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Abstract

Abnormal prostate growth is the most prevalent pathological sign in aged human males, as reflected by high incidence of benign
prostate hyperplasia (BPH) and prostate cancer. In spite of the high prevalence, the etiology and pathophysiology of BPH is
unclear due to the lack of any established rodent model for study. It has been demonstrated that the cadmium (Cd) mimics the
activity of androgen or estrogen by interacting with the steroid hormone receptors in the prostate and elicits BPH, but the specific
receptor which binds to Cd is still unknown. Our lab studies with BPH patients highlighted a strong co-relation between smokings
with increased Cd content. Changes in the maximum urinary flow rate (Qmax) and prostatic acid phosphatase (PAP) level further
supports that Cd can induce BPH like condition. Therefore, the present study was aimed to induce BPH like condition in rats by Cd
administration. The dose of cadmium was standardized in an age- and time-dependent manner, which was further examined by
prostate weight, histology, and PAP levels that elucidated the pathogenesis of BPH. Further to understand the molecular basis,
steroid hormone receptor antagonist experiment was performed. Gene expression and immunohistochemistry data suggest that
Cd induces hyperplasia like condition by activating the androgen receptor and estrogen receptor-o and suppresses the action of
estrogen receptor-f. The experimental model used here is a cost effective, less time consuming and potentially valuable tool for
investigating the respective functions of epithelial and stromal hormone receptors. The applicability of this model would be helpful
in understanding the pathogenesis of BPH and its progression.
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unavailable for future studies. Thus, it is inevitable to
develop an animal model in order to unravel the disease
pathogenesis.

Spontaneous BPH is rare in species other than human. It
has only been described in dogs and chimpanzees.® Gene
knockdown, xenograft, and hormone-induced in wvitro
models are the alternatives for BPH induction in other spe-
cies.”? Variety of growth factors, steroid hormones, and pro-
teases are involved in normal prostatic morphogenesis and
function; however, their role in BPH and prostate cancer
(PCa) are poorly understood. The development of BPH in
men is commonly attributed to testicular hormones and

Introduction

Benign prostate hyperplasia (BPH) is a common disease of
old age. It has a high public health impact and is one of the
most common reasons for surgical intervention among eld-
erly men. Anatomic or microscopic evidence of BPH is pre-
sent at autopsy in approximately 55% of men aged between
60 and 70 years.' Many attempts have been made during the
last decade to obtain a thorough understanding of the BPH
pathogenesis. In spite of this, the etiology and pathophysi-
ology of the disease remains unclear because of the lack of
suitable animal models. Transurethral resection has been

the treatment of choice from the last decade. Recently, less
invasive therapies such as laser prostatectomy,” thermother-
apy,”* and complementary medications® have been intro-
duced. Nonsurgical methods and laser treatments have
been satisfactory and cost-effective therapeutic options for
patients. As a consequence, human BPH tissue would be
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aging. The principal androgen responsible for prostate
development is dihydrotestosterone or DHT (a derivative
of testosterone). Testosterone gets converted into DHT by
prostate specific enzyme So-reductase, which occurs in
three isoenzyme forms. Type-1 isoenzyme is predominantly
expressed in the liver and skin whereas type-2 and 3 are
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expressed in the prostate.'”" DHT has a very high binding
affinity to androgen receptors. Studies showed that hyper-
plasic areas usually have higher concentrations of androgen
receptors as compared to the normal areas'” with altered
testosterone to DHT ratio, one of the major factor for the
cause of BPH."

Occupational and environmental studies suggest a
potential role of cadmium (Cd) in the prostate enlarge-
ment.'*!® Cd is responsible for increased incidence of the
prostate and other cancers in men exposed to high levels of
this metal or its compounds'® due to its potent androgenic
and estrogenic activity.'” The metal binds with high affinity
to the hormone-binding domain of both androgen and
estrogen receptors and activates them.'® Rat and mice pros-
tates have been documented for their response to hormone
and chemical carcinogen treatment. However, only the
dorso-lateral lobe of the rodent prostate is ontogenetically
comparable to the human prostate.

Increased expression of Androgen Receptor (AR) in the
dorsal and lateral lobes of the prostate is directly associated
with the continuous growth of the gland in age-dependent
spontaneous hyperplasia.'®

In normal and malignant human prostate, Estrogen
Receptor-o. (ER-o) is predominantly expressed in the
stroma, whereas Estrogen Receptor-p (ER-f) is a dominant
estrogen receptor in both normal stroma and epithelium. It
has been earlier reported that the loss of ER-B expression is
associated with progression from hyperplastic prostate epi-
thelium to PCa.*

Histological examination is one of the techniques to
identify prostate morphology. The histology of PCa shows
irregular growth of glandular epithelium with loss of ductal
morphology.”! Basal cells are absent in adenocarcinoma of
the prostate, whereas they are present in the BPH.*

Martin et al. 2002 reported presence of epithelial prolif-
eration and infolding in animals treated with cadmium.*
Similarly results from our lab with BPH patients” data also
demonstrated possible association of Cd content, smoking,
maximum urinary flow rate (Qmax), and prostatic acid
phosphatase (PAP) level with severity of BPH.**

The purpose of this study was to establish BPH like con-
dition in rats using heavy metal Cd. To further understand
the mechanism, how Cd induces BPH by its androgenic
mimicking action, an experiment was performed with ster-
oid hormone receptor blockers. In vivo models are useful for
studying, the mechanisms of disease progression and regu-
lation, as well as in understanding the pathophysiology of
the organ. Hence, in the present study an attempt was made
to develop an in vivo model for understanding the patho-
genesis of BPH.

Materials and methods
Chemicals

All primary mouse monoclonal antibodies and antagonists
were purchased from Sigma-Aldrich, USA (Anti-Androgen
Receptor cat no A9853, Anti-Vimentin cat no. C9080, Anti
Ki-67 cat no. P6834, Nilutamide cat no. N8534, MPP cat no.
M7068 and 4-Hydroxytamoxifen cat no. H7904) and Anti-E-
Cadherin cat n0.610181 from BD Biosciences, USA. Reverse-

Transcriptase PCR (RT-PCR) reagents from Fermentas,
Germany. Cadmium acetate and sodium acetate were
obtained from SISCO Pvt Ltd Research Laboratories, India.
All the chemicals were extra pure and of analytical grade.

Animals

Healthy adult male Charles foster rats, weighing about
250-350 g of age 5 months and 1 year were used. The ani-
mals were housed in clean polypropylene cages and kept in
an air-conditioned animal house with constant 12-h light/
dark cycle. Rats were allowed free access to drinking water
throughout the experimental period. The animals were fed
with standard rat pellet diet (Lipton India Ltd, Mumbali,
India). The experiments were approved by the Institute
Animal Ethical Committee (CEPSC Reg. No. 938/a/06/
CPCSEA).

Time-dependent study

To determine the optimum time of BPH development, a
single intraperitoneal (i.p.) dose of 20 pg/kg body weight
Cd is administered (the dose used here was equivalent to
the daily exposure of metal from food and drinking water
as per the literature).”?® Animals were divided into six
groups, each group contained six rats. Animals were
administered with a single cadmium acetate dose by i.p.
injection with their respective controls. Rats were sacrificed
after 10th, 20th, and 30th days of experimental regime and
prostate glands were surgically removed.

Age-dependent study

BPH is a progressive disorder of old age males. To further
explore the effect of cadmium, 1-year and 5-month-old ani-
mals were treated with a single i.p. dose of Cd 20 pug/kg
body weight along with control animals. All lobes of the
prostate gland were dissected out from each group on the
10th day after Cd administration for analysis and evalu-
ation of disease conditions.

Castration study

Prostate growth is primarily dependent on androgens. The
heavy metal cadmium has an androgen mimicking activity.
In the present study, 5-month-old animals were surgically
castrated. After a 7-day recovery, the animals received a
single i.p. injection of Cd (20 ng/kg body weight) whereas
control animals were treated with sodium acetate. After 10
days prostate gland was surgically removed to examine the
androgenic activity of Cd.

Prostatic acid phosphatase analysis

Measurement of serum PAP level indicates prostatic cell
growth. Hence, blood was collected and PAP activity was
estimated in serum by hydrolyzed phenol method. PAP
converts p-nitrophenyl phosphate into p-nitrophenol
which can be measured at 405 nm.* The addition of tartrate
in the sample will lead to inhibition of PAP and by subtract-
ing it from the total activity (without tartrate) will give the
PAP activity.
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Reactive oxygen species (ROS) parameters

ROS are known to be the mediators of phenotypic and
genotypic changes that lead to neoplasia. Hence, it is
important to investigate the role of Cd in the production
of ROS and its action as a potent carcinogen. For determin-
ation of ROS in cadmium induced BPH like condition, pros-
tate tissue was evaluated for reduced glutathione (GSH)
content measured by the method of Beutler and Gelbart.”®
Reduced GSH reacts with 5-5' Dithiobis (2-nitrobenzoic)
acid to yield a yellow color which can be measured at
412nm. Lipid peroxidation (LPO) is estimated by the
method of Ohkawa et al. LPO leads to the formation of an
endoperoxide and gives Thiobarbituric acid reactive sub-
stances (TBARS), which can be measured at 532 nm.*

Histological examination

Prostate glands were fixed in 10% buffered formalin solu-
tion, 3 um thick tissue sections were cut and stained with
hematoxylin/eosin stain. Histological observations such as
number of acini and mitotic figures were quantified per 40x
objective microscopic field (Table 1), and epithelial cell
invaginations and basement membrane integrity were
examined by Nikon TES2000 microscope (Nikon, Japan)
using 20x objective. Histology of BPH samples was evalu-
ated by a surgical pathologist.

Antagonist studies

The aim of this study was to determine the molecular mech-
anism of BPH progression due to cadmium, using the ster-
oid hormone receptor antagonist in Cd induced BPH rats.

Table 1 Histological analysis of the prostate gland

A single low dose of cadmium exposure induces benign prostate hyperplasia like condition in rat
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Animals were divided into nine groups and administered
with a different steroid hormone receptor antagonist along
with Cd (20 pg/kg body weight). AR antagonist nilutamide:
10mg/kg/day i.p. > ER-o antagonist methyl piperidine
pyrazole: 50 pg/kg body weight/day i.p.,** and ER-p antag-
onist 4-hydroxytamoxifen: 1 mg/kg/day administered sub-
cutaneously™ everyday till 10 days (required time period
for BPH development) as per available literatures. Animals
were sacrificed after 10th day. The weight of the dissected
prostate was noted and the tissues were subjected to histo-
logical examination, biochemical analysis, gene expression,
and immunohistochemistry studies.

Relative gene expression studies

Total RNA was isolated from freshly removed complete
prostate gland and resuspended in RNA stabilizing solu-
tion procured from Amrisco laboratories. RNA samples
(n=3) were quantified by spectrophotometer at 260/
280 nm.

Complementary DNA (cDNA) was synthesized by
reverse transcriptase (RT) using 1pug RNA (Fermentas
First stand cDNA synthesis kit). After reverse transcription
cDNA samples were amplified by RT-PCR using gene-
specific primers for AR, ER-a, ER-B, and 5 o reductase
(type 2) genes. GAPDH was used as an endogenous control
(Table 2). Reactions were carried out in an Eppendorf
Gradient PCR. The PCR products were electrophoresed
on an ethidium bromide stained 2% agarose gel in Tris-
acetate-EDTA (TAE) buffer. Gels were photographed by
gel documentation unit from UVITEC Cambridge alliance

Number of mitotic figures/microscopic field

1-year-old animals
5-month-old animals

Number of acini/microscopic field

5-month-old animals

Age of animal

1-year-old animals

Control Cd treated (20 ng/KBW)
6.1+0.12 10.05+0.29*
5.6+0.5 10.70 £0.62**

18.9+0.54 23.2+1*

19.1£1.15 25.6+0.97***

All values are presented as mean of six animals + SEM, **p < 0.01, **p < 0.001.

Table 2 RT-PCR primers sequence and annealing temperature

Gene hame Primer sequence

Annealing temperature Product size (bp)

Estrogen receptor-o (ER-o)
NM_012689.1

Estrogen receptor-p (ER-)
NM_012754.1

Androgen receptor (AR)
NM_012502.1

5o-reductase type-2

Fw: 5CCTTCTAGACCCTTCAGTGAAGCC-3’ 59.3 287
Rv: 5ACATGTCAAAGATCTCCACCATGCC-3'

Fw: 5’ AAAGCCAAGAGAAACGGTGGGCAT-3' 57.7 204
Rv: 5’GCCAATCATGTGCACCAGTTCCT-3'

Fw: 5’ATCGAGGAGCGTTCCAGAATCTG-3’ 58 630
Rv: 5ATATGGTCGAATTGCCCCCTAGG-3'

Fw: 5 ATCCTGTGCTTAGGGAAAC 3 54.5 496

FW: 5CAAGGTCATCCATGACAACTTTGS ' 58 496

NM_022711.4 Rv: 5 CATACGTAAACAAGCCACC 3
GAPDH
NM_017008.4 RW: 5GTCCACCACCCTGTTGCTGTAG 3’
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4.7 and densitometrical analysis was carried out using
Image ] software.

Immunohistochemistry

Tissue sections (3 pum) were deparaffinized and rehydrated
using standard protocols and incubated overnight with pri-
mary mouse monoclonal antibodies at 4°C. Sections were
then rinsed twice with washing buffer (1:10 dilution of
blocking buffer in PBS) followed by 1h incubation with
secondary antibodies conjugated with Fluorescein isothio-
cunate (FITC) and Tetramethyrhodamine isothiocynate
fluorophores (Sigma Aldrich, USA) in the dark at room tem-
perature. For negative controls, the primary antibodies
were omitted. Tissue sections were mounted with
mounting medium containing 4'6’-diamidino-2-phenylin-
dole dihydrochloride (Sigma Aldrich, USA). The expres-
sion of antigens in tissue sections was assessed by
immunofluorescence method. Images were captured by
confocal microscope LSM710 (Carl Zeiss, Germany) using
63x objective.

Statistical analysis

The values were represented as mean +SEM at n=6 ani-
mals. The values were accepted as significant at P <0.05
Newman-Keuls post hoc one-way analysis of variance and
t-test by using Prism software version 5.0.

Results

A positive co-relation between cadmium concentration and
severity of BPH disease in Indian human population has
been depicted in our previous lab studies®* supported by
other reports.*® It has also been reported that cadmium has
a potent androgen and estrogen like activity in the prostate
gland.” Thus, the goal of the present study was to ascertain
whether the metal binds with steroid hormone receptors in
the rat prostate, inducing hyperplasia like condition.

Time-dependent study

To establish BPH like condition, a single dose of cadmium
20 ug/kg body weight (~108 nmol/kg) was administered
(intraperitoneal) to the 5-month-old animals. The dose
used was 1/500 of LD50 of the metal, equivalent to the
daily exposure from food and drinking water.”>? To deter-
mine the optimal time of BPH development, a time-
dependent exposure of Cd (20 nug/kg body weight) was
performed for 10, 20, and 30 days (Figure 1). Significant
increase in prostate weight of animals was observed
within 10 days after a single dose of Cd exposure, indicating
the development of BPH like condition.

Age-dependent study

As BPH is an age-dependent pathology, we further
explored the effect of 20 pg/kg body weight Cd dose in 1
year aged animals and compared with 5-month-old ani-
mals. Though 20 pg/kg body weight dose of Cd signifi-
cantly induced prostate weight in both the age groups,
the increase was significantly higher in 5-month-old Cd

Total Prostate Weight
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[T:]
g 0.1
= 0.08
o
& oos
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8 o4
o
= 0.02
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5 o

20 days 30day
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Figure 1 Time-dependent effect of a single dose of cadmium on rat prostate.
The results represent the mean of six animals + SEM, *p < 0.05, 20 ug/kg Bw Cd
versus control

0.2 4
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Figure 2 Age-dependent effect of a single dose of cadmium on rat prostate.
The results represent the mean of six animals + SEM, *p < 0.05, 20 ug/kg Bw Cd
versus control

treated as compared to the 1-year-old animals with their
respective controls (Figure 2).

Oxidative stress has been implicated in pathogenesis of
several diseases. Previous studies of our lab and other
groups showed Cd as an inducer of oxidative stress and
potent clinical and biochemical environmental toxicant for
BPH pathogenesis.***> Cd treated animals demonstrated
significant decrease in GSH and increase in LPO level
(Figure 3(a) and (b)) which further supported our previous
results and role of cadmium as an oxidative stress inducer
causing BPH like condition.

Confirmation of BPH model by histological studies

A single 20 ug/kg body weight cadmium dose was selected
for the development of BPH rat model in 5-month-old
animal, which was supported by histological observations.
The histology reveals a significant increase in the number of
acini and mitotic figures in 5-month-old Cd treated group
(Table 1) as compared with 1-year-old animal (Figure 4). As
evident from Figure 5 normal prostate is characterized by
compound tubular alveolar glands with presence of base-
ment membrane. The cell lining of the duct is columnar to
cuboidal with basally located nuclei that are round to oval
in shape. The alveolar portions of gland contain primary
and secondary infoldings of secretory epithelium that pro-
ject into the alveolar lumen (Figure 5) and the alveoli sepa-
rated by a delicate fibrous connective tissue stroma with an
increased number and irregular acinar growth pattern.
Each of the lobule is larger and has more elaborate
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branching than in the normal gland. In addition, the size of
the secretory epithelial cells is increased principally due to
an increase in the amount of cytoplasm. The amount of
stroma is relatively less than normal gland, and the base-
ment membrane appears somewhat attenuated (Figure 5).

