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a b s t r a c t

The preclinical profiles of two most potent compounds of our recently published cycloalkane[d]isoxazole
pharmacophore-based androgen receptor (AR) modulators, FL442 (4-(3a,4,5,6,7,7a-hexahydro-benzo
[d]isoxazol-3-yl)-2-(trifluoromethyl)benzonitrile) and its nitro analog FL425 (3-(4-nitro-3-(trifluoro-
methyl)phenyl)-3a,4,5,6,7,7a-hexahydrobenzo[d]isoxazole), were explored to evaluate their druggability
for the treatment of AR dependent prostate cancer. The studies revealed that both compounds are selec-
tive to AR over other closely related steroid hormone receptors and that FL442 exhibits equal inhibition
efficiency towards the androgen-responsive LNCaP prostate cancer cell line as the most widely used anti-
androgen bicalutamide and the more recently discovered enzalutamide. Notably, FL442 maintains
antiandrogenic activity with enzalutamide-activated AR mutant F876L. In contrast to bicalutamide,
FL442 does not stimulate the VCaP prostate cancer cells which express elevated levels of the AR. Distri-
bution analyses showed that [14CN]FL442 accumulates strongly in the mouse prostate. In spite of its low
plasma concentration obtained by intraperitoneal administration, FL442 significantly inhibited LNCaP
xenograft tumor growth. These findings provide a preclinical proof for FL442 as a promising AR targeted
candidate for a further optimization.

� 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Prostate cancer (PCa) is the second leading cause of cancer-
related deaths among men in Western countries (Jemal et al.,
2011). Besides its normal functions, the androgen receptor (AR)
is a key factor in development and progression of PCa (Gao et al.,
2005; Mooradian et al., 1987; Heinlein and Chang, 2004). Usually
PCa is treatable by androgen deprivation therapy (ADT), during
which endogenous androgens are depleted by GnRH agonists or
antagonist and AR activation by residual ligands testosterone and
dihydrotestosterone (Fig. 1), is prevented by antiandrogens (Scher
et al., 2010; Labrie et al., 1982; Klotz, 2008; Haendler and Cleve,
2011). Pharmacological activity of the antiandrogens is determined
by their binding properties to AR‘s ligand-binding site in the
ligand-binding domain (LBD) Tamura et al., 2006. Agonist binding
to the LBD induces a conformational change in C-terminal helix 12,
which allows the formation of activation function 2 (AF2) in the
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LBD, leading to its interaction with the AR N-terminal transactiva-
tion domain (Langley et al., 1995). In addition, the AF2 site confor-
mation is essential for coactivator binding and thereby to the
ability of the receptor to activate its target genes (Gao et al.,
2005; van de Wijngaart et al., 2012; Hur et al., 2004). The first gen-
eration (relatively low affinity) antiandrogens, such as bicaluta-
mide, appear to inhibit the AR activity by inducing partial
unfolding of the AR. Moreover, bicalutamide can disturb coactiva-
tor binding to the AR (Bohl et al., 2005; Karvonen et al., 2002).

Unfortunately, anti-androgens such as bicalutamide and
hydroxyflutamide, tend to lose their ability to inhibit the AR during
hormone deprivation therapy, and this is associated with intra-
crine androgen synthesis (castration resistant prostate cancer,
CRPC) (Chang, 2012). This may be associated with mutations in
the AR LBD and the AR gene amplification, causing an antago-
nist-to-agonist switch in the receptor function, to which increased
mitogen-activated protein kinase signaling may contribute (Bohl
et al., 2005; Karvonen et al., 2002; Chang, 2012; Chen et al.,
2004, 2009; Buchanan et al., 2001; Wilding and Chen, 1989; Taplin,
2007; Tannock et al., 2004; Petrylak et al., 2004). Therefore, new
antiandrogens with improved drug properties are needed for im-
proved treatment and better overall survival of PCa patients (Gao
et al., 2005; Labrie et al., 1982; Klotz, 2008; Chen et al., 2009).
New structures may offer alternative solutions to target the AR,
since the variety of chemical scaffolds seen in previous antiandro-
genic drug candidates have been quite limited (Haendler and
Cleve, 2011). We have recently reported the synthesis, in vitro
binding properties and inhibition efficacy on wild-type AR, as well

as on its W741L and T877A mutants by novel competitive AR mod-
ulators containing a cycloalkene[d]isoxazole scaffold (Poutiainen
et al., 2012) which represents a new type of AR pharmacophore.

In this paper, we report further in vitro and in vivo evaluation of
the druggability of 4-(3a,4,5,6,7,7a-hexahydrobenzo[d]isoxazol-3-
yl)-2-(trifluoromethyl)benzonitrile (FL442) as an AR modulator.
First, we characterized the selectivity of FL442 and its nitroanalog
FL425 towards other closely related steroid hormone receptors
(SHRs), including estrogen receptor (ER), glucocorticoid receptor
(GR) and progesterone receptor (PR). The activation of xenosensor
receptors was studied to predict unwanted drug–drug interactions.
In addition, the ability of the lead compound to prevent PCa cell
proliferation and the AR target gene expression was studied
in vitro. Second, the metabolic stability and the main metabolites
of the most promising compound (FL442) were assessed. Finally,
in vivo distribution experiments (using the radioligand [14CN]FL442
synthesized for this purpose) and tumor growth suppression exper-
iments were performed in mice in order to evaluate the druggabil-
ity of the lead compound as a new PCa drug.

2. Materials and methods

2.1. Preparation of the compounds

Both compounds were synthesized, purified and characterized
according to our previous publication (Poutiainen et al., 2012).
For FL425, the method was modified in such a way that the

Fig. 1. Structures of androgen receptor modulators.
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