated with different doses of tunicamycin. At 24 h after tunicamycin treatment, miR-27a
(left) and C/EBPa (right) levels were quantified by RTD-PCR (1 = 6). (C) miR-27a promoter luciferase constructs. pGL3-Pri-miR-23a/27a(—736WT) includes
—700 to +36 bp relative to the transcription initiation site of pri-miR-23a~27a~24-2. pGL3-Pri-miR-23a/27a (—436) includes —400 to +36 bp relative (o the
transcription initiation site of pri-miR-23a~27a~24-2, which lacks the consensus C/EBPa binding site. pG1.3-Pri-miR-23a/27a(—736MT) has mutations at the
—736WT C/EBPa binding site. (D) miR-27a promoter activity in Huh-7.5 cells following HCV infection and oleic acid (left) or tunicamycin (right) treatment.
Reporter constructs lacking the C/EBPa binding site did not respond to any of these conditions (1 = 6). All experiments were performed in duplicate and

repeated three times. Values are means * standard errors. *, P < 0.01;

significantly induced the expression of miR-27a and C/EBPa
(Fig. 10A and B). To analyze the induction of miR-27a through
C/EBPa, we constructed a Luc reporter construct that included
the upstream promoter region (—736) of miR-27a [pGL3-Pri-
miR-23a/27a(—736WT)]| together with a short promoter con-
struct (—436) lacking the C/EBPa binding site [pGL3-Pri-
miR-23a/27a(—436)]. In addition, three nucleotide mutations
were introduced into the C/EBPa consensus binding site to
construct pGL3-Pri-miR-23a/27a(—736MT) (Fig. 10C). The

activity of pGL3-Pri-miR-23a/27a(—736WT), but not that of

pGL3-Pri-miR-23a/27a(—736MT) or pGL3-Pri-miR-23a/
27a(—436), which both lack a C/EBP« binding site, was in-
duced by HCV replication lipid overload, and tunicamycin
treatment (Fig. 10D). These results indicate that the regulation
of miR-27a by HCV replication, lipid overload, and ER stress is
mediated through C/EBPa.

Pre-miR-27a enhances IFN signaling through the reduction
of lipid storage. Finally, we assessed whether miR-27a influences

5282 jviasm.org

=*, P < 0.005.

IFN signaling. IFN-a treatment stimulated IFN signaling in a
dose-dependent manner by increasing p-STAT1 expression in
Huh-7.5 cells (Fig. 11A). Oleic acid impaired this induction of
p-STATI, while pre-miR-27a restored the expression of p-STAT1
and anti-miR-27a impaired this induction by oleic acid. These
findings were observed in both HCV-replicating and non-HCV-
replicating cells (Fig. 11A).

HCV replication deduced from Gluc activity is shown in
Fig. 11B. IFN sensitivity could be estimated by the relative fold
changes in Gluc activity from the baseline activity (in the absence
of IFN). The results demonstrated that oleic acid reduced IFN
sensitivity, while pre-miR-27a increased IEN sensitivity under ei-
ther condition with or without oleic acid (Fig. 11B).

These findings were further studied with clinical samplcs. The
expression of miR-27a was evaluated in liver biopsy specimens
obtained from 41 patients who received pegylated IFN (Peg-
IFN) and ribavirin (RBV) combination therapy (Fig. 12A). In-
terestingly, the expression of miR-27a was significantly higher
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in patients with severe steatosis (grade 3 or 4) than in those
with mild steatosis (grade 1 or 2) (Fig. 12B). Importantly, pa-
tients with a favorable response to treatment (sustained viro-
logical response or transient response) cxpressed higher miR-
27a levels than patients with a poor response (nonresponse)
(Fig. 12C). Although there was no significant difference in
miR-27a expression according to the interleukin-28B (IL-28B)
genotype (Fig. 12D and E), 17 patients had a treatment-resis-
tant 1L-28 genotype (TG at rs8099917) (39—41) and 6 of these
with a favorable response to treatment expressed significantly
higher miR-27a levels than the 11 with a poor response

May 2013 Volume 87 Number 9

(Fig. 12E). These data suggest that miR-27a enhances IFN sig-
naling and increases the response to IFN treatment.

