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Effects of y-tocopherol on serum steroid hormones, plasma tocopherol levels, and labeling indices for Ki- 67 and apoptotic cells

(TUNEL) inindividual prostatic lobes in Experiment 2. A: Serum levels of testosterone and estradiol. B: Plasma levels of tocopherols. Box plot
data for (C) Ki- 67 and (D) TUNEL indicesin each prostate lobe of TRAP rats.

[31,32] but this controversial finding may be linked to
particular biochemical activity and tissue distributions
of the vitamin E isoform molecule. For instance,
ingestion of o-tocopherol has been reported to
result in reduction in the serum levels of y-tocopherol
[33-36]. In this context it should be noted that high
serum concentrations of y-tocopherols are associated
with significantly lower risk of developing prostate

cancer and protective effects of selenium and
a-tocopherol were found only on the presence of high
levels of y-tocopherol [10].

In conclusion, the present investigation using the
TRAP model provided clear evidence that y-tocopherol
can suppress prostate carcinogenesis with induction of
apoptosis through caspase activation. In consideration
of the lack of any toxic changes in organs such as the

TABLE IV. Quantitative Evaluation of Neoplastic Lesions in Prostates of TRAP RatsTreated With

vy-Tocopherol (Experiment 2)

Relative number of acini with histological characteristics (%)

Ventral lobe

Lateral lobe

Treatment No. of rats LG-PIN HG-PIN ADC LG-PIN HG-PIN ADC

Control . 14 47+1.6 92.3+1.8 3.14+08 191+9.8 80.6+9.7 04+05
y-Tocopherol 50 mg/kg 14 51+24 93.14+25 1.7 £1.4%¢ 142 +£6.0 85.5+£59 03+03
y-Tocopherol 100 mg/kg 14 48432 93.8+2.9 14+1.10¢ 125+32 87.24+3.1 02403
y-Tocopherol 200 mg/kg 14 43+19 942+1.8 1.4+0.8"¢ 13.8£5.9 86.0+5.8 0.3+0.3

LG-PIN, low grade prostatic intraepithelial neoplasia; HG, high grade; ADC, adenocarcinoma.

abp < 0.05 and 0.01 versus control, respectively.

P < 0.01 versus control (Spearman’s rank correlation coefficient test).
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apoptosis-related proteinsin ventral prostates of TRAP rats treated
with y-tocopherol in Experiment 2.

Immunoblot analysis of caspases, MAPKs and other

liver, kidneys, and heart, y-tocopherol would appear
to be a potential ideal agent for prostate cancer
chemoprevention.
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Induction of apoptosis in the LNCaP human prostate carcinoma
cell line and prostate adenocarcinomas of SV40T antigen
transgenic rats by the Bowman-Birk inhibitor
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The soybean-derived setine protease inhibitor, Bowman—
Birk inhibitor (BBI), has been reported as a potent chemo-
prevention agent against several types of tumors. The
present study was undertaken to evaluate the effects of
BBl on androgen-sensitive/dependent prostate cancers
using a human prostate cancer cell (LNCaP) and the trans-
genic rats developing adenocarcinoma of the prostate
(TRAP) model. Treatment of LNCaP prostate cancer cells
with 500 ug/mL. BBI resulted in inhibition of viability
measured on WST-1 assays, with induction of connexin 43
{Cx43) and cleaved caspase-3 protein expression. Feeding
-of 3% roughly prepared BBi (BBIC) to TRAP from the
age 3 weeks to 13 weeks resulted in significant reduction
of the relative epithelial areas within the acinus and
multiplicity of the adenocarcinomas in the lateral prostate
lobes. Cx43- and terminal deoxynucleotidyl transferase
mediated dUTP-biotin end labeling of fragmented DNA
(TUNEL)-positive apoptotic cancer cells were more fre-
quently observed in the lateral prostates treated with
BBIC than in the controls. These jn vivo and in vitro
results suggest that BB! possesses chemopreventive
activity associated with induction of Cx43 expression and
apoptosis.
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The incidence and mortality rates for prostate cancer are
lower in Japanese and Chinese men with high consumption
of soybean products in comparison with the Western popu-
lation.' When Asian men migrate to the USA, however,, they
and their next generations show marked increase of prostate
cancers, suggesting that the differences in rates between
Asian and US men are not solely due to genetic differences.®
Indeed, dietary habits and lifestyle have been identified as
major risk factors in prostate cancer growth and progres-
sion,*® suggesting that some prostate cancer cases might be
preventable by changing environmental factors.®

Intake of soybean products is associated with decreased
risk of prostate cancer.”® Possible chemopreventive sub-
stances in soybeans include the Bowman-Birk inhibitor (BBI)
and a concentrated preparation (BBIC), enriched with this
71-amino acid protein (7.9 kDa), was found to be effective at
suppressing cancer development in animals.!’ BBl has a
well-characterized ability to block the catalytic activities of
several serine proteases, including trypsin, chymotrypsin,
cathepsin G, elastase, and chymase,'! along with antioxidant
properties related to potent anti-inflammatory activity.'2'3
Previous investigations showed BBl to be effective for pre-
vention of generation of activated oxygen species in prostate
cells,'* and for activation of error-prone DNA repair through a
p53-dependent mechanism.™ These activities presumably
inhibit the induction of DNA damage and/or facilitate its repair
and thereby suppress genetic events leading to tumor initia-
tion. Protease inhibitors have been shown to suppress car-
cinogenesis by affecting the levels of certain types of
proteolytic activity or the expression of certain proto-
oncogenes.'? Both BBl and BBIC have been reported to
inhibit the growth of LNCaP human prostate cancer
xenografts in nude mice,® and are also reported to inhibit the
growth, invasion, and clonogenic survival of human prostate
cancer cells."” Another study showed that BBIC can reduce



both prostate volume and prostate-specific antigen levels in
patients with benign prostate hyperplasia.'® Recently, it was
reported that dietary administration of BBI inhibited N-methyl-
N-nitrosourea (MNU) plus cyproterone acetate-testosterone
propionate-induced prostate carcinogenesis in the rat dorso-
lateral prostate.” The present study was undertaken to
investigate whether BBI might prevent the growth of prostate
tumors with induction of connexin 43 (Cx43) in LNCaP cells,
and in transgenic rats developing adenocarcinoma of the
prostate (TRAP), which feature androgen receptor-positive
and androgen-dependent prostate cancers.

