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Crucial Role of Interferon-� in Experimental Autoimmune
Prostatitis

Ruben Darío Motrich, Evelyne van Etten, Femke Baeke, Clelia Maria Riera,
Chantal Mathieu and Virginia Elena Rivero*
From the Centro de Investigaciones en Bioquímica Clínica e Inmunología, Departamento de Bioquímica Clínica, Facultad de Ciencias
Químicas, Ciudad Universitaria-Universidad Nacional de Córdoba, Córdoba, Argentina, and Laboratory of Experimental Medicine
and Endocrinology, Department of Experimental Medicine, Katholieke Universiteit Leuven (EvE, FB, CM), Leuven, Belgium

Purpose: An autoimmune etiology is proposed in some patients with chronic
nonbacterial prostatitis since they show IFN-� secreting lymphocytes specific to
prostate antigens in the periphery and increased IFN-� in seminal plasma. We
investigated the involvement of IFN-� in an animal model of autoimmune pros-
tatitis.
Materials and Methods: Experimental autoimmune prostatitis was studied in
the no-obese diabetic and C57Bl/6 (Harlan, Zeist, The Netherlands) susceptible
mouse strains, and in the IRF-1 KO and STAT-1 KO mouse strains deficient in
transcription factors involved in IFN-� signaling.
Results: Experimental autoimmune prostatitis was characterized by prostate
specific IFN-� secreting cells in the periphery and by T-helper 1 related cytokines
in the target organ. Increased IFN-� and IL-12 were observed in the prostate of
autoimmune animals while IL-10 and IL-4 were decreased and unaltered, re-
spectively. The absence of transcription factors involved in the IFN-� signaling
cascade, IRF-1 and STAT-1 made mice resistant to experimental autoimmune
prostatitis. IRF-1-KO and STAT-1-KO mice immunized with prostate antigens
did not show infiltration or alterations in the prostate. They did not have the
typical prostate specific autoimmune response and showed decreased IFN-�,
IL-12 and IL-10, and enhanced of IL-4 in the prostate.
Conclusions: Our results argue for a crucial role of IFN-� as a key factor in the
pathogenesis of the disease. Intense research is promptly required to identify the
pathogenic mechanisms underlying chronic prostatitis/chronic pelvic pain syn-
drome to find a more rational therapy.

Key Words: prostate, prostatitis, pain, autoimmunity, mice

Abbreviations

and Acronyms

CFA � complete Freund’s
adjuvant
CIA � collagen induced arthritis
CP � chronic prostatitis
CPPS � chronic pelvic pain
syndrome
EAE � experimental autoimmune
encephalomyelitis
EAP � experimental autoimmune
prostatitis
ELISA � enzyme-linked
immunosorbent assay
IFN-� � interferon-�
IL � interleukin
IRF-1 � IFN-� regulatory factor-1
NOD � no-obese diabetic
OD � optical density
PBS � phosphate buffered saline
PSBP � prostate steroid binding
protein
STAT-1 � signal transducer and
activator of transcription-1
Th � T helper
CHRONIC prostatitis/CPPS is an impor-
tant worldwide health care problem
since it is a highly prevalent condition
that affects young and middle-aged
men.1 This chronic inflammatory syn-
drome is characterized by pelvic pain,
irritative voiding symptoms and sexual
dysfunction complaints. An inflamma-
tory state in the absence of an invading
infectious agent exists in these pa-
tients, suggesting that an autoimmune
0022-5347/10/1833-0001/0
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process may be involved.2 This hypoth-
esis is strengthened by the fact that
lymphocytes in a significant percent of
these patients proliferate and secrete
IFN-� in response to prostate anti-
gens.3,4 Increased proinflammatory
cytokines and striking abnormali-
ties in semen quality were also de-
scribed in patients with CP/CPPS
who had this autoimmune compo-
nent.5
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Extensive study has been done of the develop-
ment and characterization of rodent models of EAP
that may be appropriate animal models for the hu-
man counterpart, CPPS.6 The group at our labora-
tory has been a pioneer since we first described and
developed an experimental model in the highly sus-
ceptible NOD mouse strain. Immunization of young
male NOD mice with a mixture of prostate antigens
or the purified prostate protein PSBP induced the
presence of autoreactive pathogenic T cells, a hu-
moral response, and inflammation and infiltration
in the target organ.7,8 This model shows almost all
characteristics of human chronic autoimmune pros-
tatitis, including specific lymphocytes against pros-
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E