DISCUSSION

Previously, we examined miRNA expression in HCC and noncan-
cerous background liver tissue infected with HBV and HCV and
showed the presence of infection-specific miRNAs that were dif-
terentially expressed according to HBV or HCV infection, but not
according Lo the presence of HCC (2). In this study, we pursued
the functional analysis of these miRNAs. Among 19 infection-
specific miRNAs, we first focused on 6 that were upregulated by
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FIG 12 Expression of miR-27a in clinical samples. (A) Clinical characteristics of 41 patients who received Peg-IFN and RBV combination therapy. M:F,
male/female ratio; SVR, sustained virological response; TR, transient response; NR, nonresponse; SNP, single nucleotide polymorphism. (B) Significant
upregulation of miR-27a expression in the livers of patients with severe steatosis. Steatosis grades 1 and 2, n = 19; steatosis grades 3 and 4, n = 22. (C) Significant
upregulation of miR-27a expression in the livers of patients with a favorable response to treatment (SVR or TR). Nonresponders; 7 = 15; responders, n = 26. (D)
No significant difference in miR-27a expression between nonresponders and responders of the IL-28B major genotype (treatment-sensitive genotype) was
observed. Nonresponders, n = 3; responders, n = 21. N.S., not significant. (E) Significant upregulation ofliver miR-27a was observed in responders of the IL-28B
minor genotype (lreatment-resistant genotype). Nonresponders, n = 11; responders, 11 = 6.

HCV infection, as they were expected to have a positive role in
HCV replication. However, inhibition experiments with a series
of specific anti-miRNAs showed an unexpected increased in HCV
replication. Closer examination clarified that miR-27a had a neg-
ative effect on HCV replication. Interestingly, profiling of gene
expression in Huh-7.5 cells in which miR-27a was inhibited or
overexpressed showed that miR-27a could target lipid metabolism
signaling pathways. In support of these findings, the lipid content
(TG and TCHO) of Huh-7.5 cells was significantly increased by
anti-miR-27a and repressed by pre-miR-27a (Fig. 2 and 3). More
importantly, miR-27a was involved in HCV particle formation, as
demonstrated by iodixanol gradient centrifugation (Fig. 4). Anti-
miR-27a reduced the buoyant density of HCV particles and in-
creased HCV replication and infectivity, while pre-miR-27a de-
creased HCV replication and dramatically repressed HCV
infectivity. In the buoyant-density experiment, the infectious
HCV peaks were identical to the RNA peak and the lower infec-
tious virus peak was not observed. We cannot explain this discrep-

5284 jviasm.org

ancy from other studies; however, the method used to purify the
virus particles could be one reason.

miR-27a regulated many lipid metabolism-related transcrip-
tion factors, such as RXRa, PPAR«, PPARYy, FASN, SREBP1, and
SREBP2 (Fig. 5 and 6). We also confirmed that miR-27a targets
RXRa in human Huh-7.5 cells, which is concordant with a previ-
ous study showing that miR-27a targets RXRa in rat hepatic stel-
late cells (32). Moreover, we newly demonstrated that the gene for
the lipid transporter ABCAL is a target of miR-27a. ABCA1 medi-
ates the efflux of TCHO and phospholipids to the lipid-poor apo-
lipoproteins ApoAl and ApoE, which then form nascent HDLs
(34, 35). It also mediates the transport of lipids between the Golgi
apparatus and the cell membrane. Recently, the knockdown of
ABCA1 in rat hepatoma cells increased TG secretion to the culture
medium and decreased the cellular levels of FFA (29), while liver-
specific ABCA1 knockout mice fed a high-fat diet showed in-
creased plasma TG concentrations and decreased TG and TCHO
contents in the liver (42). Thus, ABCA1 regulates the lipid content
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of hepatocytes, as well as HDL synthesis. In this study, we con-
firmed that the repression of ABCA1 decreased cellular TG and
TCHO levels in Huh-7.5 cells and, importantly, decreased HCV
replication and strikingly repressed HCV infection (Fig. 8).

