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Prostate autoimmunity:
from experimental models
to clinical counterparts
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Different murine models of autoimmune prostatitis have been developed and characterized,
proving the autoimmune origin of this pathology. Autoimmune prostatitis models have also
provided a wealth of information on the mechanisms involved in disease development, shedding
light on inciting autoantigens, regulatory and pathogenic T cells, and mediators of prostatic
autoimmunity. Unfortunately, the clinical counterparts of experimental autoimmune prostatitis
are still poorly defined. In this review, we will discuss evidence for the autoimmune origin of
chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) and the chronic inflammatory nature
of benign prostatic hyperplasia (BPH). The autoimmune pathogenesis of CP/CPPS and the chronic
inflammation characteristic of BPH will be reviewed within the context of the recent demonstration
that human prostate stromal cells from BPH tissue can act as antigen-presenting cells and are
not only able to activate CD4+* T lymphocytes, but can also produce IL-12 and IL-23, which are

key cytokines for the induction of pathogenic Th1 and Th17 cells.

KeywoRrbs: antigen-presenting cells ® benign prostatic hyperplasia ® chronic prostatic inflammation  chronic

prostatitis/chronic pelvic pain syndrome

Prostatitis and benign prostatic hyperplasia (BPH)
are common pathologies of the prostate gland.
Although it is generally accepted that prostatitis
and BPH are distinct clinical entities, these two
common male problems frequently coexist 1] and
could be strongly related, sharing common patho-
genetic mechanisms based on the capacity of pros-
tate cells to act as inducers and targets of chronic
inflammation. The immunology of the prostate
has recently emerged as a new field of research
in urology, highlighting the complex network of
cytokines and chemokines involved in the pros-
tatic inflammatory response [2]. Studies are now
permitting us to delineate a causal relationship
between prostate inflammation and highly preva-
lent prostatic diseases, including BPH, chronic
prostatitis and even prostate cancer.

Prostatitis, defined as a clinical syndrome
mainly characterized by pelvic pain, is the most
common urologic disorder in males younger
than 50 years of age, with an overall prevalence
of approximately 8% [3]. The NIH consensus
definition and classification identifies four cate-
gories of prostatitis [4]. Category I includes acute
bacterial prostatitis and category II includes
chronic bacterial prostatitis. These are rare

conditions characterized by a defined infectious
etiology. Category III, also known as chronic
prostatitis/chronic pelvic pain syndrome (CP/
CPPS), is defined by pelvic pain in the absence
of demonstrable bacterial infection, and is fur-
ther subdivided into category IIIA, or inflam-
matory, and category IIIB, or noninflamma-
tory, based on the presence of leukocytes in
expressed prostatic secretion or seminal plasma.
Category IV, or asymptomatic inflammatory
prostatitis, is defined by the presence of leuko-
cytes in seminal secretions or by inflammatory
infiltrates detected in histological specimens,
in the absence of typical chronic pelvic pain.
CP/CPPS (NIH category III prostatitis), which
includes the overwhelming majority of prostati-
tis patients, is common in medical practice and
its prevalence in the general population ranges
from 5 to 14.2% [5]. Therefore, according to
these categories, approximately 60-80% of
all prostatitis syndromes could be classified as
CP/CPPS. Interestingly, BPH fits well the crite-
ria defined for category IV, although it is not yet
officially defined as prostatitis. It is tempting to
speculate that NIH categories Il and IV actually
represent forms of prostate autoimmunity.

www.expert-reviews.com

10.1586/ECI.09.37

© 2009 Expert Reviews Ltd

ISSN 1744-666X 577



Penna, Fibbi, Maggi & Adorini

The prostate, weighing only a few grams at birth, grows dur-
ing puberty, reaching approximately 20 g in the young adult. In
contrast to the pubertal growth phase, which involves the entire
gland, during the fifth decade of life in approximately 75% of
men there is a second growth phase, selectively involving the
periurethral zone. Enlargement of this zone gives rise to BPH,
the most common age-related disease of males [6]. BPH can cause
lower urinary tract symptoms owing to compression of the prostatic
urethra, which, in the earliest stages, is compensated by an increased
activity of the bladder detrusor muscular system. However, later on,
complete emptying of the bladder is prevented, owing to the slack-
ening of the neck musculature, potentially leading to emergency
surgery for acute urinary retention [6].

