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Abstract
The characterization of animal models has indicated 
that the genetic, dietary and environmental factors and 
hormonal imbalance may influence the risk to develop 
prostate inflammatory lesions and prostate cancer (PC) 
confirming human epidemiologic data. It is now estab-
lished that the prostate inflammatory response typically 
results in major changes in the local microenvironment 
of epithelial cells of the prostate gland, including an 
intense stromal remodeling, activation of fibroblasts, 
infiltration of immune cells such as mast cells, macro-
phages and B and T lymphocytes and collagen deposi-
tion. The immune cells recruited at prostate inflam-
matory lesions and myofibroblasts may contribute to 
the release of numerous pro-inflammatory cytokines 
and chemokines that in turn can promote the oxidative 
stress, genomic instability and proliferation of epithelial 
cells. The accumulation of additional genetic and/or 
epigenetic alterations in prostatic stem/progenitor cells 
may subsequently culminate to their malignant trans-
formation and PC initiation and progression and more 

particularly with advancing age. The potential mecha-
nistic relationships between the molecular events as-
sociated with the persistent inflammatory response and 
prostate carcinogenesis have important implications for 
optimizing the current therapies against different pros-
tatic disorders and PCs.
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INTRODUCTION
Prostate cancer (PC) is the most common malignancy 
and the second leading cause of  cancer-related deaths in 
men in the United States[1-5]. Significant improvement of  
screening tests had led to a more effective therapeutic in-
tervention for patients diagnosed with localized PCs[1,2,5-9]. 
Although this advance, the progression of  organ-con-
fined PCs to the locally advanced or metastatic castration-
resistant PCs (CRPCs), which are resistant to conven-
tional treatments by anti-hormonal therapy, radiotherapy 
and first-line systemic docetaxel-based chemotherapies, 
typically culminates in the death of  patients after about 
12 to 19 mo[1-6,8,10]. The molecular events responsible for 
PC initiation and progression to metastatic CRPCs, treat-
ment resistance and disease relapse remain poorly under-
stood. Consequently, the establishment of  deregulated 
gene products in PC cells and the changes in their local 
tumor microenvironment that play critical functions for 
the prostate carcinogenesis, metastases, treatment resis-
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tance and disease recurrence is of  major importance in 
developing novel molecular biomarkers and therapeutic 
targets.

PC is a complex, heterogeneous and multifactorial dis-
ease (Figure 1). In this regard, the epidemiologic data have 
indicated substantial geographic and racial disparity in the 
PC incidence and mortality, including a higher occurrence 
of  aggressive PCs in black American men as compared 
to white American and Asian men[11,12]. This suggests that 
the genetic and environmental factors, including the diet 
and behavior, may influence the PC development[12,13]. 
Importantly, a growing body of  evidence has also revealed 
that the accumulation of  genetic and epigenetic alterations 
in prostate stem/progenitor cells and their differentiated 
progenies concomitant with the changes in their local 
microenvironment, including in reactive stromal cells, 
may occur during severe injury, inflammation, oxidative 
stress and aging of  the prostate gland and lead to PC de-
velopment (Figures 1 and 2)[6,7,14-18]. Moreover, it has been 
shown that PC stem/progenitor cells and their differenti-
ated progenies can acquire more malignant phenotypes 
during epithelial-mesenchymal (EMT) program and PC 
progression to locally invasive and metastatic CRPCs[6,17]. 
In this matter, we review some investigations that have 
been carried out with animal models in last years to estab-
lish the genetic and environmental changes that may con-
tribute to the development of  human proinflammatory 
lesions and their potential relationship with the prostate 
carcinogenesis and progression.