Figure 1. Increased IFN-� in mice with EAP. A and B, PSBP spec
20 autoimmune PSBP NOD mice (red bars) stimulated with
proliferation index. A, lymph node cells. B, spleen mononucle
supernatants on days 8 and 21 after immunization quantitated
autoimmune response evaluated by measuring specific levels in
8 and 21 after immunization by indirect ELISA. E, IgG1. F, IgG2
ead: Investigative Urology
tate antigens, IFN-� in lymphocyte supernatant,
and the type of infiltration and histological lesions
seen in the gland.9 Although many disease charac-
teristics have been described, many aspects remain
unknown, such as the local cytokine milieu and the
putative role of IFN-� in disease development.

We advanced the characterization of the autoim-
mune response by identifying Th1 related cytokines in
the prostate gland of autoimmune mice. We also stud-
ied IFN-� involvement in mice with EAP that were
deficient in STAT-1 and IRF-1, 2 key transcription
factors that affect the IFN-� signaling cascade.10–12

Our results suggest a crucial role for IFN-� in the
pathogenesis of experimental autoimmune prostatitis.

mphoproliferative response in 10 CFA controls (open bars) and
in vitro on days 8 and 21 after immunization, expressed as
ls. C and D, specific secretion in response to PSBP in culture
dwich ELISA. C, IFN-�. D, IL-4. E and F, PSBP specific humoral

samples of autoimmune PSBP and control CFA mice on days
risk indicates p �0.05.
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MATERIALS AND METHODS

Mouse Strains
NOD mice were kept under semibarrier conditions. KO
mice (STAT-1�/� and IRF-1�/�) had been back crossed
to C57Bl/6 and were kept under specific pathogen-free
conditions. C57Bl/6 mice served as WT controls. In all
experiments 8 to 10-week-old mice were used. Mice were
housed at the Katholieke Universiteit Leuven animal fa-
cilities. Animal breeding and experimental protocols were
approved by the Katholieke Universiteit Leuven institu-
tional animal care committee.

Antigens, Immunization and Treatments
PSBP was purified according to a previously described
procedure.7 Eight-week-old male mice were immunized on
days 0 and 15 with 30 �g purified PSBP plus complete
Freund’s adjuvant in a final volume of 0.15 ml per animal
(PSBP group) or complete Freund’s adjuvant alone (con-
trols). Mice received 4 injections intradermally at different
sites, including the right foot pad (0.025 ml), the left foot
pad (0.025 ml), the tail base (0.050 ml) and the shoulders
(0.050 ml).

Histology and Immunohistochemistry
Prostate glands collected at day 7 after the last immuni-
zation were fixed in 4% formalin solution and processed
for conventional histology. A prostatitis score was calcu-
lated for individual glands by summing the grade of each
section and dividing the total number of sections exam-
ined, usually 4. Inflammation degree was assessed using a
scale of 0—no inflammation, 1—focal atrophy in a portion
of acini and luminal corpora amylacea, 2—atrophy and
numerous vacuoles in the epithelium of most acini, hem-
orrhage and moderate mononuclear cell infiltration, and
3—atrophy and numerous vacuoles in the epithelium of
most acini, hemorrhage and marked mononuclear cell in-
filtration.13

For immunohistochemistry the prostate from immu-
nized and control mice were excised at day 8 or 21 after
the first immunization, cryoprotected in 30% sucrose and
frozen in TissueTek® OCT™. Cryostat sections (5 �m)
were air dried for several hours, blocked to avoid nonspe-
cific binding and incubated for 1 hour at 37C with a
fluorescein isothiocyanate labeled monoclonal antibody
against CD45RB (BD®).