The prostate, once considered an immunoprivileged site (7],
is actually a fully immunocompetent organ, owing to the pres-
ence of an intraglandular immune system participating in the
maintenance of reproductive tract sterility, and preventing auto-
immune responses towards intraprostatic and sperm antigens [8].
In the normal human prostate, leukocytes are localized within
the interstitium around the epithelial ducts and between epi-
thelial cells, comprising T lymphocytes (with a prevalence of
CD8* vs CD4* cells), macrophages, B lymphocytes and mast
cells [9,10].

The primary event in the activation of the inflammatory net-
work in the prostate is still unclear, but infections could play an
important role. Several studies have demonstrated the presence of
a heterogeneous set of bacterial and viral strains in BPH samples
(11]. Prostate cells express all Toll-like receptors (TLRs) [12-15],
enabling them to recognize pathogen-associated molecular pat-
terns, which are structural components highly conserved among
pathogens that trigger the activation of innate and adaptive
immune responses [16]. TLR agonists have been found to induce
the production of proinflammatory cytokines and chemokines by
BPH stromal cells, able to recruit infiltrating cells and promote
prostate cell growth, supporting a link between infection, the
inflammatory response and prostate pathology [15].

Prostatic immune responses can be also triggered by self-anti-
gens. A relationship between the autoimmune response and the
pathogenesis of BPH was established through the detection of
increased levels of anti-prostate-specific antigen (PSA) antibod-
ies in sera from BPH patients, with the authors concluding that
BPH could be considered an organ-limited autoimmune condi-
tion characterized by the absence of polyclonal B-cell activation
(17]. Further work from the same authors has shown that PSA
can induce in vitro proliferation of peripheral blood mononuclear
cells (PBMCs) from BPH patients and enhance their secretion of
TNF-0, suggesting a role for autoimmune dysregulation in BPH
pathogenesis [18]. The hypothesis of an autoimmune pathogenesis
in BPH is, however, not formally proven, although it is supported
by the prevalence of Thl and Thl17 subsets, which are typical
of autoimmune diseases [19], in BPH tissues [11]. Conversely, the
autoimmune origin of CP/CPPS appears to be quite firmly estab-
lished [20.21]. If this is the case, as CP/CPPS is eight-times more
frequent than bacterial prostatitis [3.5], autoimmune responses
could represent a major cause of prostatitis.

The predominant role of autoimmunity in CP/CPPS develop-
ment has been confirmed by several murine models of spontane-
ous age-related and antigen-induced experimental autoimmune
prostatitis (EAP) [20,22]. These findings in experimental models
of autoimmune prostatitis, together with the induction of patho-
genic T-cell responses by BPH stromal cells [15], suggest common
mechanisms promoting and sustaining BPH and CP/CPPS.

Experimental models of prostate autoimmunity

Several experimental models of autoimmune prostatitis have been
developed and extensively characterized [20,22]. Immunization
of murine strains with a variety of prostate antigens, including
male accessory gland extracts, total prostate homogenate, PSA,
prostatic acid phosphatase (PAP) and prostatic steroid-binding
protein (PSBP), can induce autoantigen-specific T-cell and anti-
body responses associated with histological evidence of prostate
inflammation (Tase 1). In some cases, prostatitis has been trans-
ferred to naive [23] or immunodeficient [24] syngeneic recipients
by the adoptive transfer of CD4* T cells from diseased animals,
a hallmark of autoimmune disease.

In addition to autoantigen-induced autoimmune prostatitis, the
development of spontaneous prostatitis is well documented in sev-
eral rat strains [20,22] and in the nonobese diabetic (NOD) mouse
(24]. The NOD mouse is genetically prone to develop different
organ-specific autoimmune diseases, including Type 1 diabetes, thy-
roiditis, sialilitis, ooforitis, adrenalitis and orchitis [25]. Interestingly,
this mouse strain also spontaneously develops autoimmune pros-
tatitis, defined by intraprostatic lymphomonuclear cell infiltrates.
Spontaneous autoimmune prostatitis is preceded by a marked
autoreactive T-cell response to PSBP, indicating a lack of tolerance
to this prostatic self-antigen in the NOD mouse [24]. The intrapro-
static inflammatory infiltrate spontaneously developing with age
in the NOD mouse is characterized by Thl-type CD4* T cells,
which are able to adoptively transfer autoimmune prostatitis in
immunodeficient NOD.SCID recipients, confirming the autoim-
mune nature of the spontaneous disease [24]. The NOD mouse is
highly susceptible to the induction of EAP by injection of mouse
prostate homogenate in CFA, a protocol inducing a florid intrap-
rostatic leukocyte infiltrate in 100% of male NOD mice [24,26].
EAP can also be induced in NOD mice by injection of PSBP [24.27)
(also known as prostatein), a major autoantigen in murine EAP
(23,.28]. The male NOD mouse responds to PSBP by developing
specific cellular and humoral autoimmune responses associated
with inflammatory infiltrates in the prostate [24.27]. NOD mice
lacking expression of B2-microglobulin or the MHC class II B
chain have demonstrated an essential role for CD4* T cells in
the development of EAP [27], and functional Th1 cells specific
for immunodominant PSBP peptides have been identified within
the prostate of peptide-primed NOD mice [29]. Collectively, these
data demonstrate the autoimmune nature of spontaneous and
induced prostatitis in the NOD mouse, confirming and extending
previous evidence obtained in rats and mice (Tasie 1).