ANIMAL MODELS OF PROSTATE 
INFLAMMATION AND PC
The characterization of  phenotypic features of  different 
animal models of  prostate inflammation and PCs has 
indicated that the genetic background of  animal strains, 
dietary and environmental factors, such as carcinogenic 
substances, high-fat diet and cholesterol as well as advanc-
ing age and hormonal imbalance may influence the inci-
dence and progression of  inflammatory lesions and PCs 
as suggested by human epidemiologic data (Figure 1)[19-27]. 
For instance, it has been observed that 72% of  Lewis rat 
developed spontaneous prostatitis with advancing age 
compared to only 27% for Wistar rats while the adminis-
tration of  17β-estradiol or castration promoted the inci-
dence and severity of  non-bacterial prostatitis to 100% in 
old adult Wistar rats[20]. The up-regulation of  the systemic 
endogenous estrogens, including serum 17β-estradiol, 
concomitant with a decrease in the serum testosterone 
level by overexpressing aromatase (AROM) in FVB/N 
mice has also been observed to induce a chronic inflam-
mation at 48 wk of  age[28]. The inflammatory responses 
in AROM+/+ mice was also associated with an enhanced 
number of  mast cells, macrophages, neutrophiles and 
T-lymphocytes and culminated to the formation of  
prostatic intraepithelial neoplasias (PINs) at 52 wk of  
age[28]. In this regard, a treatment of  immortalized, non-
transformed and androgen-responsive rat NRP-152 

prostatic epithelial cell line with 17β-estradiol at concen-
trations 1-3 μmol/L for a period of  2-6 wk has also been 
observed to induce their capacity of  forming colonies in 
soft agar and tumors in immunodeficient nude mice[29]. 
The oncogenic effect of  17β-estradiol on NRP-152 cells 
was accompanied by an increase of  expression levels of  
estrogen receptor-α (ER-α) and PC stem cell-like mark-
ers (integrins α2β1, CD44, CD133, ABCG2 and CXCR4) 
but a decrease of  ER-β and androgen receptor (AR) ex-
pression levels[29]. Moreover, it has been reported that the 
androgen replacement therapy with 4-dihydrotestosterone 
(4-DHT) or testosterone may prevent the 17β-estradiol-
induced inflammatory reaction and proliferative epithelial 
response in the rat prostate of  castrated Noble rats in a 
dose-dependent manner[30]. Altogether, these data sug-
gest that the hormone imbalance, including the decrease 
of  serum testosterone level in men with advancing age, 
which may promote the development of  different pros-
tate disorders, inflammation and pre-neoplastic lesions 
could be attenuated by a treatment aiming to increase the 
androgen-to-17β-estradiol ratio in serum.

In addition, a non-bacterial mouse model of  acute 
prostatitis has also been developed which consists to 
induce the inflammation in the anterior, dorsolateral and 
ventral prostate in prostate ovalbumin expressing trans-
genic mice (POEAT-3) or POEAT-3/Luc/tensin deleted 
on chromosome 10 (PTEN-/+) mice by an adoptive 
transfer of  ovalbumin-specific CD8+ T cells[31]. The acute 
prostatitis in these mice was characterized by the leuko-
cyte infiltration, enhanced levels of  pro-inflammatory 
cytokines and chemokines, marked epithelial cell prolif-
eration, activated stromal cells and increase of  collagen 
deposition that was maintained for up to 80 d after the 
adoptive transfer of  CD8+ T cells[31]. Hence, future in-
vestigations by crossing these POEAT-3 mice with trans-
genic mouse models of  PCs should help to shed the light 
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Figure 1  Potential risk factors predisposing to the development of pros-
tate inflammation and their promoting effects on prostate cancer initiation 
and progression. 



on the molecular events involved in the prostatitis and 
their potential implications in PC development. In this 
regard, it has been reported that the induction of  chronic 
bacterial prostatitis in C3H/HeOuJ mice by performing 
an infection with Escherichia coli (E. coli) bacteria led to 
intense inflammatory infiltrates in the stroma, genotoxic 
stress and focal atypical hyperplasia in prostatic epitheli-
um[32]. These molecular events were associated with a loss 
of  the expression levels of  AR, glutathione-S-transferase, 
p27Kip1 and PTEN tumor suppressor proteins as com-
pared to control mice[32]. In the same way, the induction 
of  bacterial prostatitis in C3H/HeOuJ mice by intraure-
thral inoculation of  E. coli has also been associated with 
a marked decrease of  the expression level of  Nkx3.1 tu-
mor suppressor protein in infected prostate lobes and de-
velopment of  chronic inflammatory response within 14 d 
postinoculation[33]. The down-regulation of  Nkx3.1 also 
correlated with an increased expression of  a proliferation 
marker, reduction of  AR level and a marked increase in 
the basal cell marker p63[33]. Hence, the decrease expres-
sion of  key tumor suppressor products, including p27Kip1, 
PTEN and Nkx3.1 in these animal models of  bacterial 
prostatitis that are frequently down-regulated during PC 
development provide a potential link between the persis-
tence of  prostate inflammation and carcinogenesis. 