MATERIALS AND METHODS
Cell culture and viability assay

Human androgen-sensitive prostate cancer LNCaP cells
were purchased from the American Type Culture Collection
(ATCC, Manassas, VA, USA) and maintained in T25 flasks
with RPMI 1640 (Gibco, Carlshbad, CA, USA) containing 10%
(V/V) heat-inactivated fetal bovine serum (FBS) and 0.5%
penicillin/streptomycin in a 5% CO, atmosphere at 37°C in a
humidified incubator. After growth of cells in 96-well plates
(0.5 x 10* cells/well) to approximately 70% confluence, BBI
(Sigma-Aldrich, St Louis, MO, USA) diluted in RPMI 1640
was added at concentrations of 500, 250, 125, 62.5, 31.3,
15.6, 7.8, 3.9, 2.0, 1.0 and 0 pg/mL. The effect of BBl on cell
viability was determined using a 2-(4-iodophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium salt mono-
sodium salt (WST-1) assay (Roche Applied Science,
Mannheim, Germany). After 24 h treatment of BBl at the
listed concentrations in a total 100 pL of culture medium in
quadruplicate, 10 uL WST-1 was added to each well with
incubation for 120 min at 37°C. Then each well was mea-
sured for absorbance at the wavelength of 430 nm. Percent-
age cell viability was determined relative to vehicle-treated
control cells, arbitrarily assigned 100% viability.

Preparation of cell lysates and western blotting

LNCaP cells were plated in T25 flasks at 1 x 10° cells/flask
in RPMI medium 1640. Seventy percent confluent cells
were treated with BBl at dose of 500 pg/mL for the indi-
cated time periods (0, 1, 3, 6, 12 and 24 h). Cells were
collected into 85°C heated sodium dodecylsulfate-sample
tubes with Cell Scrapers (Nunc, Rochester, NY, USA) and
then frozen at -80°C until use. Samples were treated in
100°C for 10 min and then put on ice within 1 min. An
aliquot of 10 uL of lysates of each sample was eleciro-
phoretically transferred to a nitrocellulose membrane
(Amersham Bioscences, Buckinghamshire, UK). Non-
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specific binding on the membrane was minimized with 5%
skim milk at room temperature for 1 h. Incubation was with
primary antibodies (1:1000 dilution) overnight at 4°C fol-
lowed by washing with PBST (1 x PBS/0.1% Tween 20, /v,
Pharmacia Biotech, Buckinghamshire, UK). The following
primary antibodies were used: Monoclonal mouse
anti-Cx43 purchased from Zymed Laboratories (South San
Francisco, CA, USA); Polyclonal anti-cleaved caspase-3
and Caspase-3 obtained from Cell Signaling Technology
(Danvers, MA, USA); Polyclonal rabbit anti-cyclin D1, P27
and BAX (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). After washing with PBST, the membranes were incu-
bated with secondary antibodies for 1 h. Detection was per-
formed using ECL and western blotting detection reagents
(Amersham Biosciences, Piscataway, NJ, USA), and
signals were detected with the Lumi-lmager system (Roche
Molecular Biochemicals, Mannheim Germany).

Animals and chemicals

To produce transgenic offspring, transgenic homologous
male rats, generated at Nagoya City University Graduate
School of Medical Sciences with a Sprague—Dawley (SD)
genetic background,?*?' were bred with wild-type female SD
rats (Clea, Tokyo, Japan). After weaning at 3 weeks of age,
male rats were separated from female rats, and a tail
biopsy was performed. Tail DNA, isolated by standard
procedures, was used for determination of transgene
incorporation by polymerase chain reaction as described
previously.?*?2 All experimental male rats were housed
three to a plastic cage on wood-chip bedding in an air-
conditioned specific pathogen-free animal room at 22 + 2°C
and 55 * 5% humidity with a 12 h light-dark cycle and fed
soybean-free powdered basal diet (Oriental MF, Oriental
Yeast, Tokyo, Japan), with or without test chemical, and
water ad libitum. All animal studies were conducted in
accordance with established guidelines and protocols
approved by the Institutional Animal Care and Use Com-
mittee of Nagoya City University School of. Medical Sci-
ences. For the rat study, powdered BBIC (activity of trypsin
inhibitor (T1): 260 U/g) was a gift from Fuji Oil (Osaka,
Japan), as a soybean concentrate enriched in BBI.

Animal treatment, blood and tissue collection

Atotal of 24 male hetero-TRAP were divided into two groups
(12 rats per group), receiving 3% BBIC or the soy-free basal
powder diet (Oriental MF, Oriental Yeast) both mixed with 2%
corn oil. The treatment dose of 3% (approx. 2000 mg/kg per
day, according to the mean dietary consumption of rats) test
compound for the animal study was chosen based on
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previous chemopreventive studies,? in which BBIC had no
significant effects on bodyweight, clinical pathology or organ
weights in p53(+/-) (p53 knockout) mice. Starting at 3 weeks
of age ali of the animals were carefully inspected daily. Diet
and water consumption was monitored twice a week, Body-
weights were recorded biweekly. At 13 weeks of age, all rats
were killed. Under deep ether anesthesia, blood was col-
lected from the abdominal aorta to measure testosterone and
estrogen hormone levels. The accessory sex glands and
urinary bladder were carefully removed from each rat. Pros-
tates were removed and, after weighing, half of each ventral
prostate was immediately frozen in liquid nitrogen for storage
at —80°C. The remaining urogenital complex of each rat was
harvested as a whole, together with the seminal vesicles, and
fixed in 10% phosphate-buffered formalin. Livers, kidneys,
spleens, lungs, testes and tongues were also excised,
weighed and fixed. After fixation for 48 h, the remaining half
of ventral lobes, dorsolateral prostate lobes containing
urethra, anterior prostate lobes, and seminal vesicle was
carefully dissected into individual lobes, and each was
weighed. Tissues were embedded in paraffin, and stained
with HE.

Histopathology, serum testosterone and estrogen
levels and immunohistochemistry

Prostatic lesions, prostatic intra-epithelial neoplasm (PIN)
and adenocarcinomas, were histopathologically diagnosed
as described previously.2°2* Because all of the TRAP devel-
oped multiple proliferative epithelial lesions in the present
study, we performed a semi-quantitative analysis as follows:
first, additional slides stained with Azan, showing clear con-
trast between epithelium and secreted material and stromal
cells, were made. Then, relative areas of epithelium within
acini were measured with the help of an Image Processor
for Analytical Pathology (IPAP; Sumika Technos, Osaka,
Japan).?* According to the predominant morphology, each
acinus was classified as normal, PIN or adenocarcinoma to
evaluate the proportions. Testosterone and estrogen levels
in the serum were analyzed using radioimmunoassays by a
commercial ltaboratory (SRL, Tokyo, Japan). Immunochis-
tochemistry for androgen receptor expression was per-
formed with a Discovery instrument using DAB Map kits
(Ventana Medical Systems, Tucson, AZ, USA) with poly-
clonal rabbit anti-androgen receptor (PA1-110; Affinity
BioReagents, Golden, CO, USA) antibodies. For SV40
large T antigen, a mouse anti-SV40 large T antigen mono-
clonal antibody (Clone: PAb 101, BD PharMingen, San
Diego, CA, USA), was applied. Binding was visualized with
a Vectastain Elite ABC kit (Vector Laboratories, Burlingame,
CA, USA) followed by light hematoxylin counterstaining to
facilitate microscopy.