Further basal cells proliferation was observed by immu-
nohistochemisty using anti-Ki-67 antibody which is a
marker of epithelial proliferation (Figure 5).

Mechanism of cadmium in prostate hyperplasia
induction

To determine whether cadmium mimics the androgenic
response in animals, the effects of the metal along with
the wet weight of the prostate were tested in 5-month-old
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Figure 3 Age-dependent effect of a single dose of cadmium at GSH and LPO
level in rat prostate. The results represent the mean of six animals + SEM,

(@) **p < 0.01, 5-month-old Cd treated versus 5-month-old control, ##p < 0.01,
1-year-old Cd treated versus 1-year-old control, (b) *p < 0.05, 5-month-old Cd
treated versus 5-month-old control

1 year

5 Months
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castrated animals. Results demonstrated statistical differ-
ence in an average weight of the prostate (Figure 6).
Previous lab data suggest that cadmium mimics the action
of steroid hormone; however, its action via binding to ster-
oid hormone receptors was not well defined. To answer this
question, an experiment was designed where animals were
treated with steroid hormone receptor antagonists.

The animals received antagonists, namely nilutamide,
methyl piperidino pyrazole, and 4-hydroxytamoxifen till
10 days. First, rats were treated with steroid hormone recep-
tor blocker and then Cd was administered after 3h of AR
antagonist and 30 min of ER antagonists treatment®®*” to
block the availability of steroid hormone receptors for Cd.
Increase in wet weight of the prostate and PAP activity in
antagonist treated group were blocked (Figure 7(a) and (b)).
Further histological examination of the prostate from antag-
onists treated group exhibited large and regular acini with
no epithelial infolding in AR and ER-o antagonists group
(Figure 8), whereas epithelial infoldings were observed in
ER-pB antagonist group (Figure 8).

Relative gene expression and immunohistochemistry

The metal has an ability to bind to steroid hormone recep-
tors and stimulate proliferation. To shed light into the gene
expressions underlying the response of cadmium treat-
ment, steroid hormone receptor antagonist groups along
with cadmium treated animals were examined for gene
expression profile (AR, ER-o, ER-B, and 5ux reductase
type-2) by RT-PCR method (Figure 9).

The relative expression of 5o reductase type II, an
enzyme responsible for conversion of testosterone into
DHT showed significant decreased expressions in all antag-
onists groups when compared with Cd treated group, indi-
cating decreased conversion of testosterone to DHT and
hence less proliferation. Cadmium has an ability to transac-
tivate AR. Increased expression of AR and ER-o along with
decreased expression of ER-B was observed in the cadmium
treated group compared with control.

Cd Treated 20ug/kg BWT

Figure 4 Age-dependent histological changes of a single dose of cadmium in rat prostate. Sections were stained by hematoxylin/eosin staining. Images were
captured by light microscope depicting epithelial infolding and acinar growth pattern using 20x objective. (A color version of this figure is available in the online journal.)
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Figure 5 Histological evaluation of a single dose of cadmium in 5-month-old rat prostate. Sections were stained by hematoxylin/eosin staining. Images were
captured by light microscope using 20x objective. (A color version of this figure is available in the online journal.)
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Figure 6 Effect of a single dose of cadmium on 5-month-old castrated rat
prostate. The results represent the mean of six animals + SEM, *p < 0.05, cas-
tration control versus control, $ p < 0.05, castration treated versus castration
control

To further substantiate the action of Cd via steroid recep-
tor, immunohistochemistry was performed. Cadmium trea-
ted group exhibited a higher Ki-67 index, which clearly
indicated epithelial cell proliferation than in the normal sec-
tion of the gland, whereas AR and ER-o antagonists group
showed no proliferation. Similarly, when the sections were

stained with anti-AR antibody, Cd treated group showed a
significant increase in expression of AR compared to antag-
onists group (Figure 10). ER-B treated group showed Ki-67
and AR positive staining. Weak E-cadherin and abundant
expression of vimentin in the Cd treated group were
observed and compared with control group which further
provided information about EMT (epithelial to mesenchy-
mal transformation) in the BPH pathogenesis (Figure 11).

Discussion

The pathogenesis of BPH remains very elusive in prostate
biology till date. Many attempts have been made during the
last decades to understand the pathophysiology of the dis-
ease. In this context several in vitro and in vivo animal
models have been developed for studying BPH.”®* Rat
prostate has been documented to respond for hormone
and other chemical treatments such as citral, exogenous tes-
tosterone, DHT, and estradiol.>**° Similarly, Lee et al. also
developed BPH rat model by combined administration of
DHT and  adenoreceptor  antagonist  prazosin,
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Figure 7 Effect of a single dose of cadmium along with steroid hormone receptor antagonist on prostate weight and prostatic acid phosphatase activity. The results
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Cd treated versus ER-a, AR, and all antagonist. (b) #p < 0.05, Cd treated versus control. *p < 0.05, cd treated versus ER-,f, AR, and all antagonist

subcutaneously for 14 days.*' Besides these steroid hor-
mone and other chemical induced BPH rat model, recently
several transgenic and knockout animal models were also
developed to study the pathogenesis of BPH such as liver X
receptor (is a ligand-activated transcription factor) knock-
out mouse, overexpression of keratinocyte derived chemo-
kine, the murine analog of the chemokine IL-8, and
prolactin overexpressing rodent models.**** However,
above-mentioned animal models are costly, time consum-
ing, and required transgenic or knockout species.

To study the pathogenesis of BPH, spontaneous and
hormone-induced models are more desirable.>?®
Hormone-induced spontaneous BPH model in the dogs
and chimpanzees is more readily available, but ethical
and financial matters need to be considered. However,
rat and human prostate differ markedly including differ-
ences in the gross and microanatomy that have implications
for pathological interpretation in clinicopathologic charac-
teristics of human prostatic disorders.*>*® Yet, the rodents
and human prostate have many anatomical similarities
such as development of the gland in the form of lobular

glands from the Wolffian ducts and the urogenital sinuses.
Both species have androgen-sensitive organs and distinctly
differentiated epithelial cells with similar functions. The rat
dorso-lateral prostate has been documented to be the most
homologous to the human peripheral zone. These similari-
ties help to support the rat models for the study of molecu-
lar alterations in the development and progression of
prostatic enlargement.46

To the best of our knowledge, the present work depicts
the development of cadmium induced rat model for the
first time, which is cost effective, less time consuming,
and aids in revealing the mystery of pathogenesis of BPH
with great ease, compared to other available models. This
model had also showed a broad spectrum of histopatho-
logical lesions corresponding from normal to hyperplasia
progression and is useful for understanding disease patho-
genesis and drug discovery.

The present study suggests that cadmium has significant
potential as an inducer of prostate hyperplasia in Charles
foster rats. A significant increase in prostate weight with
characteristic histological features in 5-month-old animals
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Figure 8 Histological changes in rat prostate of a single dose of cadmium treated group along with antagonists. Sections were stained by hematoxylin/eosin staining.
Images were captured by light microscope showing epithelial infolding and acinar growth pattern using 20x objective. g=antagonist. (A color version of this figure is

available in the online journal.)

treated with a single i.p. dose of 20 ug cadmium/kg body
weight developed BPH like condition within 10 days’ time
compared with 1-year-old animals.

The metal-binding protein, metallothionein (MT), is
thought to be involved in detoxification of various metal
toxicities including, Cd. It has also been reported that MT
is poorly expressed in ventral prostate whereas high basal
expression has been observed in dorsolateral prostate of
rats," suggesting protective role of MT in later time
period of cadmium dose (20 and 30 days) as demonstrated
in our results.

Cadmium exposure induces cell proliferation, depicted
by increased prostate weight. Previous reports suggested
that the old age rats were more resistant to cadmium
induced toxicity compared with young age rats*® which
supported our results of less weight gain in 1-year-old
rats. The current findings suggest that a single dose of Cd
causes 1.62-fold increases in the prostate weight compared
to control, which is in concordance to earlier reports by
Martin et al.*® Several studies reported the induction of
prostate carcinoma by administration of Cd; however, the
doses of Cd used were much higher than that used in the

present study.*”*® Moreover, histological studies suggest
that in BPH, the ductal morphology is maintained, unlike
in PCa where unorganized growth is observed. Also the
presence of basal cells, a characteristic of BPH further
strengthens the cadmium induced BPH condition in the
present study. It was reported earlier that epithelial cells
originate from basal cells and play important role in pros-
tate development and exhibit higher proliferation in BPH
like condition, whereas the basal cells are absent in adeno-
carcinoma of the prostate.”

The overall maintenance of the prostate is dependent on
androgens, and the prostate demonstrates regression after
withdrawal of androgen, such as castration.”*” In the pre-
sent study also a decrease in prostate weight was observed
in castrated group of animals, supporting androgen
mimicking activity of cadmium, which was ameliorated
with Cd treatment suggesting cadmium induces a hyper-
plasia like condition.

Further ability of antagonists to block these effects sug-
gests that the effects of cadmium are mediated through the
steroid hormone receptor. In antagonist experiment, the
effects from prostate weight and PAP activity were more
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Figure 9 Effect of a single dose of cadmium on prostatic genes expression profile in presence of antagonists. The results represent the mean of three animals + SEM,
(@) *p < 0.05, Cd versus control, @p < 0.05, Cd versus AR, ER-a, B-antagonist. (b) *p < 0.05, Cd versus control, **p < 0.01, Cd versus AR, ER-a, -antagonist. (c)
*p < 0.05, Cd versus control, @p < 0.05, Cd versus ER-a-antagonist. (d) *p < 0.05, Cd versus control, **p < 0.01 Cd versus AR antagonist, @p < 0.05, Cd versus ER-a, -

antagonist. (e) Gel electrophoresis bands

significant in the group treated with AR and ER-o receptor
antagonist along with Cd as compared to ER-B receptor
antagonist, providing the fact that Cd would probably
mediate its effect by binding to the ER-a and AR with
more affinity than with ER-P receptor. Previous studies
also support that cadmium binds to hormone-binding
domain of ER-o and AR with high affinity and activate
receptors'®? thus, supporting our results. Moreover, histo-
logical observations demonstrated larger acini and no epi-
thelial infoldings in AR and ER-o antagonists group
compared to Cd treated group. Whereas, ER-f antagonist
treated group showed epithelial infoldings, indicating that
cadmium treatment blocked antiproliferation activity of
ER-B and induced hyperplasia of the gland. Further sug-
gesting that Cd effect is mediated through AR and ER-o
receptors, causing hyperplasia like condition.

The gene expression studies were carried out to study
the expression levels of the receptors and 50 reductase type
IT enzyme. 50 Reductase type Il enzyme is responsible for
conversation of testosterone into DHT. Available literature
indicates that the expression of 5x-R2 increases in BPH

condition and decreases in PCa.” Elevated level of tran-
scriptional activity of the enzyme was noted in Cd treated
group and hence more DHT production confirmed andro-
gen mimicking activity of cadmium. Our results showed
decreased expression of the same in all antagonists
groups compared to cadmium treated group, indicating
decreased conversion of testosterone to DHT and hence
less proliferation.

AR mRNA levels are regulated by androgens and other
steroid hormones.”* Increased AR mRNA expression in
cadmium treaded group and decreased expression in
antagonist treated group suggest that Cd mediated its
action through AR as reported earlier and modulate the
mRNA expression.23 Moreover, it is also known that ER-o
is the dominant ER form mediating the effects of early estro-
gen exposure on the prostate gland.” It has been observed
that ER is auto-regulated by estrogen.”® Stoica et al. sug-
gested that Cd interacts with the hormone-binding
domain of the receptor and activates ER-o.."® ER-o m RNA
expression was significantly high in Cd treated group com-
pared with control while in other groups it was very less.
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Figure 10 Effect of a single dose of cadmium on expression profile of ki-67 and AR on rat prostate in the presence of antagonists by immunofluorescence method.
Tissue sections were stained with secondary antibodies conjugated to FITC (AR) and TRITC (ki-67) fluorophores along with DAPI for nuclear staining. Images were
captured by confocal microscope LSM 710 (Carl Zeiss, Germany) using 63x objective. (A color version of this figure is available in the online journal.)

Similarly, other reports also were unable to detect ER-o
expression in normal rat prostate tissue.”” The primary
function of ER-p is suppressing proliferation and promot-
ing differentiation of prostatic cells. Decrease in ER-f
expression is reported in BPH.*> We have also noticed a
decrease in expression of ER-B in the cadmium treated
group which further strengthens the fact that cadmium
induces a BPH like condition. Similarly, a study of human
breast cancer patients previously treated with estrogen
antagonist tamoxifen had reduced ER-f level compared
with healthy, age matched controls™ further supporting
our observations.

In the present study, less E-cadherin expression and
abundant Ki-67 were observed in Cd treated group. The
epithelial characteristics are lost due to high proliferative
capability and high vimentin expression indicating possible
EMT transition in BPH pathogenesis. During EMT the

epithelial cells lose their polarity, stability, and become
more fibroblast-like cells. The features with parallel loss of
epithelial marker and gaining mesenchymal phenotype
which would further alter key signaling pathways respon-
sible for the disease pathogenesis.

The steroid hormone receptor antagonist study sug-
gested Cd induced hyperplasia like condition is by activat-
ing the androgen receptor and estrogen receptor alpha
action and suppressing estrogen receptor beta action in
rats. Therefore, we report for the first time a cost effective
and less time consuming rat model of BPH by using low
level of Cd which strongly suggests its co-relation to the
pathogenesis of human BPH. Therefore, Cd causes BPH
like condition upon binding to AR and ER-o receptors
which in turn control 5o reductase type 2 enzyme expres-
sion, epithelial growth, differentiation, function, and
epithelial-stromal cross talk.
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Effect of a single dose of cadmium on expression profile of vimentin and E-cadherin on rat prostate in the presence of antagonists by immunofluores-

cence method. Tissue sections were stained with secondary antibodies conjugated to CY5 (vimentin) and FITC (e-cadherin) fluorophores along with DAPI for nuclear
staining. Images were captured by confocal microscope LSM 710 (Carl Zeiss, Germany) using 63x objective. (A color version of this figure is available in the online

journal.)

Conclusion

The experimental model used here is a potentially valuable
tool for investigating the respective roles of the epithelial
and stromal hormone receptors and for its applicability in
the study of the genesis of human BPH, which would be
helpful to understand disease pathogenesis and progres-
sion and further designing appropriate therapeutics
interventions.
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Abstract

Aim: Abnormal prostate growth is the most prevalent pathological sign in aged human males, reflected by high
incidence of Benign Prostatic Hyperplasia (BPH) and Prostate Cancer (PCa). The successful isolation and cultivation
of prostate cells, is a prerequisite need for establishing a model cell line for understanding the pathogenesis, unique
biological properties and also various evidences suggest the role of stem cells in the pathogenesis of these conditions
for a therapeutic point of view.

Methods and results: Here we isolated a candidate pluripotent stem cell population from BPH patients underwent
TURP which include the isolation of an enriched population of prostate stem cells through cell culture techniques and
the cultivation of prostate stem cells in vitro and characterization of these cells and their stem potential, including
in-vivo teratoma generation. Cytogenetic analysis by G-banding assay demonstrated an aneuploid karyotype with a
model chromosome number of 60 and normal Y chromosome. Characterization of isolated cells showed the presence
of ONS pluripotency stem cell markers. Beside this these cells were also found positive for stem cell surface markers
such as CD49b, CD44, CD117, CD34 and prostatic tissue specific markers like p63 and Androgen Receptor. In-vitro
differentiation of the cells demonstrated formation of a tri-germinal layer into ectodermal, endodermal and mesodermal
cell lineages with defined medium conditions and In-vivo teratoma formation in excised tumor in Balb/c mouse.

Conclusion: we report here isolation, establishment and characterization of human prostate-derived pluripotent
stem cell line. The cell line eventually serves as a potential tool for studies in prostate adult stem cell research,
understanding etiopathophysiology and the regulation of BPH and PCa.

Keywords: Benign prostate hyperplasia; Prostate stem cells;
Pluripotent stem cell marker; Teratoma; Karyotype; Multi-lineage
differentiation

Introduction

The prostate is a hormonally regulated organ whose growth
accelerates at sexual maturity due to androgen actions on both stromal
and epithelial cells. In men over the age of 40-50 years, prostate gland
represents a major medical problem in the form of benign prostate
hyperplasia (BPH) and prostate cancer (Pca). Epidemiological data from
several studies indicated that both diseases are becoming increasingly
prevalent worldwide [1,2]. Unavailability of normal/ benign prostate
cell lines and suitable animal model made these attributes difficult
to study in vitro and in vivo. At histological level, human prostate
contains mainly two types of cells, epithelial and stromal cells. The
stromal to epithelial ratio in normal prostate of human is 2:1 [3,4].
The epithelial cell layer is composed of four differentiated cell types
known as basal, secretory luminal, neuroendocrine (NE), and transit-
amplifying (TA) cells that are identified by their morphology, location,
and distinct marker expression. The basal cells form a layer of flattened
to cuboidal shaped cells above the basement membrane and express
p63 (a homolog of the tumor suppressor gene p53), Bcl-2 (an anti-
apoptotic factor), Cluster designation (CD) 44, hepatocyte growth
factor (HGF), and the high molecular weight cytokeratins (CK) 5 and
14.The expression of androgen receptor (AR) is low or undetectable in
the basal cells, which makes the basal cells independent of androgens
for their survival [5-7].

