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Chromodomain-helicase-DNA-binding protein 4: a novel therapeutic

target in liver cancer stem cells
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First of all, we appreciate the precious comments written
by Professors Dr. Ochiya and Dr. Willoughby to our study
(1,2). As commented, hepatocellular carcinoma (HCC)
is one of the most common cancers with poor outcome
worldwide, partly due to the lack of effective treatment
options for patients with advanced-stage disease (3,4).
Treatment with cytotoxic reagents did not show clear
survival benefit in advanced HCC patients. Although
a receptor tyrosine kinase inhibitor sorafenib, mainly
targeting the vascular endothelial growth factor receptor 2
(VEGFR2) signaling in vascular endothelial cells, is the
current standard therapy for advanced HCC, its effect
is modest (5). The novel therapeutic strategy is clearly
required to prolong the survival in advanced HCC patients.

We have been exploring the malignant nature of HCCs
based on the stem/maturational status of the tumors by
evaluating the expression of stem cell and hepatocyte
markers such as epithelial cell adhesion molecule (EpCAM),
alpha-fetoprotein (AFP), Sal-like protein 4 (SALL4),
organic anion transporter polypeptides 1B3 (OATP1B3),
and hepatocyte nuclear factor 4 alpha (HNF4a) (6-9).
We found that the expression of stem cell markers is very
heterogeneous even in established HCC cell lines, and
these cells show the feature of so-called “cancer stem
cells” (CSCs) in terms of self-renewal and differentiation
capacity, tumorigenic capacity, and chemoresistance against
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cytotoxic reagent S-fluorouracil (10,11). Our previous
studies indicated that HCCs with stem cell features [hepatic
stem cell-like HCC (HpSC-HCC)] show poor prognosis
after surgery, suggesting the requirement to develop novel
adjuvant therapy effective to treat CSCs as well as non-
CSCs population in HpSC-HCC.

We have made a concentrated effort on clarifying the
molecular events activated in HCC CSCs. SALL4 is known
as a recruiter of nucleosome remodeling and deacetylase
(NuRD) complex as well as a transcription factor activating
the genes regulating the stemness (12). NuRD complex
contains histone deacetylases (HDACs) to regulate the
histone modification. Indeed, our previous study indicated
that SALL4-positive HCCs have high HDAC activity
and are chemosensitive to an HDAC inhibitor SBHA (9).
However, SBHA treatment alone had a limited efficacy to
suppress the tumorigenesis in patient-derived xenograft
(PDX) mouse model (unpublished data), suggesting
the need to search additional targets activated in HCC
CSCs. Since NuRD complex is composed of HDACs,
chromodomain-helicase-DNA-binding proteins (CHDs),
and metastasis-associated proteins (MTAs), we focused
on the characterization of these protein expressions in
HCC CSCs.

In our current study, we evaluated the expression
of chromodomain helicase DNA-binding protein 4
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(CHD4) in HCC. Although CHD4 is known as relatively
ubiquitous protein detected in proliferating cells, we
found that CHD#4 is highly expressed in EpCAM-positive
HCCs compared with -negative HCCs, and the abundant
expression of CHD4 correlates with poor prognosis in
HCC patients. Interestingly, forced expression of CHD4
conferred chemoresistance against epirubicin, consistent
with the previous studies suggesting the role of CHD4 on
DNA double strand break repair through interaction with
poly (ADP-ribose) polymerase (PARP) (13-15). Sorted
EpCAM-positive CSCs showed the strong expression
of CHD4, suggesting that CHD#4 plays a crucial role in
chemoresistance as a core member of NuRD complex
and may be a potential therapeutic target in HCC CSCs.
We tried to suppress the molecular activity of CHD4 as a
regulator of HDAC and PARP by combination of an HDAC
inhibitor (SBHA) and a PARP inhibitor (AG-014699)
in PDX mouse model, and demonstrated the utility of the
combination of HDAC and PARP inhibitor to suppress the
HCC growth in vitro and in vivo (16).

Since several evidence have demonstrated that the
aberrant expression of HDAC:s is associated with poor
prognosis and survival rates in HCC (17), HDAC inhibitor
alone or in combination with sorafenib has been recently
tested in some clinical trials (18,19). Our findings offer
new mechanistic insights into the chemoresistance of
HCC CSCs and suggest clinical utility of HDAC/PARP
inhibitors combination therapy. We hope that our findings
will provide a novel therapeutic option for patients with
advanced HCC in near future.
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