Androgen deprivation promotes neuroendocrine differentiation and angiogenesis through
CREB-EZH2-TSP1 pathway in prostate cancers
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Background: The incidence of aggressive neuroendocrine prostate cancers (NEPC) related to
androgen-deprivation therapy (ADT) is rising. NEPC is still poorly understood with no effective treatment.
Elevated levels of neuroendocrine differentiation (NED) and angiogenesis are two prominent phenotypes
of NEPC, whose direct molecular links have been largely unknown.
Methods: In this study, we employed a number of genetic manipulations (gene overexpression and
silencing) and pharmacological perturbations (chemical activators and inhibitors) for genes under
investigation to study their connections to each other and their implications in NED and angiogenesis.
Several prostate cancer cell and xenograft models in culture and in mice were utilized. ADT was achieved
by treating androgen-responsive cells in culture with MDV3100 or by growing the cells in hormonedeprived media, as well as by surgical castration for xenograft tumor growth. Gene expression data from
TCGA and other public sources, as well as tissue microarrays of prostate normal and tumor tissues from
patients were used to evaluate the clinical relevance of this work.
Results: NED and angiogenesis are molecularly connected through EZH2 (enhancer of zeste homolog 2).
NED and angiogenesis are both regulated by ADT-activated CREB (cAMP response element-binding
protein) that in turn enhances EZH2 activity. We also uncover anti-angiogenic factor TSP1
(thrombospondin-1, THBS1) as a direct target of EZH2 epigenetic repression. TSP1 is downregulated in
advanced prostate cancer patient samples and negatively correlates with NE markers and EZH2.
Furthermore, castration activates the CREB-EZH2 axis, concordantly affecting TSP1, angiogenesis and NE
phenotypes in tumor xenografts. Notably, repressing CREB inhibits the CREB-EZH2 axis, tumor growth,
NED and angiogenesis in vivo.
Conclusions: We have elucidated a new critical pathway, consisting of CREB-EZH2-TSP1, underlying
ADT-enhanced NED and angiogenesis during prostate cancer progression. The investigation of molecular
mechanisms underlying EZH2 activation by CREB signaling and the induction of NED by EZH2 is
underway.
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