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Background: An increasing number of studies support cancer stem cells as the reason for
chemoresistance to sorafenib therapy in hepatocellular carcinoma (HCC), but the mechanism
is still unclear. In this study, the mechanism of sorafenib resistance in cancer stem cells was
examined by in vitro experiments and xenograft mouse model.

Methods: The expression of cancer stem cell markers in the Chang liver cell line and PLC/PRF/
5 and HepG2 hepatoma cell lines were compared by immunoblot assay before and after sorafenib
treatment in vitro. As a xenograft mouse model, subcutaneous injection of hepatoma cells
followed by sorafenib therapy was performed in NU/NU mice. The effects of sorafenib therapy
on tumor growth and cancer stem cell markers were studied. Angiogenesis associated with
cancer stem cells was studied by immunoblot and immunohistochemistry assay.

Results: The expression of cancer stem cell markers was higher in PLC/PRF/5 and HepG2
cells than Chang liver cells, indicating that these hepatoma cells had more stemness-related
characteristics. The cancer stem cell markers were upregulated in the hepatoma cell lines
following sorafenib treatment in vitro. In the xenograft model, tumors from PLC/PRF/S and
HepG2 cells with high E-cadherin expression were more resistance to sorafenib therapy.
However, the expression of cancer stem cell markers was not significantly different after
sorafenib therapy in these tumors. Furthermore, we found that sorafenib therapy induced
angiogenesis within tumors from high E-cadherin expressing hepatoma cells.

Conclusion: The mechanism of chemoresistance in sorafenib therapy in HCC may be the
tumor angiogenesis associated with high E-cadherin expression in cancer stem cells.
Keywords: angiogenesis, cancer stem cells, cytokeratin, E-cadherin, hepatocellular
carcinoma, sorafenib

Introduction
Hepatocellular carcinoma (HCC) is a cancer with high incidence and high mortality
in Taiwan as well as worldwide." Despite advances in therapeutic treatments, such
as radiotherapy, chemotherapy, surgical resections, and liver transplantation, the
prognosis of patients with HCC remains poor due to the high incidence of tumor
recurrence and metastasis.” For those patients with unresectable or metastatic
disease, systemic therapy targeting cancer cells is an alternative option for the
management of HCC in addition to palliative treatment.

Sorafenib is a multi-targeted tyrosine kinase inhibitor that blocks tumor cell
proliferation by targeting the activity of Raf family serine/threonine kinases, and
inhibits tumor angiogenesis by targeting the vascular endothelial growth factor
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receptor (VEGFR).? Currently, sorafenib therapy is the
HCC patients.*
However, not all patients with advanced HCC respond

standard treatment for late-stage
well to sorafenib therapy. It has been reported that many
advanced HCC patients are not responsive to sorafenib
therapy, and the effect of sorafenib is often hampered by
the occurrence of drug resistance.™® As a consequence of
the lack of more effective compounds or treatment strate-
gies, a major aim of biological research is to improve the
efficacy of sorafenib against HCC. Therefore, there is an
urgent need to explore the mechanisms of resistance to
sorafenib therapy.

Cytokeratin (CK) is a cytoskeletal intermediate filament
(IF) component. Different epithelial cells express character-
istic combinations of CK polypeptides. In human hepato-
cytes, CK8 and CK18 form a CK pair that makes up IF are
required for maintaining the integrity of hepatocytes.’
Plectin, a cytolinker protein, exhibits binding sites accessi-
ble to IF and cytoskeletal components to maintain the integ-
rity of the cytoskeletal network.® E-cadherin renders strong
mechanical attachment between adherent epithelial cells
and plays an essential role in orienting collective migration
of large epithelial sheets.” Recently we found that hepatoma
cells expressing high-level E-cadherin and low-level plectin
are more sensitive to sorafenib treatment and have a higher
rate of collective cell migration.'” In accordance with these
findings, we suggest that individual levels of E-cadherin
and CK in patients with HCC may be correlated with their
sensitivity to sorafenib therapy.