In addition, a treatment with a dietary charred meat 
carcinogen, 2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine (PhIP) of  humanized mice engineered for 
expressing cytochrome P450 1A enzyme (CYP1A) also 
induced prostate inflammation and development of  atro-
phy of  acini, low-grade PINs and high-grade PINs after 
30-50 wk in the prostate gland of  these rodents[22]. The 
high-grade PINs observed in these CYP1A humanized 
mice treated with PhIP expressed AR but exhibited a loss 

of  expression levels of  basal cell marker p63, PTEN and 
E-cadherin[22]. Importantly, it has also been observed that 
the administration of  high-fat stress diet to PhIP-treated 
CYP1A humanized mice promoted prostate carcinogen-
esis and formation of  carcinoma in situ[22]. In the same 
pathway, the treatment of  male Fischer rats with muta-
genic heterocyclic amine PhIP in the diet for 20 wk also 
induced inflammation, post-inflammatory proliferative or 
glandular atrophy and PIN lesions in the ventral prostate 
that culminated to invasive carcinomas after a subse-
quent treatment of  rats with testosterone propionate[23,34]. 
Hence, these in vivo data suggest a potential relationship 
between the induction of  a persistent prostate inflamma-
tory response and PC development.

Transgenic mouse and rat models of prostate 
inflammation and PC
Different transgenic mouse and rat models of  prostate 
inflammation and PC have also been generated by per-
forming prostate-specific gene alterations using probasin 
(PB) promoter constructs[7,35-48]. It has been shown that 
the down-regulation of  NKX3.1, PTEN, p53 and/or 
p27Kip1 tumor suppressor proteins and up-regulation of  
different oncogenic growth factor receptors and intracel-
lular signaling elements such as Myc and Akt, and altered 
metabolism in prostate epithelial cells may cooperate to 
their malignant transformation, PC development, me-
tastases and treatment resistance[7,35-49]. For instance, it 
has been observed that the PTEN knockout transgenic 
mouse models mimic the continuum of  genetic and 
histopathological changes that are frequently associated 
with human PC initiation, progression and metastases 
and development of  androgen-independent (AI) PCs 
after castration[7,35-38,49]. More specifically, the characteriza-
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tion of  PB-Cre4 PTEN-/- transgenic mice with prostate-
specific PTEN deletion has indicated that the enhanced 
pAkt in Sca+ prostatic stem/progenitor cells localized in 
the basal compartment of  prostate led to their malignant 
transformation into PC stem/progenitor cells and cul-
minated to the development of  PINs that progressed to 
invasive PCs in 100% of  transgenic mice at about 9-12 
wk of  the age[37,38]. The metastases or micrometastases 
have been detected in some PB-Cre4 PTEN null trans-
genic mice at 12-29 wk at lymph nodes and lungs as well 
as an intense bone remodeling activity[37]. Moreover, it has 
also been shown that the compound PB-Cre4 PTEN-/-

;p53-/-, PB-Cre4 PTEN-/-;Smad4-/- and Nkx3.1CE2/+;PTEN-

/-;BrafCA/+ transgenic mice developed the prostatic tumors 
that progressed more rapidly to invasive and metastatic 
states and which were invariable lethal as compared to 
PTEN knockout mice[39-41,49]. In the same way, the cross-
ing of  transgenic mice overexpressing constitutively acti-
vated human Akt-1 (MPAkt) and human MYC (Hi-Myc) 
in the prostate also resulted in MPAkt/Hi-Myc bigenic 
mice that exhibited an accelerated progression of  PIN le-
sions to microinvasive tumors as compared to littermate 
control mice[50]. A stromal remodeling and infiltration of  
macrophages and B- and T-lymphocytes resembling to 
the inflammation observed in human prostate tumors 
were also seen in MPAkt/Hi-Myc mice in the early stage 
during the development of  PINs and persisted along the 
PC progression[50].