Both human and animal studies have shown that stromal cells
are essential for functional and morphological differentiation of
prostatic epithelium. It has been hypothesized that the basal layer is

the proliferative compartment of the prostate, containing a stem cell
population, which can differentiate into secretory epithelium and
TA cells. Prostatic stem cells are present within the epithelium and
are capable of regenerating the adult organ [8]. Several investigations
based on stem cell models have elegantly defined role of stem cells in
cellular turnover and morphology in normal human prostate [9]. To
further support the role of basal stem cells in prostate development, an
experiment on p63 null mice was performed and the resultant progeny
of these animals were born devoid of prostate gland [10-12]. As the
stem cells are key target for mutagenic changes and tumurogenesis in
human prostate, an urge arises to understand more about their status
in normal and disease prostate tissue and the cellular and molecular
mechanism of BPH pathogenesis.

The concept of stem and progenitor cells with the capacity for
self-renewal and multilineage differentiation has been important
to understand the molecular mechanisms of normal development
and functional homeostasis [6,13]. This is also very important to
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understand how tissues are remodeled during inflammatory repair,
or in carcinogenesis resulting from oxidative stress, inflammation,
genomic and metabolic insults [14,15]. However, at a practical
level there have been few human cell lines available that accurately
recapitulate prostatic development and that can be used to examine
these concepts. To pursue studies relevant to normal human prostate
biology with associated disorders as a starting point for studies on
human disease, there is an urgent need for human prostate cell lines
that show phenotypes that match human tissue samples. There are
several non-tumorigenic immortalized human prostate epithelial
(HPrE) cell lines have been established using viral SV-40Tag or E6/
E7 infection including BPH-1 [16], and RWPE-1 [17], none of these
accurately recapitulate normal human prostatic growth and function.

In light of this we made an attempt to isolate and establish a
candidate population of Human prostatic stem/progenitor cells from
BPH patients (underwent TURP) that expresses pluripotency markers.
Characterization of isolated cells showed the presence of pluripotency
stem cell markers like Oct 3/4, Nanog and Sox-2 by mRNA expression,
westernblottingand flowcytometery. We further assessed the expression
level of stem cell surface markers to identify normal Prostate stem cells
(PSCs) interestingly, these cells were found positive for prostate stem
cell markers such as CD49b, CD44, CD117, CD34, p63 and prostatic
tissue specific marker like Androgen Receptor. Upon the introduction
to specific culture condition isolated prostate cells can differentiate
into adipocyte, osteocyte and chondrocyte (mesodermal origin),
islet formation (endodermal origin) and neuronal differentiation
(ectodermal origin) cell lineages in In-vitro and In-vivo teratoma
formation in Balb/c mouse with three germ layers. Isolated prostate
cells could provide an ideal source of pluripotent-like stem cells with
the potential to have a critical impact on regenerative medicine.

Materials and Methods
Prostate samples

Prostatic tissue was obtained from patients (average age of 70 years;
range 55-75 years) who underwent TURP, patient detailed demographic
and anthropometric data collected in structured Questionnaire with
consent and ethical approval. Benign prostatic hyperplasia (BPH)
histology was confirmed by a surgical pathologist and contained no
adenocarcinoma of the prostate.

Chemicals

All primary antibodies and cell culture media (Anti-Androgen
Receptor cat no A9853, Anti-Vimentin cat no. C9080, Anti Ki-67 cat
no. P6834) and FACS antibodies (Anti-Oct3/4, Sox-2 and Nanog)
purchased from Sigma-Aldrich, USA and BD Biosciences,USA
respectively. RT-PCR reagents from fermentas, Germany. All the
reagents were extra pure and of cell culture and molecular biology
grade.

Isolation of prostate cells from TURP samples

Fresh TURP tissue obtained from human prostate surgical

Gene Primer sequence

Oct % Forward-5’AGCTGGAGAAGGAGAAGCTGG-3’
(NM_002701) Reverse-5-TCGGACCACATCCTTCTCGAG-3’
Sox-2 Forward-5'-CACCTACAGCATGTCCTACTC-3'
(NM003106) Reverse-5-CATGCTGTTTCTTACTCTCCTC-3’
Nanog Forward-5GCAAACAACCCACTTCTGC-3

(NM_024865) Reverse- 5’AGGCCTTCTGCGTCACAC-3’

specimens. Prostate tissue samples were minced into small pieces and
digested with Collagenase type I enzyme for 1 hr at 37°C in a shaking
incubator at 110 rpm followed by grown in DMEM medium with 10%
FBS as previously described [18].

Cell growth kinetics

Fully confluent prostatic cells were trypsinized with 0.1% Trypsin
EDTA solution and counted under an inverted phase contrast
microscope (Nikon TE2000, Japan). 5 x 10* cells were seeded into each
well of 24-well plates for growth curve studies. Cells were eventually
trypsinized and counted at different time points (0 h, 24 h, 48 h, 72
h, 96 h, 120 h, 144 h and 168 h). Cell counts were then plotted versus
time to demonstrate the growth curve of the cells. Doubling time of the
isolated prostate cells were determined using the algorithm Ln (Nt-NO)
Ln (t), where Nt and NO were numbered of cells at the final time point
and at the initial seeding point respectively, and t was a time period in
hours for which cell counts were recorded.

Karyotyping

To study the chromosomal stability isolated human BPH cells
(passage7 and 14 ) were treated with Colcemid (Gibco 15 210-057),
trypsinized, resuspended in 75-mM KCI hypotonic solution, fixed in
MeOH/acetic Acid (3:1) and stained for metaphase spreads using a
standard G-banding protocol technique [19]. For each sample, at least
20 metaphase spreads were examined, in which there was minimal
chromosome overlaps, and long chromosome length, little or no
cytoplasm, and high banding resolution were selected for detailed
analysis.

RNA extraction and semi quantitative Reverse Transcriptase
PCR (RT-PCR)

Total RNA was isolated from cells using TRizol Reagent (Sigma
Aldrich, USA) extraction following the manufacturer’s instructions
and immediately treated with DNase 1 (fermentas). 5 pg of total RNA
was reverse transcribed into first strand cDNA using random primers
and subjected to PCR amplification of various stem cell genes. One
ul of cDNA products was used to amplify genes using a 2X master
mix [Sigma Aldrich, USA], containing 1.5 pl Taq Polymerase, 2 mM
dNTP, 10X Tris, glycerol reaction Buffer, 25 mM MgCl2, and 20 pM
appropriate forward and reverse primers for each gene. GAPDH served
as an internal control (Table 1 for primers sequence and annealing
temperature). PCR products were separated on a 10% polyacrylamide
gels [Sigma Aldrich, USA], visualized and images were captured by
Cambridge UV tech, Chemi-doc instrument.

Western blotting

Western blotting of isolated prostate cells performed as previously
described [3]. Isolated prostate cells were lysed with urea containing
lysis buffer (1 mM EDTA, 50 mM Tris-HCI pH 7.5, 70 mM NacCl, 1%
Triton, 50 mM NaF) supplemented with protease inhibitor cocktail
(Fermentas INC.). Total Protein estimation was carried out using

Annealing Temp. Product size

63.5°C 458 bp
60°C 384 bp
55.5°C 287 bp

Table 1: Primers Sequence and annealing temperature.
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Bradford reagent according to manufacturer’s suggestions (BIO-
RAD). Cell lysates (40 pg) were separated on Polyacrylamide gel
using the Mini-tetra-cell electrophoresis system (BIO-RAD) and
transferred onto a nitrocellulose blotting membrane (Millipore) Blots
were then incubated with blocking milk buffer (5% fat free skimmed
milk with 0.1% Tween-20 in PBS)s. Primary antibodies were added
to blots and incubated overnight at 4°C. Anti-rabbit and Anti-mouse
IgG conjugated with HRP were used to develop the blots using Ultra-
sensitive enhanced chemiluminiscence reagent (Millipore, USA). And
imaged by Chemi-doc instrument Cambridge UV tech, UK.

FACS analysis

Cells were trypsinized, centrifuged, and one million cells were
resuspended in 100 pl of wash buffer [PBS containing 10% serum],
washed twice with Phosphate buffered saline [PBS] containing 1%
bovine serum albumin, and then incubated with primary antibody at
4°C for 1 h. Cells were than labelled with 100 pl of secondary antibody
for counter staining, and incubated for an additional 40 min at 4°C
[20]. Data were recorded and observations analysed using BD FACS
Aria ITI(BD, USA) and flowjo software respectively.

Immunocytochemistry

Adherent cells were washed with PBS with 2% FBS and then
with PBS, the cells were fixed with 2% PFA solution followed by
PBS washing and triton-X100 treatment using standard protocol
and incubated with primary monoclonal antibodies overnight at 4°C
followed by 1 hr incubation with fluorochrome tagged secondary
antibodies at room temperature. For negative controls, the primary
antibodies were omitted. The expressions of antigens in cells were
assessed by immunofluoresense method. Images from Carl Zeiss LSM-
710 confocal microscope (Carl Zeiss, Germany) were recorded.

In-vitro Differentiation

Ectodermal lineage

Neuronal differentiation: Isolated prostate cells were plated in
six-well plat as described above in the presence of neuro-basal medium
(Invitrogen) with N2 supplements and 2 mM glutamate for 10 days.
The culture medium was replaced every 4th day. Parallel control cells
were cultured without neuronal differentiation medium.

Mesodermal lineage

Osteocyte differentiation: Isolated prostate cells were trypsinized,
washed with 10 mM PBS, pH 7.2, and resuspended in DMEM high
glucose with 10% FBS medium. Cells were plated into six- well plate at
10° cells/well in the presence of osteocyte reagents ( 20 mM B-glycerol
phosphate, 50 ug/ml ascorbic acid and 10 mM dexamethasone) for 10
days. The culture medium was replaced every 3rd day. Parallel control
cells were cultured without osteocyte reagents.

Adipocyte differentiation: Isolated prostate cells were plated in six-
well plate as described above. Adipogenesis was induced by treatment
with IBMax (10 mg/ml),10 mM dexamethasone and 10 mg/l insulin for
8 days. The culture medium was replaced every 3 day. Parallel control
cells cultured without adipocyte differentiation medium.

Chondrocyte differentiation: Isolated prostate cells cells were
plated in six- well plate as described above. Chondrocyte differentiation
was induced by treatment with 10 mM dexamethasone and 10 mg/1
insulin for 20 days. The culture medium was replaced every 5th day.

Parallel control cells were cultured without chondrocyte differentiation
medium.

Endodermal lineage

Islet differentiation: Isolated prostate cells were plated in six-well
plated as described above in the presence of islet differentiation serum
free RPMI1640 medium with 10 ng/l activin-A and 10 mg/] insulin
for 10 days. The culture medium was replenished every alternate day.
Parallel control cells cultured without islet differentiation medium.

In-vivo Differentiation

Teratoma formation

For each graft, approximately 0.2 million isolated prostate cells,
washed and resuspended in 300 ul DMEM complete medium, and
transplanted subcutaneously (intraperitoneal body cavity) on left side
of six Balb/c mice (maintained in MSU in-house animal house facility)
with 1.5% melted agarose using 23G needle [21,22]. Right side of the
same animal was used for control or placebo i.e. only agarose plugs
were injected in that site. The experiment was approved by the Institute
Animal Ethical Committee (CEPSC Reg. No. 938/a/06/CPCSEA). After
3 weeks of transplantation, mice were sacrificed. Visible tumours, were
dissected out and fixed overnight with 4% PFA solution. The tissues
were then paraffin embedded, sectioned, stained with H&E, and were
examined for the presence of cells representatives of all three germ
layers produced by transplanted cells [23].

Results

Prostate cells isolation and characterization

Surgically removed TURP prostate tissue samples were digested
with collagenase type I enzyme for 1 hr at 37°C. After enzymatic
digestion microscopic observation of cultured prostatic cell population
showed characteristic fibroblastic and epitheliod shaped cells (Figures
1B and 1C). To isolate epithelial cells from the mix population,
epithelial cell patches were picked up using sterile filter paper discs
soaked in trypsin and transferred the cells into DMEM medium with
10% FBS for enrichment (Figure 1A). To further confirm the nature of
isolated cells, immunocytochemistry was performed with different cell
markers (Figure 2A).

Growth curve and kinetics

Cells were plated in 24-well plates and used for determining the
population doubling potential, progression and proliferative activity.
Cumulative population doublings were calculated by considering initial
number of cells seeded at 0 hrs and number of cells harvested at each
destined time point respectively without passaging. These observations
provide a theoretical growth curve that is directly proportional to the
cell number. With the help of the curve generated, doubling time was
found to be 26 + 1.3 hrs.

Cytogenetic analysis

Cytogenetic analysis by G-banding assay demonstrated an
aneuploid karyotype with a model chromosome number of 60
(range 58 to 62, n=20) with 4 to 5 marker chromosomes, which were
structurally rearranged and the Y chromosome was found to be normal
(Figure 1D).
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Figure 1: Isolation and cytogenetic characterization of isolated prostate cells from BPH patient. (A) Schematic of prostatic cells isolation from TURP tissue. Cells were
obtained after 1 hrs, incubation with collagenase type-I enzyme in DMEM medium without FBS at 37°C. (B and C) Morphological view of isolated cells from mixed
population using sterile filter paper discs soaked in trypsin and cultured in DMEM medium with FBS at 37°C under 5% Co, (D) karyotype analysis of isolated prostate
cells. Cells showed aneuploidy with 4 to 5 marker chromosomes and translocation of 6" chromosome to 1.

Stem cell characterization

To identify the stem cell properties of isolated cell population,
immunocytochemistry for Nestin, E-cadherin, CK19, AR, Vimentin
and Ki-67 and FACS analysis for stem cells specific markers such as
CD49b, CD44, CD117, CD34 and p63 were performed. Fluorescent
microscopic analysis showed cells were positive for stem cell markers
(Figure 2A). FACS analysis showed that 3.04% cells were positive for
CD49b, 95.3% cells were positive for CD44, 20% cells were positive
for CD117, 16.5% cells were positive for CD34 and 96.3% cells were
positive for p63 (Figure 2B).

Pluripotency features

To elucidate whether the cells possess pluripotent characteristics,
cells were further analyzed for the ONS markers by flow cytometry
using BD FACS antibodies. Flowcytometry results showed that1.11%
cells were positive for Oct3/4 a protein involved in the self-renewal
of human ES cells; Nanog, another transcription factor involved in
self-renewal of human ES were 18% in cells and 13.1 % cells were
positive for Sox-2,a transcription factor that control genes involved
in embryonic development (Figure 3C). RT PCR analysis also showed
higher expression of all the three ONS genes, GAPDH served as an
internal control (Figure 3A). Further western blot was performed to
confirm the expression of ONS at protein level. Western blot analysis
showed clear bands for ONS proteins at 34, 117 and 40 kD, respectively,
beta actin served as an endogenous control (Figure 3B).

In vitro differentiation

Ectodermal lineage differentiation: To investigate the potential

differentiation into ectodermal lineage, isolated prostate cells were
cultured for 10 days in neuronal differentiating medium. Cells were
positive for MAP-2, a marker for mature neurons (Figure 4).

Mesodermal lineage differentiation: To determine the potential
of isolated prostate cells to differentiate into cells of mesodermal
lineages: adipocytes, chondrocytes and osteocytes where cells were
grown as adherent cells in the respective differentiation culture
medium. Differentiation of the prostate cells into a mesodermal lineage
was determined by immunocytochemistry and specific staining.
Mesodermal markers included PPAR-Y, a marker for adipocyte, CD44,
marker for osteocytes and CD 90 and CD44 combined marker for
chondrocytes. Futher these cells also stained with Oil Red O, Alizarin
red S and Alcian blue stain for Adipocytes, osteocytes and chondrocytes
respectively (Figure 5(i-iii)).

Endodermal lineage differentiation: Differentiation of isolated
prostate cells to an endodermal lineage (islet differentiation) was
detected in prostate cells cultured in defined medium for 10 days. Cells
were positive for glucagon and C-Peptide by immunocytochemistry
(Figure 6).

In vivo differentiation:

Teratoma formation: To further validate the phenotypic
properties of isolated prostate cells in terms of pluripotency, in-vivo
experiment for teratoma formation in balb/c mice was carried out,
since teratomas formation considered as gold standard technique to
prove pluripotency. All of the 6 mice developed evident teratomas (left
side) wherein skin bulges were bigger in size than that of agarose plugs
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Figure 2: Characterization of isolated prostate cells. (A) Immunofluorescence staining of BPH prostate cells for Nestin, E-cadherin, Ck19, Androgen Receptor, Ki-67
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represent 20 ym (B) FACS analysis of cell surface markers demonstrate 3.04% CD49b, 95.3% CD44, 20%CD117, 96.3% p63, 89.4%AR and 16.5% CD34 positive
cells in isolated prostate cell
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of Balb/c mice. Right side only agarose plug transplanted. (A) Angiogenesis in transplanted tumor. (B) H&E staining showing tri-germinal layer formation in excised

tumor transplanted with prostate cells. (D) Visible teratomas in animals.

alone (right side). Also we noted that teratomas formed by isolated
prostate cells transplanted with agarose plugs were significantly larger
than those formed by agarose plugs alone. Imaging of teratoma sections
demonstrated that major mass of tumor plugs were mainly derived
from isolated prostate cells (Figure7A).

Histological studies confirmed in-vivo functionality and
representation of tri-germinal layers in developed teratomas (Figure
7B). Since the cells were encapsulated in agarose and transplanted
subcutaneously beneath the forearms and not directly in vasculature;
the chances of spreading were minimal to begin with.