Expression of Cx43 in LNCaP

To confirm the Cx43 induction on immunohistochemistry in
BBl-treated cells, we used a cell block method. Briefly,
LNCap cells were treated with the BBI, and then collected
into 15 mL tubes with Cell Scrapers (Nunc) at the indicated
time points. After centrifugation at 300 g for 5min and
removal of medium, the samples were fixed with 20% buff-
ered formalin at room temperature for 24 h and processed
to make tissue samples. Immunohistochemistry for Cx43
expression was performed using a Discovery instrument with
DAB Map kits (Ventana Medical Systems) and a polyclonal
rabbit anti-Cx43 antibody.

Statistical analysis

Differences between BBI or BBIC treatment and vehicle
control mean + SD were analyzed on Student’s #est. P <
0.05 was taken as significant in all the experiments.

RESULTS

BBI inhibits the viability of androgen-sensitive LNCaP
cells associated with induction of Cx43 and apoptosis

To gain insight into the possible mechanisms underlying BBI-
induced chemopreventive effects on development of adeno-
carcinomas, we first evaluated the effects of BBI on viability
of androgen-sensitive prostate cancer LNCaP cells using
WST-1 assays (Fig. 1a), and then on Cx43 and cleaved
caspase 3 as signals for apoptosis. As shown in Fig. 1(a),
treatment with BBI at varying concentrations for 24 h caused
dose-related reduction in viability, in agreement with an
earlier observation.?” As shown in Fig. 1(b), treatment at the
dose of 500 pg/mL induced expression of Cx43 with a peak
at 9 h after beginning the exposure, and this was confirmed
on immunohistochemistry of cells at 6 h, the Cx43 proteins
being predominantly localized to the BBIl-treated LNCaP
membranes (Fig. 1c,d). Treatment of BBI also induced an
increase in cleaved caspase-3 expression with a peak at 9 h
(Fig. 1b).

General observations in the animal experiment

Dietary administration of BBIC significantly reduced growth
rate of bodyweight at 10 and 13 weeks of age (P < 0.05;
Table 1), while increasing the relative weight of testes (P <
0.05) without affecting the relative weight of the liver, kidney
and spleen (Table 1). Absolute weight of whole prostate and
dorsolateral prostate, including urogenital organs, in the
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Figure 1 Effects of Bowman-Birk inhibitor (BBI) on cell viability,
connexin 43 (Cx43) and cleaved caspase 3 expression in the LNCaP
prostate cancer cell line. (a) Cells were exposed to a wide range of
concentrations for 24 h and viability was determined by WST-1 assay.
Results are given as a percentage of the vehicle-treated cell value
treated as 100%. BBI caused significant dose-related growth inhibi-
tion. *P < 0.0001 vs C1-C7. Concentrations of 8Bl: C1, 0 ug/mL; C2,
0.98 pg/mt; C3, 1.85 pg/ml; C4, 3.91 ug/mlL; C5, 7.81 pg/mi; Cs,
15.63 pg/ml; C7,31.25 ug/ml.; C8, 62.5 pug/mL; C9, 125 pg/mt.; C10,
250 pg/mt; G11, 500 pug/mL. (b) Cells were treated with BBI (500 g/
mlL) for the indicated period (0, 1, 3, 6, 12 and 24 h) and then
whole-cell lysates were prepared and Cx43, caspase-3, cleaved
caspase-3 expression levels were evaluated on western blot. (c,d)
Immunohistochemistry for Cx43 expression. (c) No-treatment LNCaP
at 8 h; (d) BBl-treated LNCaP at 6 h. Arrows, Cx43 proteins predomi-
nantly localized in the cell membranes. Bars, 20 pm.

BBIC treatment group was significantly lower than in the
control group, but there were no changes in the relative
weight of any of the individual prostate lobes (Table 2). Food
and drinking water consumption were not affected (data not
shown) and serum testosterone and estrogen levels
remained unchanged (Table 1). Histologically, there were no
pathological lesions suggesting toxicity of BBIC in the liver,
kidneys, spleen, lung, pancreases or testes. All the animals
developed prostate adenocarcinomas and PIN to various
degrees so that there were no differences in incidence. On
microscopy of HE staining tissues, however, the lateral pros-
tate lobes of BBIl-treated rats had lower numbers of adeno-
carcinoma and high-grade PIN acini, while low-grade PIN
and normal glands were more frequently observed than in the
control TRAP.
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Figure 2 Representative histological appearance of the lateral
prostates of transgenic rats developing adenocarcinoma of the pros-
tate treated with vehicle control and concentrated preparation of
Bowman—Birk inhibitor enriched with 3% soybean extract (BBIC).
The BBlI-treated lateral prostate is less dense, and the presence of
luminal spaces or normal glands is more prominent. (a) The lateral
prostate of the control rat is densely occupied by adenocarcinoma
with reduced acinic lumina on HE staining. Inset: dividing cells. Bars,
20 um. (b) Terminal deoxynucleotidy! transferase mediated dUTP-
biotin end labeling of fragmented DNA (TUNEL) staining of the same
area as in (a), indicating a few positive apoptotic calls. Inset: TUNEL-
positive cells. Early stage BBIC effects with a few apoptotic cells
evident on (¢) HE and (d) TUNEL. Late-stage BBIC effects with
many apoptotic cells on (e) HE and (f) TUNEL. (c—f) Inset: apoptotic
cells. (g) Cx43 immunostaining: prostate cancer tissues in the
control animals are negative with positive blood vessel cells, (h)
Many Cx43-positive apoptotic cells are apparent in acini of prostate
cancer tissues after treatment with BBIC. (g,h) Inset: larger image of
(g) Cx43-positive blood vessel cells and (h) Cx43-positive apoptotic
celis.