Experimental autoimmune prostatitis can also be induced in
different mouse strains by thymectomy at day 3 of age 30]. EAP
in this model initiates at puberty, reaching an incidence of 68%
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Table 1. Autoimmune responses to prostate antigens in experimental models and in leukocytes from

normal donors and/or chronic prostatitis/chronic pelvic pain syndrome patients.

MAG extract Mouse T-cell proliferation, IFN-y production [26]
MAG extract Rat DTH levels, proliferation, CTL response, antibody production, mast cell (28,73-81]
degranulation, MIF production
Prostate homogenate Mouse IFN-y, IL-17 production [24,29,82]
Prostate homogenate Rat Anti-PSBP response (23]
PSA Mouse T-cell proliferation [42]
PSA Human T-cell proliferation, IFN-y production, CTL response [36,39,40,42,83-87]
PSM Human T-cell proliferation (36]
Kallikrein 4 Human T-cell proliferation (88]
PAP Mouse T-cell proliferation [43]
PAP Rat CTL response (89]
PAP Human T-cell proliferation, IFN-y production [40,43,90]
PSBP Mouse IFN-y production (24.27]
PSBP Rat DTH, proliferation, antibody response (23.28]

All animal studies included histological assessment of intraprostatic leukocyte infiltration.
CTL: Cytotoxic T lymphocyte; DTH: Dihydrotestosterone; MAG: Male accessory gland; MIF: Migration inhibitory factor; PAP: Prostatic acid phosphatase;
PSA: Prostate-specific antigen; PSBP: Prostatic steroid-binding protein; PSM: Prostate-specific membrane antigen.

in 50-150-day-old mice. Thus, mice thymectomized at a criti-
cal neonatal age develop EAP by autosensitization to antigen(s)
normally expressed in the differentiated prostate [30]. Prostate
autoimmunity can be completely prevented by a single intra-
peritoneal injection of spleen cells from syngeneic adult mice on
day 4, strongly suggesting a role for active tissue-specific regu-
latory T cells (Tregs) in prostate self-tolerance [31]. Subsequent
work has demonstrated that tissue-specific CD4* Tregs activated
extrathymically by prostate antigens maintain peripheral toler-
ance to prostatic autoantigens [32]. Based on these studies, it is
conceivable that immune tolerance to self-antigen(s) in the pros-
tate is maintained by tissue-specific Tregs, which migrate from
the thymus to the periphery later than day 3 after birth, and can
inhibit the activation of autoreactive T cells.

Finally, alterations in steroid hormone levels have been shown
to induce autoimmune prostatitis in the rat, based on the evi-
dence for prostatitis induced by the adoptive transfer of splenic
CD3" T cells from 17B-estradiol-treated rats into naive recipi-
ents [33]. Several proinflammatory genes were upregulated in
the prostate after only 4 days of treatment with 17f3-estradiol,
including 7Z-1B, IL-6, MIP-2 and inducible nitric oxide syn-
thase (IVOS). After 4 weeks of treatment with 17B-estradiol and
dihydrotestosterone propionate, significant increases in the tran-
script levels of IL-4, IL-5, IL-6, MIP-2, eotaxin and iNOS were
detected, showing the inflammatory nature of this hormonally
induced prostatitis [34]. In addition, elevated activities of matrix
metalloproteinases (MMDPs), including MMP-2, MMP-7 and
MMP-9, correlate with leukocyte infiltration in the lateral lobe
inflammatory response induced in the rat by chronic treatment
with 17B-estradiol [3s].