Among other largely investigated animal models of  
PC, the prostate-specific expression of  the simian virus 
40 (SV40) large antigen (Tag) in prostate epithelial cells 
under the control of  PB promoter has also led to trans-
genic adenocarcinoma of  mouse prostate (TRAMP) mice 
that developed epithelial hyperplasia, high-grade PIN 
lesions at about 8 wk that progressed to differentiated 
adenocarcinomas at about 18 wk of  age[42,43]. A loss of  
E-cadherin was also observed during the progression of  
primary tumors to a less differentiated state in TRAMP 
mice and associated with distant metastases to the lymph 
nodes or lungs in 100% of  transgenic mice at 28 wk 
of  age[42]. It has also been shown that the castration in 
TRAMP mice at 12 wk of  age led to a reduction of  
prostatic tumor burden while the progression to poorly 
differentiated tumors and metastases were not delayed in 
castrated TRAMP mice relative to non-castrated TRAMP 
mice[44]. Importantly, the treatment of  TRAMP mice 
with a diet enriched in fat and cholesterol [Western-type 
diet containing 21.2% fat and 0.2% cholesterol (wt/wt)] 
accelerated the incidence, burden and histological grade 
of  the prostate tumors, angiogenesis and lung metasta-
ses as compared to control mice fed with a regular diet 
(chow diet containing 4.5% fat and 0.002% cholesterol 
(wt/wt))[51]. The expression of  SV40 Tag driving by rat 
PB promoter using Sprague Dawley or Lewis strain of  
rats has also led to the generation of  transgenic animals 
designated as transgenic rat adenocarcinoma of  the pros-
tate (TRAP)[45,46]. TRAP displayed atypical epithelial cell 
proliferation in prostate at about 4 wk and formed well-

differentiated adenocarcinomas with 100% incidence 
before 15 wk of  age, respectively[45,46]. In contrast to 
TRAMP mice, the castration in TRAP rats at 5 or 20 wk 
of  age completely prevented or induced a complete in-
volution of  androgen-dependent prostate tumors in the 
most of  transgenic rats[45,46]. Of  therapeutic interest, since 
the prostate-specific antigen and prostate acid phospha-
tase (PAP) are expressed in rat prostate as observed in 
human prostate but not in mouse prostate, TRAP rats 
may constitute a good animal model to test novel vac-
cine strategies targeting these antigens[46,52]. For instance, 
it has been observed that the immunization of  Lewis 
TRAP rats with a DNA vaccine encoding PAP triggered 
an autologous PAP-specific T-cell responses in transgenic 
rats[46]. Nevertheless, the major disadvantage of  these 
SV40 Tag transgenic mouse and rat models of  PC is that 
they frequently give arise to tumors that are characterized 
by a high level of  neuroendocrine differentiation and 
which are observed only in a small subset of  PC patients 
limiting thereby their clinical relevance.

