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a b s t r a c t

To date, there have been no reports showing the efficacy of nonsecosteroidal vitamin D receptor (VDR)
agonists in a benign prostatic hyperplasia (BPH) animal model. To examine the efficacy of CH5036249,
a novel nonsecosteroidal VDR agonist, we orally administered the compound at 0.03 �g/kg to a beagle
model with spontaneous BPH. Prostate volume was checked by rectal ultrasonic probe periodically during
11 months of administration and the prostate tissues histologically examined. CH5036249 inhibited
prostate growth in two out of three dogs compared with vehicle-treated dogs. In the prostate specimens,
substantial atrophy of the epithelium was observed in all dogs administered CH5036249. At the dose
pontaneous benign prostatic hyperplasia
rostate stromal cells

given, serum calcium levels slightly increased in the CH5036249-treated dogs but stayed within a normal
range. We next examined the cell growth inhibition of CH5036249 using human prostate stromal cells
and found the cell growth inhibitory activity of CH5036249 to be comparable to that of 1�,25(OH)2D3.
The bioavailability from oral administration in rats was 95.1% with a t1/2 of 17.6 h. Both micro-AMES
and micronucleus tests were negative. Although the results are still preliminary, we consider the novel
nonsecosteroidal VDR agonist CH5036249 to be a possible new drug candidate for the treatment of BPH
in humans.
. Introduction

Benign prostatic hyperplasia (BPH) is an age-related disease
nd histological evidence of BPH is present in almost all men
y age 80 [1]. Alpha1 blockers are the gold standard for 1st line
herapy in BPH treatment [2]. When clinical symptoms such as
rination difficulties worsen, surgery of transurethral resection
f the prostate (TURP) is conducted but the complication rate of
he surgery is 16.1% [2]. Recently, in a placebo-controlled phase 2

rial, a secosteroidal VDR agonist (BXL-628) showed positive effects
n prostate volume reduction, symptomatic relief, no adverse
vents, and, in particular, normal blood calcium (Ca) levels were
aintained [3,4]. In addition, when administered to young adult
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dogs at 5 �g/kg for 9 months, BXL-628 inhibited prostate growth
[5].

CH5036249 is a novel nonsecosteroidal VDR agonist and has
favorable characteristics in ADME, toxicity and VDR agonist activ-
ity. To examine the possibility of CH5036249 in BPH treatment,
we chronically administered the compound in a spontaneous BPH
beagle model.

2. Materials and methods

2.1. VDR binding assay and cell growth inhibition assay

The binding affinity to human VDR was measured using the
method described by Wecksler [6]. Human prostate stromal cells

(PrSC, Ronza CC-2508) were seeded at 200 cells/96-well plate
using SCGM medium (CC-3205). Six hours later, serially diluted
CH5036249 or 1�,25(OH)2D3 was added to the cells. After 5 days of
incubation, the proliferative activity was detected using a 5-bromo-
2′-deoxyuridine (BrdU) ELISA kit (Roche, 1647229).

dx.doi.org/10.1016/j.jsbmb.2010.03.043
http://www.sciencedirect.com/science/journal/09600760
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Fig. 1. Dose-dependent inhibition of human prostate stromal cells by CH5036249.
Human prostate stromal cells were seeded at 200 cells/96-well plate. After 6 h, seri-
K. Taniguchi et al. / Journal of Steroid Bioche

.2. Spontaneous BPH beagle model

Male beagles, 7–10 years old, were used following the Insti-
utional Animal Care and Use Committee policy promulgated by
hugai. The animals were kept under standard conditions (individ-
ally caged, 12-h/12-h light/dark cycle, 18–29 ◦C). Prostate weight
as monitored by transrectal ultrasonography (TRUS) according

o a method previously described [7]. The beagles (n = 6) were
ivided into two groups based on prostate weight: the vehicle-
reated group showed weights of 20.02, 22.05 and 18.57 g (Animal
os. 1–3, respectively) (mean: 20.21 g) and the CH5036249-treated
roup showed weights of 21.52, 13.65 and 26.62 g (Animal Nos. 4–6,
espectively) (mean: 20.60 g). CH5036249 (initial dose: 0.01 �g/kg)
r vehicle (medium chain triglyceride; Nisshin Oillio Group) was
dministered for 5 days per week for 48 weeks. Serum Ca lev-
ls were measured every week using a Fuji DRI-CHEM 3030. The
erum Ca level and body weight measurements were performed
eekly and gross observations were conducted daily. Escalations

+25% or +50%) and reductions (−20%) of the weekly-fixed dosage of
H5036249 were subsequently conducted. At the end of the study,
erum Ca levels were measured at 24 h after the last administration.
t termination of the experiment, the animals were euthanized by

he intravenous administration of 30 mg/kg pentobarbital and the
rostate tissues were dissected.