Human prostate stromal cells are antigen-presenting
cells potentially able to induce autoimmune prostatitis
Prostate stromal cells obtained from BPH tissue actively con-
tribute to the organ-specific inflammatory process by acting as
antigen-presenting cells (APCs) and as targets of TLR agonists,
leading to the production of proinflammatory cytokines and
chemokines able to mediate prostate chronic inflammation and
hyperplasia [15]. As mentioned previously, prostate stromal cells
express all the known TLRs, and their triggering by bacterial or
viral agonists leads to the secretion of proinflammatory cytokines
such as IL-6, and chemokines such as CXCL10 and IL-8. In
addition to the growth-promoting properties of IL-8 and IL-6
on prostate cells, the capacity of IL-8 and CXCLI0 to recruit
inflammatory cells could play a role in inducing and maintaining
chronic inflammatory conditions of the prostate, such as those
observed in BPH and CP/CPPS patients [15].

The concept of prostate autoimmunity, largely based on experi-
mental models (Tase 1), has recently received critical support following
the observation that human prostate cells can act as APCs. Stromal
BPH cells exhibit key features of APCs: the expression of MHC
class IT molecules and costimulatory molecules, and the production
of high levels of IL-12/IL-23p40 and IL-12p75. Stromal BPH cells
present alloantigen to CD4* cells, inducing the secretion of IFN-y
and IL-17. These cytokines strongly enhance the production by pros-
tate cells of IL-8, an autocrine/paracrine growth factor for prostate
cells and a potent chemokine recruiting to the prostate inflammatory
cells (Ficure 1). Although chronic inflammation does not necessarily
imply an autoimmune pathogenesis, these findings suggest a plausible
association between prostatic APC-induced T-cell responses, chronic
prostate inflammation and sustained prostatic cell growth in BPH.
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Figure 1. IL-8 has a central role in prostatic chronic inflammation, recruiting inflammatory cells and mediating prostate cell
proliferation. Epithelial and stromal prostate cells actively secrete the proinflammatory chemokine IL-8 in response to different
stimuli, including IFN-y and IL-17 produced by prostate-infiltrating Th1 and Th17 cells, respectively. IL-8 recruits to the prostate
lymphomononuclear cells expressing the cognate receptors CXCR1 and CXCR2, and directly (via an autocrine/paracrine action) and
indirectly (via FGF-2 induction) promotes prostate cell proliferation. Therefore, IL-8 appears to represent a key link between chronic
inflammation and overgrowth of benign prostatic hyperplasia (BPH) tissues. Inset: BPH stromal cells are inducers and targets of
prostatic chronic inflammation. BPH stromal cells express all the Toll-like receptors (TLRs), which are pattern recognition receptors
that recognize structural components highly conserved among pathogens. TLR activation by infectious stimuli (bacteria, viruses

or fungi) induces production by stromal BPH cells of proinflammatory cytokines (IL-6) and chemokines (CXCL10 and IL-8) able

to recruit infiltrating cells and promote prostate cell growth. BPH stromal cells express MHC class Il and costimulatory molecules,
functioning as nonprofessional antigen-presenting cells (APCs), leading to the activation of CD4* T lymphocytes and promoting
their differentiation into Th1 and Th17 effector cells by secreting IL-12 and IL-23, respectively. In turn, activated Th1 and Th17
lymphocytes produce proinflammatory cytokines, such as IFN-y and IL-17, able to mediate pathogenic effects while sustaining and
amplifying immune-mediated inflammatory responses in the prostate.
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The nature of the inciting autoantigen(s) in prostate autoim-
munity is still unclear, but several candidates have been proposed
(Tane 1). Autoreactive CD4* and CD8* T cells specific for prostate
antigens exist in normal individuals, as demonstrated by the capac-
ity of peripheral T cells from healthy controls to respond to PSA
and prostate-specific membrane antigen (36]. This autoreactive
T-cell repertoire could potentially become activated by a number
of prostate antigens to mount an autoimmune response (Tasis 1).
Indeed, PBMCs and CD4* T cells from CP/CPPS patients pro-
liferate in response to seminal plasma [37,38] and specific prostate
antigens such as PSA and PAP [39.40], indicating expression of the
autoreactive T-cell repertoire in disease pathogenesis. High-titer
IgG autoantibodies to prostate-associated proteins are found in
patients with CP/CPPS (41, further indicating a T-cell-dependent
autoimmune process.