The isolation and characterization of human prostate stem cells
from BPH patient (underwent TURP) have yielded many interesting
findings that these prostate cells possess:

1. Pluripotency stem cell markers.

2. Strong proliferative potential with the ability to differentiate
into ectodermal, mesodermal and endodermal lineages
and teratoma formation with three germ layers. These cell
preparations may serve as a potential tool for studies in prostate
adult stem cell research and the regulation of Benign Prostatic
Hyperplasia.
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Discussion

BPH is a slow progressive enlargement of the prostate gland
which can lead to lower urinary tract symptoms (LUTS) in elderly
men. It is characterized by hyperplasia of epithelial and stromal cells
in the transition zone of the prostate gland, which can be observed
histopathologically [24]. Stem cells in the human prostate have been
identified and isolated using the cell surface markers such as CD44
[25], integrin a2p1 [26], CD133 (Prominin-1) [27] which, are believed
to be responsible for the development and progression of proliferative
disorders of the prostate such as prostate cancer and benign prostate
hyperplasia [9,28-30]. Based on high expression of a2f1 integrin,
Collins and colleagues identified PSCs in the basal layer and showed
that the a2p1" integrin cells represent ~1% of basal cell population in
the human prostate [26].

A very recent finding has demonstrated a relatively high expression
of stemness-associated genes, including Oct4A, Sox2, c-Myc, Nanog,
and K1f4, in BPH as compared to normal prostate tissue [31]. However,
role of ONS and other stem cell markers in hyperplastic prostatic
epithelium remain to be established. In the present study, cells were
isolated from human TURP (Trans Urethral Resection of Prostate)
tissue excised from BPH patients. Stemness nature of isolated cells
can be proved by 1. expression of stem cell marker genes, 2. In vivo
teratoma formation, 3. and In vitro multiple-cell lineage differentiation.
The expression levels of ONS markers of isolated prostate cells clearly
prove pluripotent nature. These cells do possess high level of prostate
stem cell markers like CD44 (95%),CD117(c-kit) (20%), p63 (96%),
CD49b (3%) and Nestin. The expression levels of CD49b in the present
study is high when compared to previous report that showed presence
of just 1% of this marker [32]. The p63 a homolog of p53, is present in
the basal epithelium of the prostate and in primary cell cultures from
normal tissues and its expression is absent in prostate cancer [12,33].
Previous investigation revealed a role of p63 in stem cell functions [34].
In our study isolated cells showed approximately 96.3% p63 positive
cells by flow cytometry, further supporting stemness characteristics of
isolated prostate cells.

Leong et al. [35] identified CD117 (c-Kit, stem cell factor receptor)
as a new marker of a rare adult mouse PSC population which showed
self-renewal and full differentiation potential characteristics of stem
cells. The CD117(+) with CD44(+) phenotype regenerated functional
prostate after transplantation in vivo. Moreover, CD117(+) PSCs
showed long-term self renewal capacity after serial isolation and
transplantation in vivo. CD117 expression was predominantly localized
to the proximal region of the mouse prostate and was upregulated after
castration-induced prostate involution, consistent with prostate stem
cell identity and function [35]. CD44 was used as the marker to identify
basal stem cells with tissue-regeneration abilities [36]. Interestingly,
isolated cells showed both CD117 and CD44 i.e 20% and 95% of these
marker respectively, which eventually supports the above fact.

The presence of all the three germ layers (Ecto, Meso and
Endoderm) in in vivo study clearly demarcates the ability of these cells
to form teratomas similar to that of embryonic stem cells. Moreover,
results from in vitro study suggest that the isolated cells are capable of
differentiating into multiple-cell lineages ie. Osteocyte, adipocyte and
chondrocyte (Meso-dermal origin), Neural differentiation (Ectodermal
origin) and Islet like cell formation (Endo-dermal origin) further
providing evidence of pluripotent nature.

It has been reported that stromal to epithelial ratio is altered in
BPH, where the ratio increases from 2:1 in normal glands to 5:1 in
BPH [15], because the existence of adult stem cells in the prostate
stromal compartment is speculated to expand the stroma in response
to stimuli during the pathogenesis of BPH [37]. However, involvement
of epithelial cells in the prostate development has been less well-
understood. It has long been hypothesized and further supported by
experiments that a stem/progenitor cell hierarchy exists within the
prostate epithelium as well [6,15,38].

The presence of these high proliferative and plastic stem cells
isolated from BPH patient in our investigation suggests that BPH
could occur as a result of amelioration of stem cell properties that could
ultimately give rise to a clonal expansion of specific cell population.

Further cytogenetic study of the isolated prostate cells has
demonstrated an aneuploid DNA content and translocation of
chromosome 6 to chromosome 1 in prostate. Earlier reports also
showed deletion, translocation, inversion and mosaics on chromosomes
1, 7, 16 and Y in south Indian BPH patients and Chromosome 1
showed deletion and translocation in both PC and BPH Patients [39].
Chromosome 1 has a breakage-prone site, which has been reported to
be sensitive to environmental clastogens and responsible for tumor
development and progression [40-42].

Most interesting finding of our study is that the isolated pluripotent
stem cells from BPH patients are expressing both basal(CD44,
CD49b, p63 etc.) and secretory (AR,CD117,CK19 etc.) epithelial
cell markers and capable to form teratomas when transplanted into
balb/c mice along with three germ layers formation. Evidence has
been shown that basal and secretory cells have the ability to self-renew
[43]. Molecular mechanism and pathways involved in hyperplastic
prostate differentiation, especially stem cell differentiation, are poorly
understood due to the lack of suitable models. Hence, we made an
attempt to develop cell line as referred in present study and cost effective
animal model in our earlier study which can be used for understanding
the prostate pathology. (Prajapati et al. [30] communicated).

Many methods have been used to establish cell lines using viral
oncogenes, overexpression of human TERT or knockdown of specific
proteins to inactivate regulatory key pathways, making the cells
susceptible to genomic instability and malignant transformation [44-
46] which were used to understand pathogenesis and effective therapy
for the disease. In light of this, aim of the present investigation was to
develop in vitro model system to study the pathogenesis of BPH and its
potential for assessing therapeutics. In this study, we used method of
serial passaging to establish immortalize cell line. The advantages of this
approach include limiting genetic damage to key cell cycle checkpoints
and allowing for the derivation of cells that are able to recapitulate key
aspects of physiology.

This BPH stem/progenitor cell line with pluripotent stem cell
characteristics provide the first in vitro model which can be used to
enhance our understanding of human benign tumor development
and provide a tool for testing diagnostic, treatment, and prevention
strategies for BPH and cancer patients. Furthermore, this established
cell line provides in-depth knowledge to study the role of stem cells,
cancer stem cells and epithelial cell differentiation mechanism in disease
progression. Because many epithelial cancers and benign tumors seem
to arise from cancer stem cells and often exhibit similar characteristics,
knowledge generated by the BPH epithelial stem/progenitor cell line
will likely be applicable to other epithelial tumurogenesis.
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Conclusion

One of the major strength of our study is that the pluripotent
cells we obtained from human BPH form a connecting link between
embryonic pluripotent stem cells and mesenchymal stem cells. This is
evidenced by the expression of beautiful admixture of pluripotent (ONS
expression, trilineage in vitro differentiation, teratoma formation) and
mesenchymal markers (adipo, chondro, osteogenic differentiation and
CD marker expression) exhibited by this pluripotent stem cell line we
established. Multi-lineage differentiation characteristics of prostate
cells can be exploited for stem cell treatment in patients suffering with
other disease. While there are chromosomal alterations associated with
with crisis and subsequent immortalization, these cells are behaviorally
benign as assessed with histopathological and immunocytochemistry
criteria. As such, this cell line represent potentially useful model to
investigate mechanisms associated with both benign and malignant
prostatic disorders and may open avenues for developing intervention
therapies for prevention of BPH and cancer progression.
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Benign Prostate hyperplasia (BPH) and prostate cancer (PCa) are the most common prostatic disorders affecting elderly men.
Multiple factors including hormonal imbalance, disruption of cell proliferation, apoptosis, chronic inflammation, and aging are
thought to be responsible for the pathophysiology of these diseases. Both BPH and PCa are considered to be arisen from aberrant
proliferation of prostate stem cells. Recent studies on BPH and PCa have provided significant evidence for the origin of these
diseases from stem cells that share characteristics with normal prostate stem cells. Aberrant changes in prostate stem cell regulatory
factors may contribute to the development of BPH or PCa. Understanding these regulatory factors may provide insight into the
mechanisms that convert quiescent adult prostate cells into proliferating compartments and lead to BPH or carcinoma. Ultimately,
the knowledge of the unique prostate stem or stem-like cells in the pathogenesis and development of hyperplasia will facilitate the
development of new therapeutic targets for BPH and PCa. In this review, we address recent progress towards understanding the

putative role and complexities of stem cells in the development of BPH and PCa.

1. Introduction

Prostate gland is a male accessory reproductive endocrine
organ, which expels proteolytic solution in the urethra during
ejaculation. In humans, the prostate is located immediately
below the base of the bladder surrounding the neck region
of the urethra. It is mainly associated with three types of dis-
orders, namely, benign prostate hyperplasia (BPH), prostate
cancer (PCa), and prostatitis. BPH and PCa are the most
common pathophysiological conditions of prostate gland in
elderly men. These diseases already represent significant chal-
lenges for health-care systems in most parts of the world. Epi-
demiologically, BPH is more prevalent in Asian population
[1,2]. Whereas, PCa is more common in the western world [3,
4]. Both the diseases are complex and multifactorial. Factors
predisposing to the development of BPH or PCa include
hormonal imbalance, oxidative stress, environmental pollu-
tants, inflammation, hereditary, aging, and, more particu-
larly, stromal to epithelial cells crosstalk [5-7]. So far, variety
of growth factors and hormonal factors, including androgens

and estrogens, has been described in the hyperplastic devel-
opment of the prostate gland [8-10]. However, the cellular
and molecular processes underlying the pathogenesis and
development of BPH or PCa are poorly understood.

Stem cells have an extensive capacity to propagate them-
selves by self-renewal and to differentiate into tissue-specific
progeny. It is well know that stem cells are required to main-
tain and repair tissues throughout the lifetime. The require-
ment to understand the biology of stem cells derived from the
prostate is increasing, as new evidence suggests that BPH and
PCa may arise from the stem or stem-like cell compartments
[11-13]. This review summarises the biology of prostate stem
or stem-like cells and their contribution in pathogenesis and
development of BPH and PCa.

2. Prostatic Cellular Compartments

The prostate is a hormonally regulated glandular organ whose
growth accelerates at sexual maturity due to androgen action
on both stromal and epithelial cells [14, 15]. The human
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FIGURE 1: Prostatic cellular compartments and stem cell identity markers. Pictorial representation of different prostatic cells and their respec-

tive cellular markers.

prostate is a complex ductal-acinar gland that is divided into
three anatomically distinct zones: peripheral, transitional,
and central zones, which are surrounded by a dense and con-
tinuous fibromuscular stroma [16-18]. BPH, a nonmalignant
overgrowth found in older men, mainly, develops in the
transitional zone, while PCa arises primarily in the peripheral
zone [19].

At histological level, human prostate contains mainly two
types of cells that are called epithelial and stromal cells. The
stromal to epithelial ratio in normal prostate of humanis 2:1
[18, 20]. The epithelial cell layer is composed of four differ-
entiated cell types known as basal, secretory luminal, neu-
roendocrine (NE), and transit-amplifying (TA) cells that are
identified by their morphology, location, and distinct marker
expression (Figure 1). The basal cells form a layer of flattened
to cuboidal shaped cells above the basement membrane and
express p63 (a homolog of the tumor suppressor gene p53),
Bcl-2 (an anti-apoptotic factor), Cluster designation (CD)
44, hepatocyte growth factor (HGF), and the high molecular
weight cytokeratins (CK) 5 and 14. The expression of andro-
gen receptor (AR) is low or undetectable in the basal cells,
which makes the basal cells independent of androgens for
their survival [21-23]. The luminal cells are the major cell type
of the prostate that form a layer of columnar-shaped cells
above the basal layer and constitute the exocrine com-
partment of the prostate, secreting prostate-specific antigen
(PSA) and prostatic acid phosphatase (PAP) into the lumen.
They are terminally differentiated, androgen dependent, and
nonproliferating cells, expressing low molecular weight CK8
and 18, CD57 and p275%! (a cell cycle inhibitor) [22-24]
along with high levels of AR. NE cells are rare cells scattered
in the basal and luminal layers of the prostate. They are termi-
nally differentiated and androgen-insensitive cells, expressing
chromogranin A, synaptophysin, and neuron-specific eno-
lase (NSF) [23, 25, 26]. The NE cells also produce and secrete
neuropeptides such as bombesin, calcitonin, and neurotensin
that are believed to support epithelial cell growth and differ-
entiation [19, 27, 28]. Additionally, there is a small group of
intermediate cells referred to as TA cells that express both
basal as well as luminal cell markers (CK5, CK8, CK14, CK18,
AR, and PSA) [29-32]. The epithelial layer is surrounded by
a stromal layer, which forms a peripheral boundary of the
prostate gland. The stromal cell layer consists of several types
of cells that include smooth muscle cells (the most abundant

cell type in stroma), fibroblasts, and myofibroblasts. Stromal
cells express mesenchymal markers like CD34, vimentin,
CD44, CDI117, and CD90 [33].

3. Stem Cell in Normal Prostate

Prostatic epithelium is, structurally and functionally, a highly
complex tissue composed of multiple differentiated cell types,
including basal, luminal, and neuroendocrine cells, along
with small population of relatively undifferentiated cells
generally known as “stem cells” that are endowed with self-
renewal and differentiation capacities [26]. If the stem cells
are key target for mutagenic changes and tumourigenesis in
human prostate, we need to understand more about stem cell
status in normal prostate tissue.

As the adult prostate is relatively slow-growing organ with
limited cycles of cell proliferation and apoptosis, the possible
existence of adult prostate stem cells (PSCs) was controversial
for many years. Several investigations based on stem cell
models have elegantly defined role of stem cells in cellular
turnover and morphogenesis of normal prostate [30, 34].
Evidence for the existence of the stem cells in normal prostate
came from the studies which demonstrated that adult rodent
prostate can undergo multiple rounds of castration-induced
regression and testosterone-induced regrowth [35-37]. Adult
PSCs were believed to reside within the basal cell layer
because of the ability of the basal cells to survive and undergo
regression and regeneration following repeated castration
and androgen replacement [38-40]. Adult mouse prostate
epithelial cells, when transplanted along with the urogenital
sinus mesenchymal cells under the renal capsule, generated
normal murine prostate like structures [41]. Prostate glands
were also regenerated when dissociated cells were implanted
in Matrigel subcutaneously into immunodeficient mice [42].
Studies, including 5-bromo-2-deoxyuridine (BrdU) retention
analysis, showed that the enriched population of BrdU-
labelled cells possessing stem cell features (quiescent, high
proliferation potential) are localized at the proximal region of
mouse prostate duct [43] and are programmed to regenerate
proximal-distal ductal axis [44]. The proximal region of the
prostatic duct is surrounded by a thick band of smooth
muscle cells [45] that are known to produce high level of
transforming growth factor-beta (TGF-f) [46], which is
known to play a critical role in maintaining the relative
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dormancy of the PSCs [47]. Independent study by Burger
et al. also identified a candidate population of PSCs in the
proximal region of mouse prostatic ducts, using stem cell
surface marker known as stem cell antigen 1 (Sca-1, also
known as Ly6a) [48]. In addition to high expression of Sca-
1, these cells were shown to coexpress integrin a6 (CD49f)
and Bcl-2. The cells with these properties showed a higher
efficiency to generate prostatic tissue in an in vivo recon-
stitution assay [48]. Lawson et al. showed that sorting pro-
static cells for CD45(—)CD31(-)Ter119(—)Sca-1(+)CD491(+)
antigenic profile results in a 60-fold enrichment for colony
and sphere-forming cells that can self-renew and expand
to form spheres for many generations [49]. Leong and
colleagues identified CDI117 (c-Kit, stem cell factor receptor)
as a new marker of a rare adult mouse PSC popula-
tion that showed all the functional characteristics of stem
cells including self-renewal and full differentiation poten-
tial. The CDI17(+) single stem cell defined by the pheno-
type Lin(—)Sca-1(+)CDI133(+)CD44(+)CD117(+) regenerated
functional, secretion-producing prostate after transplanta-
tion in vivo. Moreover, CD117(+) PSCs showed long-term self
renewal capacity after serial isolation and transplantation in
vivo. CD117 expression was predominantly localized to the
proximal region of the mouse prostate and was upregulated
after castration-induced prostate involution, consistent with
prostate stem cell identity and function [50].