Cell Mediated Immune Response
Single cell suspensions were prepared in Hanks balanced
salt solution from teased spleen or pooled lymph nodes of
individual mice. Cell suspensions in Dulbecco’s modified
Eagle’s medium supplemented with GlutaMAX™, sodium
pyruvate, nonessential amino acids, HEPES buffer, peni-
cillin/streptomycin, 50 mM 2-mercaptoethanol and 10%
fetal calf serum were cultured at 3 � 105 cells per well in
0.2 ml volume in flat bottomed 96-well microtiter plates.
PSBP was added to a concentration of 20 �g/ml. All cell
combinations were performed in quadruplicate. Plates
were incubated for 4 days at 37C in water saturated 7.5%
CO2 and pulsed for the final 18 hours with 1 �Ci [methyl-
3H] thymidine. Labeled material was automatically har-
vested and counted in a �-plate scanner. The response is
expressed as a proliferation index calculated from cpm
d: Investigative Urology
incorporated in antigen pulsed cultures per cpm incorpo-
rated in cultures with medium alone.

Culture Supernatant Cytokines
Supernatants from cultures prepared as described were
collected after 72 hours. IFN-� and IL-4 quantities were
determined by a solid phase sandwich ELISA protocol
according to manufacturer instructions. Briefly, 96-well
plates were coated with primary anti-IFN-� or anti-IL-4
capture Abs and blocked with PBS-5% bovine serum al-
bumin. Supernatant samples were incubated 2 hours at
room temperature, followed by the addition of biotinylated
anti-IFN-� detecting mAb or biotinylated anti-IL-4 detect-
ing mAb. Plates were developed by adding avidin peroxi-
dase and its substrate, tetramethylbenzidine. OD was
measured at 450 nm in a microplate reader. IFN-� and
IL-4 amounts were extrapolated from the standard curve.
Results are expressed in pg/ml.

Specific Antibody Detection
Antibodies against PSBP were titrated by conventional
ELISA in Costar® multiwell plates precoated with 100 �l
PSBP per well at 20 �g/ml in 0.05 M carbonate buffer, pH
9.6. After overnight incubation at 4C microwells were
washed twice and blocked with PBS-1% bovine serum
albumin for 2 hours, rinsed with PBS-0.05% Tween 20 and
filled with 100 �l serum sample dilutions (1:50) for 1 hour
at 37C. To detect specific IgG1 and IgG2a plates were
incubated with biotinylated anti-mouse IgG1 and biotin-
ylated anti-mouse IgG2a antibodies (BD) for 1 hour at
37C. Plates were developed by adding avidin peroxidase
and its substrate, tetramethylbenzidine. OD was mea-
sured at 450 nm in a microplate reader (Bio-Rad).

Quantitative Real-Time RT-PCR
Quantitative RT-PCR was done for IL-12, IFN-�, IL-17,
IL-10, IL-4 and �-actin in prostate glands from control and
immunized mice at days 8 and 21, as previously de-
scribed.14 Briefly, total RNA was extracted using the
TRIzol® method. A constant amount of 3 �g target RNA
was reverse transcribed using 100 U SuperScript® II RT
at 42C for 80 minutes in the presence of 5 �mol/l oligo
deoxythymidine 16 (PerkinElmer®). PCR reactions were
performed in the Prism® 7700 Sequence Detector contain-
ing a GeneAmp® PCR system 9600. PCR amplifications
were done in triplicate wells. Data are expressed as rela-
tive input copy number normalized to �-actin.