Among self-antigen candidates, PSA has been demonstrated to
activate CD4* T cells from patients with granulomatous pros-
tatitis via two different antigenic peptides presented by HLA-
DRB*1501 [42]. Two immunodominant PAP peptides, naturally
processed from native PAP in HLA-DRB1*1501 tg mice, were
also capable of stimulating CD4* T lymphocytes from HLA-
DRB1*1501-positive granulomatous prostatitis patients and nor-
mal donors [43]. Interestingly, PSA, a major secretory protein of
the prostate, can also activate innate immunity, inducing a pro-
inflammatory response that results in IFN-y secretion by natural
killer cells [44]. Thus, PSA could contribute to prostate inflam-
mation, both as an autoantigen and as an activator of innate
immune responses.

The hypothesis that prostate cells can induce and sustain
intraglandular autoimmune responses is strongly supported by
our demonstration that human stromal prostate cells are APCs
able to activate alloreactive CD4* T cells and secrete IL-12p75
and IL-23, which could trigger and amplify the differentiation
of pathogenic Thl and Th17 cells specific for prostatic auto-
antigens (Ficure 1) [15]. Interestingly, significantly elevated levels of
IL-12p75 have been observed in the seminal plasma of both CP/
CPPS and BPH patients compared with controls [45], providing a
clinical correlate for enhanced secretion of the key Thl-inducing
cytokine by prostate stromal cells. Increased IL-12p75 levels in
seminal plasma are also consistent with the INF-y-secreting
lymphocytes specific for the prostate autoantigens PSA and PAP
detected in 34% of CP/CPPS patients [40].

CP/CPPS as an autoimmune disease

Chronic prostatitis/chronic pelvic pain syndrome is still an enig-
matic syndrome, with immunological, neurological and endo-
crine dysfunctions proposed to be involved in disease development
(21]. However, evidence indicative of a predominant autoimmune
component in the pathogenesis of CP/CPPS is emerging [20.46].
The autoimmune nature of CP/CPPS is supported by experimen-
tal models of prostatitis (Taste 1), which clearly demonstrate that
the immunization of rats or mice with prostate gland extracts or
defined prostate antigens can induce T-cell and antibody responses
to prostate autoantigens associated with a robust intraprostatic
inflammatory response.

The isolation of autoreactive CD4* and CD8* T lymphocytes
specific for prostatic antigens from normal individuals [36], the
capacity of seminal plasma [37.38] and specific prostate anti-
gens [39.40] to induce the proliferation of PBMC and CD4* T cells,
and the autoreactive CD4* cell-mediated B-cell activation, with
the production of high-titer autoantibodies to prostatic pro-
teins [41], all support the pathogenic role of autoimmune responses
to prostate antigens in CP/CPPS.

Chronic prostatitis/chronic pelvic pain syndrome is, by defini-
tion, a nonbacterial prostatitis. However, it is conceivable that
prostate infections may contribute to disease pathogenesis by
triggering an organ-specific autoimmune response. Microbial
products could activate signal transduction via TLRs expressed
by prostate cells, leading to the production of proinflammatory
cytokines and chemokines that contribute to create the condi-
tions for an autoimmune attack. This pathogenic mechanism, in
concert with genetic susceptibility and the induction of adaptive
immune responses, may precipitate autoimmune diseases, as is
shown by the induction of autoimmune myocarditis by a com-
bination of TLR stimulation and CD40-mediated triggering of
self-peptide-loaded dendritic cells (DCs) 47]. Activation of TLRs
in target tissues could also be involved in the pathogenesis of sys-
temic autoimmune diseases, as suggested for TLR-9 in systemic
lupus erythematosus [48]. TLRs expressed by human prostate cells
are functional, and their triggering by viral or bacterial products,
such as poly I:C and lipopolysaccharide, induces the production
of proinflammatory chemokines such as IL-8 and CXCL10, and
cytokines such as IL-6 [15]. In addition to the growth-promoting
properties of IL-8 and IL-6 on prostate cells, the capacity of IL-8
and CXCLI10 to recruit inflammatory cells could play a role in
inducing and maintaining chronic inflammatory conditions of
the prostate that could promote autoimmune responses (Ficure 1).