Stem cells in the human prostate have been identified and
isolated using the cell surface markers such as integrin o231
[51], CD133 (Prominin-1) [52], and CK6a (cytokeratin 6a)
[53]. Based on high expression of «2f31 integrin, Collins and
colleagues identified PSCs in the basal layer and showed that
the ocZ[a’lhigh integrin cells represent ~1% of basal cell popula-
tion in the human prostate [51]. This selected PSC population
was enriched through rapid adherence to the type I colla-
gen and showed higher colony-forming efficiency in vitro.
Furthermore, when the a231"8" integrin cells were grafted
subcutaneously together with stromal cells in Matrigel into
nude mice, they formed prostatic gland structures in vivo.
Nevertheless, these glandular-like structures, although con-
taining basal cytokeratin positive as well as AR, PAP, and
PSA positive cells, lack well-defined basal and luminal orga-
nizations [51]. However, recent studies by Missol-Kolka et al.
have reported that the overall expression of CD133 in human
prostate is not strictly limited to the rare basal stem and
progenitor cells, but it is also expressed in some of the
secretory luminal cells [54]. Furthermore, it has been shown
that CD133 is downregulated in prostate cancer tissues and
upregulated in the luminal cells in the vicinity of cancer
area. In contrast to the human CD133, the mouse CD133 has
been shown to express widely in prostate [54]. Several other
surface markers, such as aldehyde dehydrogenase (ALDH),
tumor-associated calcium signal transducer 2 (Trop-2),
ATP-binding cassette transporter family membrane efflux
pump (ABCG2), p63, and CD44, have also been reported
for identification and isolation of the PSCs from the
prostate tissues of human and mouse [49, 55-60]. Moreover,
Trop2(+)CD44(+)CD49f(+) were used as the markers to
identify basal stem cells with enhanced prostasphere-forming

and tissue-regenerating abilities [61]. Unlike the murine
PSCs, the human PSCs are randomly distributed within the
basal epithelial layer throughout the acini and ductal regions
of the prostate [51, 52]. In addition to the expression of stem-
cell-specific markers, different studies have also shown that
PSCs express both basal and luminal cell-specific markers in
fetal and adult stages of prostate development [13, 22, 31, 62,
63]. Several studies have proposed the existence of different
cell compartments based on stem-cell-driven differentiation
hierarchical arrangements within the prostate epithelium [24,
29, 30, 64].

In addition to prostate epithelial stem cells, stromal stem
cells (SSCs) have also been reported to exist in the prostate,
where they are postulated to carry out function of replacing
and regenerating local cells that are lost to normal tissue
turnover, injury, or aging [65-67]. These subpopulation of
SSCs expressed mesenchymal stem cell (MSC) markers such
as CD34 and Sca-1, showed a high proliferative activity and
ability to differentiate into fibroblastic, myogenic, adipogenic,
and osteogenic lineages [68]. Of all these potential lineages,
the most characteristic cell type derived from prostate stro-
mal stem cell is fibroblast or smooth muscle cells [68, 69].
Growth factors that have regulatory effects on SSCs include
members of TGF-f superfamily, the insulin-like growth fac-
tors, the fibroblast growth factors, the platelet-derived growth
factor, and Wnts [70]. It is believed that the differentiation
of stromal stem cells to smooth muscle cells is due to
paracrine effects of prostrate epithelial cells, which perma-
nently commit the stromal stem cells to mature into androgen
receptor (AR) expressing smooth muscle cells [68].

4. Stem Cell in Benign Prostate
Hyperplasia (BPH)

BPH is a slow progressive enlargement of the prostate gland
which can lead to lower urinary tract symptoms (LUTS)
in elderly men. It is characterized by hyperproliferation of
epithelial and stromal cells in the transition zone of the
prostate gland, which can be observed histopathologically
[71]. Despite of its obvious importance as a major health
problem, little is known in terms of biological processes that
contribute to the development of BPH. To explain the etiol-
ogy behind the pathogenesis of BPH, several theories, includ-
ing stem cell, hormonal imbalance, apoptosis, epithelial-
mesenchymal transition, embryonic awakening, and inflam-
mation, have been proposed in recent years, and all of them
seem to contribute together to some extent in the pathogen-
esis of BPH [12, 72]. According to stem cell theory, the stem
cell population residing in the prostate gland is increased due
to abnormal proliferation and apoptosis of stem cells, which
may eventually contribute to BPH pathogenesis. Earlier, it
was reported by Berry et al. that stem cell population is
responsible for prostate gland maintenance [73]. Changes in
tissue consistency and cellular hyperplasia are accompanied
by downregulation of apoptotic factors and increased level of
antiapoptotic factors that decrease the rate of prostatic cell
death and, thus, contributing to hyperproliferation of pro-
static tissue [74]. It has been reported that stromal to epithelial



ratio is altered in BPH, where the ratio increases from 2:1 in
normal glands to 5:1 in BPH [75]. Because stromal hyper-
proliferative activity is thought to promote the development
of BPH, the existence of adult stem cells in the prostate
stromal compartment is speculated to expand the stroma in
response to stimuli during the pathogenesis of BPH [68].
Lin et al. showed that primary culture of prostate cells from
BPH patients possessed many common stem cell markers,
including CD30, CD44, CD54, neuronspecific enolase (NSE),
CD34, vascular endothelial growth factor receptor-1 (Flt-1),
and stem cell factor (SCF, also known as KIT ligand or steel
factor) [68]. Compared to CD30, CD44, CD54, and NSE, the
CD34, Flt-1, and SCF markers were expressed at low level.
These stem cells were negative for CD11b, stem cell antigen-
1 (SCA-1), SH2, AA4., and c-Kit. Furthermore, among this
stem cell population only a fraction (5%) of the stem cells was
positive for CD133 [68]. Although the origin of these stem
cells is not known, the CD49(+)CD54(+)NSE(+)SCF(+) cell
marker profile of these cells suggests that they are in a
lineage closely related to MSCs. The stem cell population
with the above profile possessed ability to differentiate or
transdifferentiate into myogenic, adipogenic, and osteogenic
lineages [68, 76]. Ceder et al. reported the possible existence
of prostate stromal stem/progenitor cells in the adult human
prostate [76]. This stromal population expressed vimentin (a
mesenchymal marker), CD133, c-Kit, and SCE with expres-
sion profiles similar to those observed in the Cajal cells of gas-
trointestinal tract, which represent a subset of stem cell-like
cells. Several studies have identified c-Kit-expressing intersti-
tial cells in the stromal compartment of human prostate [77-
79]. Altered patterns of c-Kit expression have been reported
in benign lesions of prostate and breast tissues [80, 81]. It has
been shown that the c-Kit expression and number of ¢c-Kit(+)
interstitial cells were significantly higher in BPH than those
of the normal prostate. Furthermore, it has been suggested
that c-Kit regulates cell proliferation in prostate and plays a
crucial role in the pathophysiology of BPH via altering the
expression of JAK2 and STAT1 [77].

Stem cells from the BPH samples expressing CD49f,
CD44, or CDI133 markers have been shown to possess
monolayer- and spheroid-colony-forming ability, where the
highest (98%) recovery of colony-forming cells (CFCs) was
achieved by CD49f(+) cells as compared to CD44(+) (17%)
or CD133(+) (3%) cells [82]. These CFCs showed the capacity
to undergo clonal proliferation, generates branching ductal
structures, and they expressed both basal and luminal lineage
markers. Further characterization of CD49f(+) cells revealed
that they are comprised of two cell types: CK5(+) basal epithe-
lial cells and CD31(+) endothelial cells [82]. Sca-1- and CD34-
expressing cells isolated from BPH tissue showed a high pro-
liferative capacity and increased plasticity, as these cells were
able to differentiate into fibroblastic, myogenic, adipogenic
and osteogenic lineages, similar to that of MSCs [68, 83]. Fur-
thermore, Burger and colleagues found that cells with high
Sca-1 expression had considerably more growth potential,
and proliferative capabilities than cells expressing low or no
Sca-1 antigen [48]. Expression of pluripotency markers such
as Oct4A, Sox2, c-Myc, and KIf4 might represent a stemness-
specific gene signature. A very recent study has demonstrated
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a relatively high expression of stemness-associated genes,
including Oct4A, Sox2, c-Myc, Nanog, and Klf4, in BPH
as compared to normal prostate tissue [84]. Thus, several
studies have revealed the presence of stem cells that express
pluripotency-associated markers and are hyperproliferative
and capable of differentiation into different cell lineages
within the hyperplastic prostate tissue. The presence of these
high proliferative and plastic stem cells in the BPH tissue
samples suggests that BPH could occur as a result of changes
in the stem cell properties that could ultimately give rise to a
clonal expansion of cell populations.

5. Stem Cell in Prostate Cancer (PCa)

PCa is the most prevalent and is the second most frequently
diagnosed cancer and sixth leading cause of cancer-related
deaths among men in the world [85]. Its etiology, although
not clear, is partly attributed to multigenic and epigenetic
mechanisms and the heterogeneous nature of this disease
[4, 86-88]. Gleason and others described that when the
transition of normal gland into adenocarcinoma of prostate
takes place, its normal histological structure is disrupted and
results in abnormal proliferation of the glandular structure,
destruction of basement membrane, and progressive loss of
basal cells (<1%) [87, 89]. In addition, AR(+) luminal cells
increase and contribute in bulk of prostate mass (>99%)
in PCa [90]. It is hypothesised that prostate cancer arises
from AR(+) luminal cells and dramatic loss of basal cells.
To support this hypothesis several investigations have been
conducted [4, 91-93]. In addition, mouse basal population
expressing Lin(-)Sca-1(+)CD49f"" cells can differentiate
into luminal cells in xenograft [49]. Lin(—)Sca—l(+)CD49fJnigh
cells from a Pten—/— mouse model display cancer stem cells
phenotypes, which gave rise to adenocarcinoma after trans-
plantation [94]. It has been reported that basal cells are the
possible cells of prostate cancer origin [95]. When Goldstein
et al.,, especially injected the mixture of urogenital sinus
mesenchyme (UGSM) with human prostate basal (express-
ing CD49f"¢" and Trop2high) or luminal cells (expressing
CD49f*" and Trop2"#") into the subcutaneous space of
immunodeficient NOD(-)SCID(-)IL(-)2Rg—/— mice, only
basal cells formed prostatic duct after 16 week, whereas no
prostatic duct or adenocarcinoma developed when using
luminal cells [91, 95]. Luminal derived grafts lack epithelial
structures and mimicked transplantation of UGSM cell alone
[95]. Collins et al. reported basal cancer stem cells isolated
from human prostate cancer biopsies expressing Cd44(+),
a2f 1M¢P and Cd133(+) and cell surface markers were of self

renewal in vitro [96]. ALDH"#" is another marker used for
cancer stem cells in human prostate cancer cell lines. Cells
expressing ALDHhigha2(+)/¢x6(+)/(xV(+)—integrin CD44(+)
showed increased tumourigenicity and metastasis in vivo and
enhanced invasiveness in vitro [97]. Prostate cancer stem
cells isolated from LNCaP and DU145 cell lines also showed
expression of CD44(+), ocZﬁlhigh, and CD133(+) markers [98,
99]. In addition, CD44(+) population isolated from xenograft
human tumour and cell lines displayed high tumour initiating
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ability and metastasis in vitro [100]. Recently, Rajasekhar and
his group isolated a small cell population expressing TRA-
1-60(+)CD151(+)CD166(+) markers that displayed stem cell
like features with increased NF-kB signalling along with basal
cell markers, and this recapitulates the cellular hierarchy of
the tumour origin from basal cells [101].

Opver all data from several investigators indicated that ori-
gin of prostate cancer can be from basal stem cell population,
which expresses CD44(+), a2f31"8", CD133(+), ALDH"#",
and other normal basal stem cell markers.

6. Stem Cell Niche and Plasticity

Stem cells are localized in a defined microenvironment,
which is known as their “niche” The main function of a
niche probably is to provide specific factors necessary for the
maintenance of the stem cell properties via a combina-
tion of intracellular and intercellular signalling. These fac-
tors include a complex array of growth factors, cytokines,
chemokines, and adhesive molecules known to be capable
of altering the balance between proliferation, differentiation,
and quiescence in stem cell populations [102, 103]. One can
probably assume that this is equally true for prostatic stem
cells as it is for other stem cell populations.

PSCs reside in niche areas within the basal layer of the
epithelial compartment at a low percentage of approximately
0.5-1% [34]. PSCs population in the prostate undergoes a
series of phenotype changes. Specifically, the basal SCs do not
express the AR or the p63 protein. They have extended prolif-
erative potential by slow cycling. According to these studies,
it is postulated that, in addition to the reserve stem-cell pop-
ulation, there is a “TA” cell type, which is characterized by the
expression of p63, as well as other basal markers such as CK5
and 14, Jagged-1, and Notch-1 [64, 104, 105]. A TA cell does
not express AR protein and it is dependent, for proliferation,
but not for survival, on andromedans secreted by stromal cells
[105]. Under normal conditions a PSC is slow cycling in that
it divides occasionally, undergoing asymmetric division to
give rise to a new PSC along with a more differentiated TA
daughter cell. TA cell undergoes a limited number of rapidly
amplifying cell division cycles to increase the cell population
derived from a single PSC before leaving the proliferative
compartment to produce intermediate cell [106]. This inter-
mediate cell expresses both epithelial specific (CK5 and 14)
and luminal specific (CK8 and 18) cytokines, AR mRNA
(but not protein), and prostate stem cell antigen (PSCA)
[105,107]. As an intermediate cell migrates through the basal
layer, it differentiates into various terminally differentiated
cell lineages of prostate epithelium.

7. Is BPH/PCa a Stem Cells Disease?

Numerous investigators demonstrated presence of stem cell
in prostate tissue by using various high-end techniques that
may contribute to local invasive to metastatic disease in
human and research animals. In normal tissue-development,
homeostasis is maintained by differentiation of stem cells and
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FIGURE 2: Cellular identity of stem cells in prostate. Stem cell model
of normal tissue renewal, BPH and PCa.

programmed cells death in regular cell cycle. This mecha-
nism is established through interactions with tissue specific
environmental factors such as growth factors and steroid hor-
mones. Many signalling molecules and factors involvement
have been reported in stem cell self-renewal and implication
in cancer stem cells (CSCs) regulation (Figure 2).

Although the precise role of stem cells in tumourigenesis
is still in debate, it is widely accepted that cancers can arise
from normal stem cells which may accumulate mutation,
genetic changes, and molecular pathway alterations that
disrupt self-renewal control capacity (Table1). It has been
reported that, in prostate, putative stem/progenitor cells
can reside in CK5(+) 8(—) basal cells. A diagnostic feature
of human prostate cancer is the loss of basal cells [108],
indicating cancer origin cells as basal cells. In BPH, CD133(+)
cells expressed genes related to undifferentiated cells such
as TDGFI (teratocarcinoma-derived growth factor 1) and
targets of the Wnt and Hedgehog developmental pathways,
whereas CD133(-) cells showed upregulation of genes related
to proliferation and metabolism. In cancer, CD133(+) cells
specifically displayed more TA population phenotype with
increased metabolic activity and proliferation, possibly
explaining the transition from a relatively quiescent state to
an active growing tumour phenotype. This reflects that CD133
isolates from benign and malignant tissues show biologically
distinct characteristics [109]. CSCs exploit many of the signal
pathways such as notch, hedgehog- and TGF-f3, which play,
important role in proliferation and differentiation in prostate
stem cell [110, 111]. The sonic hedgehog signalling element
receptor PTCHI1 and glioma-associated oncogene homolog-1
(GL1) transcription factor were especially reported to be colo-
calized with p63 basal marker in BPH and PCa cells, express-
ing CD44/CK8/14. This suggests that hedgehog pathway
may induce differentiation of prostate stem/progenitor cells
into CD44(+)/P63(+/-) hyperplasia basal cells [112]. Other
studies on DNA damage and proliferation markers p27-F',
cyclin D3, and Ki-67, revealed interesting findings. It has
been shown that p27""" is significantly upregulated in BPH,
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TABLE 1: Molecular alterations in BPH and PCa.
Factors Normal prostate BPH PCa
Prostate-specific factors
5 « reductase Normal Upregulated Upregulated
Androgen receptor (AR) Normal Upregulated Upregulated
AR coactivator Normal Upregulated Upregulated
Androgen corepressor Normal Upregulated Upregulated
PSA level in serum (0-4 ng/mL) (2-8 ng/mL) (4-10 ng/mL)
FGF-2,7,9 FGF1,2,9 ?ggifn;?
Growth factors IGF 1,2 IGF-2 high .
IGFBP-2 IGFBP-3 IGFBP-2 high
IGFBP-3 high
NE cells Normal Number decrease Number increase
Vimentin Vimentin increase Vimentin over exp

Luminal cell factors

Intracellular space normal

Intracellular space increase

Intracellular space decrease

PMSA normal PMSA decrease PMSA increase
Basal cells Present Present Absent
Fibroblast content normal Fibroblast content increase Fibroblast content increase
NMMHC NMMHC increase NMMHC
Stromal cell factor
Elastin Elastin decrease Elastin increase
SMMHC SMMHC decrease SMMHC decrease

Stem cell markers

8(-), PSCA

CD44, P63, Sca-1, CD133, CD117, CD44, p63, Sca-1, CD133, p27"¥,
Trop2, CD49f, p275%!, CK5(+),

CD117 Trop2, CD49f, AR,
CK5(+), 8(—), PSCA high

CD44, Sca-1, CD133,

CD117, Trop2, CD49f, CK5(-), PSCA

high, AR

whereas it is downregulated in PCa. In addition to downreg-
ulation of p27"'P', there is also up regulation of Ki-67 and
cyclin D3 in PCa [113].

Several lines of evidence have been indicated that CSCs
exhibit both stem cells and cancer cells characteristics. CSCs
have the ability to form tumors when transplanted into an
animal host. CSCs can be distinguished from other cells
within the tumor by cell division and alterations in their gene
expression profile [114].

Advanced prostate cancer is androgen independent and
basal cells can be phenotypically identified in the majority of
metastases [115]. Studies from several investigators revealed
that tumor-initiating cells are negative for AR and p63 and
expressed the stem cell markers Oct-4, Nanog, Sox-2, Nestin,
CD44, CDI133, and CDI117. Moreover, Sca-1-positive cells
having the ability with prostate-regeneration activity, showed
evidence of a basal and luminal lineage [96, 100, 116, 117]. Gu
et al. demonstrated human telomerase reverse transcriptase-
(hTERT-) positive epithelial cells could regenerate tumor in
mice that resembled the original tumor in patients [118].
These finding may be indicative of CSC role in prostate
cancer.