BBIC prevents the development of lateral prostate
cancers

We determined the relative epithelial areas in each prostate
acini to evaluate the extent of lesions. As shown in Table 3,
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Table 1 Final body, organ weight and serum testosterone and estrogen concentration (mean + SD)

Bodyweight Relative organ weight (%) Testosterone Estrogen
No. rats (9) Liver Kidney Spleen Testes (ng/mL) (pg/mL)
12 454 +9.8 4.1+0.11 0.69+0.02 0.19 £ 0.01 0.8 +0.02 2.33+2.22 8.8+ 3.11
11 421 + 11.0* 4+£0.10 0.68 £ 0.01 0.20 £ 0.01 0.8+0.02 2.70+1.50 764233

*P < 0.05 vs control (Student’s ttest).

Control, basal soybean-free diet + 2% com oil; BBIC, 3% Bowman-Birk inhibitor in soybean-free diet + 2% corn oil.

Table 2 Final absolute and relative prostate weight (mean = SD)

Whole prostate

Ventral prostate (%)

Dorsolateral prostate (%)

Treatment No. rats (9) Absolute Relative Absolute Relative
Control 12 2.43+0.07 0.26 £ 0.01 0.06 +£0.00 0.700 + 0.01 0.16+0.00
BBIC 11 2.22 +0.06* 0.25 + 0.02 0.06 + 0.00 0.62 +0.01** 0.15£0.01

*P < 0.05, **P < 0.001 vs control (Student's t-test).

Dorsolateral prostate includes the urogenital organs.

Control, basal soybean-free diet + 2% corn oil; BBIC, 3% Bowman-Birk inhibitor in soybean-free diet + 2% corn oil.
Table 3 Relative areas of the epithelial component within the acinus (mean + SD)

Epithelium/Acinar (%)

Group No. rats Ventral Lateral Dorsal Anterior
Control 12 83.81£2.79 72.72 £4.65 55.89+5.16 25.67 £ 10.08
BBI 11 81.04 £6.43 65.28 + 4.80* 54.26 + 6.41 25.51 + 10.71

*P < 0.01 vs control TRAP, Student's t-test.

Control, basal soybean-free diet + 2% com oil; BBIC, 3% Bowman-Birk inhibitor in soybean-free diet + 2% corn oil; TRAP, transgenic rats developing

adenocarcinoma of the prostate.

Table 4 Quantitative evaluation of prostate proliferative lesions (mean £ SD)

Acinus with predominant lesions (%)

Treatment No. rats Normal PIN Adenocarcinoma
Ventral
Control 12 0.02 +0.01 11.89 £ 5.01 88.11 1 5.01
BBIC 11 0.02 £0.02 17.25+16.16 82.75+ 16.16
Lateral
Control 12 6.51+2.88 57.51£14.70 35.98 + 16.00
BBIC 11 12.18 £ 5.52** 71.35+7.569* 16.47 £ 8.13**
Dorsal
Control 12 50.93 + 10.82 41.19+10.25 7.88+4.81
BBIC 11 44.35 £ 14.03 49.28 + 14.45 6.37+5.71

Significantly different from control TRAP: *P < 0.05, **P < 0.01.

Control, basal soybean-free diet + 2% corn oil; BBIC, 3% Bowman-Birk inhibitor in soybean-free diet + 2% com oil; PIN, prostatic intra-epithelial
neoplasm; TRAP, fransgenic rats developing adenocarcinoma of the prostate.

dietary administration of BBIC significantly reduced the rela-
tive epithelial components of the lateral prostate lobes (P <
0.05) as compared with the control. Similar effects on the
epithelial areas were also found in the ventral, dorsal and
anterior prostate lobes, but were not statistically significant.
Decrease in the proportion of adenocarcinoma acini (P <
0.01), and increase of PIN (P < 0.05) and normal (P < 0.01)
acini were significant in BBIC-treated lateral prostate lobes
compared with control TRAP (Table 4). Similar effects were
also found in the ventral and dorsal prostate lobes, but
without statistical significance (Table 4). In early stages of

BBIC treatment, a few terminal deoxynucleotidyl transferase
mediated dUTP-biotin end labeling of fragmented DNA
(TUNEL)-positive cells were sometimes observed with white
blood cell in acini (Fig. 2c,d). In the late stages, many apo-
ptotic cells in acini were observed as TUNEL-positive
apoptotic cells (Fig. 2e,f), to a greater extent than in the
non-BBIC treatment group (Fig. 2a,b). In addition, on immu-
nohistochemistry the Cx43-positive epithelial cells and exfo-
liated dead cells were more frequently observed in BBIC-
treated rat prostates as compared with control rat prostates
(Fig. 2g,h).
© 2009 The Authors
Journal compilation © 2009 Japanese Society of Pathology
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DISCUSSION

In the present jn vitro experiments, treatment with BBI at a
dose of 500 pg/mL caused increase in expression of Cx43
and cleaved caspase-3, but this became less prominent over
time. It is known that BBl can be degraded by non-serine
proteases produced by cells or even by some serine pro-
teases that are not specifically inhibited by serine proteases
actions."” Therefore, BBl may need to be replenished peti-
odically to achieve the greatest possible inhibitory effect on
LNCaP cells for induction of Cx43 and apoptosis. Cell~cell
communication is important in homeostatic control of normal
cell growth and differentiation, and alteration in gap-junction-
mediated intercellular communication (GJIC) has been found
to be related to carcinogenesis.? The present treatment with
BBl induced induction of the major gap junction protein Cx43
expression, and the present results are similar to the inhibi-
tory effects of BBI on the growth of osteosarcoma cells based
on restoration of Cx43 expression.?® Thus BBI may cause
junctional communication among tumor cells, an alternative
way to constrain neoplastic cell death. It has been reported
that retroviral-mediated transfer of Cx43 into connexin-
deficient LNCaP cells resulted in growth inhibition with cell
differentiation, reduced tumorigenicity and gap junction for-
mation.?” In the present study, however, Cx43 expression
was induced by the BBI. This indicates that Cx43 roles may
change. Although BBI was found to possess some anti-
apoptotic activity in mouse fibroblast C3H/10T1/2 cells,?8 in
the present experiment with LNCaP cells the treatment of BBI
was associated with induction of cleaved caspase-3 expres-
sion. Cx43 can increase the sensitivity of LNCaP to tumor
necrosis factor-o-induced apoptosis,®® and transfection of
plasmid CMV-Cx43 into PC3 cells increased apoptosis and
caspase-3 activity, in a GJIC-independent fashion.®

In the present in vivo study we demonstrated that BBIC
significantly suppressed progression to adenocarcinomas in
the lateral prostate lobes in TRAP, suggesting a potential for
chemoprevention of human prostate cancer. There were no
changes in serum androgen and estrogen levels, or in the
labeling indices of androgen recéptor and SV40 T antigen on
immunohistochemistry of prostate tissues (data not shown),
suggesting a mechanism of action through a non-androgen-
mediated pathway, possibly related to the anti-proliferative
activity of BBIC. There was no difference, however, in the
BrdU labeling indices between the two groups (data not
shown). In the in vivo prostate cancers, Cx43 expression was
strong in dead prostate cancer cells after BBIC ireatment
(Fig. 2h).