Recent studies have also revealed that enhanced levels 
of  transforming growth factor-β1 (TGF-β1) and TGF-β3, 
macrophage-inhibitory cytokine-1/growth differentiation 
factor-15 (MIC-1/GDF-15), interleukin-8 (IL-8)/CXCL8 
and its receptors CXC chemokine receptors (CXCR1 and 
CXCR2), toll-like receptor 4, IL-17 and nuclear factor-
κB (NF-κB) may play critical functions for the develop-
ment of  prostate inflammatory lesions, PC progression 
and metastases[53-60]. These inflammation-associated fac-
tors may contribute to the prostate stromal remodeling, 
fibrosis, host immune cell modulation and induction of  
the EMT process in PC cells and angiogenic switch un-
der normoxic and hypoxic conditions, which in turn may 
promote the invasion and metastatic spread of  PC cells at 
distant sites including bones (Figure 2)[55-57]. For instance, 
transgenic mice engineered for overexpressing epitope 
tagged TGF-β1 in prostate epithelial cells developed 
severe focal attenuation of  epithelium, discontinuous 
basal lamina, intense fibrosis, collagenous micronodules 
in collapsed acini concurrent with inflammation in nerve 
ganglia and small vessels in an age-dependent manner as 
observed during human PC development[53,61]. It has also 
been shown that the graft of  a tissue recombinant pre-
pared of  immortalized and non-tumorigenic benign pros-
tatic hyperplasia (BPH)-1 human prostatic epithelial cells 
plus human prostatic cancer-associated fibroblasts (CAFs) 
expressing high elevated levels of  both TGF-β1 and stro-
mal cell-derived factor-1 (SDF-1)/CXCL12 under the re-
nal capsule of  severe combined immune deficient (SCID) 
mice resulted in the development of  fibrous stroma and 
rapidly growing and poorly differentiated prostate tu-
mors[54]. The tumorigenic effects of  TGF-β1 appear to 
be mediated in part through the up-regulation of  CXCR4 
expression in BPH-1 cells, stimulation of  CXCR4 by 
SDF-1 released by CAFs and activation of  Akt in BPH-1 
cells[54]. In addition, it has also been noted that the ex-
pression of  dominant negative TGF-βRII construct in 
BPH-1 cells or a treatment of  mice with an antibody (2G7) 
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directed against TGF-β ligand significantly suppressed the 
tumor volume and invasion in this tissue recombinant xe-
nograft model of  PC[54]. The blockade of  TGF-β1 signal-
ing pathway by using TGF-β1 latency-associated peptide 
or neutralizing antibody also inhibited the angiogenesis 
and tumor formation by LNCaP PC cells xenografted in 
nude mice[62]. Importantly, systemic delivery of  oncolytic 
adenovirus targeting TGF-βRII or a treatment with a 
selective TGF-βRI kinase inhibitor, LY2109761 was also 
effective at suppressing the growth of  MDA PCa-2b or 
PC-3 cells in the bone of  SCID mice as compared to the 
untreated mice[63,64]. In the same way, the overexpressing 
of  MIC-1, a divergent member of  the TGF-β superfamily, 
in PC cells has also been associated with an enhanced rate 
of  metastases at distance sites, including bones, treatment 
resistance and poor outcome of  PC patients[18,65-71]. More-
over, a significant increase of  MIC-1 expression, at both 
the mRNA and mature protein level, has been detected 
in prostatic hyperplasias and PINs formed in LBT Tag 
12T-7s transgenic mouse model, a modified SV40 early 
region driven by the prostate-specific rat PB promoter, 
and associated with a stimulation of  prostatic epithelial 
cell proliferation[35,72]. These data suggest that an enhanced 
expression of  mature MIC-1/GDF-15 form in prostate 
epithelial cells may constitute an early transforming event 
during prostate carcinogenesis. Although the development 
of  locally invasive PCs was observed in this transgenic 
12T-7s mouse model, no metastasis at distant organs has 
however been detected in these mice[72]. It has also been 
reported that the crossing of  TRAMP mice with syngene-
ic mice overexpressing MIC-1 in myeloid cells under con-
trol of  the myeloid cell specific c-fms promoter (MIC-1fms) 
produced syngeneic TRAMPfmsmic-1 mice that exhibited 
smaller prostate tumor size but marked increase of  me-
tastases at distant sites as compared to wild-type TRAMP 
mice[73]. The number of  lung tumor colonies formed by 
TC1-T5 PC cell line derived from TRAMP mice intrave-
nously injected in MIC-1fms mice was also superior to the 
number of  lung colonies detected in control C57BL/6 
mice[73]. Similarly, the overexpression of  MIC-1 in human 
and AI PC3 cells was also effective at promoting their 
metastases at distant sites in an orthotopic tumor model 
in mice[74,75]. Hence, in considering the fact that MIC-1 is 
typically overexpressed in the majority of  PCs and can 
contribute to the metastases of  PC cells and to their resis-
tance to current docetaxel-based chemotherapeutic treat-
ments, which are the major causes of  the death of  CRPC 
patients, it will be of  interest to develop novel transgenic 
mice with prostate-specific MIC-1 expression[18,65-71].

