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HBV X may play a role in generating EpCAM™
CSCs."” The role of hepatitis virus infection on the
generation of CSCs is still unclear and should be clari-
fied in future studies.

We were unable to confirm the tumorigenicity of
CD90™ cells in 13 of 15 HCCs, but we observed abun-
dant CD90" cells in more-advanced HCCs by ITHC
(data not shown). Tumorigenic CD90" cells may
emerge at a later stage of hepatocarcinogenesis, and the
majority of CD90™ cells in early HCCs may be cancer-
associated VECs without tumorigenic capacity. Further-
more, we identified tumorigenic CD90™ cells only from
HBV-related HCCs, and a recent study suggested that
expression of CD90 was associated with HBV infec-
tion."® We could not detect the small population of
CD90" HuH7 and Hep3B cells reported on by Yang
et al. However, because we identified a small population
of CD90" HuH7 cells after treatment with 5-FU
(manuscript in preparation), it is conceivable that differ-
ent cellular stress statuses may explain the observed dif-
ferences between our findings and those of Yang et al.

The majority of CSC markers discovered thus far
are almost identical to those found in healthy tissue
stem cells or embryonic stem cells. However, with
regard to the liver, the characteristics of healthy hepatic
stem/progenitor cells isolated using different stem cell
markers are currently under investigation. A recent ar-
ticle examined the characteristics of EpCAM™ and
CD90™ oval cells isolated from 2-acetylaminofluorene/
partial hepatectomy or D-galactosamine-treated rats.'®
Interestingly, EpCAM™ and CD90™ oval cells repre-
sent two distinct populations: The former expresses
classical oval cell markers, such as AFP, OV-1, and cy-
tokeratin-19 (CK-19), whereas the latter expresses des-
min and alpha smooth muscle actin, but not AFD
OV-1, or CK-19, which indicates that CD90™ popula-
tions are more likely to be mesenchymal cells. Another
study has demonstrated that mesenchymal cells can
interact with HSCs to regulate cell-fate decision.” We
found that EpCAM™ and CD90™ cells isolated from
liver cancer are distinct in terms of gene- and protein-
expression patterns in both primary liver cancers and
cell lines. Furthermore, these distinct CSCs can inter-
act to regulate the tumorigenicity and metastasis of
HCC. Molecular characteristics of EpCAM™*/CD90*
CSCs may potentially reflect the cellular context of
healthy stem or progenitor cells.

Although our study strongly indicates that abundant
CD90™ cells in a tumor is a risk for distant metastasis
in liver cancer, the cell identity and role of CD90™"
cells remains elusive. As our IHC, FACS, and xeno-
transplantation assays revealed, some CD90™ cells in

HEPATOLOGY, April 2013

liver cancer may be cancer-associated VECs or fibro-
blasts that cannot perpetuate in the xenograft. Recent
findings have suggested the importance of stromal cells
in tumorigenesis and cancer metastasis,”*>* so it is
possible that these cells may help TECs invade and
intravasate into blood vessels, thus playing crucial roles
in metastasis.

Another possibility is that CD90™ cells are cancer
cells with features of fibroblasts (having undergone
EMT) or VECs (having undergone vasculogenic mim-
icry; VM) that can invade, intravasate, and metastasize
cells to distant organs. Recently, two groups reported
that a subset of tumor VECs originate from glioblas-
toma CSCs.?>?* We successfully confirmed the tumor-
igenicity and metastatic capacity of CD90™ cells that
were morphologically identical to VECs from primary
HCCs that could perpetuate in the xenograft. How-
ever, a recent study demonstrated that CD90" HCC
cells express glypican-3, a marker detected in hepatic
epithelial cells.”® Further studies are warranted to clar-
ify the nature and role of CD90* HCC cells.

In our study, CD90™" cells expressed the endothelial
marker, c-Kit, CD105, and VEGFRI1, and a mesen-
chymal VEC morphology and high metastatic capacity
were confirmed in both primary liver cancer and cell
lines. We further confirmed that CD90™ liver cancer
cells showed chemosensitivity to imatinib mesylate,
suggesting that cancer cells committed to mesenchymal
endothelial lineages could be eradicated by the com-
pound. Although imatinib mesylate treatment had lit-
te effect on the size of primary tumors originated
from both EpCAM™ and CD90™ CSCs, it signifi-
cantly suppressed lung metastasis 77z vivo. These data
are consistent with a recent phase II study demonstrat-
ing the tolerable toxicity, but limited efficacy, of imad-
nib mesylate alone for unresectable HCC patients. Eli-
gibility of imatinib mesylate for advanced HCC
patients may be restricted to the HCC subtypes organ-
ized by CD90" CSCs with a highly metastatic
capacity and VEC features. Therefore, a combination
of compounds targeting EpCAM ™ tumorigenic CSCs
as well as CD90™ metastatic CSCs may be required
for the eradication of HCC and should be tested in
the future.
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