The growing understanding of the prostate stem cell
biology provides the rationale for acute approaches. But
without a clear definition of stem cells in normal prostate and
BPH/PCa, it is difficult to determine whether the cancer cell
of origin in prostate is a stem cell, multipotent progenitor/TA
cells, or a more differentiated progeny. Nonetheless, evidence
exists that the cellular origin can include both basal and lumi-
nal cells.

8. Conclusion

The prostate stem cells are a key role player in prostate
tumourigenesis and enlargement disorders. But their precise
role in disease pathogenesis remains unknown. The prostate
stromal and epithelial compartments and their reciprocal
paracrine and autocrine interactions are crucial regulators of
prostatic tissue homeostasis. The combination of the prostatic
cell surface markers, such as Sca-1, CD133, p63, and CD49f,
can aid in the identification of prostate stem cell populations.
However, a prostate-specific stem cell marker has yet to be
identified. The study of CSCs is still in its early stages. No
standard treatments have yet been developed as a result
of research on CSCs. The isolation and characterization of
epithelial, stromal stem cells and cancer stem cells in the
prostate will lead to understanding normal stem cells and
CSCs activity to identify new strategies for the control of
prostate diseases without harming normal cells milieu.
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Abstract The association of cadmium (Cd) and lead (Pb)
in the pathophysiology and progression of benign prostate
hyperplasia (BPH) has been evaluated in an epidemiolog-
ical study with 116 BPH patients of the western part of
India. The prostatic acid phosphatase activity, prostate-
specific antigen, maximum urinary flow rate (Qp.x), and
redox status of BPH patients were correlated with Cd and
Pb contents. Additionally, patients were also separated on
the basis of their age, genetic lineage, and additive habits
and correlated with the Cd, Pb, and Q.. levels. Our
results suggest that the accumulation of toxic metals in
prostate tissue has a significant positive correlation with
the pathogenesis of BPH. Cd and Pb exert their effects
through altered antioxidant defense mechanisms, ulti-
mately leading to increased BPH severity. Progression of
the pathogenesis also depends on other factors such as
additive habits, genetic lineage, and age of the patients.
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Introduction

Constantly increasing environmental pollutants due to rapid
industrialization, urbanization, use of diesel generators/die-
sel exhaust, and through scientific and technical advance-
ment have stimulated interest in studying toxic substances
and their effects on the biological system [1]. Cd and Pb are
well-known endocrine disrupters that act as estrogens or
androgens that disturb the normal reproductive system [2,
3]. The International Agency for Research on Cancer con-
sidered Cd and Pb as potent human carcinogens which are
of great interest to study their role in the pathogenesis of
benign prostate hyperplasia (BPH) and cancer of the pros-
tate (CaP) [4, 5]. BPH represents microscopic evidence of
prostatic stromal and epithelial hyperplasia. In man, this
proliferative process occurs predominantly in the transition-
al zone and peri-urethral glands, which is associated with age.
However, CaP is a malignant condition of the prostate, either
androgen-dependent or androgen-independent. Several stud-
ies have been undertaken to understand the etiopathogenesis
of BPH; however, till date, no clear evidence exists to delin-
eate their mechanisms. Increased risk of BPH induction in
migrants from low- risk to high-risk areas suggests the in-
volvement of environmental factors in the etiology of the
disease [6, 7]. It has been reported that both BPH and CaP
develop due to DNA damage and mutations, which could
arise through various reasons, including environmental
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Fig. 1 Correlation trend of Cd ( A) (B)
(*=0.07, p<0.05, N=85) (a) B4
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contaminants such as Cd and Pb exposure [8—10]. Recently,
Guzel et al. [11] showed the association of Cd and Pb to BPH
development and progression through the altered pro-
oxidant-antioxidant balance in blood and/or tissue of 25
patients with BPH. Similarly, studies carried out with trace
metals like Cr, Mn, Fe, Ni, Zn, and Cu also suggest the
importance of metal ions in either promoting or inhibiting
prostatic disorders [12]. Altogether, the studies showed that
Cd and Pb play a critical role in the pathogenesis of BPH.
Apart from environmental influence, certain other risk
factors are also responsible for the manifestation of BPH.
These factors include age, genetic lineage, or additive habits
such as cigarette smoking [13]. Epidemiological studies
reported that the prevalence of BPH rises greatly with older
age. It has been reported that 70 % of US men between the
ages of 60 and 69 years are diagnosed with BPH; however,
this increased to 80 % in those 70 years or older [14, 15].
Population-based studies of other research teams have also
demonstrated similar trends [16—18]. The literature suggests
that there are strong genetic components to BPH pathogen-
esis [19]. In a case—control analysis, it was shown that
lineage individuals <64 years old were found to have four-
to sixfold higher age-specific risks of BPH surgery among
all primary male relatives. A similar group of researchers
has demonstrated that 50 % of men <60 years of age under-
going surgery for BPH had a genetic lineage [20]. Several
other findings have also reported higher risk of BPH to
genetically lineage individuals at a younger age [21-24].

Fig. 2 Correlation of Cd (+*= (A)
0.095, p<0.05, N=54) (a) and

Pb (+*=0.003, ns, N=54) (b) 25001
contents with PAP level in BPH
patients. Similar observations
as in Fig. 1 further correlate Cd
with BPH severity. Data are
represented as basis of
correlation/trends
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Although age and genetics play important roles in the etiol-
ogy of BPH, cigarette smoking is also recognized as one of
the strongest epidemiologic risk factors [13]. Surprisingly,
several studies show the protective effect of smoking to the
risk of BPH; however, others have reported no risk or
increased risk [25]. Thus, discrepancy in the available liter-
ature suggests that further study needs to be carried out for
definitive conclusions.

In view of this, the aim of the present study was to
understand the association of environmental pollutants (Cd
and Pb) with the incidence of BPH in patients from the
western part of India. The importance of our study is
reflected by the fact that this demographic study has been
carried out directly in the target tissue, i.e., the prostate
tissue from patients undergoing transurethral resection of
the prostate (TURP) for BPH. Additionally, the present
study will also help us understand the mechanisms behind
the association of environmental contaminants and other
risk factors to the progression and pathophysiology of BPH.

Materials and Methods
Chemicals
Tert-butyl hydroperoxide (~-BOOH) was obtained from Sig-

ma, USA. Bovine serum albumin fraction V (BSA), nico-
tinamide adenine dinucleotide, and 5,5'-dithiobis(2-
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Fig. 3 Correlation of Cd (*= (A) (B)
0.002, ns, N=45) (a) and Pb
(*=0.07, ns, N=34) (b) 50 501 .
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nitrobenzoic acid) were obtained from SRL, India. Reduced
glutathione (GSH) was a product of Hi Media, India. All
other chemicals were of the highest purity grade and were
purchased locally.

Subjects

A total of 116 prostate tissue samples from BPH patients who
underwent TURP (~1 g tissue weight) were collected from the
Sujay Hospital, Baroda, in ice-cold conditions (4 °C) in nor-
mal buffer saline and brought immediately to the lab for
further processing. Sample collection was approved by the
institutional ethical committee since the study was performed
in the diseased tissue sample. Control prostate tissue was not
possible for comparison.

Patients’ detailed demographic and anthropometric data
were collected using a structured questionnaire. Patients
were asked several questions about their dietary habits,
addictive habits, and environmental pollutant exposure
status at their place of residence and work and whether
patients had any genetic lineage of BPH from their family
background.

Blood was collected for prostate-specific antigen (PSA)
measurement [26]. Five hundred microliter serum was used
for the serum PSA-based on enzyme immunoassay using
monoclonal antibodies (PSA Monobind ELISA kits), with
0.05 ng sensitivity and maximum urinary flow rate (Qpax)
[27] using uroflowmetry for voided volume (V). Peak flow

Fig. 4 Histopathological
observation showed larger and
more numbers of acini with
increase Cd content in the
prostate of BPH patients

X

Cd=0.024png/g
Tissue
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rate analysis was performed on each patient to monitor
clinical status and the severity of the disease condition.

Histology

Prostate tissue samples were submitted for histopatho-
logical diagnosis by standard histological techniques.
Samples were fixed in 10 % buffered formalin fixative.
Sections of 5-um thickness were cut and stained with
hematoxylin/eosin stain. Histological observations were
made for every sample using light microscopy. BPH
samples histologically confirmed by the pathologist
were used for analysis.

Metal Analysis

Around 0.5 g of prostate sample was used for Pb and Cd
estimation using an atomic absorption spectrophotometer
[28]. The samples were digested in analytic grade nitric
acid—perchloric acid (2:1) mixture. Digestion was continued
until the samples became colorless. Then, the acid mixture
was evaporated and the precipitate thus obtained was dis-
solved in a few drops of concentrated HCI. Pb and Cd levels
were determined using a thermo-atomic absorption spectro-
photometer by acetylene—air flame. Sensitivities of the
assays were 0.06 and 0.009 pg/ml for Pb and Cd,
respectively.

Cd=0.077 ug/g Cd=0.133png/g
Tissue Tissue
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Fig. 5 Cd (non-smoker=67, (A) (B)
smoker=18, p<0.05) (a) and 30-
Pb (non-smoker=46, smoker= 0.3
12, ns) (b) levels in non- _ I~ .
smokers and smokers: an effect 4 . A 2 .
of smoke in BPH patients. & 02 ¢ £ 20
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Biochemical Analyses

Prostate tissue was weighed and homogenized in chilled
(4 °C) isolation medium (0.25 M sucrose, 10 mM Tris—
HCI buffer, pH 7.4, 1 mM EDTA, and 250 pug BSA/ml).
The isolation of the mitochondria and post-mitochondrial
fractions was carried out [29]. The mitochondrial and
post-mitochondrial fractions obtained were subjected to
biochemical estimations/analysis of the reactive oxygen
species (ROS)-related parameter. ROS parameters includ-
ing the GSH content was measured using the method of
Beutler and Gelbart [30], lipid peroxidation (LPO) was
according to the methods of Ohkawa et al. [31], and
superoxide dismutase (SOD) activity was determined
according to the methods described by Marklund and
Marklund [32]. Catalase activity was assayed by moni-
toring the decrease of H,O, at 240 nm using the method
of Hugo [33], and glutathione peroxidase (GPx) activity was
determined using the procedure described by Hafeman et al.
[34]. The activity of prostatic acid phosphatase (PAP) [35]
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Fig. 6 Op..x levels in non-smokers and smokers: effect of smoking in
BPH patients (non-smoker=87, smoker=29, p<0.05). Horizontal bars
indicate the mean. Q. was found to be significantly lower in smokers

was estimated in the post-mitochondrial fraction. Protein esti-
mation has been carried out to express enzyme activity in
terms of specific activity [36].

Statistical Analyses

The total number of samples was analyzed on the basis of
correlation/trends in relation with various variables using
SPSS version 15.0.1 statistical software program. The val-
ues were presented as significant at p<0.05.

Results

The results of the present study represent the correlation(s)
/trend(s) of patients suffering from BPH. To evaluate the
pathogenesis of BPH, the known biochemical markers PSA
and PAP and the clinical marker Q,,,x were correlated with
both Cd and Pb contents. A strong correlation was observed
with increasing Cd content to that of Qp,.x (Fig. 1) and PAP
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Fig. 7 Omax of genetically non-lineage and lineage BPH patients
between 45 and 64 years (non-lineage=23, lineage=10, p<0.05).
Horizontal bars indicate the mean. Q. of genetically lineage patients
was significantly lower compared to non-lineage
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(Fig. 2) values without any relation with the Pb content.
However, the PSA level did not show any significant cor-
relation with Cd and Pb (Fig. 3) contents.

The correlation between the severity of BPH with Cd and
Pb contents was analyzed histopathologically. Cd and Pb
contents showed a positive correlation with the severity of
BPH. The results of few representative slides are shown in
Fig. 4.

Record of patient history was also maintained so as to
obtain information regarding dietary habits, addictive
habits (cigarette smoking, tobacco chewing, alcoholism),
and environmental pollutant exposure and genetic lineage
of BPH. On the basis of the record, patients were divid-
ed into two groups: those having additive habits of
smoking or not and those having any first- or second-
degree genetic lineage of BPH or not. Parameters such as
metal content (Cd and Pb) and Q. were analyzed in
smokers and non-smokers. Amongst the metals, cadmium
was significantly more in smokers compared to non-
smokers, while Pb did not show any significant accumu-
lation (Fig. 5). The mean QO,,x was found to be signif-
icantly lower in smokers than non-smokers (Fig. 6). The
Omax of genetically predisposed patients was significantly
lower compared to genetically non-predisposed BPH
patients (Fig. 7). Also, the incidence of BPH in geneti-
cally predisposed patients was found to be higher at an
carly age (Fig. 8). Patients were also divided into three
age groups (55-64, 65-74, and 75-84 years) and com-
pared using QOpnax (Fig. 9). The QO value was found to
be significantly decreased with older age.

To evaluate the activities of the antioxidant defense sys-
tem in BPH patients, we assayed lipid peroxidation, gluta-
thione level, and antioxidant enzyme activity (SOD,
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Fig. 8 Age of genetically non-lineage and lineage BPH patients (non-
lineage=87, lineage=29, p<0.001). Horizontal bars indicate the mean.
BPH in genetically predisposed patients was found to be higher at an
carly age
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Fig. 9 Age-dependent effect on the Oy, level of BPH patients (55-64
vs. 75-85, p<0.05). Horizontal bars indicate the mean. Q. value
was found to be significantly decreased with older age

catalase, and GPx) from the mitochondrial and post-
mitochondrial fractions. Oxidative stress parameters are cor-
related with the levels of Cd and Pb as a representation of
environmental pollutants in BPH patients. Both the mito-
chondrial (Fig. 10a) and post-mitochondrial (Fig. 10b) LPO
levels were found to be significantly increased with an
increase in Cd levels (positive correlation). Similarly, sig-
nificant positive trends were obtained in LPO levels with Pb
accumulation in both the fractions used (Fig. 15a, b). SOD
activity demonstrated a decreasing trend with respect to
increased Cd levels in both subcellular fractions (negative
correlation; Fig. 11a, b). Catalase activity does not exhibit
any changes with both Cd and Pb accumulation. In the post-
mitochondrial (Fig. 12a, b) fractions, GPx activity was
significantly increased and positively correlated with in-
creasing Cd content (Fig. 13). Similarly, statistical correla-
tion of all antioxidant enzyme activities was carried out with
the Pb content in BPH patients (Figs. 14 and 15). SOD
(Fig. 16a, b) and enzyme activity exhibited negative corre-
lation with Cd and Pb. Additionally, a significant decrease
in GPx (Fig.17a, b) was found with higher Pb-exposed
patients. Non-enzymatic antioxidants such as GSH were
also correlated with the Cd and Pb levels of BPH patients.
However, the GSH levels of the mitochondrial and post-
mitochondrial fraction show a decreasing trend, but do not
show significant alterations with cadmium (Fig. 14a, b) and
lead (Fig. 18a, b).

Discussion

The study was carried out with patients who underwent
TURP to ascertain the association of environmental pollu-
tants with prostatic disorders .Clinical and histopathological
evaluation classified them as BPH patients. The toxic metals
Pb and Cd have been correlated with biochemical markers
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Fig. 10 Correlation of Cd
content with mitochondrial
(*=0.128, p<0.01, N=58) (a)
and post-mitochondrial (=
0.097, p<0.05, N=56) (b) LPO
levels in the prostate of BPH
patients. LPO levels were found
to be significantly increased
with an increase in Cd levels in
both fractions
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of BPH. The increase in the Cd level was significantly
correlated with decreased levels of Q. and PAP activity.
The negative correlation of Cd with Q. and PAP suggests
the severity of BPH due to Cd accumulation. Although the
mean level of Pb accumulation was 100 times higher than
Cd accumulation in BPH patients, it did not show any
significant correlation with Q,,.x and PAP, suggesting it as
a weak toxicant. The serum PSA level does not show any
significant correlation with Cd and Pb accumulation, sug-
gesting that there is no correlation of metal with tissue
damage at this concentration. Cadmium was found to be a
potent toxicant associated with the clinical status of BPH
pathogenesis.

It is well known that toxic metals act as catalysts in the
generation of reactive oxygen species [37].We were inter-
ested in investigating whether the association of Cd and Pb
with the incidence of BPH pathogenesis is due to oxidative
damage. We observed that increased levels of Cd and Pb
were significantly correlated with higher levels of LPO in
the mitochondrial and post-mitochondrial fractions of pros-
tate tissue. Elevated levels of LPO with higher Cd and Pb
may lead to membrane alterations [38, 39]. Our earlier
studies have reported changes in LPO levels in liver and
membrane fluidity with both Pb and Cd exposures [40]. The
enhanced LPO in the present study also indicates failure of

Fig. 11 Correlation of SOD
activity with Cd content in the
mitochondrial (=0.051,

ns, N=47) (a) and post-
mitochondrial (+*=0.054, ns, N
=50) (b) fractions of human
BPH prostate. A decreasing
trend with respect to increased
Cd levels is demonstrated
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antioxidant defense mechanism, which otherwise prevents
the formation of excess free radical.