On the other hand, it has also been reported that the 
prostate-specific expression of  a constitutively activated 
IκB kinase 2 (IKK2) form, which can stimulate the pro-
inflammatory factor NF-κB, was insufficient for inducing 
prostate tumorigenesis in transgenic mice[76]. However, 
the crossing of  PTEN+/- mice with IKK2 mice generated 
compound PTEN+/-;IKK2+/+ transgenic mice that exhib-
ited all prostate lobes enlarged at 8 mo and older, forma-
tion of  cribriform structures, and increase in fiber in the 

fibroblastic stroma associated with inflammation as com-
pared to littermate PTEN+/- mice which had only some 
hyperplasia and PINs[76,77]. The malignant transformation 
of  prostate epithelial cells in PTEN+/-;IKK2+/+ transgenic 
mice was also associated with a persistent inflammation 
as revealed by the infiltration of  granulocytes and macro-
phages and up-regulated expression levels of  pro-inflam-
matory chemokines (CXCL5, CXCL15, CCL3, CXCL10, 
and CXCL2) and cytokines [tumor necrosis factor (TNF) 
and IL-1b] in the prostate epithelium and stroma[76]. More-
over, it has also been observed that the Vav3+/+ transgenic 
mice generated by overexpressing a constitutive active 
form of  guanine nucleotide exchange factors for Rho 
family GTPases, Vav3 under the control of  ARR2-PB pro-
moter in the prostatic epithelium exhibited a marked acti-
vation of  AR, NF-κB and phosphatidylinositol 3-kinase-
Akt signaling elements[78]. These molecular events led to 
the development of  nonbacterial chronic prostatitis in the 
prostate gland which was associated with the infiltration 
of  monocytes, lymphocytes, and plasma cells as well as 
the formation of  PIN lesions and invasive PCs at the age 
as early as 3 mo[78]. In addition, it has also been reported 
that fibroblast growth factor-8b (FGF-8b)+/+ transgenic 
mice overexpressing FGF-8b in the prostate epithelium 
exhibited activated stroma containing increased propor-
tion of  fibroblastic cells, collagen deposition, and ag-
gregates of  inflammatory cells, including T cells, B cells 
and macrophages and intensive neoangiogenesis[79]. The 
intensive stromal changes and inflammation in FGF-8b+/+ 
transgenic mice preceded the development of  PIN lesions 
that culminated to the tumor formation with phenotypical 
features of  adenocarcinoma and sarcoma[79]. These data 
suggest that the overexpression and secretion of  FGF-8b 
by prostate epithelial cells can promote prostate carcino-
genesis in part via the stromal activation and induction of  
an inflammatory response. On the other hand, several in-
vestigations have also revealed the major contribution of  
the activation of  AR in the stromal cells and recruitment 
of  bone marrow (BM)-derived cells in the induction of  
inflammatory response and PC progression.

