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Cross-talk between androgen receptor and
nerve growth factor receptor in prostate
cancer cells: implications for a new
therapeutic approach
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Prostate cancer (PC) is the second leading cause of
cancer death in men in Western society. Current thera-
pies for PC remain, however, unsatisfactory and PC fre-
quently progresses toward a castrate-resistant phenotype.
Preclinical and clinical studies are aimed at investigating
the molecular basis for PC progression1.
Nerve growth factor (NGF) belongs to the mammalian

neurotrophin family of growth factors that control sur-
vival, differentiation, and neurite outgrowth. Neuro-
trophins also act on many different cell types, and
deregulation of their signaling pathways is found in a
number of tumors, including PC. Two classes of cell
surface receptors, a family of tyrosine receptor kinases
called Trks (TrkA, TrkB, TrkC) and the p75NTR recep-
tor, mediate the effects of neurotrophins2. PC frequently
synthesizes large amounts of NGF, which in turns sti-
mulates TrkA3. Thus, TrkA might represent a promising
target in PC therapies.
In this report, we show that androgens and NGF both

induce a reciprocal cross-talk between androgen receptor
(AR) and TrkA in prostate cancer-derived LNCaP cells.
Such cross-talk is reminiscent of that observed in neu-
ronal PC12 cells4, with significant differences in the final
biological outcome, resulting on one hand in proliferation
and migration of PC cells, and differentiation of PC12
cells on the other.
The non-aromatizable androgen R1881 robustly sti-

mulates BrdU incorporation in LNCaP cells at levels only
very slightly weaker than those triggered by serum. The

AR antagonist bicalutamide inhibits this response, sug-
gesting a role for AR in the observed response. Intrigu-
ingly, in addition to impairing the NGF proliferative
effect, the TrkA inhibitor GW4417565 cross-inhibits the
mitogenic effect of androgen. In turn, bicatulamide inhi-
bits NGF action. Noteworthy, the stimulatory response by
NGF is lower than that triggered by androgen (Supple-
mentary Fig. 1A).
Cross-talk between AR and TrkA also regulates LNCaP

migratory phenotype, as the cells respond to R1881 or
NGF with a significant increase in cell motility, analyzed
by Transwell (Supplementary Fig. 1B) or wound scratch
(Supplementary Fig. 1C) assays, with a stronger stimula-
tion by R1881 compared with that observed using NGF.
Notably, the cross-inhibitory action of R1881 or NGF by
GW441756 or bicatulamide, respectively, is also detected
in these assays. Since androgen- or NGF-induced cell
migration requires AR/filamin A association in various
cell types, we also used a stapled peptide (RH2025u)
specific for the site of interaction derived from the AR
domain, which interrupts AR/filamin A complex assem-
bly4,6,7. At nano-molar concentration, the peptide inhibits
LNCaP cell migration triggered by androgens or NGF
(Supplementary Fig. 1B and C), indicating a role for AR/
filamin A complex in NGF-induced motility.
At last, we investigated whether the functional cross-

talk observed in proliferation and migration responses is
associated with co-immunoprecipitation of the two
receptors. Supplementary Fig. 1D shows that treatment of
LNCaP cells with R1881 or NGF triggers a specific co-
immunoprecipitation of both receptors. Remarkably,
association of AR with TrkA induced by R1881 is stronger
than that induced by NGF. This difference correlates with

© The Author(s) 2018
OpenAccessThis article is licensedunder aCreativeCommonsAttribution 4.0 International License,whichpermits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if

changesweremade. The images or other third partymaterial in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to thematerial. If
material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

Correspondence: Antimo Migliaccio (antimo.migliaccio@unicampania.it) or
Gabriella Castoria (gabriella.castoria@unicampania.it)
1Department of Biochemistry, Biophysics and General Pathology, University of
Campania ‘Luigi Vanvitelli’, Naples, Italy

Official journal of the Cell Death Differentiation Association

12
34

56
78

90
()
:,;

12
34

56
78

90
()
:,;

http://orcid.org/0000-0002-4197-2055
http://orcid.org/0000-0002-4197-2055
http://orcid.org/0000-0002-4197-2055
http://orcid.org/0000-0002-4197-2055
http://orcid.org/0000-0002-4197-2055
http://orcid.org/0000-0002-0576-4494
http://orcid.org/0000-0002-0576-4494
http://orcid.org/0000-0002-0576-4494
http://orcid.org/0000-0002-0576-4494
http://orcid.org/0000-0002-0576-4494
http://creativecommons.org/licenses/by/4.0/
mailto:antimo.migliaccio@unicampania.it
mailto:gabriella.castoria@unicampania.it


the more robust functional effects triggered by androgens
in proliferative and motility assays.
In sum, AR/TrkA reciprocal cross-talk enables the gain

of proliferative and invasive properties of androgen- or
NGF-challenged PC cells. Cross-inhibition of this com-
plex by receptor antagonists impairs proliferative and
migratory phenotype of these cells. Our results suggest
that the combinatorial use of AR and TrkA inhibitors,
commonly employed as single drugs, could be profitably
tested in therapeutic trials for treatment of PC.
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