To further understand this mechanism, antioxidant enzymes
were monitored in mitochondrial and/or the post-mitochondrial
fraction of prostate. The activities of antioxidant enzymes such
as SOD, catalase, and GPx were measured in the subcellular
compartments of BPH subjects. The activity of antioxidant
enzyme SOD was diminished when correlated with metal ions;
however, the altered activity was statistically non-significant.
SOD generally dismutates the superoxide anion radical (O, )
into hydrogen peroxide (H,O,), which is degraded by catalase
and GPx. The decreased SOD activity could be due to replace-
ment of the essential metal ions such as manganese, copper,
and zinc from the active site of the SOD by Pb [41] and Cd
[42]. Catalase did not show any alteration with Cd and Pb
contents. GPx activity was found to be significantly altered
with Cd and Pb levels in BPH subjects. GPx activity was
increased with Cd levels, however decreased when correlated
with Pb levels in the mitochondrial and post-mitochondrial
fractions of prostate tissue. Thus, the major route of H,O,
elimination would seem to be via GPx. The increased activity
of GPx may indicate a stress response of the prostate to Cd
toxicity. The negative correlation of GPx activity to Pd content
could be due to the replacement of selenium ion from the active
site of the enzyme [43]. However, a non-significant negative
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Fig. 12 Catalase activity in ( A) (B)
BPH patients showed 100+
correlation trend of Cd (r2= 100- o " .
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association of Cd and Pb could be established with GSH
content. Thus, altered antioxidant enzyme activity, especially
GPx, might lead to an increase in oxidative stress, causing
ROS-induced damage to macromolecules such as DNA, pro-
teins, and key enzymes involved in prostatic enlargement.
Earlier, in a similar kind of metal-exposed study, the altered
activities of antioxidant enzyme in pituitary [44], ovary [45],
testis [39], and liver [46] were also reported in Cd- and Pb-
exposed rats. It is also to be noted that the alteration pattern of
oxidative parameters in the mitochondrial and post-
mitochondrial fractions were similar, suggesting similar sub-
cellular effects of Cd and Pb.

Since BPH is considered to be an age-related disor-
der, we divided the patients into three age groups. Omax
was used as a measure of severity for the different age
groups; an inverse relation with Q.. was found, which
suggests increased severity with age. It has been
reported earlier that an increase in age causes an in-
crease Sa-reductase activity in prostate tissue [47],
which will imbalance hormonal milieu and cause BPH.
A positive family history also showed a negative asso-
ciation with Q,.x and onset of the disease at an earlier
age. The possible explanation for the early incidence
and higher severity of BPH in genetically predisposed
people could be attributed to single nucleotide polymor-
phisms in the genes of various enzymes or certain

Fig. 13 Correlation of Cd
content with the mitochondrial
(*=0.177, p<0.01, N=42) (a)
and post-mitochondrial (+*=
0.1, p<0.05, N=42) (b) GPx
activity in the prostate of BPH
patients
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receptors like androgen receptor-2 and estrogen recep-
tors [48]. In the present study, patients were also divid-
ed into genetically lineage and non-lineage based on
their background of having first-degree BPH patients
in the family. The mean age of lincage patients was
significantly lower than non-lineage BPH patients, sug-
gesting age-related disease.

There are many other factors which play an important
role in the incidence of BPH pathology and the increase in
its severity. Therefore, patients were also divided into two
groups, namely, smokers and non-smokers, from their
history.

The QOnax of smokers is significantly lower than that of
non-smokers, suggesting the higher level of severity of BPH
in smokers. There are several potential mechanisms where-
by cigarette smoking may increase the risk of prostate
cancer and hyperplasia. One is the ability of cigarette smok-
ing to increase the bioavailable testosterone and decrease the
bioavailable estradiol, which may alter the hormonal milieu
favoring higher androgenic exposure to the prostate [49].
Another possible mechanism for an association between
smoking and prostatic hyperplasia is exposure to carcino-
genic substances found in cigarettes. For example, Cd and
Pb are inorganic toxicants also found in cigarettes in higher
concentrations [50, 51]. In the present study, Cd and Pb
contents were measured in both groups, and the Cd level
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Fig. 14 Correlation of Cd (A)
content with the mitochondrial
(+*=0.014, ns, N=37) (a) and
post-mitochondrial (*=0.055,
ns, N=45) (b) reduced
glutathione levels in the
prostate of BPH patients
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was found to be significantly higher in the prostate of
smokers. The higher levels of Cd in smokers were due to
the presence of about 0.5-2 pg Cd per cigarette: 10% of the
cadmium content is inhaled (WHO 1992) [52]. Similarly, Pb
is also present in tobacco at concentrations of approximately
2.5-12.2 pg/cigarette, of which approximately 2—-6 % may
actually be inhaled by the smoker (WHO 1977). We did not
find significantly elevated levels of Pb in smokers, which
could be due to the high concentration of Pb in the environ-
ment, which the non-smokers will also be exposed to. In
1993, the International Agency for Research on Cancer
designated cadmium as a human carcinogen. Although not
directly mutagenic in the prostate, cadmium has been shown
to indirectly induce prostate carcinogenesis through interac-
tion with the androgen receptor [53]. Studies also reported
that cadmium has the property of activating the androgen
receptor response in human prostate cancer cell lines. Fur-
thermore, when applied in combination with androgen, cad-
mium enhances androgen-mediated transcriptional activity
in the prostate [53]. Chronic cadmium exposure in rats has
been shown to induce prostate tumors in the presence of
normal testicular function. Therefore, chronic smoking in
men with otherwise normal testicular function and androgen
levels may effectively increase their androgen exposure
through the interaction of cadmium with the androgen

Fig. 15 Correlation of Pb ( A)
content with the mitochondrial 500-
(*=0.07, p<0.05, N=58) (a) g
and post-mitochondrial (7= 3 4004
0.091, p<0.05, N=59) (b) LPO E c .
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receptor, thus increasing the risk of prostate cancer and
prostatic hyperplasia over a period of time. In addition to
the role of cadmium in oxidative stress mechanism, cadmi-
um is also known to act as an endocrine disruptor by binding
to the estrogen receptor and functioning as an estrogenic
mimic. Along with aging and positive family history, our
data demonstrated the association of cadmium with the
severity of BPH pathogenesis.

Thus, in the present study, a linkage between an increase
in reactive oxygen radicals causing lipid peroxidation due to
cadmium accumulation as an endocrine disruptor and the
pathogenesis of BPH has been well established. Patients
with higher accumulation of cadmium content also demon-
strated more imbalances in antioxidant enzymes, and posi-
tive association with smoking and family history was very
well demonstrated.

Conclusion

When the antioxidant control mechanisms are exhausted or
overrun, the cellular redox potential shifts toward an oxidative
stress, in turn increasing the potential for damage to the
cellular component and the severity of BPH. Cadmium as an
inducer of oxidative stress and as an endocrine disruptor was
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Fig. 16 Correlation of Pb
content with the mitochondrial
(+*=0.006, ns, N=48) (a) and
post-mitochondrial (*=0.02,
ns, N=52) (b) SOD activity in
the prostate of BPH patients

Fig. 17 Correlation of Pb
content with the mitochondrial
(+*=0.034, ns, N=46) (a) and
post-mitochondrial (2=
0.08867, p<0.05, N=46) (b)
GPx activity in the prostate of
BPH patients

Fig. 18 Correlation of Pb
content with the mitochondrial
(*=0.04124, ns, N=39) (a) and
post-mitochondrial (*=0.006,
ns, N=35) (b) reduced
glutathione levels in the
prostate of BPH patients
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found to be a potent clinical and biochemical environmental
toxicant for BPH pathogenesis.
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Association of Benign Prostate Hyperplasia with respect to Environmental Pollutant Cadmium
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ABSTRACT

BPH is characterized by the non-malignant enlargement of the prostate gland which obstructs
urethra. Certain risk factors for manifestation of BPH involves advanced age, African-Asian race,
environmental influence, cigarette smoking and heavy metal exposure. Amongst the above cadmium
which is a known carcinogen is a very potent heavy metal toxicant and is linked to BPH and Prostate
cancer in epidemiologic and laboratory animal studies. Cadmium has three major properties, which
mechanistically explain how it elicits a majority of their toxic effects. First it is transition metals that
promotes hydrogen peroxide, hydroxyl radical and lipid per-oxidation production. The pro-oxidation
properties of metals are highlighted by their inhibitory effects on antioxidant processes, in addition
cadmium also has been linked to prostatic hyperplasia due to its estrogen mimicking capability,
causing onset of tumor formation in Prostate gland. The mechanism of which is still under
investigation. Very few reports are available on association of environmental pollutants and prostatic
disorders such as prostate cancer and benign prostate hyperplasia.

In view of this a novel epidemiological study has been carried out with 116 benign
prostate hyperplasia (BPH) patients, progressive neo-plasic condition using prostate sample to
understand the association of environment pollutants (cadmium) with the incidence of BPH of
patients of western India. The importance of our study is reflected by the fact that, this demographic
study has been carried out directly in the target tissue, i.e. the prostate from patients undergoing
TURP (Trans Urethral Resection of Prostate). The objective of the present study is to ascertain the
correlation of BPH and its severity to smoking, hereditary factors, maximum urinary outflow rate
(Qmax), Cadmium levels and antioxidant status. Strong correlation was observed with increasing
cadmium content to that of Qmax and PAP value. PSA Level did not show any significant
correlation with cadmium.

INTRODUCTION

Environmental pollution by toxic metals is a global problem, which is aggravated in
today’s age of increased technological development, which results in an increase in
heavy metals like Cadmium above the recommended safety levels causing a
deleterious effect to human health. Reports have shown Cadmium’s oxidative and
sulfhydryl reactive capability leading to the onset of oxidative stress in the prostate
gland.

There are many other factors which play a role in causing the incidence of BPH
and increasing its severity. It is well known that toxic metal acts as a catalyst in
generation of Reactive oxygen species (ROS) (Monteiro et al., 1991; El Maraghy et al.,
2001)

ROS are known to be the mediators of phenotypic and genotypic changes that
lead from mutation to neo-plasia. ROS generating heavy metals like cadmium (Cd) is of
great interest to study their role as a carcinogen. It is transition metal which promotes
hydrogen peroxide, hydroxyl radical and lipid per-oxidation production. One modifiable
risk factor is cigarette smoking. Effectively, cigarette smoking may establish a hormonal
milieu which is favourable for the development or progression of BPH. In addition,
cigarette contains significant levels of Cadmium, which has been linked to prostate
hyperplasia due to its estrogen mimicking effects (Celia Byrne et al.,2009). The present
study therefore highlights the association of cadmium as pollutant along with severity
of BPH pathogenesis.

MATERIAL AND METHODS

BPH tissue (~2g) were collected in transport
medium and patient’s detailed demographic and
anthropometric data were collected in a
guestionnaire and informed consents from all the
patients were obtained.

(ethical clearance was obtained by ethical committee)
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DISCUSSION

1. Histological slides demonstrated more severity of BPH condition
with respect to increased Cd content.

2. Strong correlation was observed with increasing Cd content to
that of Qmax and PAP, Suggesting involvement of Cd in BPH
pathogenesis.

Decrease in GSH, antioxidant enzyme activities and increase in

_PO levels, reflects ROS mediated pathogenesis.

Higher severity in old age suggested age dependent effect.

Genetically predisposed people showed early incidence and

higher severity of BPH.

Smokers showed higher Cd content and positively correlated

with severity of BPH.

o wiles e

CONCLUSION

Histological analysis, clinical marker (Qmax),
biochemical marker (PAP) and anti-oxidant
status of tissue demonstrated strong correlation
with Cd content which indicates its involvement
in the pathogenesis of BPH.
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of prostate hyperplasia in charles foster rats. Castration studies explain
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activity.
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TO ASSESS THE POSSIBLE ROLE OF CADMIUM IN BPH PATHOGENESIS VIA STEROID HORMONE RECEPTOR

BLOCKER

Akhilesh Prajapati!, Jhanvi Patel!, Sharad Gupta?, Sarita Guptal*
IMOLECULAR ENDOCRINOLOGY AND STEM CELL RESEARCH LAB, DEPARTMENT OF BIOCHEMISTRY, THE MAHARAJA SAYAJIRAO UNIVERSITY OF BARODA, VADODARA, GUJARAT, INDIA.

ABSTRACT

Benign prostatic hyperplasia (BPH) is common disease in old age. It has a high public
health impact and is one of the most common reasons for surgical interventions among
elderly men. Many attempts have been made during the last decade to obtain a thorough
understanding of BPH, in spite of this the etiology and pathophysiology of the disease
remains obscure.

Previously in our lab, we developed in vivo rat model for study of BPH by cadmium
exposure. Cd clearly showed its ability to induce proliferation, which was evident by
histological parameters and prostate enlargement. Cd has been reported to have
mitogenic and steroid hormone mimicking activities. The present study mainly focuses on
the induction of hyperplasia by Cd administration and elucidating the mechanism of
cadmium by using androgen and estrogen receptor antagonist. Rat prostate samples were
evaluated by histological assessment, immuno-histochemistry and prostate enlargement.
The biochemical parameter, PAP was examined along with genes expressions profile of ER,
AR, TGF-B and 5a reductase type-2.

INTRODUCTION

A very common pathology in the aging human male is the abnormal growth of
the prostate gland, as reflected in the incidence of benign prostatic
hyperplasia (BPH) and prostatic carcinoma (PCA). Prostate cancer is now the
second leading cause of cancer-related death in men. Despite the magnitude
of morbidity and mortality associated with this disease, very little is known
regarding the mechanisms involved in prostate enlargement. A variety of
growth factors and steroid hormones are involved in normal prostatic
morphogenesis and function, but their role in BPH and PCA remains unclear.
Occupational and environmental studies suggest a potential role of cadmium
(Cd) in the prostate cancer& BPH etiology (Martin M b et al, 2002). Our
previous lab study has shown co-relation of BPH to smoking and strong co-
relation with increasing Cd content affects Qmax and PAP levels (chirayu
pandya thesis, 2008). Cadmium has potent androgen/estrogen-like activity.
The metal binds with high affinity to the hormone-binding domain of AR/ER
and activates the receptors(Michael D J et al 2003). Our recent studies
showed mitogeneic effect of cadmium via steroid hormone receptor in
prostate enlargement.

HYPOTHESIS

Group |
Control

20 ug/Kg Bw Cd
+ Estrogen B
receptor
antagonist(ER B)

*Androgen receptor antagonist Nilutinamide in DMSO (10mg/kg, i.p., 7 days )
(Coleman et al.,sanofi-aventis Canada Inc.,2006)

*Estrogen Receptor a antagonist Methyl piperidino pyrazole (in DMSO) 50 pg/kg Bw, 2 doses
24hr apart kill on 3rd day (Angela Davis et. al. 2008, H. C. Shih et. al. 2008)

*Estrogen Receptor B antagonist 4- hydroxytamoxifen in seasame oil 1mg/kg 7 days i.p. (Reed
& Chad,2005) 0.12 mmol/kg Bw, orally, per day for 7 days (Opsome et. al. 1999)

RESULTS

»Histological analysis.
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DISCUSSION

1. Cd induced prostate enlargement. Cd treatment along with the steroid
hormone receptor antagonists (steroid hormone receptor blocker) showed no
increase in the prostate weight and PAP activity. Suggesting Cd mediate its
effect via steroid hormone receptors.

2. A more significant decrease was seen in case of ER-a and AR genes expression
and less significantly in case of ER-B, gene expression.

3. Anti-androgen nilutinamide blocked the effect of Cd suggests the role of Cd
through AR.

4. Total number of acini significantly decreases in ER- a antagonist group.
Suggesting proliferation of the prostate gland by cadmium via ER- a receptor.

5. A significant decrease was observed in Sa Reductase type II gene relative
expression In steroid hormone receptor antagonists group compare with Cd
treated group, indicating the decreased conversion of testosterone to DHT and
hence less proliferation.

6. Decrease expression of ER-f in cadmium treated group confirmed the Anti
proliferative effect of ER-B. and it was also supported by histological analysis
in ER-p antagonist treated group.

7. E-cadherin levels in epithelial cells decrease in BPH condition and in contrast,
an abundant expression of Vimentin (mesenchymal marker) was observed in
hypeplastic glands. (Alonso-Magdalena et al, 2009 PNAS). We similarly
observed that the expression of Ecad decreased in the Cd treated group
compared to the antagonist treated group and vice versa for Vimentin, which
further supports our BPH animal model.

CONCLUSION

In presence of the receptor antagonist Cadmium was
not able to show its proliferation effect and failed
to cause BPH like condition in rats. Thus this study

proved that Cadmium mediates proliferation via
binding to AR and ER-a receptors. The results from
this study can be a stepping stone for translational
research in BPH.
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HUMAN PROSTATE CELL POPULATION DERIVED FROM BENIGN HYPERPLASIA

SPECIMEN DEMONSTRATE PLURIPOTENT STEM CELLS PROPERTIES
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INTRODUCTION Immuno-cytochemistry characterization of isolated human prostate cells *Cytogenetic analysis (karyotyping) of isolated human prostate cells
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prevalent worldwide. At histological level, prostate gland contain CK19 — JEES <. sz B
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cells. Prostatic stem cells are present within the epithelium and AR
are playing role in prostate development. If the stem cells are key *Teratoma and tri- germinal layer formation of isolated human prostate cells in mice
target for mutagenic changes and tumurogenesis in human -
) Ki-67 ndoderm
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In the present study we made an attempt to characterized
stemness property of the tissue. We have isolated a candidate
population of prostatic stem cells from BPH patients who

*Pluripotent markers characterization of isolated human prostate cells By FACS 0/l O Red staining
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differentiation of the cells demonstrated osteocyte, adipocyte,
chondrocyte and neural cell lineage differentiation with defined
medium and In-vivo teratoma formation in balb/c mouse with
presence of tri-germinal layer.
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Multi-lineage differentiation of isolated human prostate cells immunocytochemistry of isolated Human prostate cells from BPH
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patients were obtained. F -
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3. In-vitro differentiation of  these cells demonstrated osteocyte,
adipocyte, chondrocyte and neural cell lineage differentiation and In-
vivo teratoma formation in balb/c mouse demonstrating presence of
tri-germinal layer in excised tissue.

