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ONECUT2 as a new therapeutic target in androgen
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Kaochar and Mitsiades (1) summarized in this journal
the findings from two recent studies, one from our
group (2), that identified the atypical homeobox protein
ONECUT?2 (HNF6B) as a driver of lethal prostate
cancer (2,3). ONECUT?2 had been identified previously
as a transcriptional regulator of the prostate cancer-
associated long non-coding RNA (IncRNA) PCaT1 (4),
however the finding that this transcription factor (TF) plays
a prominent role in a subset of aggressive prostate cancers
was still unexpected. Rotinen ez /. employed an integrative
computational analysis of TF activity in 260 castration-
resistant prostate cancers (CRPC) (2). In a theoretical
CRPC TF network, ONECUT?2 appeared as a prominent
node that was closely associated with other known prostate
cancer master regulators, including androgen receptor (AR)
and EZH2. Experimental studies and analysis of human
datasets demonstrated that ONECUT?2 suppresses the AR
signaling axis through several mechanisms, a somewhat
paradoxical result given the central role played by the AR,
even in CRPC. ONECUT?2 was also shown to be a driver
of a neural gene expression program and to be upstream
of neuroendocrine master regulators, such as the placental
gene PEG10. Guo et al. identified ONECUT?2 as a mediator
of the hypoxia response in prostate cancer and showed it to
be a driver of neuroendocrine differentiation (3). Although
the two studies addressed the question of the role of
ONECUT?2 from distinct perspectives and approaches, they
are in close agreement with respect to their conclusions of
the importance of this TF in aggressive prostate cancer.
Rotinen et 4l. identified a novel compound, CSRM617,
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using iz silico modeling and chemical library screening, and
showed it suppressed the growth of human CRPC cell lines
as well as established metastases generated by intra-cardiac
injection of 22Rv1 cells. Guo et 4l. further linked hypoxia
as a therapeutic target in the transdifferentiation from
adenocarcinoma to neuroendocrine prostate cancer by using
a hypoxia-activated prodrug, TH-302, to suppress growth
of patient-derived xenografts. This transdifferentiation
to neuroendocrine variants can occur in response to AR-
targeted therapy and is a mechanism whereby treatment-
insensitive disease emerges following therapy with AR
signaling inhibitors (ARSIs). Consequently, ONECUT2
is a targetable protein in human prostate cancer, likely
with multiple approaches and strategies. The ONECUT2
network is also of great interest because other components
within this network will perhaps be found to be targetable
as well.

It is clear from both studies that ONECUT?2 plays an
important role in only a subset of lethal, or potentially
lethal, prostate cancers. Which cancers are these, and
how can this information be translated into a therapeutic
strategy against this target? The 22Rv1 model, in which
the CSRM617 agent was shown to be effective iz vivo, is an
aggressive human CRPC cell line that expresses AR. This
model is therefore distinct from CRPC models which do
not express AR, such as PC-3, where ONECUT?2 was also
shown in both the Rotinen ez 4/. and Guo et al. studies to
be active. AR-negative prostate cancer models are thought
not to be particularly physiologically relevant, because AR
expression is generally retained in the tumor, even in the
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Figure 1 ONECUT?2 mRINA expression in prostate and lung cancer model systems. LNCaP, VCaP, DU145, and 22Rv1 are commonly used

cell line models. EF1 is derived from the MSKCC PCa4 neuroendocrine organoid line. H660 is a human neuroendocrine prostate cancer

line. Transformed PARCB models are human prostate basal epithelial cells genetically engineered with dominant negative p53 (TP53DN) (P),
myrAKT1 (A), RBI-shRNA (R), c-Myc (C) and BCL2 (B). PARCB tumors show histologic and biochemical features of small cell prostate
cancer. PACB (without RB1-shRNA), ARCB (without TP53DN), and ACB (without TP53 and RB1-shRNA) displayed histological features

of poorly differentiated prostate adenocarcinoma. PACB and ARCB tumors displayed only focal expression of neuroendocrine markers.

Primary NHBE cells transformed with the PARCB lentiviruses in a small cell lung cancer model show increased ONECUT?2 expression. All

data shown are from reference 6. NHBE, normal human bronchial epithelial; shRNA, short hairpin RNA; TPM, transcripts per million.

case of CRPC bone and visceral metastases. The de novo
small cell/neuroendocrine prostate cancer (SCNC) variant,
which makes up a tiny fraction of lethal prostate cancers, is
typically AR-negative. However, it is clear that ONECUT?2
activity emerges in AR-positive tumors, including in
patients that have not undergone treatment with ARSIs.
The biology of ONECUT?2 suggests it will be possible to
develop companion diagnostics that will identify patients who
might benefit from targeted therapy. Rotinen ez /. showed
that subcellular localization of ONECUT?2 multiplexed
with the AR identifies cells within the tumor where the
two proteins are differentially localized to the nucleus vs.
the cytoplasm. The quantitative immunolabeling study
of ONECUT2/AR subcellular localization is consistent
with the transcriptome and laboratory studies, which
demonstrated that ONECUT?2 can oppose the AR through
multiple mechanisms, because nuclear localization of
the two TFs was found to be inversely related. Single-
cell transcriptome analyses would clarify and possibly
strengthen this point. A ONECUT?2 activity signature
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was applied to a range of specimen types, including needle
biopsies, suggesting that gene expression profiling may be a
means of identifying patients where ONECUT?2 is highly
active, including prior to therapy. Because gene expression
profiling can now be applied to circulating tumor cells (5),
a ONECUT?2 companion diagnostic may be possible as a
blood test, a scenario where it would do the most clinical
benefit.

Other than hypoxia, it is not clear how ONECUT?2 is
activated. Model systems of lineage plasticity show that
ONECUT?2 mRNA levels are increased in response to
TP53 and RBI inactivation (6) (Figure I). These common
inactivating mutations in aggressive cancers appear to
alter the epigenomic landscape broadly, thereby creating a
permissive chromatin state where developmental regulators
normally silenced, or expressed at low levels, can be
upregulated and assume critical roles. The emergence of
SCNC transcriptome programs was recently identified as a
convergent process occurring in a range of epithelial cancers
and associated with particularly poor prognosis (7). Why
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epithelial cancers of distinct ontogenetic origin should
adopt this singular strategy is not clear, however it could be
a consequence of the reawakening of an early developmental
process associated with cell migration, such as formation
of the neural crest. It has been noted by us and others that
ONECUT?2 may be a viable target in other malignancies.
High expression of the ONECUT2 mRNA is particularly
notable in cholangiocarcinoma, liver hepatocellular
carcinoma, and pancreatic adenocarcinoma, based on
publicly available data. There has been limited study of
this protein and its potential functional partners in cancer.
Consequently, the prostate cancer studies may pave the way
to productive research in other areas of cancer biology and
translational medicine.

The relationship between ONECUT?2 and the AR
remains somewhat mysterious. Although the two proteins
appear to be antagonists in many respects, the possibility
that they might function cooperatively at certain genomic
loci should not be ruled out. In the treatment-emergent
variants of CRPC, AR is still expressed, co-existing with an
emerging SCNC transcriptional program (8). ONECUT2
and AR can reside together in a multi-protein complex.
How such complexes form, what their biological roles are,
and under what conditions they are most active are exciting
topics for future research.
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