Dietary administration of BBIC significantly reduced the
bodyweight growth rate of TRAP without any clinical changes
or histopathological lesions indicative of toxicity in any organs
compared to the control rats. One of the mechanisms of
anti-carcinogenesis of ingested protease inhibitors may

© 2009 The Authors
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involve an indirect effect through partial blocking of protein
absorption,® which may relate to the decreased bodyweight
of rats treated with BBIC in this experiment. There were no
differences, however, in the relative weights of whole and
dorsolateral prostates between the two TRAP groups and, in
another study of BBI in rats, anti-carcinogenesis properties
were evident without any bodyweight change.™ It should be
noted that high levels of trypsin inhibitors in the diet of rats
can lead to bodyweight loss® but not in humans (or mice)
because human trypsin is not strongly inhibited by soybean
trypsin inhibitors.3® Although we also found increase in the
testes weights in the BBIC-treated TRAP rats, there were no
related histopathological changes. These results may be
compatible with previously reported findings using the
osteosarcoma cell line U20S showing negative growth
control by BBI with induction of Cx43 expression.2

In conclusion, BBI treatment induced cell death with induc-
tion of Cx43 expression in the human prostate cancer LNCaP
cells and in vivo in the TRAP prostate cancer model. In vifro
and in vivo, BBl and BBIC effects regarding Cx43 and apop-
tosis are very similar. Similarly to the in vitro effects, BBlmight
affect prostate tissues in vivo, but the precise mechanisms
need to be clarified before new curative and preventive mate-
rials for prostate cancers can be developed. The results
strongly support the prostate cancer chemopreventive effi-
cacy of a soybean diet including BBI, and further provide an
insight into therapeutic implications of BBI for the treatment of
prostate cancer with a focus on Cx43 expression.
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Tranilast Suppresses Prostate Cancer Growth and
Osteoclast Differentiation InVivo and InVitro
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BACKGROUND. Inbone metastatic sites, prostate cancer cells proliferate on interacting with
osteoclasts. Tranilast, which is used for an antiallergic drug, has been shown to inhibit growth of
several cancers and stromal cells. The present study was conducted to assess suppressive effects
of Tranilast on prostate cancer growth and osteoclast differentiation in vivo and in vitro.
METHODS. Invivo, rat prostate cancer tissue was transplanted onto cranial bones of F344 rats
and Tranilast was given for 9 days at doses of 0, 200, or 400 mg/kg/day. In vitro, human prostate
cancer cell lines, LNCaP, PC3, and DU145, the rat prostate cancer cell line, PLS-10, and rat bone
marrow cells were similarly treated with the agent.

RESULTS. In vivo, tumor volumes were significantly decreased in the high dose group. While
cell proliferation did not appear to be affected, apoptosis was induced and tumor necrosis was
apparent. Cranial bone defects were decreased in the high dose group. In vitro, cell proliferation
rates of all four cell lines were reduced by Tranilast and increased apoptosis was observed in
LNCaP and PLS-10. In addition, Tranilast significantly reduced osteoclast differentiation of rat
bone marrow cells. Western blot analysis of PLS-10 and LNCaP revealed that phospho-GSK3
was up-regulated and phospho-Akt was down-regulated.

CONCLUSIONS. Tranilast here suppressed rat prostate cancer growth and osteoclast
differentiation. Growth of human prostate cancer cells was also inhibited. Thus, this agent
deserves consideration as a candidate for conventional therapy of bone metastatic prostate

cancer. Prostate 70: 229-238,2010. © 2009 Wiley-Liss, Inc.

KEY WORDS:
osteoclast

INTRODUCTION

Prostate cancer is the most common cancer among
men in the United States [1], and is also becoming more
frequent in Japan [2]. In advanced stages, patients
frequently develop bone metastases and suffer from a
variety of symptoms including bone pain, fractures,
spinal cord compression, nerve root impingement, and
bone marrow failure [3-5]. Therapeutic approaches
such as radical prostatectomy and radiotherapy
are curative for localized disease [6,7], but no curative
treatments for bone metastatic prostate cancer are
available. There is thus an urgent need for novel
therapeutic approaches for the treatment of bone
metastatic prostate cancer.

© 2009 Wiley-Liss, Inc.

Tranilast; bone microenvironment; prostate cancer; bone metastasis;

Generally, it is likely that cancer metastases depend
on the interaction between tumor cells and stromal cells
in the organ microenvironment [8,9]. In bone metastatic
sites, prostate cancer cells interact with osteoclasts
and osteoblasts, and proliferation is increased [10,11].
Consequently, inhibition of tumor cell growth as well
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as osteoclast differentiation in the bone microenviron-
ment can be considered important strategies for bone
metastatic prostate cancer treatment.

Previously, we established transplantable rat pros-
tate carcinomas from tumors that were originally
induced by 3,2'-dimethyl-4-aminobiphenyl and testos-
terone propionate in F344 rats (PLS-P) [12,13]. Using
PLS-P, we developed a syngenic rat model that shares
characteristics with human prostate cancer bone meta-
stasis regarding tumor—stromal interactions [14,15].
When PLS-P (androgen-independent, moderately dif-
ferentiated adenocarcinoma) was transplanted onto
the surface of rat calvaria, we observed osteolytic
and osteoblastic changes at the tumor—bone interface,
mimicking the histopathological features of bone meta-
stases of human prostate cancer. Recently we used our
animal model to provide evidence that osteoclasts
contribute to growth of prostate cancer cells in the
bone microenvironment by providing TGFB from
bone matrix [14,15], underlining its utility as a tool
for examination of prostate carcinoma behavior in the
bone microenvironment.

Tranilast, N-(3'4’-dimethoxycinnamonyl) anthranilic
acid (N-5'), was developed in Japan as an antiallergic
drug about 30 years ago [16]. Recently, it was found to
inhibit proliferation of stromal cells such as fibroblasts,
myofibroblasts and vascular smooth muscle cells
invitroand in vivo [17-21]. Italso inhibits proliferation
of desmoplastic tumors such as scirrhous gastric cancer
and pancreatic cancer [22-24]. Furthermore tumor
growth suppressive effects have been shown for
various types of neoplasm [25-28].