LXR/RXRa was previously shown to activate the ABCAI pro-
moter (34), but we clearly demonstrated here that miR-27a di-
rectly targets ABCAL. Pre-miR-27a repressed the Luc activity of a
reporter construct fused with the ABCA1 3" UTR, while anti-miR-
27aincreased it. We also found that miR-27a regulates the expres-
sion of ABCAl in a3’ UTR sequence-specific manner, as a series of
mutations introduced into putative miR-27a binding sites abro-
gated its regulation (Fig. 7). In addition to these findings, we
showed that miR-27a repressed the expression of the apolipopro-
teins ApoAl, ApoB100, and ApoE3, which were recently shown to
play important roles in the production and formation of infec-
tious HCV particles (Fig. 8) (11, 36, 37). Thus, miR-27a may reg-
ulate lipid metabolism by reducing lipid synthesis and increasing
lipid secretion from cells.

As the expression of miR-27a was upregulated more in CH-C
liver than in CH-B liver, it is speculated that miR-27a expression is
induced by HCV infection. Indeed, we clearly demonstrated that
miR-27a expression was induced by HCV infection, lipid over-
load, and tunicamycin-induced ER stress (Fig. 9). Furthermore,
the adipocyte differentiation-related transcription factor C/EBPa
was involved in this regulation. A central role for C/EBPa in the
development of adipose tissue has been suggested, as it was found
to be sufficient to trigger the differentiation of preadipocytes into
mature adipocytes (43). Thus, HCV infection might trigger lipo-
genesis in hepatocytes by inducing C/EBPa, as shown in this
study. Conversely, the induction of C/EBPw expression by miR-
27a had a negative effect on lipogenesis and HCV replication.
Therefore, miR-27a might play a negative feedback role in HCV
infection-induced lipid storage in hepatocytes. Moreover, HCV
replication might be hampered by HCV-induced miR-27a, which
would partially explain the low HCV titer in CH-C liver.

Besides the anti-HCV effect of miR-27a observed in this study,
an antivirus effect against murine cytomegalovirus (MCMV) in-
fection was observed previously (44, 45). MCMYV replication was
initiated by miR-27a degradation from a viral transcript, while
miR-27a had a negative effect on MCMYV replication. It was also
reported that miR-27a was the target of Herpesvirus saimiri U-rich
RNAs and was downregulated in transformed T lymphocytes
(46). Therefore, the functional relevance of miR-27a in trans-
formed T cells should be explored in a future study. In this study,
miR-27a was upregulated by HCV infection, which is in sharp
contrast to MCMV and H. saimiri infection. Therefore, the differ-
ences in antiviral action and host cell interactions also need to be
explored further.

Our assessment of miR-27a expression in patients receiving
Peg-IFN and RBV combination therapy showed that those with
high miR-27a levels had a more favorable treatment response
(Fig. 12). Moreover, miR-27a significantly enhanced IFN signal-
ing (Fig. 11), suggesting that it might have therapeutic benefits in
combination with IFN therapy, especially in patients with the
IFN-resistant IL-28B genotype, who show a more severe steatosis
than those with the IFN-sensitive IL-28B genotype (39—41). Fur-
ther studies should be performed to confirm these findings with
more tlinical samples.

Although miR-27a has been shown to be upregulated in
cancers of the breast, kidney, ovary, and gastric region, its
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downregulation has been reported in colorectal cancer, malig-
nant melanoma, oral squamous cell carcinoma, and acute pro-
myelocytic leukemia (47). However, its importance in HCC
remains controversial, with one report observing its upregula-
tion compared with the level in normal liver tissue (48), while
another showed lower miR-27a expression in HCC than in
paired nontumor tissues (49). Moreover, our previous findings
on HBV-related and HCV-related HCC showed no miR-27a
upregulation compared with the level in the paired background
liver (1.14-fold, P = 0.49).

