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Hepatocellular carcinoma (HCC) is the fifth most prevalent
cancer worldwide and the third most common cause of
cancer-related deaths (1). Surgical resection and liver
transplantation are available for early-stage HCC, yet only
a small proportion of patients are amenable to surgery as
most patients are diagnosed at advanced stages. Although
chemotherapy is often administered to patients with
inoperable HCC as an adjuvant therapy, relapse rates and
mortality rates remain high due to the strong tendency
for tumors to develop drug resistance. Identifying novel
prognostic markers and therapeutic targets for HCC is
therefore essential for managing HCC and improving the
long-term survival of patients. In a recent study published
in Guastroenterology (2), atonal homolog 8 (ATOHS), which
plays a crucial role in development, has been demonstrated
to function as a tumor suppressor in HCC and might serve
as a novel therapeutic target.

Development is finely orchestrated by spatio-temporal
regulation of the expressions of a broad repertoire of genes.
The basic helix-loop-helix (l HLH) proteins form a large
superfamily of transcription regulators that are highly
conserved from yeast to human and function in critical
developmental processes. The atonal homolog (ATOH)
proteins, characterized by a bHLH domain that typically
binds to a consensus sequence (CANNTG) E-box (3), are
involved in a wide range of biological processes including
development of inner ear hair cells (4), retina ontogenesis (5)
and skeletal muscle development (6).
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ATOHS8/MATHSG, a novel member of the bHLH gene
family, contains 321 amino acids with one bHLH domain
and shares structural similarity with the Drosophila proneural
gene ATONAL (7). ATOHS has been implicated in the
development of skeletal muscle (6), liver (8) and pancreas (9).
Song ez al. recently reported down-regulation of ATOHS
in HCC tissues and correlation with poor patients’
survival (2). Using a series of in vitro and in vivo functional
experiments, ectopic expression of ATOHS was found
to significantly inhibit the proliferative, migratory and
invasive capabilities of HCC cells. Intriguingly, increased
CD133" cell population in HCC cell lines resulting from
ATOHS depletion was revealed to possess cancer stem
cell (CSC) properties including enhanced abilities of self-
renewal, differentiation and acquisition of chemoresistance.
Mechanistically, ATOHS transcriptionally repressed
stem cell-associated genes NANOG, OCT4 and CD133
(Figure 1). Song et al. (2) further showed introduction of
ATOHS increased the chemosensitivity of tumor cells to
5-fluorouracil and cisplatin treatment, suggesting ATOHS
might serve as a potential therapeutic target in HCC.

Given the importance of ATOH proteins in the
regulation of various developmental processes, it comes
with no surprise that deregulation of their modes
of transcriptional regulation and action will lead to
pathological conditions. For instance, deletion of the remote
enhancer of ATOH?7 has been documented to be associated
with nonsyndromic congenital retinal nonattachment (10).
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Figure 1 ATOHS plays a pivotal role in the regulation of a broad repertoire of developmental processes. ATOHS functions as a tumor

suppressor in HCC by inhibiting the migratory and invasive capabilities of cancer cells as well as transcriptionally repressing stem cell-

associated genes OCT4, NANOG and CD133 leading to the loss of cancer stem cell features.

Another key member of the bHLH gene family, ATOH]1,
is implicated in the progression of tumor. Although like
ATOHS, ATOHI1 has been suggested to function as a tumor
suppressor by modulating proliferation and apoptosis in
colon cancer (11), a recent study demonstrated contrasting
data showing that ATOHI stabilized by tumor necrosis
factor o (NFa) could induce a cancer stem cell phenotype
leading to the acquisition of chemoresistance (12). CSCs
are believed to exist in a wide array of tumors responsible
for tumor heterogeneity and poor patients’ survival (13). In
addition to providing the first piece of evidence reporting
the tumor suppressor role of ATOHS, Song er al. (2)
suggested ATOHS8 knockdown is capable of stimulating
HCC cells with non-CSCs to CSCs reprogramming
primarily through the relief of transcriptional suppression
of NANOG and OCT4, thereby providing further
understanding to the roles of CSCs in tumor progression
and supportive evidence to a recent study demonstrating
a pivotal role of ATOHS in human embryonic endothelial
differentiation and function (14). This is also in line with
accumulating findings documenting NANOG and OCT4
are broadly expressed in various cancer types and could
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induce cancer cells to dedifferentiate into CSC-like cells
(15,16). Other members of the ATOH family have also been
implicated in cell differentiation. ATOHI has been shown
to be indispensable for tuft cell differentiation (17). Using
genetically modified mouse lines with differing extents
of retinal ganglion cell loss, ATOH?7 was documented to
regulate the differentiation of retina into neurons (18).
The role of ATOHS as a transcriptional repressor was
also supported by an investigation showing ATOHS lacks
a transactivation domain and possesses intrinsic repressor
activity (3). Uncovering the tumor suppressing role of
ATOHS opens the avenue for establishing ATOHS as a
novel therapeutic target in HCC.

In order to determine whether overexpression of ATOHS
is capable of re-sensitizing HCC cells to chemotherapy, the
authors adopted a lentiviral-based approach and suggested
ATOHS restoration has great therapeutic potential in HCC
treatment (2). Although gene therapy using lentiviruses
offers numerous advantages over conventional retroviral
gene delivery systems including stable and prolonged gene
expression, the clinical use of lentiviral-based vectors has
raised concerns regarding safety and ethical issues awaiting
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further in-depth investigations (19). In fact, deciphering the
mechanism underlying the down-regulation of ATOHS,
which has not been addressed in the current study,
might provide an alternate way out. Genetic alterations
(e.g., mutations) and epigenetic modulations (e.g.,
hypermethylation of promoter region) have been associated
with the silencing of a wide array of tumor suppressor genes.
Uncovering the cause of loss of ATOH not only enables
a more comprehensive understanding of the functional
role of ATOHS, but also sheds light on the development
of alternate therapeutic strategies. For instance, if DNA
methylation was accountable for the loss of ATOHS,
the drug decitamine (5-aza-2’-dexoycytidine), which has
been reported to reverse the aberrant hypermethylation
of silenced genes and deliver favorable clinical responses
in patients with acute myelogenous leukemia (20), might
serve as a treatment approach for HCC by restoring the
expression of ATOHS8 and re-sensitizing cancer cells to
chemotherapy.

In summary, current findings demonstrated a novel
tumor suppressor role of ATOHS in the progression of
HCC. ATOHS silencing enables HCC cells to reprogram
from non-CSCs to CSCs. Furthermore, introduction
of ATOHS enhances the sensitivity of HCC cells to
S-fluorouracil and cisplatin thereby implicating a potential
therapeutic value of ATOHS.
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