Cancer stem cells (CSCs), a small subpopulation of cancer
cells, can self-renew, differentiate, and proliferate. They play a
central role in tumor development, chemotherapy resistance,
metastasis, and recurrence, and are considered to be a thera-
peutic target in cancer therapy.'' Recently, it was reported that
the majority of HCC tumor cells undergo apoptosis following
treatment with sorafenib, whereas CSCs remain, demonstrat-
ing their resistance to sorafenib and leading to tumor
metastasis.'> Many biological markers are used to standardize
the CSCs of HCC, including CD133, CD90, CD44, CD13, E-
cadherin, EpCAM, ICAM-1 and Sal-like protein 4
(SALL4)."*'* SALLA4 is an oncofetal protein that is expressed
in the human fetal liver and silenced in the adult liver, but it is
re-expressed in HCC with a poor prognosis.'> Elevated
expression of SALL4 in tumors is associated with poor survi-
val and resistance to chemotherapy in HCC patients.'® It has
been reported that CD90+ CSCs are highly resistant to sor-
afenib treatment of HCC."” Dissemination of CSCs happens
not through single-cell migration by epithelial-mesenchymal

transition, but rather through the collective migration of tumor
clusters. Using E-cadherin expression to maintain the connec-
tion between cells, the leader cells of the CSC clusters direct
their collective migration.'® Altered expression of CK genes is
associated with liver diseases, and aberrant CK19 expression
has been reported as a CSC marker correlated with poor
prognosis in HCC."

HCC is a highly vascularized tumor, and angiogenesis
is critical for tumor growth and progression; this process
predominantly involves vascular endothelial growth factor
(VEGF) and endothelial cells.?* Cross-talk between
endothelial cells and CSCs supports angiogenesis via
secretion of pro-angiogenic factors, and promotes the
expansion, maintenance, and survival of phenotypic
CSC.?' CSCs preferentially upregulate pro-angiogenic fac-
tors such as VEGF to drive the angiogenesis process.”>
CSCs can also be involved in angiogenesis by transdiffer-
entiation into functional endothelial cells, shown in breast
cancer” and glioma.* Thus, our approach to the develop-
ment of anti-angiogenic therapy may need to be re-strate-
gized as we begin to unravel the lineage plasticity of CSCs
capable of creating their own vascular system to maintain
stemness and tumorigenicity.

An increasing number of studies support CSCs as the
reason for chemoresistance to sorafenib therapy in HCC, but
the mechanism is still unclear. The aim of this study is to
explore the mechanism of sorafenib resistance attributed to
CSCs. The expression of CSC markers in HCC cell lines was
investigated and compared before and after sorafenib treat-
ment in vitro. In a xenograft mouse model, HCC cells were
injected subcutaneously into both sides of the same nude
mouse. Half the mice were then treated with sorafenib. The
remaining mice did not receive any treatment as a control
group. Animals were sacrificed at the end of the experiment,
and the tumor tissues were collected for the study.

Materials and Methods
Antibodies

The commercially available primary antibodies used for
immunohistochemical and immunoblot assays included anti-
CK7 and -CK19 (Abcam, Cambridge, MA, USA), anti-E-
cadherin (BD Transduction Laboratories, Franklin Lakes, NJ,
USA), anti-SALL4 (Proteintech North America, Rosemont,
IL, USA), anti-CD90 (Cell Signaling Technology, Boston,
MA, USA), anti-vascular endothelial growth factor receptor
1 (VEGFR-1, Cell Signaling Technology, Boston, MA, USA),
and anti-CD31 (Santa Cruz Biotechnology, Dallas, TX, USA)
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monoclonal antibodies. Secondary antibodies including horse-
radish peroxidase-conjugated rabbit antibodies used for immu-
noblotting analysis as well as biotin-conjugated rabbit
antibodies used for immunohistochemistry were purchased
from Jackson ImmunoResearch Laboratories (West Grove,
PA, USA). Sorafenib (Nexavar) was purchased from Bayer
Pharmaceuticals (Bayer AG, Leverkusen, Germany).