.3. Histopathological study

Whole-mount sections of the prostate glands were stained with
ematoxylin–eosin (HE). Morphometric analysis was conducted
ccording to a method described elsewhere [8,9].

. Results

.1. CH5036249 showed favorable characteristics in ADME,
oxicity and VDR agonist activity

As shown in Table 1, CH5036249 bound to VDR at an affin-

ty rate of 37% based on the rate of 1�,25(OH)2D3 (100%)
n a competition assay using 1�,25-dihydroxy[26,27-methyl-
H]cholecalciferol. CH5036249 showed high bioavailability (95.1%)
nd a long t1/2 (17.6 h) in rats administered 100 �g/kg and also
howed excellent metabolic stability after incubation in human and

able 1
H5036249 shows favorable characteristics for ADME, toxicity and VDR agonist
ctivity.

CH5036249

F (%) 95.1
t1/2 (h) 17.6
Metabolic stability

(mL/min/mg)
0.8 (human) 0.3 (rat)

Micro-AMES, MNTa Negative
RGAb via VDREc

(1,25D = 100%)
88.7

TRPV6
(1,25D = 100%)

122

VDR binding
(1,25D = 100%)

37

HSP binding
affinityd

>10 �M

a MNT: micronucleus test.
b RGA: reporter gene assay.
c VDRE: vitamin D response element.
d HSP: human serum protein.
ally diluted CH5036249 or 1�,25(OH)2D3 was added to the cells (1–1000 nmol/L).
After 5 days of incubation, proliferative activity was detected using a BrdU ELISA
kit. Cell growth is expressed as the percentage (+SD) of the control. The inhibitory
effect of CH5036249 was comparable to 1�,25(OH)2D3.

rat liver microsome (0.8 mL/min/mg and 0.3 mL/min/mg, respec-
tively). Furthermore, CH5036249 showed favorable toxicity results
and VDR agonist activity; the VDRE was 88.7% and the TRPV6 was
122% of the control.

3.2. Human prostate stromal cell inhibition of CH5036249
comparable to 1˛,25(OH)2D3

Because the prostate in the spontaneous BPH model mainly
consisted of glandular epithelium and was not rich in stroma, we
examined the inhibitory activity of CH5036249 in human prostate
stromal cells using a BrdU ELISA kit. Inhibition of the prolifer-
ation of human PrSC by CH5036249 was comparable to that of
1�,25(OH)2D3 (Fig. 1).

3.3. Prostate weight slope index slightly reduced by CH5036249

CH5036249 was administered to the spontaneous BPH beagle
model for 48 weeks. The dosage of CH5036249 was escalated from
an initial dose of 0.01 to 0.03 �g/kg and fixed at 16 weeks based
on serum Ca levels, body weight and gross observation. Serum Ca
levels in the CH5036249-treated dogs were slightly increased but
stayed within a normal range of 9–11.5 mg/dL during the period of
administration [10]. The serum Ca levels at the end of the study in
dogs (Nos. 1–6) were 10.2, 9.4, 9.7, 11.0, 9.4 and 10.2 mg/dL, respec-
tively. Body weight measurements for the CH5036249-treated
group were similar to the vehicle-treated group and varied only
slightly from the initial levels of the CH5036249-treated group
(data not shown). Prostate weight was periodically monitored dur-
ing the administration and linear regression of individual prostate
weight data determined the time-generated slope index. The mean
slope index showed that CH5036249 slightly reduced prostate
weight compared with the vehicle-treated group (Fig. 2A). Changes
from baseline prostate weight data at day 336 indicated that
CH5036249 inhibited prostate growth in two out of three dogs (Nos.
4 and 6) compared with vehicle-treated dogs (Fig. 2B).
3.4. CH5036249 inhibited BPH epithelium

Histological examination of the maximal area of the whole-
mount sections of prostate gland revealed that spontaneous BPH
epithelium was reduced by CH5036249 (Fig. 3A and B). As canine
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Fig. 2. Prostate weight changes from baseline. Prostate weight was monitored by TRUS. (A) Time-dependent changes in individual prostate weights. Slope index was
calculated by the linear regression of time-dependent changes of individual prostate weights. The mean slope index was slightly reduced by CH5036249. (B) Prostate weight
change at day 336. Two out of three dogs (Nos. 4 and 6) in the CH5036249-treated group inhibited prostate growth.