Based upon the available findings, we hypothesized
that Tranilast might suppress prostate cancer cell
proliferation and osteoclast differentiation in the bone
microenvironment. We therefore performed this
in vitro/in vivo study using prostate cancer cell lines
and rat bone marrow primary culture as well as our
animal model.

MATERIALS AND METHODS

Animals

A total of 42 male rats of F344 were obtained at
5 weeks of age from Charles River Japan (Atsugi, Japan)
for in vivo study, and three 4-week-old male rats were
also obtained for rat bone marrow primary culture.
All rats were maintained in plastic cages in an air-
conditioned room at 22+ 2°C and 55+5% humidity.
Food (Oriental MF; Oriental Yeast, Tokyo, Japan) and
tap water were available ad libitum.

TumorTissue

PLS-P derived from carcinogen-induced rat prostate
cancer was used in the present experiment as a
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transplantable prostate cancer. The details of the
rat prostate cancer tissue are as previously reported
[12-15].

Prostate Cancer Cell Lines

PC3, LNCaP, and DU145 were obtained from the
American Type Culture Collection (ATCC). PLS-10, an
androgen-independent rat prostate adenocarcinoma
line established from PLS-P, was reported previously
[29]. All four cell lines were maintained in RPMI 1640
media (Invitrogen, Carlsbad, CA) containing 10% FBS
(Invitrogen) and 1% antibiotics (Antibiotic— Antimycotic,
Invitrogen).

Animal Experiment

Approximately 0.3 g aliquots of PLS-P were trans-
planted onto cranial bones of 6-week-old male F344 rats
under anesthesia. PLS-P was also transplanted sub-
cutaneously into the flanks of F344 rats for evaluating
the efficacy of Tranilast on prostate cancer in the
subcutaneous microenvironment. For this, an incision
of about 1 cm was made in the skin at the top of the head
or the flank and a pocket beneath the skin was formed
using forceps. The prostate tumor tissue was then
inserted into the pocket, and the incision was closed
using autoclips (BD Biosciences, Bedford, MA). Tumor
sizes and body weights were measured every 3 days.
One week after transplantation, autoclips were
removed, and rats were divided into three groups
(groups of rats with PLS-P transplanted onto the cranial
bone; n=8§, groups of rats with PLS-P transplanted
subcutaneously into the flank; n=6). Tranilast (gen-
erously provided by KISSEI Pharmaceutical Co., Ltd,
Nagano, Japan) was suspended in 0.5% methylcellu-
lose solution (Wako, Osaka, Japan) and administered
intragastrically at doses of 200 (low dose group) or
400mg/kg/day (high dose group), once a day from
day 9 to day 17 after tumor transplantation. In groups of
rats with PLS-P transplanted subcutaneously into the
flank, Tranilast was administered from day 9 to day 21
after transplantation. Rats in the control group received
the methylcellulose vehicle alone. In groups of rats with
PLS-P transplanted onto the cranial bone, at sacrificed
on day 17, X-ray radiography of transplantation sites
was performed with XED-125M (Shimazu, Tokyo,
Japan), and cranial tumors with part of the calvarias
were excised en blog, fixed with 10% buffered formalin
solution and processed for histological examination.
For quantitative analysis of bone destruction, bone
destruction length per total cranial bone length in
hematoxylin and eosin (H&E) stained sections was
examined under a light microscope connected to an
image analysis system, the Image Processor for
Analytical Pathology (IPAP, Sumika Technos Corp.,
Osaka, Japan), to provide a bone destruction index



Prostate Cancer Suppression in Bone by Tranilast 231

(BDD). The research was conducted according to the
Guidelines for the Care and Use of Laboratory Animals
of Nagoya City University Medical School and the
experimental protocol was approved by the Institu-
tional Animal Care and Use Committee (H20-07).

Histochemistry and Immunohistochemistry

Specimens were sectioned (5 um) and stained with
H&E. To identify osteoclasts, tartrate-resistant acid
phosphatase (TRAP) (Acid Phosphatase Leukocyte
kit, Sigma-Aldrich, St. Louis, MO) was applied to
paraffin sections. Multinuclear cells were stained by
TRAP, and counted at the tumor-bone interface. To
assess cell proliferation, sections were treated with Ki67
antibody (DAKO, Denmark) and sequentially with
antirabbit secondary antibody and avidin-biotin com-
plex (Vectastatin Elite ABC kit; Vector Laboratory,
Burlingame, CA), then binding sites were visualized
with diamino-benzidine. Sections were then counter-
stained with hematoxylin for microscopic examination.
Proliferating cells were quantified counting Ki67-
positive cells at a magnification of 400x. To identify
apoptotic cells in the tumors, TdT-mediated dUTP-
digoxigenin nick-end labeling (TUNEL) staining using
a TUNEL assay kit (Takara, Shiga, Japan) was also
performed on sections according to the manual. The
apoptosis rate was calculated as the number of TUNEL
positive tumor cells per total cell number at a
magnification of 400x for three or four randomly
selected areas. At least 1,000 cells were counted per
lesion for the evaluation. TUNEL-positive cells and
TUNEL-positive necrotic areas were assessed with the
IPAP (Sumika Technos Corp.).

Rat Bone Marrow Primary Culture

Rat bone marrow cells were obtained from the tibiae
of 4-week-old male rats as reported previously [15],
seeded in 100-mm petri dishes (BD Biosciences, San
Jose, CA) and cultured in o-MEM medium (Lonza,
Switzerland) containing 10% FBS for 3 hr at 37°C. After
incubation, the collected floating cells (osteoclast
precursor cells) were cultured at 1.0 x 10° cells/ml/
well in 24-well plates (Corning, Corning, NY) for 24 hr,
then 10ng/ml soluble RANKL (Wako), 0.1ng/ml
TGFB (R&D Systems, Minneapolis, MN) and various
concentrations of Tranilast (0, 0.001, 0.01, 0.1, and
1 mM) were added. The medium was refreshed after
3 days. After culturing for 1 week, cells were used
for TRAP staining, and TRAP-positive multinucleated
cells were counted.