Prostatitis clinical score according to histological findings

Mean � SD Score

NOD 8 dpi:*
CFA 0.20 � 0.20
PSBP 1.10 � 0.20

NOD 21 dpi:*
CFA 0.10 � 0.22
PSBP 2.40 � 0.42

21 dpi:
C57B1/6 1.60 � 0.42
IRF-1 KO 0.15 � 0.22*
STAT-1 KO 0.25 � 0.25*

* p �0.05.
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Statistical Analysis
Statistical analysis was performed with the Wilcoxon
paired and the paired t test, 1-way ANOVA followed by
Dunnett’s test when ANOVA showed statistical differ-
ences among experimental groups, and Fisher’s exact test
as appropriate with p �0.05 considered statistically sig-
nificant.
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Figure 2. Increased IFN-� in mice with EAP. Immunofluores-
cence and histology of prostates of autoimmune PSBP NOD
mice excised at 8 or 21 dpi. Cryostat sections were incubated
for 1 hour at 37C with fluorescein isothiocyanate labeled
monoclonal against CD45RB. H/E, H & E. Reduced from
�200.
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Figure 3. Increased IFN-� in mice with EAP. Cytokine secretion in
tissue of autoimmune PSBP NOD mice at days 8 and 21 by real-t
ead: Investigative Urology
RESULTS

We previously reported that strong autoimmune
prostatitis develops in NOD and C57Bl/6 mice since
immunized mice showed a T-cell mediated response
accompanied by a florid infiltrate circumscribed at
the lateral and dorsal prostatic lobes.7,8 To further
characterize the autoimmune response we currently
studied the specific autoimmune response at differ-
ent times of the experimental protocol and quanti-
tative analysis of intraprostatic mRNA levels of dif-
ferent cytokines in NOD mice. Autoimmune NOD
mice showed prostate specific IFN-� secreting cells
in the periphery and Th1 related cytokines in the
target organ.

No response was observed in controls but a posi-
tive proliferative response was noted in lymph node
and spleen cells from immunized NOD mice at day 8
(fig. 1, A and B). The positive PSBP specific lympho-
proliferative response in lymph node cells decreased
as disease progressed but by day 21 it had increased
in PSBP immunized mouse spleen cells. This prolif-
erative response was accompanied by specific IFN-�
secreting cells detectable in the spleen (fig. 1, C) and
in lymph nodes (data not shown) but no IL-4 pro-
duction was detected (fig. 1, D). A specific humoral
response was also observed in immunized mice,
characterized by increased specific IgG2a and IgG1
at day 21 (fig. 1, E and F). PSBP specific IgG2a
showed a higher increase than PSBP specific IgG1,
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suggesting deviation to a Th1 pattern in the immune
response involved in EAP (fig. 1, E and F). Histolog-
ical changes in the target organ revealed minor le-
sions 8 days after PSBP immunization, and marked
lymphomononuclear cell infiltration and atrophy of
the epithelium of most acini accompanied by numer-
ous vacuoles in the prostate gland on day 21 after
immunization (see table and fig. 2). In parallel
CD45� cells infiltrating the prostate gland showed
the same kinetic pattern with an increase in CD45�
infiltrating cells as disease progressed (fig. 2). When
different cytokines in the target gland were ana-
lyzed, significantly increased IFN-� and IL-12 were
observed in the prostate of mice with advanced dis-
ease on day 21. Intraprostatic IL-4 showed no major
change but IL-10 significantly decreased as disease
progressed (fig. 3).