Fig. 3. Histological evaluation of prostate epithelial atrophy by CH5036249. Histological examination was conducted using the maximal area of whole-mount sections of the
prostate. (A) CH5036249 decreased the two indexes indicating BPH epithelial proliferation (the ratio of the papillary proliferation area to the entire prostate epithelium area
and the ratio of glandular area to the entire prostate area). (B) CH5036249 strongly inhibited BPH epithelium (figure magnification: 160×).
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in the canine prostate, in: U. Mohr, W.W. Carlton, D.L. Dungworth, S.A. Ben-
jamin, C.C. Capen, F.F. Hahn (Eds.), Pathobiology of the Aging Dog, 1st ed., Iowa
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PH progresses, areas of papillary proliferation gradually emerge
ithin the glandular tissue [11] and the prostate in the spontaneous
PH model mainly consisted of glandular epithelium (Fig. 3B).
herefore, we defined two indexes indicating BPH epithelial prolif-
ration: the ratio of the area of papillary proliferation to the entire
rostate epithelium area and the ratio of the glandular area to the
ntire prostate area. Both indexes were reduced by CH5036249: the
apillary proliferation area ratio for the CH5036249-treated group
as 50–65% compared with a ratio of >65% for the vehicle-treated
ogs and the ratio for the glandular area of the CH5036249-treated
roup was 50–80% compared with a ratio of >80% for the vehicle-
reated dogs (Fig. 3A). Even in the case of No. 5, whose prostate
eight was not reduced by CH5036249, both indexes decreased

Fig. 3A). Histological examination using HE staining showed that
H5036249 strongly inhibited BPH epithelium (Fig. 3B).

. Discussion

CH5036249, a novel nonsecosteroidal VDR agonist, exhibits
avorable characteristics with potential as a new drug candidate
or the treatment of BPH. At the very low dosage of 0.03 �g/kg, the
ompound showed efficacy in a spontaneous BPH beagle model
Figs. 2 and 3). In addition, the compound has no toxic killing factor
nd showed high bioavailability and metabolic stability (Table 1).
he dosage of 0.03 �g/kg was almost maximal in terms of the fol-
owing observations: serum Ca levels for the CH5036249-treated
roup slightly increased (see Section 3.3) but were within a normal
ange for canines [10]. The body weight changes in the CH5036249-
reated group were similar to those in the vehicle-treated group and
here were no toxic signs which suggest hypercalcemic side effects
data not shown). However, the dosage may have been an over-
ose based on the following findings after the administration of
H5036249: histological examination of the prostate revealed that
pithelial atrophy was accompanied by the infiltration of inflam-
atory cells in stroma and with edema (3/3 dogs, data not shown)

nd squamous cell metaplasia occurred (3/3 dogs) but less fre-
uently in the vehicle-treated group (1/3 dogs, data not shown),
hich may be a physiological remodeling process in the sponta-
eous BPH model.

VDR agonists are apparently more efficacious for symptom relief
han for the reduction of prostate volume in human BPH. In a
lacebo-controlled phase 2 trial, BXL-628 slightly reduced prostate
olume (mean change from baseline: +0.41% for elocalcitol 150 �g
nd +2.55% for placebo at 24 weeks) and the extent of the prostate
olume reduction was much weaker than that of 5 mg of finasteride,
steroid 5�-reductase inhibitor (−19.2% median change from base-

ine at 12 months) [4,12]. However, a symptomatic parameter

uch as urinary urgency was clearly improved in subgroups of
atients with three or more urgency episodes per day at baseline
episodes/day: −3.12 for elocalcitol 150 �g and −1.82 for placebo)
4]. The improvement of maximum urinary flow rate (Qmax) was
imilar to or better than that of finasteride (2.04 mL/s for elocal-

[
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citol 150 �g at 24 weeks and 1.6 mL/s for finasteride 5 mg at 12
months) [4,12]. Abundant stromal tissue in human nodular BPH is
a possible cause of urination difficulties [2,11] and may be the rea-
son why a VDR agonist is more efficacious for symptom relief than
prostate volume reduction. As shown in Fig. 1, CH5036249 inhib-
ited the proliferation of human PrSC comparable to 1�,25(OH)2D3
and may improve symptomatic parameters in human BPH, even
though the effect on prostate volume reduction was not very potent
in the epithelial-dominant BPH model (Figs. 2 and 3). In conclusion,
a novel nonsecosteroidal VDR agonist, CH5036249, is a possible
new drug candidate for the treatment of BPH and whether or not
CH5036249 improves symptomatic parameters in the clinical set-
ting of human BPH is extremely intriguing.
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