Functions of AR in the modulation of the development 
of prostatic inflammatory lesions and PC 
The sustained activation of  AR expressed by epithelial 
and adjacent stromal fibromuscular cells in the prostate 
gland, which plays critical functions in the modulation 
of  stromal-epithelial interactions for the maintaining of  
normal prostate homeostasis, also can promote the devel-
opment of  prostatic inflammatory lesions, including in-
flammation-associated BPH and PCs[80-84]. For instance, it 
has been observed using an in vitro cell co-culture system 
that immortalized and non-tumorigenic BPH-1 human 
prostate epithelial cells significantly increased the migra-
tion of  THP-1 macrophages which, in turn, induced the 
EMT marker expression, such as N-cadherin, snail and 
TGF-β2, in BPH-1 cells as well as their sphere-forming 
ability[80]. Moreover, the exogenous expression of  AR in 
BPH-1-AR also promoted the THP-1 cell migration and 
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enhanced EMT marker expression and sphere-forming 
capacity of  BPH-1-AR cells relative to BPH-1-vector 
cells used as control[80]. Conversely, the BPH-1/THP-1 
co-culture in the presence of  an anti-TGF-β2 antibody 
or silencing of  AR function in BHP-1-AR cells using AR 
degradation enhancer, ASC-J9, has also been observed 
to decrease the THP-1 macrophage migration and sup-
press the induction of  EMT marker expression in BPH-1 
cells[80]. Moreover, the results from in vivo tissue recom-
bination studies have indicated that the combination of  
BPH-1 cells with human PC-associated fibroblasts from 
PC surgical specimens generated large tumors while no 
tumor was formed by BPH-1 cells in the presence of  
normal prostatic fibroblasts[84]. The data from investiga-
tions performed with tissue recombinants composed of  
mouse or rat urogenital sinus mesenchyme expressing 
ARs and ERs and BPH-1 cells showing undetectable lev-
els of  ARs and ERs grown under the kidney capsule of  
male athymic nude mice have also revealed that a treat-
ment with 17β-estradiol plus testosterone induced only 
invasive PC development in the presence of  functional 
mesenchymal AR[80-83]. It has also been noted that the 
tumore derived from rat UGM plus BPH-1 cells metas-
tasized to lymph nodes, liver and lungs[81]. Additionally, 
the selective AR knockout in fibroblasts and smooth 
muscle cells in the dARKO/PTEN+/- mouse model of  
PC has also been observed to inhibit the prostate epithe-
lial cell proliferation concomitant with a decrease of  the 
development of  low- and high-grade PIN lesions and 
low-grade PIN progression as compared to wild-type 
AR/Pten+/- mice[85]. The AR deletion in fibromuscular 
cells of  dARKO/PTEN+/- mice was also accompanied by 
a reduction of  the extracellular matrix remodelling, col-
lagen deposition and number of  infiltrating immune cells, 
including T cells, B cells and macrophages and neovascu-
lature formation in the stromal compartment of  prostate 
gland[85]. Moreover, it has also been shown that the AR 
activation by 4-DHT in prostate stromal cells isolated 
from Pten+/- mouse prostates up-regulated the expression 
of  pro-inflammatory cytokines and chemokines such as 
macrophage inflammatory protein-1α (MIP-1α), MIP-
1β, MIP-2 and IL-10[85]. These pro-inflammatory factors, 
in turn, induced an immune cell recruitment and inflam-
matory response that promoted the PIN development 
in Pten+/- mouse prostate[85]. Of  therapeutic interest, the 
down-regulation of  AR in stromal fibromuscular cells 
and prostate epithelial cells with the AR degradation en-
hancer, ASC-J9, has also been observed to be effective at 
reducing the stromal remodeling and PIN development 
and progression in Pten+/- mice[85]. Hence, together these 
data supports the benefit to target AR in stromal and epi-
thelial cells of  the prostate to suppress the inflammatory 
response and prevent PC development.

Implications of BM-derived adult stem/progenitor cells 
in the development of prostatic inflammatory lesions 
and PCs 
Several investigations have revealed that circulating BM-

derived adult stem/progenitor cells, including hemato-
poietic stem/progenitor cells, mesenchymal stem cells 
(MSCs), endothelial progenitor cells (EPCs) and/or 
myeloid cells may be recruited at prostatic inflammatory 
lesions and contribute to the PC development and metas-
tases[86-93]. In fact, although BM-derived adult stem/pro-
genitor cells appear to play only minimal roles in prostate 
epithelial regeneration after severe prostate inflammation 
and glandular disruption via cell fusion with prostate epi-
thelial cells or transdifferentiation into prostate epithelial-
like cells, they can induce immunosuppressive and angio-
genic effects that promote prostate carcinogenesis[86-93]. 
More specifically, the release of  soluble pro-inflammatory 
chemokines and cytokines acting as chemoattractant 
factors, such as SDF-1 (CXCL12), chemokine (C-C 
motif) ligand 5 (CCL5, RANTES) and monocyte che-
motactic protein-1 (CCL2/MCP-1) by prostate epithelial 
cells, activated stromal cells and/or immune cells may 
recruit BM-derived adult stem/progenitor cells express-
ing their cognate receptors at injured prostate site and 
PC[88-90]. More specifically, it has been observed that PC-
derived stromal cells, which express fibroblast activation 
protein-α, CD90-, CD73- and CD105 but undetectable 
levels of  CD14-, CD20-, CD34-, CD45- and human leu-
kocyte antigen DR exhibited morphological and pheno-
typic features comparable to BM-derived MSCs[94]. It has 
also been noted that PC-derived stromal cells represented 
about 0.01%-1.1% of  the total cells present in core bi-
opsies from primary human PC specimens[94]. Moreover, 
the stimulation of  murine RM-1 PC cells by inflamma-
tory cytokines, such as interferon-γ and tumor necrosis 
factor-α has been shown to be accompanied by the pro-
duction of  platelet-derived growth factor-BB that in turn 
promoted the proliferation of  MSCs in vivo and in vitro[88]. 
The exogenous and endogenous MSCs recruited into the 
tumor microenvironment was also able to promote the 
tumor growth of  RM-1 cells subcutaneously implanted in 
mice[88]. These data suggest the potential implication of  
the recruitment of  MSCs in prostate inflammatory mi-
croenvironment induced via the proinflammatory media-
tors in the induction of  immunosuppressive effects that 
can allow PC cells to escape the immune surveillance and 
favor PC development.