Besides infections, intraprostatic reflux, frequent or prolonged
contraction of the smooth muscle in the urethra/bladder neck and
prostatic stroma, increased intraprostatic pressure and hormo-
nal imbalances have been recognized as potential risk factors for
CP/CPPS [49). No correlation has been found between leukocyte
and bacterial counts and the severity of CP/CPPS symptoms [50]
or the aggressiveness and extent of inflammation with leukocyte
counts in prostatic fluid [s1], implying that factors other than
inflammation and infection contribute to the symptoms associ-
ated with CP/CPPS [52]. Among them, modulation of estrogen
and the androgen/estrogen ratio, known to be involved in the
control of inflammatory responses [53], can induce experimental
prostatitis of a reported autoimmune nature [33]. All these risk
factors could potentially favor an autoimmune prostatic response,
and intraprostatic reflux of urine or semen may induce epithelial
injury that could precipitate an immunological response.

BPH as an autoimmune disease?

Benign prostatic hyperplasia is the most common age-related
disease of males, occurring clinically in approximately 50% of
men at 70 years of age [s4]. BPH is defined by hyperproliferation
of the stromal and epithelial cells of the prostate, caused by
complex cellular alterations, including changes in proliferation,
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differentiation, apoptosis and senescence [s5]. A variety of growth
factors have been implicated in the pathogenesis of BPH, and two
members of the FGF gene family, FGF-2 and FGF-7, are consid-
ered to play key roles in prostate cell growth (s6]. However, the
complex regulatory mechanisms of growth control in BPH are
still incompletely understood.

Although primarily characterized by prostatic cell proliferation,
an inflammatory component has been extensively documented in
BPH [11.5758]. Strikingly, histological evidence of prostate inflam-
mation was identified in all patients tested, irrespective of bacterial
infection [59]. Interestingly, analysis of prostate biopsies in a subgroup
of over 1000 randomly selected patients from the Medical Therapy
of Prostatic Symptoms study indicates that the presence of inflam-
matory infiltrates in the prostate of BPH patients is associated with
an increased rate of disease progression and a higher risk of acute
urinary retention [60]. In addition, analysis of baseline data from the
Reduction by Dutasteride of Prostate Cancer Events (REDUCE)
trial indicates an association between inflammation and BPH symp-
toms [52]. As for CP/CPPS, it is unclear whether an infectious origin
could represent the primary event inducing inflammation in BPH
pathogenesis. Microbial organisms demonstrated thus far in BPH
appear to be rather heterogeneous, and no study has reported a single
strain of microorganism present in all BPH samples, while viruses
have been detected less commonly in association with BPH [11].

Inflammatory infiltrates in BPH have been found to consist
primarily of T cells; mostly CD4*CD45RO* cells, B cells and mac-
rophages [11]. The upregulation of several proinflammartory cytokines
has been described in BPH, in particular IL-2, IFN-y 61, IL-15 [62]
and IL-17 [63], leading to the hypothesis that BPH may represent an
‘immune inflammatory’ disease [11]. This is an attractive hypoth-
esis as the association of BPH with chronic inflammation could
offer a sound framework for understanding the disease pathogen-
esis. Notably, upregulation of IL-17 in BPH tissues was associated
with pathological conditions [63] well before the establishment of
a pathogenic role of Th17 cells in autoimmune diseases.

Significantly increased levels of the proinflammatory
cytokines IL-1at, IL-1B, IL-6 and IL-12p70, and the chemok-
ines CCL1, CCL4, CCL22 and IL-8, are present in the seminal
plasma of BPH patients [45]. The concomitant increase in sev-
eral inflammatory cytokines and chemokines in BPH patiencts is
consistent with an important chronic inflammatory component
in the pathogenesis of the disease, and expression-profiling data
demonstrate a strong correlation between inflammation and
symptomatic BPH (64]. IL-8 is expressed in situ by epithelial
and stromal prostate cells and is functional, as shown by the
recruitment of CXCR1- and CXCR2-positive leukocytes as well
as CD15" neutrophils [45]. The potential value of IL-8 as a sur-
rogate marker of disease is further supported by the positive
correlation of IL-8 levels with symptom scores and serum PSA
values in BPH patients [45]. Therefore, IL-8 may not only serve
as a reliable biomarker applicable to the diagnosis, prognosis
and assessment of treatment efficacy in BPH, as well as in CP/
CPPS patients, but also actually represents an important driver
of prostate inflammation, and is an interesting therapeutic tar-
get in itself for the treatment of this condition. IL-8-mediated

BPH cell growth can be induced by a combination of IFN-y
and IL-17, thus establishing a possible relationship between
the autoimmune response induced by BPH cells and prostate
cell growth (Ficure 1). Consistent with an IL-8-dependent link
bridging the inflammatory response and cell growth in BPH
cells, the vitamin D receptor (VDR) agonist elocalcitol, a well-
defined anti-inflammatory and antiproliferative agent inhibit-
ing prostate growth in experimental models [65.66] and in BPH
patients [67], has been shown to inhibit IL-8-mediated prostate
growth and inflammation through multiple mechanisms of
action [29,68].