Cell Culture

Chang liver cells, PLC/PRF/S cells, and HepG2 cells were
obtained from the American Type Culture Collection
(Manassas, VA, USA). Chang liver cells are originally
derived from human normal liver tissue with subsequently
HeLa cell contamination. PLC/PRF/5 cells are human hepa-
toma cell line containing hepatitis B virus and secrete hepa-
titis B virus surface antigen. HepG2 cells are derived from
liver HCC without evidence of hepatitis B virus genome in
this cell line. Dulbecco’s minimum essential medium supple-
mented with 10% fetal bovine serum, 50 units/mL penicillin,
non-essential amino acids, and HEPES were used for culture
at 37°C in the presence of 5% CO,. Medium was replaced
and cells were split regularly upon confluent growth.

Measurement Of Effect For Sorafenib

Treatment On CSC Marker Expression
Sorafenib was dissolved in dimethyl sulfoxide (DMSO) at a
concentration of 10 mM and stored at —20°C. The working
solution contains DMSO at a concentration of 0.1% to prevent
background effects on cell growth. The Chang liver, PLC/
PRF/5, and HepG2 cells were seeded in 6 cm culture dishes
at a density of 1x10° cells per dish and treated with 8 uM of
sorafenib for 48-hr incubation. The cultures were incubated
with MTT reagent according to the manufacturer’s protocol,
then OD values were read at 570 nm using an ELISA reader.
Expression of CSC markers was then determined by Western
blotting analysis. Each experiment was repeated in triplicate.

Xenograft Mouse Model

NU/NU mice, aged 4 to 5 weeks, were purchased from
BioLASCO Taiwan (Taipei, Taiwan). All animal experi-
ments were approved by the Institutional Animal Care and
Use Committee of Tunghai University following the
“Guideline for the Care and Use of Laboratory Animals”
publicized by Council of Agriculture, Executive Yuan,
Republic of China. For each Chang liver, PLC/PRF/5 and
HepG2, 5x10° cells suspended in 100 uL phosphate-buffered
saline were mixed with 100 pL Martrigel and injected

subcutaneously into each side of the same nude mouse. The
body weight of mice and the tumor sizes were measured
every 2 days until the tumor had grown larger than
150 mm>. After that, half of the mice were treated with
sorafenib by intraperitoneal injection at a dose of 30 mg/kg
for 21 days. The remaining mice did not receive any treat-
ment as a control group. Three animals were used in each
group and the total number of animal is 18 (n=18). The mice
were sacrificed at the end of the experiment, and the tumor
tissues were collected for analysis.

Western Blotting Analysis

Total cellular lysates from each sample were separately
loaded and run in 10% sodium dodecyl sulfate polyacry-
lamide gels. Following electrophoresis, the gels were
blotted onto polyvinylidene difluoride (PVDF) membranes
by semi-dry transfer (Bio-Rad Laboratories, Hercules, CA,
USA). The blotted PVDF membranes were blocked with
5% non-fat milk in phosphate-buffered saline with Tween-
20 (PBST) buffer for 1 hr, and then washed three times for
5 mins each with PBST prior to adding the diluted primary
antibody (CK7, CKI19, E-cadherin, SALL4, CD90,
VEGFR-1 or CD31; all at 1:1000 in PBST). The mem-
branes were incubated for 1 hr, and the hybridized mem-
branes were washed three times for 5 mins each with
PBST prior to adding the diluted secondary antibody
(1:10,000 in PBST). Finally, the enhanced chemilumines-
cent reagent (Merck Millipore, Burlington, MA, USA) was
added to the washed membrane, and the image was devel-
oped using the Chemiluminescence Imaging System
(Multigauge version 2.2, Fujifilm, Tokyo, Japan) as per
the manufacturer’s instructions.