In addition, it has been observed that CXCR4+/sca-1+, 
vascular endothelial growth factor receptor-2 (VEGFR-2+)/
CD34+ and VEGFR-2+/CD117+ BM-derived cell sub-
populations were increased in the peripheral blood of  
SCID mice bearing PC cell xenografts and contributed to 
the tumor growth by promoting neoangiogenesis[91-93]. It 
has also been noticed that a treatment of  tumor-bearing 
mice for 5 d with doxorubicin or daunorubicin was ef-
fective at reducing the tumor vascularization at least in 
part by inhibiting the recruitment of  BM-derived cells at 
tumor via the inhibition of  hypoxia-inducible factor-α[92]. 
Moreover, the data from BM transplantation/reconstitu-
tion and genetic lineage-tracing experiments have also 
revealed that BM-derived myelomonocytic cells can 
transform into lymphatic endothelial cells and integrated 
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into PC-associated lymphatic vessels in the TRAMP-C1 
cell transplantation model and thereby contribute to lym-
phangiogenesis[93].

Of  therapeutic interest, it has also been shown that 
parental or genetically-engineered MSCs and EPCs, 
which show an innate tropism for damaged epithelial 
tissues, including PCs may be exploited as vehicles for 
targeted-delivery of  anti-inflammatory, cytotoxic and/or 
anti-angiogenic agents at injured prostatic sites. For in-
stance, it has been observed that MSCs engineered for 
expressing secreted frizzled related protein-2 suppressed 
the tumor growth and increased apoptosis and necro-
sis within tumors formed by C4-2B human CRPC cells 
orthotopically implanted into the prostates of  castrated 
host SCID mice[89].

CONCLUSION
The generation of  different animal models of  PC has led 
to a better understanding of  the roles of  specific genetic 
and environmental factors that may contribute to trigger 
molecular events occurring in the prostate epithelium and 
stroma during the pathogenesis of  prostate inflammatory 
lesions and PCs. Future investigations to develop novel 
compound transgenic mouse and rat models of  PC and 
metastases with prostate-specific gene alterations relevant 
to the molecular events that frequently occur during PC 
etiology and progression, metastases at distant sites in-
cluding bones and treatment resistance is of  great inter-
est. More particularly, additional studies are necessary to 
further establish the molecular mechanisms by which the 
dietary factors, prostate inflammatory process and chron-
ological aging of  prostatic stem/progenitor cells and their 
differentiated progenies may lead to the damages to epi-
thelium and reactive stroma, and thereby promote pros-
tate carcinogenesis. It will be important to establish the 
potential promoting effect of  crossing POEAT-3 mice 
or transgenic mice engineered for overexpressing TGF-β1 
or MIC-1 in prostate epithelial cells with PB-Cre4 PTEN-/- 
or compound PB-Cre4 PTEN-/-;p53-/- transgenic mice on 
inflammatory response and PC etiology, progression and 
metastases. The determination of  anti-carcinogenic ef-
fects induced by different anti-inflammatory drugs, anti-
oxidants and immune-based vaccines, alone or in combi-
nation with current anti-hormonal and chemotherapeutic 
treatments on transgenic mouse and rat models of  PC 
is also important to develop novel effective combination 
therapies for treating PC patients diagnosed at early and 
late stages of  the disease.
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