Western Blot Analysis

PLS-10 and LNCaP treated with 1mM Tranilast
(most effective concentration for inhibiting cell
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proliferation and promoting apoptosis) for 1hr were
homogenized in RIPA buffer (150 mM NaCl, 50 mM
Tris—HCI (pH 8.0), 1% NP-40, 0.5% sodium deoxycho-
late, 0.1% SDS, 1 mM phenylmethylsulphonyl fluoride,
1mM sodium orthovanadate, and protease inhibitor
cocktail (Roche, Mannheim, Germany)). Twenty micro-
grams aliquots of protein were resolved on SDS-PAGE
and separated proteins were transferred to nitro-
cellulose membranes. The membranes were then
incubated with the following antibodies: rabbit mono-
clonal antihuman and rat phospho-Akt (Thr308),
phospho-Akt (Ser473), Akt, phospho-B-catenin
(Ser33/37/Thr41), phosphor-B-catenin (Ser45), phos-
pho-Bcl2, phospho-cMyc, phosphor-Erk5, phospho-
FKHR, phospho-IxBo, phospho-JAK1, phosphor-NFxB,
phospho-GSK38  (Ser9), GSK, phospho-p38MAPK,
phospho-p42MAPK, phospho-PLCy1, phospho-SAPK/
JNK (these antibodies were purchased from Cell
Signaling Technology, Lake Placid, NY), and B-actin
(mouse monoclonal antibody, Sigma-Aldrich). Immu-
noreactions were demonstrated by the ECL-Plus
detection system (GE Healthcare, Piscataway, NJ) after
1-hr incubation with secondary horseradish peroxi-
dase-labeled antirabbit or antimouse antibodies (Cell
Signaling Technology).

Cell Proliferation and Apoptosis
Assays InVitro

Cell proliferation of all 4 prostate cancer cell lines
was assessed by WST-1 assay (Roche). Briefly, prostate
cancer cells were plated in 96-well microplates at
1x 10*cells/well in 100pul of culture media and
incubated for 24hr with various concentrations of
Tranilast (0, 0.001, 0.01, 0.1, and 1 mM) before exposure
to 10l of WST-1 per the manufacturer’s protocol.
The formazan dye formed was quantified using a plate
reader by the absorbance at 440nm. Apoptosis of
LNCaP and PLS-10 was assessed using a Guava Nexin
kit and the Guava PCA system (Guava Technologies,
Hayward, CA) utilizing two stains (annexin V and
7-amino actinomycin D [7-AAD}]) to quantitate the
percentage of apoptotic cells. The Nexin assay was
performed according to the manufacturer’s protocol
with the following exception. Briefly, cells were incu-
bated for 48 hr with various concentrations of Tranilast,
and 1 x 10° cells/100 pl medium were then stained with
annexin V and 7-AAD for 20min on ice. Data were
acquired on the Guava PCA system immediately.

RESULTS

Tumor Growth and Histological Analysis

Transplanted PLS-P grew to palpable size in 1 week
after transplantation, adhering firmly to the calvaria in
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all groups. Although the 0.3 g of transplanted tumor
was palpable just after transplantation, the tumor was
not palpable 2 or 3 days after transplantation. Then,
after the transplanted tumor re-started growing, the
tumor became palpable again about 1 week after
transplantation. During the experimental period, mean
body weights did not significantly differ among the
groups, and no adverse signs such as diarrhea or
weight loss were observed in Tranilast-treated groups.
The tumor volume in the Tranilast high dose group
was significantly decreased compared with that in the
control group (P =0.018, Fig. 1A). All palpable masses
were histologically confirmed to be transplanted PLS-P
tumors, and tumor cells invading the calvaria caused
bone destruction (Fig. 1C). At the tumor-bone inter-
face, extensive bone defects with many multinucleated
cells and nodular osteoid formation with osteoblasts
were observed (Fig. 1D). We also transplanted PLS-P
subcutaneously into the flanks of F344 rats, and
Tranilast was administered on the same schedule as
therats with cranial transplantation. The tumor volume
in the Tranilast high dose group was also significantly
decreased compared with that in the control group
(P =0.033, Fig. 1B).

Cell Proliferation and Apoptotic Rates
for ProstateTumors

Many Ki67-positive tumor cells were observed in
tumors (Fig. 2A~C), but Ki67 positive cell indices did
not reveal any differences in cell proliferation among
the three groups (Fig. 2D). In the Tranilast high dose
group, many TUNEL-positive cells were observed in
the central region of the tumor (Fig. 3A). But in the
control group, tumor cells had fewer TUNEL-positive
cells (Fig. 3B). The percentage of TUNEL-positive cells
and TUNEL-positive cell areas in tumors was signifi-
cantly increased in the Tranilast high dose group
(P <0.001, Fig. 3C-F). '

Degree of Bone Destruction by
ProstateTumor Invasion

Radiographs of cranial bone showed partial cranial
bone defects at tumor transplanted sites (Fig. 4A). On
histological analysis, the mean length of cranial bone
defects in the Tranilast-high dose group was signifi-
cantly decreased as compared to the control group
(P=0.03, Fig. 4B). Multinucleated cells in bone
destruction sites were identified as osteoclasts by
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Fig. I. Tumor growth and histological analysis of prostate cancer tissue on rat cranial bone. A ,B: Sequential changes in cranial transplanted
tumor volume (A) and subcutaneous transplanted tumor volume (B) (cm3). Open squares, open circles, and closed circles represent the
control group, Tranilast low dose group and Tranilast high dose group, respectively. Values are mean == SD. C: Histological appearance of a
tumor (T) invading and destroying rat cranial bone. The solid line indicates cranial bone and the dotted line indicates disrupted cranial bone.
D: Higher magnification of the tumor—bone interface. Bone defects with muitinucleated cells (arrowhead) are apparent with growth of a
well-differentiated adenocarcinoma (T).C, 20x magnification. D, 200x magnification. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com]
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Fig. 2. Kié7 immunohistochemistry and labeling indices. A-C:
Immunohistochemistry of Kié7 in the control group (A), Tranilast
low dose group (B), and high dose group (C). Positive staining is evi-
dent in the nuclei of tumor cells. Ki67 positive cell labeling indices
(mean & SD values) are graphically presentedin D. A~ C: 200X mag-
nification.
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positive staining for TRAP (Fig. 4C). The numbers of
multinucleated cells did not significantly differ among
the three groups, but the multinucleated cell density
per unit length (1 pm) of remaining cranial bone was
marginally decreased in the Tranilast high dose group
(P =0.078, Fig. 4Q).

Cell Proliferation and Apoptosis of
Prostate Cancer Cells InVitro

WST-1 assays revealed cell proliferation of all
prostate cancer cell lines to be significantly decreased
by Tranilast treatment at 0.1 and 1mM (P <0.001,
Fig. 5A-D). The apoptotic cell ratios in the LNCaP and
PLS-10 were increased in a Tranilast concentration-
dependent manner (Fig. 5E).