Immunohistochemistry Assay

The deparaffinized sample sections were rehydrated and
treated with 3% H,O, for 10 mins to eliminate the endo-
genous peroxidase activity. Non-specific binding was
blocked with bovine serum albumin for 10 mins. The sam-
ple sections were incubated with anti-VEGFR-1 and CD31
primary monoclonal antibodies (at 1:500 dilutions) for 1 hr
at room temperature. The biotinylated secondary antibody
was then added (at a 1:500 dilution) and incubated at room
temperature for 1 hr. Specific antibody binding was detected
by adding avidin-conjugated peroxidase and observing the
sections under a light microscope (BX51; Olympus, Tokyo,
Japan) in the presence of the substrate reagent. For each
specimen, the assay was repeated on separate triplicate
sample sections.
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Statistical Analysis

Quantitative results were presented as mean+standard devia-
tion. Statistical analyses were performed by using a two-
tailed unpaired #-test (between two groups) or one-way
ANOVA (between three groups) using SAS 9.2 software
(SAS Institute, Cary, NC, USA). P<0.05 was considered to
indicate a statistically significant difference between values.

Results

Stemness Characterization Of Hepatoma
Cell Lines

Western blotting analysis demonstrated different levels of
E-cadherin, SALL4 and CD90 expression among Chang
liver, PLC/PRF/5, and HepG2 cells. The expression of E-
cadherin and SALL4 was higher in PLC/PRF/5 and HepG2
cells than in Chang liver cells. However, there was no
visible difference in CD90 expression among these cells

A

Chang PLC HepG2
E-cad G sw———
SALLA  s— “ o
CD90 i

Y S

Actin

(Figure 1A). Quantification of these data (Figure 1B) con-
firmed that PLC/PRF/5 cells exhibited the highest amount
of E-cadherin, while the lowest level was found in Chang
liver cells (P<0.05). PLC/PRF/5 and HepG2 cells exhibited
similar SALL4 expression, which was significantly higher
than in Chang liver cells (P<0.05). CD90 expression was
similar among these cells. These data indicate that PLC/
PRF/5 and HepG2 cells possess more significant expression
of E-cadherin, which is characteristic of stemness, than
Chang liver cells.

Expression Of CSC Markers Affected By

Sorafenib Treatment In Vitro

The hepatoma cells were treated with 8 uM sorafenib for 48-hr
incubation. The expression of CSC markers was then investi-
gated (Figure 2). The results revealed that the expression of
CSC markers was elevated following sorafenib treatment in
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Figure | Western blotting (A) and associated statistical analysis (B) for the expression of E-cadherin (E-cad), SALL4 and CD90 in Chang liver cells (Chang), PLC/PRF/5 cells
(PLC) and HepG2 cells (HepG2). The characters in this figure (a, b, c) indicate which percentages differ. Percentages with a same character are not statistically significant

while percentages with different characters are statistically significant.

Abbreviations: CK, cytokeratin; CSCs, cancer stem cells; DMSO, dimethyl sulfoxide; HCC, hepatocellular carcinoma; IF, intermediate filament; PBST, phosphate-buffered
saline with Tween-20; PVDF, polyvinylidene difluoride; SALL4, Sal-like protein 4; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor

receptor; VEGFR-I, vascular endothelial growth factor receptor |.
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Figure 2 Western blotting (left panel) and associated statistical analysis (right panel) for the expression of CSC markers (E-cad, SALL4 and CD90) affected by sorafenib
treatment in Chang liver cells (A), PLC/PRF/5 cells (B), and HepG2 cells (C). *P<0.05, compared to control group.

Abbreviations: C, control group; S, sorafenib treated group.

hepatoma cells. In Chang liver cells, sorafenib treatment sig-
nificantly increased the expression of CD90 (P<0.05), but E-
cadherin and SALL4 expression remained unchanged. The
expression of all three CSC markers was increased in PLC/
PRF/5 cells, especially E-cadherin and CD90 (P<0.05). In
HepG2 cells, E-cadherin expression was significantly
increased (P<0.05), but the levels of SALL4 and CD90 were
not altered by sorafenib treatment. These results determined
that sorafenib treatment may promote the expression of stem-
ness-related proteins by hepatoma cells in vitro.