CONCLUSION
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Histology | Biochemical & Clinical parameter
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FACS analysis :
Adi pOCVtES Osteocytes Our study on primary cells from BPH patients have yielded many
Immuno-Cytochemistry interesting findings that these prostate cells possess:

Multi-lineage differentiation 1. Pluripotency markers.

. P— U — AT—— 2. Mesenchymal stem cell (MSC) marker.
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3. Strong proliferative potential.
Teratoma formation ¢
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4. Ability to differentiate or transdifferentiate to chondrogenic,
adipogenic, osteogenic and neurogenic lineages. These cells (stem
20x 20x cells) serve as a potential tool for prostate adult stem cell research
and it’s role in pathogenesis of Benign Prostate Hyperplasia
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Introduction:

The prostate is a fibro-muscular exocrine gland. It is a male accessory reproductive gland
which expels a complex proteolytic solution into the urethra during ejaculation. In old age
this gland becomes enlarged termed as Benign Prostate Hyperplasia (BPH) (Non-malignant
state) or prostatic cancer (PCa) (malignant state). BPH and PCa are a multi-factorial disease
associated with hereditary, environmental factors and interplay of androgen and estrogen.
Epidemiologically, BPH is more prevalent in Asian population (Denis et al. 1999; Gaynor
2003) whereas, PCa is more common in the western world (Jemal et al. 2009; Shen and
Abate-Shen 2010). There is a striking difference in Prostate cancer risk between different
racial and ethnic groups, African American men reported incidence rates 40 to 60 fold higher
than those reported for Asian men. Disease pathogenesis is still an enigmatic problem in
scientific arena and there are no well established biochemical or genetic markers for
diagnosis for BPH and PCa. However, there are several reports with the limited
understanding of disease pathogenesis with association of heritability, higher risk with race
and ethnicity, as well as family history of BPH (Sanda et al. 1994; Platz et al. 2000; Negri et
al. 2005). The cause of BPH and Pca with clear cut discrimination is not well understood and
proper understanding of aetiology and pathogenesis are still undercover. The development of
BPH in men is usually attributed to testicular hormones, aging and stem cells. The principal
androgen responsible for prostate development is dihydrotestosterone (DHT) a derivative of
testosterone. Testosterone converted by the intervention of a prostate specific enzyme called
Sa-reductase. DHT has a very high affinity for binding to androgen receptors. Studies showed
that hyperplastic tissues usually have higher concentrations of androgen receptors as
compared to normal tissue(Barrack et al. 1983). Testosterone to DHT ratio is supposed to be
the major factor for causing BPH (Carson and Rittmaster 2003). Occupational and
environmental studies suggest a potential role of cadmium (Cd) in the prostate enlargement
(van der Gulden et al. 1992; Vinceti et al. 2007). Cd seems to be implicated in the increased
incidence of prostate and other cancers in men exposed to high levels of this metal or its
compounds (Anetor et al. 2008). Cd has potent androgenic and estrogenic mimicking activity
(Johnson et al. 2003). The metal binds with high affinity to the hormone-binding domain of
both Androgen and Estrogen receptors and activates the receptors (Stoica et al. 2000). Earlier
reports from our lab demonstrated possible association of Cd content, smoking, Qmax and

prostatic acid phosphatase (PAP) level in BPH patients(Pandya et al. 2013a). So far, variety
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of growth factors and hormonal factors, including androgens and estrogens, have been
described in the hyperplastic development of the prostate gland (McConnell 1991; Marcelli
and Cunningham 1999; Mimeault and Batra 2006) .

Prostate gland consist two types of cellular compartments namely stromal and epithelial cells.
Both human and animal studies have shown that stromal cells are essential for functional and
morphological differentiation of prostatic epithelium. It has been hypothesized that the basal
layer is the proliferative compartment of the prostate, containing a stem cell population,
which can differentiate into secretory epithelium and transit amplifying (TA) cells. Prostatic
stem cells are present within the epithelium and are capable of regenerating the adult
organ(Litvinov et al. 2006; Prajapati et al. 2013). Several investigations based on stem cell
models have elegantly defined role of stem cells in cellular turnover and morphology in
normal human prostate(Isaacs 2008). To further support the role of basal stem cells in
prostate development, an experiment on p63 null mice was performed and the resultant
progeny of these animals were born devoid of prostate gland.(Mills et al. 1999; Signoretti et
al. 2000; Mills et al. 2002). As the stem cells are key target for mutagenic changes and
tumurogenesis in human prostate, an urge arises to understand more about their status in
normal and disease prostate tissue and the cellular and molecular mechanism of BPH

pathogenesis.

To date several functional and non- functional genetic polymorphisms have been reported to
have positive association with prostatic growth, but genetic polymorphisms associated with

BPH are yet to be investigated.

In light of this, the present study was proposed to understand the etiopathogenesis of BPH in
Indian population with respect to altered genetic and cellular functions. This study was
designed into two different aspects, wherein one focused on establishment of BPH animal
model and other by studying the cellular status and the associated polymorphisms of prostatic
tissue obtained from BPH patients underwent TURP (Trans Urethral Resection of Prostate)
surgery. Characterization at cellular and molecular level of isolated cellular compartments
performed from animal and human diseased Prostatic tissue shed a light, on disease
progression and pathogenesis of BPH. Association of novel SNP in Indian population would
be used as marker in early diagnosis of BPH and to differentiate from PCa and will help in

formulating new therapy.
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Specific objectives: Major Objectives of the present study are.

Objective-1: Establishment of BPH rat model & validation of progression of diseased

condition in in-vivo model.

Objective-2: Isolation of epithelial & stromal cells from Benign Prostate Hyperplasia

patient’s.

a. Analysis of cellular and molecular status of both cell types and to understand the role
of stem cell in benign prostate hyperplasia tissue.
b. To study the link between BPH and PCa by using Human BPH epithelial cell-line

using Cadmium as model.

Objective-3: To understand the genetic association of single nucleotide polymorphism in

human prostate genes from benign prostate hyperplasia patients.

Objective-1: Establishment of BPH rat model & validation of progression of diseased

condition in in-vivo model.

Over all maintenance of prostate is dependent on androgens, whose withdrawal through
castration demonstrates regression of the prostate gland (Coffey and Isaacs 1981). Rat and
mice prostates have been documented to respond to hormone and chemical carcinogen
treatment. However, only the dorso-lateral lobe of the rodent prostate is ontogenetically
comparable to the human prostate. There are several factors responsible for disease
pathogenesis including environmental pollutant and endocrine disruptor cadmium. Studies
suggest a potential role of cadmium (Cd) in the prostate enlargement due to androgenic and
estrogenic mimicking activity (Vinceti et al. 2007) (Johnson et al. 2003). The metal binds
with high affinity to the hormone-binding domain of steroid hormone receptors and activates

the receptors (Stoica et al. 2000).

To prove our hypothesis that low dose of Cd exposure induce hyperplasia like condition in
rodents, we performed an experiment with different age group of Charles foster rat. A
significant increase in prostate weight with characteristic histological features in five month

old animals treated with single dose of 20 pug Cd /kg body weight developed BPH like
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condition within ten days. Cd exposure induces cell proliferation, depicted by increased
prostate weight. The current findings suggest that, single dose of Cd causes 1.62 fold increase
in the prostate weight compared to control, which are in concordance to earlier reports by
Martin et. al (Martin et al. 2002). However, induction of prostate carcinoma by
administration of Cd, used were much higher dose than that used in the present study
(Benbrahim-Tallaa et al. 2007). Moreover, histological studies suggest the present condition
is BPH, since the ductal morphology is maintained unlike in prostate cancer where
unorganized growth in the cells is observed. Also presence of basal cells, a characteristic of
BPH further strengthens the cadmium induced BPH rat model. .we are the first to report Cd

induced, cost effective and less time consuming animal model for BPH study.

Cadmium is well known endocrine disruptor. In our above study we used Cd to establish
BPH like condition in rodent but the molecular mechanism behind BPH induction was not
known. In this context, we further aimed to find out whether cadmium binds to steroid
hormone receptors and modulate the downstream signals which eventually lead to cell
proliferation and BPH like condition in rat model. To reveal the precise role of Cd an
experiment was performed with steroid hormone receptor antagonist in Cd induced BPH rats.
Animals were divided into nine groups and administered with a different steroid hormone
receptor antagonist along with Cd (20pug/kg body weight). ER-a (Estrogen Receptor Alpha)
antagonist methyl piperidine pyrazole in DMSO: 50ug/kg body weight/day (Davis et al.
2008), ER-B (Estrogen Receptor Beta )antagonist 4-hydroxytamoxifen in sesame oil
:Img/kg/day (Reed et al. 2005), AR ( Androgen Receptor) antagonist nilutamide in DMSO:
10mg/kg/day (Horsmans et al. 1991; Huang et al. 2008) were administered everyday till 10
days ( required time period for BPH development). Animals were sacrificed after 10th day. In
antagonist experiment, the results from prostate weight and PAP activity were more
significant in the group treated with AR and ER-a receptor antagonist along with Cd. While
the group treated with ER-B receptor antagonist along with Cd, did not show significant
results, providing the fact that Cadmium would probably mediate its effect by binding to the
ER-a and AR with more affinity than ER-} receptor. Previous studies suggest that cadmium
binds to hormone- binding domain of ER-a and AR with high affinity and activate receptors
(Stoica et al. 2000; Martin et al. 2002) . The steroid hormone receptor antagonist study
suggested Cd induced hyperplasia like condition by modulating steroid hormone receptor

action in rats.
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Objective-2: Isolation of epithelial & stromal cells from Benign Prostate Hyperplasia

patient’s.

a. Analysis of cellular and molecular status of both cell types and to understand the role

of stem cell in benign prostate hyperplasia tissue.

Molecular mechanism and pathways involved in hyperplastic prostate differentiation,
especially stem cell differentiation, are poorly understood due to the lack of availability of in
vitro and in vivo models. In this context, we have standardized isolation protocol for both
human and rat prostate cells as a model system using modified method of Chapronie R. et al
1986 with DMEM-F12 medium and collagenase type I enzyme digestion(Chaproniere and
McKeehan 1986). Later we were successful to culture human prostate epithelial cells from
BPH patients underwent TURP and use them for further investigations towards disease
pathogenesis. Characterization of isolated cells were positive for mesenchymal markers
vimentin, nestin, CD117,CD34 and epithelial markers like p63, E-cadhrin, Ki-67, CK19 and
AR by immunocytochemistry, flowcytometry, western blotting and mRNA expression
profile. We were also successful to isolate stromal cells. Immunocytochemistry staining of

stromal cells showed positive for mesenchymal markers vimentin, nestin and AR.

To pursue studies relevant to normal human prostate biology with associated disorders, there
is an urgent need for human prostate cell lines that show phenotypes similar to human tissue
samples. To best of knowledge human BPH cell line has been established for the first time in
the present study. Many efficient methods have been used to establish cell lines using viral
oncogenes, overexpression of human TERT or knockdown of specific proteins, but results
alterations to the cell cycle machinery, making the cells susceptible to genomic instability and
malignant transformation (Gudjonsson et al. 2004; Bhatia et al. 2008; Wieser et al. 2008).
There are several non-tumorigenic immortalized human prostate epithelial (HPrE) cell lines
established using viral SV- 40Tag or E6/E7 infection including BPH-1(Hayward et al. 1995),
and RWPE-1(Bello et al. 1997), none of these accurately recapitulate normal human prostatic
growth and function. In this study, we present new BPH cell line, with a self-renewing stem/
progenitor population on the basis of expression of stem and basal cell markers in vitro.
Interestingly, the cell line showing both basal as well as secretory epithelial cellular markers
expression which was previously characterized including p63, AR, and E-cadherin (Uzgare et

al. 2004; Tokar et al. 2005; Prajapati et al. 2013)
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The concept of stem/progenitor cells with the capacity for self-renewal and multi-lineage
differentiation have been important to understand the molecular mechanisms of normal
development and functional homeostasis(Wang et al. 2001; Li et al. 2009). This is also very
important to understand how tissues are remodelled during inflammatory repair, or in
carcinogenesis resulting from genomic insult, oxidative stress, inflammation or metabolic
insult(Coffey and Isaacs 1981; Tsujimura et al. 2002). In BPH pathogenesis it has been
believed that stem cells are playing a crucial role and their reawakening leads to proliferative
disorder of prostate. In light of this we isolated and established a candidate population of
prostatic stem/progenitor cells from BPH patients underwent TURP. Characterization of
isolated cells showed presence of embryonic stem cell markers like Oct 3/4, Sox-2 and
Nanog by mRNA expression, western blotting and flow cytometery. Further these cells were
also found positive for mesenchymal and other stem cell markers such as CD49b, CD44,
CD117, CD34, p63 and prostatic tissue specific marker like Androgen Receptor. In-vitro
differentiation of the cells demonstrated osteocyte, adipocyte, chondrocyte and neural cell
lineage differentiation, and In-vivo teratoma formation in balb/c mouse with presence of tri-
germinal layer representative in excised teratoma. Our results clearly throw a light that BPH

is stem cell associated disorder.

b. To study the link between BPH and PCa by using Human BPH epithelial cell-line

using Cadmium as model.

Cd is depicted as major factor for carcinogenesis in many tissues and playing pivotal role in
the prostate cancer as well (Waalkes 2003). Population based cohort studies demonstrated
increased risk of PCa in BPH patients (Orsted et al. 2011) Several reports also showed in
vitro transformation of human normal prostate epithelial cells into cancerous prostate cells
(Achanzar et al. 2001; Nakamura et al. 2002). However, the underlying mechanisms involved
in Cd carcinogenesis remain unclear. Our previous lab data showed positive association of Cd
concentration with increased severity of BPH pathogenesis(Pandya et al. 2013b). In the
present study we successfully demonstrated malignant transformation of human BPH

epithelial cell line by chronic exposure to Cd to understand the link between BPH to PCa.

Objective-3: To understand the genetic association of single nucleotide polymorphism in

human prostate genes from benign prostate hyperplasia patients.
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Steroid hormones are involved in normal prostate growth and carcinogenesis. They maintain
the homeostasis of cell survival & cell death in the prostate gland. Various factors are
attributed to the pathogenesis of BPH. But till now there is no early diagnostic genetic marker
for the pathogenesis of BPH. Single nucleotide polymorphisms (SNPs) are considered very
promising genetic markers for a better understanding of the genetic basis for various complex
diseases like Breast cancer, Lung Cancer etc. Remarkably, several independent studies from
India, and other populations have reported, a significant association of CAG repeats with
prostate cancer but no reports on BPH (Giovannucci et al. 1999; Mishra et al. 2005;
Krishnaswamy et al. 2006; Alptekin et al. 2012).

The purpose of our study was to investigate the susceptibility of polymorphic candidate
(Androgen receptor, Prostate Specific Antigen & Estrogen Receptor-f) genes with BPH risk
of Indian population in Western part. Patients’ detailed demographic and anthropometric data
were collected using a structured questionnaire. Patients were asked several questions about
their other disorders, dietary habits, addictive habits, and environmental pollutant exposure
status at their place of residence and work and whether they had any genetic lineage of BPH
from their family background. A total of 133 subjects including control samples were
collected for study with proper inclusion and exclusion criteria. In our study, we found that
there was a significant increase in A/G genotype of Prostate Specific Antigen(ORs=2.7, 95%
CI 0.5-6.2), A/G genotype of Androgen receptor(ORs=2, 95% CI 0.5-6.2) and A/G genotype
of Estrogen Receptor-f (ORs=3.7, 95% CI 1.1-15.4).

In conclusion, the association of BPH pathogenesis can be due to the alteration in multiple
candidate prostate genes. Our results need to be confirmed with larger number of cohorts

from different part of India.

Conclusion:

One of the major strength of present study is establishment of Cadmium induced rat model
for BPH and human BPH cell line, which are potentially valuable tools for investigating the
genesis of BPH and will expand our vision to understand disease pathogenesis. Human BPH
cells are behaviourally benign as assessed with histopathological and immunocytochemistry
criteria. As such, this cell line represent potentially useful model to investigate mechanisms
associated with both benign and malignant prostatic disorders. Polymorphism studies further

help in associating genetic basis of disease and can be exploited as potential diagnostic tool.
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the SRBCE Sponsored ‘international symposium on endocrinology and
Reproduction: molecular Mechanisms to Molecular Medicine’ Organized by
Jawahar Lal Nehru University, New Delhi. Feb-2010.

Achievements:

1. DBT-CTEP International Travel Grant to attend International Society for Stem Cell
Research (ISSCR) 11th annual meeting, Boston, MA, USA from 12-15 June, 2013.

2. Awarded Department of Biotechnology, Govt. of India-Junior Research Fellowship
under DBT-MSUB-ILSPARE Project 2011.

3. Qualify PET exam conducted by MS University of Baroda, 2010.

Date: 16™ August, 2013

(Akhilesh Kumar) (Prof. Sarita Gupta)
Guide
Head, Dept. of Biochemistry Dean, Faculty of Science
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