Therefore, BPH has all the features of a chronic inflamma-
tory disease. It remains to be seen whether or not this chronic
inflammation is of an autoimmune origin, but the circumstantial
evidence available would suggest this is a distinct possibility.

Expert commentary & five-year view

A key novel element in the pathogenesis of CP/CPPS and BPH
is provided by the observation that human prostate cells can act
as APCs that are able to stimulate alloreactive CD4* T cells,
and potentially also autoreactive T cells specific for prostate
antigens, to produce IFN-y and IL-17. The induction of a BPH
cell-driven autoimmune response, as well as the triggering of
TLRs expressed by BPH cells, upregulate the production of IL-8,
IL-6 and CXCL10, key factors for sustaining prostate inflamma-
tion, recruiting inflammatory leukocytes and promoting prostate
cell hyperplasia.

Thus, BPH and CP/CPPS could share common pathogenetic
mechanisms, based on the capacity of human stromal prostate
cells to act as inducers and targets of chronic inflammation.
Critically important for the development of both diseases could
be the capacity of prostate cells to act as APCs and to respond to
TLR agonists, producing proinflammatory cytokines and chem-
okines able to recruit infiltrating cells and promote prostate cell
growth. The antigen-presenting capacity of prostate cells is also a
key element defining a putative autoimmune origin for CP/CPPS
and BPH. The autoimmune nature of CP/CPPS is fairly well
established, with multiple prostate antigens already identified as
being capable of inducing a memory T-cell response in peripheral
blood lymphocytes from CP/CPPS patients (Taeee 1). Conversely,
firm evidence for an autoimmune origin of BPH is still lack-
ing, although a single study has reported autoreactive T cells
specific for prostate antigens in BPH patients [18]. Nevertheless,
the available evidence for chronic inflammation in BPH and the
similarities between BPH and CP/CPPS, a disease in which the
autoimmune origin is fairly obvious, also suggest an autoimmune
pathogenesis for BPH.

Future work will clarify these issues, in particular the puta-
tive autoimmune nature of BPH, and hopefully provide a more
detailed analysis of the inciting prostatic autoantigens. In any
case, the marked inflammatory component shared by CP/CPPS
and BPH should spur attempts to treat these conditions using
anti-inflammatory agents. In this respect, the limited experience
available is too fragmentary for a thorough assessment [69-71].
Nevertheless, the VDR agonist elocalcitol, an antiproliferative
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and anti-inflammatory agent able to inhibit prostate growth
and inflammation in preclinical models of BPH (65.72], has been
shown to arrest prostate growth in BPH patients (67], indicating
the beneficial effects of targeting inflammation in this disease and
further supporting the relevance of the inflammatory response in
the pathogenesis of BPH. In the next few years, we will certainly

witness additional work along these lines.

Key issues

Prostate autoimmunity has been clearly demonstrated in a variety of animal models.

The demonstration that human prostate cells are antigen-presenting cells strongly supports the autoimmune nature of chronic prostate
inflammatory diseases such as chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS). Based on the available evidence, CP/CPPS

can be considered an autoimmune disease.
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The inciting autoantigen in CP/CPPS is not known, but several candidates have been proposed among the prostate-specific antigens.
Besides infections, intraprostatic reflux, frequent or prolonged contraction of smooth muscle in the urethra/bladder neck and prostatic
stroma, increased intraprostatic pressure and hormonal imbalances have all been recognized as potential risk factors for CP/CPPS, and
could precipitate autoimmune responses against prostate antigens.
Chronic inflammation is associated with benign prostatic hyperplasia (BPH), and BPH stromal cells function as antigen-presenting cells
that are able to activate T cells. However, an autoimmune origin of the chronic inflammatory response in BPH has not yet been

formally demonstrated.

Appropriate anti-inflammatory therapies are predicted to be beneficial in CP/CPPS and BPH patients.
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