Tumor Growth Inhibited By Sorafenib Therapy In
Xenograft Mouse Model

Chang liver, PLC/PRF/5, or HepG2 cells (5%10° cells each)
were injected subcutaneously into nude mice. Half of the
mice were treated with sorafenib at a dose of 30 mg/kg for 21

days. The remaining mice did not receive any treatment as a
control group. A higher rate of hepatoma cell xenograft
tumor growth was observed in the control group relative to
the sorafenib treated group. Mice that underwent sorafenib
therapy had smaller tumors at endpoint than the control
group (Figure 3A and B). While tumor volumes of the
sorafenib treated group were smaller than those of the control
group, no significant difference was found between the PLC/
PRF/5 and HepG2 xenograft tumor volumes. Only Chang
liver xenograft tumors were significantly smaller in volume
throughout the experimental period (P<0.05) (Figure 3C).

CSC Marker Expression Affected By Sorafenib
Therapy In Vivo

An effect of sorafenib therapy on the expression of CSC
markers was observed in vivo. In Chang liver xenograft
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Figure 3 Tumor growth was inhibited by sorafenib treatment in xenograft mouse model. (A) Representative images of tumors from each group with (sorafenib) or without
(control) treatment in hepatoma cell xenograft tumor growth. (B) Relative tumor volume was measured every day for 21 days following treatment. (C) Statistical analysis of
the efficiency of sorafenib therapy based on differences in tumor growth. *P<0.05, compared to control group.

tumors, the expression of E-cadherin and CD90 were
slightly elevated but this difference was not statistically
significant (Figure 4A). In PLC/PRF/5 (Figure 4B) and
HepG2 (Figure 4C) xenograft tumors, there was no sig-
nificant change in CSC marker expression after sorafenib
therapy. Unexpectedly, we found that the in vivo data were
not correlated with our in vitro results. As CK19 has been
reported as a CSC marker of HCC, we checked the expres-
sion of CK7 and CK19 in this study to identify potential
changes in expression following sorafenib therapy. In
Chang liver xenograft tumors, the expression of CK7/19
was not affected by sorafenib therapy (Figure 4D). In
PLC/PRF/5 xenograft tumors, CK7/19 expression was
slightly elevated, but this was not significant (Figure 4E).
In HepG2 xenograft tumors, CK19 expression was signifi-
cantly increased by sorafenib therapy (P<0.05), but CK7
was not changed (Figure 4F). According to these results,
we speculate that CSCs alone cannot explain the mechan-
ism of chemoresistance to sorafenib therapy in HCC.

Angiogenesis In HCC Promoted By
Sorafenib Therapy

We used Western blotting analysis and immunohistochem-
istry assay to investigate the expression of VEGFR-1 and

CD31 before and after sorafenib therapy, with the aim of
clarifying whether angiogenesis is involved in the chemore-
sistance to sorafenib therapy in HCC. The results of
Western blotting analysis revealed that VEGFR-1 expres-
sion was not changed, but CD31 expression was signifi-
cantly increased by sorafenib therapy in Chang liver
(P<0.05) (Figure 5A), PLC/PRF/5 (P<0.05) (Figure 5B),
and HepG2 (P < 0.01) (Figure 5C) xenograft tumors. By
immunohistochemistry assay (Figure 6), the expression of
VEGFR-1 and CD31 were significantly increased by sor-
afenib therapy in PLC/PRF/5 and HepG2 xenograft tumors,
while Chang liver xenograft tumors showed a mild
increased VEGFR-1 and CD31 expression. Therefore, we
determined that sorafenib therapy promoted angiogenesis in
mouse xenograft tumors from HCC cells.