Osteoclast Differentiation InVitro

In the primary culture of rat bone marrow cells, the
numbers of TRAP-positive multinucleated cells were
significantly reduced by the high but not low dose of
Tranilast (Fig. 6A-E).
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Fig. 3. TUNEL staining and labeling indices. A,B: TUNEL staining of tumor inTranilast high-dose group (A) and the control group (B). Positive
staining inthe nuclei of tumor cells (inset). The TUNEL positive area (brown,C) was measured withanimage analyzer (green, D). TUNEL positive
cell labeling indices are presented in (E). F: The percentage TUNEL positive cell areas. Values are mean £ SD. ***P < 0.00l versus the control.

A,B: 20x magnification.C,D: 100x magnification.
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Fig. 4. Bone destruction and osteoclast induction in vivo. A: X-ray photographs and histological appearance of the tumor and rat
cranial bone. In X-ray photographs, dotted lines indicate the tumor outline, and arrowheads indicate bone destruction. In the H&E
stained section, the dotted line shows the area of bone destruction. BD}; destroyed bone length/total cranial bone length interacted with the
tumor. B: Osteoclast induction in the tumor. Arrowheads indicate TR AP-positive multinucleated cells. C: The number of multinucleated cells
(left graph) and the multinucleated cell density per unit length (I pm) of cranial bone (right graph). *P < 0.078 versus the control. Values are

mean =+ SD. A, I0x magnification. B, 200 x magnification.

Western Blot Analysis

Initially, we analyzed expression of several phos-
phorylated proteins associated with cell proliferation
or apoptosis by Western blot (Fig. 7A). From the results,
we chose pAkt as the most down-regulated and
pGSK3B as the most up-regulated protein by Tranilast
treatment, and Western blot analysis was carried out to
determine the time course of GSK3p phosphorylation.
As shown in Figure 7B, GSK3p phosphorylation at 1, 2,
6, and 12 hr after Tranilast treatment was increased
in PLS-10 cells compared with the control value.
Conversely, Thr (308) Akt phosphorylation at 1 hr after
Tranilast treatment was decreased (Fig. 7C). Similar
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results were obtained with LNCaP cells (data not
shown).

DISCUSSION

The present study demonstrated that Tranilast
significantly suppresses rat prostate tumor growth on
the cranial bone. Tranilast increased TUNEL positive
cells in vivo and promote apoptosis in rat and human
prostate cancer cells in vitro. Thus, it is clear that
Tranilast has a potential to suppress prostate cancer
growth by inducing apoptosis.

We chose doses of Tranilast in the in vivo study that
were equivalent to the maximum doses in clinical use
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[30] and chose concentrations of Tranilast in the in vitro
study that were equivalent to the in vivo doses [31].
Although Tranilast dramatically suppressed the
growth of cancer cells in vitro, it did not in the in vivo
model. The reasons for this discrepancy are unknown
but similar differences between in vivo and in vitro
have also been found in other studies [32-37]. They
mentioned this difference could be due to the three-
dimensional nature of tumors in vivo as compared to
the two-dimensional nature of monolayer cultures
in vitro [32-34], and promotive effects of stromal cells
on tumor cell proliferation in vivo [35-37]. In addition,
we speculate that the inhibitory effect of Tranilast on
prostate cancer cell proliferation in vivo was abrogated
by the promoting effect of TGFB on prostate cancer
cell proliferation, which we have previously demon-
strated [15].

As shown by Western blot analyses, Tranilast
reduced Akt phosphorylation and induced GSK3f
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phosphorylation in rat and human prostate cancer cell
lines. Akt phosphorylation is associated with promo-

. tion of proliferation of cancer cells including prostate

cancer [38-40], and GSK3B phosphorylation is
linked to inhibition of cell proliferation [41,42]. Thus,
inhibitory effects of Tranilast on prostate cancer cell
proliferation may be due to regulation of Akt and
GSK3PB phosphorylation.

Reduced bone destruction by Tranilast might
further be considered at least partially due to growth
inhibition of the tumors. Since osteoclast cell density
per unit length of the bone was decreased by Tranilast,
and osteoclast differentiation was clearly inhibited
in vitro, the observed suppression of bone destruction
might also be attributable to inhibition of osteoclast
differentiation in the bone microenvironment.

Taken the results of the present study together,
Tranilast may suppress prostate cancer growth and
bone destruction by inducing tumor cell apoptosis and
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Fig. 6. Tranilast inhibits osteoclast differentiation. Rat bone marrow cells were cultured with control medium (A), Tranilast 0.0l mM
(B), Tranilast 0.1 mM (C), and Tranilast ImM (D). The number of TRAP-positive multinucleated cells was significantly reduced by the
high but not low dose (E). The averages of quadruplicate cultures for each group are graphically presented. Data are mean & SD. A—E, 200x
magnification. [Color figure can be viewed in the onlineissue, which is available at www.interscience.wiley.com.]

A e 12845678 91011121314151617 Lane primary
’ No. antibodies kDa
1. pShe 505570

2 pciviye 57-70
3. pSAPKAINK 4654
4. pPLCy1 1585
5 p-pd2MAPK 42
6 p-p3sMAPK 43
7.
8
9

25 pNFxB 65

Control *D3) PJAK1 130

. plxBa 41

i 12846678 91011121314151617 10: pGSK3p 46
‘ 11 pFKHR 65
= 12 pBel2 28

100 13 pErkS 115

75 14: ppeatenin 92

15 ppcatenin 92

50 16 pAK(T308) 60
37 17.  pAli{Serd73) 60
Tranitast TmM 03)
B DMSO  Tranilast imM c
. DMSO Traniiast tm
Trea&m:gtst&ns;(hr 0 1 2 6 12 1 2 86 12 pAI(T308)
GSKIR e s . - 4 Akt
PGSK3R/GEK3p 1 088 X ﬂ-—actm
Bractin s e -

Fig. 7. Protein expression associated with cell proliferation and cell apoptosis in PLS-10. A: Western blot analysis of multiple proteins
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inhibiting osteoclast differentiation in the bone micro-
environment.

CONCLUSIONS

Tranilast thus might provide additional therapeutic
effects in combination with conventional drugs such
as androgen antagonists, chemotherapeutic agents,
and molecular target drugs. Further investigations are
clearly warranted to explore Tranilast as a beneficial
therapeutic option for prostate cancer patients with
bone metastasis.
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