In summary, we have revealed the important role of miR-27a
in HCV replication for the first time. These findings will be appli-
cable in the improvement of the therapeutic effects of anti-HCV
therapy, especially in patients showing treatment resistance and
severe hepatic steatosis.
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HEPATOLOGY

Discrete Nature of EpCAM™ and CD90™ Cancer Stem
Cells in Human Hepatocellular Carcinoma

Taro Yamashita,' Masao Honda,' Yasunari Nakamoto," Masayo Baba,' Kouki Nio," Yasumasa Hara,'
Sha Sha Zeng,' Takehiro Hayashi,' Mitsumasa Kondo,' Hajime Takatori," Tatsuya Yamashita,'
Eishiro Mizukoshi," Hiroko Ikeda,' Yoh Zen,' Hiroyuki Takamura,' Xin Wei Wang,” and Shuichi Kaneko'

Recent evidence suggests that hepatocellular carcinoma (HCC) is organized by a subset of
cells with stem cell features (cancer stem cells; CSCs). CSCs are considered a pivotal target
for the eradication of cancer, and liver CSCs have been identified by the use of various
stem cell markers. However, little information is known about the expression patterns and
characteristics of marker-positive CSCs, hampering the development of personalized CSC-
targeted therapy. Here, we show that CSC markers EpCAM and CD90 are independently
expressed in liver cancer. In primary HCC, EPCAM+ and CD90" cells resided distinc-
tively, and gene-expression analysis of sorted cells suggested that EpCAM+ cells had fea-
tures of epithelial cells, whereas CD907 cells had those of vascular endothelial cells.
Clinicopathological analysis indicated that the presence of EpCAM™ cells was associated
with poorly differentiated morphology and high serum alpha-fetoprotein (AFP), whereas
the presence of CD90™ cells was associated with a high incidence of distant organ metasta-
sis. 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 Iung. In cell lines, CD90™ cells showed
abundant expression of c-Kit and 7n vitro chemosensitivity to imatinib mesylate. Further-
more, CD90" cells enhanced the motility of EpCAM+ cells when cocultured iz vitro
through the activation of transforming growth factor beta (TGE-f) signaling, whereas
imatinib mesylate suppressed TGFBI expression in CD90" cells as well as CD90™
cell-induced motility of EpCAM™ cells. Conclusion: Our data suggest the discrete nature
and potential interaction of EpCAM™ and CD90" CSCs with specific gene-expression
patterns and chemosensitivity to molecular targeted therapy. The presence of distinct
CSCs may determine the clinical outcome of HCC. (HeratoLocy 2013;57:1484-1497)

he cancer stem cell (CSC) hypothesis, which noma (HCC), is a leading cause of cancer death
suggests that a subset of cells bearing stem- worldwide.! Recent studies have shown the existence
cell-like features is indispensable for tumor of CSCs in liver cancer cell lines and primary HCC
development, has recently been put forward specimens using various stem cell markers.”” Inde-
subsequent to advances in molecular and stem cell pendently, we have identified novel HCC subtypes
biology. Liver cancer, including hepatocellular carci- defined by the hepatic stem/progenitor cell markers,

Abbreviations: 5-FU. fluorouracil; Abs, antibodies; AFR alpha-fetoprotein; CK-19, cytokeratin-19; CSC, cancer stem cell: DNs, dysplassic nodules; EMT,
epithelial mesenchymal transition: EpCAM: epithelial cell adbesion molecile; FACS, fluorescent-activated cell sorting; HBV. hepatitis B virus; HCC. hepatocellular
carcinoma; HCV, hepatitis C virus; HSCs, hepatic stem cells; IE immiunofluorescence; IHC, immiunabistochemistry: IR, immunereactivity: MDS, multidimensional
sealingg NBNC. non-B, non-C hepatiris. NODISCID, nonobese diabetic, scvere combined immunodeficient: NT, nontumor; OV-1, ovalbumin I; qPCR,
quantitasive real-rime polymerase chain reaction; SC, subcutancons; Sinad3, Mothers agains: decapentaplegic homolog 3: TECs, tumor epithelial cells TGF-fi,
TIN, tumorfnontumor; VEGs, vascular endothelial cells; VM, vasculogenic mimicry; VEGFR. vascular endothelial growth factar

mransforming growth factor beta;
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