Discussion

In this study, we found that PLC/PRF/5 and HepG2 cells
possessed more significant CSC marker expression than
Chang liver cells. Sorafenib treatment promoted expression
of proteins characteristic of CSCs in the three hepatoma cells
in vitro. In animal experiments, sorafenib therapy was effec-
tive in inhibiting tumor growth against Chang liver xenograft
tumor with lower CSC-associated protein expression. In
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Figure 4 CSC marker expression was affected by sorafenib therapy in the xeno-
graft mouse model. Western blotting (left panel) and associated statistical analysis
(right panel) for the expression of E-cadherin (E-cad), SALL4, and CD90 with or
without sorafenib therapy in Chang liver (A), PLC/PRF/5 (B), and HepG2 (C)
xenograft tumors revealed no significant change in CSC marker expression.
Western blotting (left panel) and statistical analysis (right panel) for the expression
of cytokeratin 7 (CK7) and cytokeratin 19 (CKI9) with or without sorafenib
therapy in Chang liver (D), PLC/PRF/5 (E) and HepG2 (F) xenograft tumors also
revealed no significant change, except for significantly increased CK 19 expression in
HepG2 xenograft tumors.

Abbreviations: C, control group; S, sorafenib treated group.

PLC/PRF/5 and HepG2 xenograft tumors with higher CSC-
associated protein expression, sorafenib was unable to effec-
tively inhibit tumor growth. However, the expression of CSC
markers was not significantly altered by sorafenib therapy in

any of the xenograft tumor types. Moreover, we found that
angiogenesis was promoted by sorafenib therapy in xeno-
graft HCCs, and xenograft tumors with higher CSC-asso-
ciated protein expression had higher levels of angiogenesis
after sorafenib therapy.

It is well known that stemness or CSC is a promising
mechanism of sorafenib resistance in HCC.>>° Our in vitro
experiments showed that sorafenib treatment promoted
CSC-associated protein expression of the hepatoma cells,
while the in vivo experiments showed that PLC/PRF/5 and
HepG2 xenograft tumors with higher CSC-associated pro-
tein expression were more resistant to sorafenib therapy.
Together these findings support our speculation that CSCs
play a role in the mechanism of chemoresistance to sorafe-
nib therapy in HCC. However, protein analysis showed that
sorafenib therapy did not have a significant effect on alter-
ing the expression of CSC markers in xenografted HCCs
(Figure 4). We also found resistance to sorafenib therapy in
PLC/PRF/5 and HepG2 xenograft tumors, which was not
consistent with our previous study which showed that PLC/
PRF/5 and HepG2 cells were more sensitive to sorafenib
treatment than Chang liver cells in vitro.'® The possible
reason for this phenomenon may be that the extracellular
conditions in vivo are more complicated than in vitro
experiments, and that additional factors may be involved
in the resistance to sorafenib therapy. Therefore, we spec-
ulate that CSCs may not play a very direct role in chemore-
sistance to sorafenib therapy in HCC.

It has been reported that during inhibition of tumor
growth by angiogenesis inhibitors, tumors gradually
develop resistance to the angiogenesis inhibitors, which
eventually leads to angiogenesis and tumor recurrence.'”
In our animal experiments, we observed more prominent
hemorrhage on the xenograft tumors of PLC/PRF/5 and
HepG2 with high sorafenib resistance. Therefore, we
speculated that tumor angiogenesis may play a role in
resistance to sorafenib therapy, and we conducted a study
to clarify whether angiogenesis in xenograft tumors was
inhibited or promoted after sorafenib therapy. The results
showed that vascularity and the expression of VEGFR-1
and CD31 had significantly increased in xenograft tumors
treated with sorafenib (Figures 5 and 6); that is, angiogen-
esis was promoted by sorafenib therapy in xenograft
tumors. These data indicate that tumor angiogenesis may
play an important role in the resistance mechanism.

Several prior studies have pointed out that tumor
angiogenesis is important for CSCs to maintain their
drug resistance properties, and that CSCs also promote
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Figure 5 Angiogenesis was promoted by sorafenib therapy in the xenograft mouse model, based on Western blot. The expression of VEGFR-| and CD31 was observed by
Western blot analysis (left panel) and associated statistical analysis (right panel) in Chang liver (A), PLC/PRF/5 (B), and HepG2 (C) xenograft tumors. *P<0.05, **P<0.01

compared to control group.
Abbreviations: C, control group; S, sorafenib treated group.

tumor angiogenesis through VEGF so as to maintain the
self-renewal and survival of the CSC population.??7-*
Drug resistance by evasion of antiangiogenic targeting of
VEGF signaling has also been reported in late-stage pan-
creatic islet tumors.?® In our study, PLC/PRF/5 and HepG2
xenograft tumors with higher CSC-associated protein
expression were more resistant to sorafenib therapy and
exhibited prominent tumor angiogenesis after sorafenib
therapy; in contrast, in Chang liver xenograft tumor with
lower CSC-associated protein expression, sorafenib ther-
apy effectively inhibited tumor growth and milder tumor
angiogenesis was noted. Hence, we posit that tumor angio-
genesis promoted by sorafenib may be highly correlated

with CSCs in HCC. In addition, increased expression of
VEGFR-1 was found after sorafenib therapy; we therefore
believe that CSCs in HCC promote tumor angiogenesis via
VEGF signaling. It has been reported that the vascular
niche plays an instructive role in promoting tumor
growth,*® and that brain CSCs are maintained within vas-
cular niches that are important targets for therapeutic
approaches.”’ Therefore, we speculate that HCC CSCs
might promote vascular niche conditions, and anti-angio-
genic therapy should be considered in the development of
new treatments for HCC.

We found that sorafenib treatment enhanced CSC proper-
ties of the hepatoma cells in vitro. However, whether the
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Figure 6 Angiogenesis was promoted by sorafenib therapy in the xenograft mouse model, based on immunohistochemistry. The expression of VEGFR-| (left panel) and

CD31 (right panel) was observed by immunohistochemistry assay.

expression of CSC-associated proteins was enhanced by sor-
afenib treatment through the induction of apoptosis in non-
CSC hepatoma cells, resulting in a relative increase in the
overall proportion of CSCs, or through direct enhancement
of the CSC properties of hepatoma cells, needs to be further
clarified. Besides ordinary CSC markers, we observed that the
expression level of E-cadherin was higher in PLC/PRF/S and
HepQG2 cells with high CSC properties (Figure 1). After sor-
afenib treatment, E-cadherin expression was also significantly
higher in PLC/PRF/5 and HepG2 cells than Chang liver cells
(Figure 2). We therefore consider E-cadherin as a favorable
marker for stemness characterization of HCC. We recently
demonstrated that hepatoma cells expressing higher level of
E-cadherin by transient plectin knockdown are more sensitive
to sorafenib treatment in vitro.'” Thus, the role of E-cadherin
in HCC tumor progression may be simply as a CSC marker, or
it may induce tumor angiogenesis by regulating cell—cell
interactions; this is currently under investigation.

CK19 has been reported as a CSC marker of HCC and is
correlated with clinicopathologic features of tumor aggres-
siveness and poor prognosis in HCC patients.'® In this study,
we found that sorafenib therapy significantly increased CK 19
expression in HepG2 xenograft tumors; CK19 was elevated
to a non-significant degree in PLC/PRF/5 xenograft tumors,
and there was no change in Chang liver xenograft tumor
(Figure 4D-F). These results indicate that CK19 expression
was promoted by sorafenib therapy in xenograft tumors with
higher CSC-associated protein expression. Recently, we also
reported a significant correlation between CK19 expression
and SALL4 in human HCC, as well as poor prognosis in
CK19-positive Taiwanese HCC patients.*” The key role of

the CK19 molecule in the progression of human HCC
through invasion and angiogenesis has also been reported.>
Based on these data, we speculate that in addition to being a
useful marker for HCC CSCs, CK19 may be involved in
chemoresistance to sorafenib therapy and might be a poten-
tial predictive factor for evaluating the effects of sorafenib
therapy clinically.

Conclusion

In conclusion, our data demonstrated that the possible
mechanism of sorafenib therapy in chemoresistance
might be based on the promotion of tumor angiogenesis
via VEGF signaling associated with CSCs in HCC.
Tumor angiogenesis and chemoresistance were more pro-
minent in xenograft tumors with high CSC-associated
protein expression, also identified by high-level expres-
sion of E-cadherin and CK19. E-cadherin and CK19 may
serve as CSC markers in HCC and be involved in the
process of tumor angiogenesis in response to sorafenib
therapy.
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