IFN-� Role in Induced Autoimmune Prostatitis

C57Bl/6 (WT), IRF-1�/� and STAT-1�/� mice
were immunized, and the immune response and
histological changes were analyzed. C57Bl/6 mice
showed high PSBP specific IFN-� secretion at days
8 and 21 (fig. 4, A and B), and increased PSBP
specific serum antibodies of IgG2a and IgG1 iso-
types (fig. 2). Immunized IRF-1�/� and STAT-
1�/� mice had significantly decreased PSBP spe-
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Figure 4. IFN-� role in mice with EAP. A and B, IFN-� specific s
and autoimmune PSBP deficient mice, including 8 IRF-1 KO, 8 S
days 8 and 21 after immunization. IFN-� in culture supernatant w
autoimmune response. PSBP specific levels on day 21 after i
autoimmune PSBP deficient IRF1 KO, STAT1 KO and WT C57BL/
d: Investigative Urology
cific IFN-� secretion (fig. 4, A and B) with no
detectable IL-4 production (data not shown). Anal-
ysis of specific antibodies at day 21 showed lower
IgG2a (p �0.05) but IgG1 levels similar to those in
WT mice (fig. 4, C and D).

When prostate sections were analyzed, mono-
nuclear cell infiltration with epithelial acini atro-
phy was seen in WT glands but neither infiltration
nor lesions were observed in immunized mice de-
ficient in IRF-1 and STAT-1 (see table and fig. 5).
Analysis of prostate cytokines showed increased
IFN-�, IL-12 and IL-10 in PSBP immunized WT
mice on day 21. Analysis of these cytokines in the
prostate of PSBP immunized IRF-1�/� and
STAT-1�/� mice revealed lower IFN-� only in
IRF-1�/� mice (p �0.05) while STAT-1�/� mice
showed no differences vs WT controls. IRF-1�/�
and STAT-1�/� mice had significantly decreased
IL-12 and IL-10 compared to WT mice (p �0.05).
While no detectable IL-4 was noted in immunized
WT mice, an increase in this cytokine was ob-
served in mice deficient in key molecules involved
in the IFN-� signaling cascade (fig. 6). Intrapros-
tatic IL-17 was not detected at 21 dpi in any
experimental group at the time point assayed
(data not shown).
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DISCUSSION

Our results argue for a relevant role of IFN-� in
EAP, an animal model of the human disease CP/
CPPS. EAP was largely characterized by prostate
specific IFN-� secreting cells in the periphery and
Th1 related cytokines in the target organ. Current
findings agree with data in the EAP rat model and in
the human disease.4,5,13 In accord with these previ-
ous data we observed Th1 cytokines in the target
organ accompanying the course of the autoimmune
response in the periphery. Increased INF� and IL-
12, and low IL-10 were noted in prostate tissue as
the disease progressed, in parallel with the presence
of antigen specific INF-� secreting cells in the pe-
riphery.

The key role of IFN-� in autoimmune prostatitis
was also noted in mice deficient in IRF-1 or STAT-1.
Deficiency in these transcription factors involved in
the INF-� signaling cascade made these mice resis-
tant to EAP. IFN-� acts mostly via the Janus kinase/
STAT-1 pathway.15 The diverse biological effects of
IFN-� rely on its actions in regulating gene tran-
scription. The transcription factor STAT-1 is a key
mediator of biological responses to IFN-�. Upon trig-

C57BL/6 200X C57BL/6 400X

IRF-1 KO  200X

STAT-1 KO  200X

IRF-1 KO  400X

STAT-1 KO  400X

Figure 5. IFN-� role in mice with EAP. Microphotographs show
histology of prostates of autoimmune WT C57Bl/6, IRF-1 KO and
STAT-1 KO mice excised at 21 dpi.
ead: Investigative Urology
gering IFN-� receptor Janus kinases are activated
and phosphorylate STAT-1, which then acts at the
nuclear level, binding to IFN-� activated sequences
in target gene promoters.16 As a result, STAT-1 mod-
ulates the expression of primary response genes, in-
cluding other transcription factors such as IRF-1.
IRF-1 is strongly inducible after IFN-� stimulation
and participates in the transcription of many IFN-�
regulated secondary genes whose promoters contain
IFN-� stimulated regulatory elements.17 PSBP im-
munized IRF-1�/� and STAT-1�/� mice did not
have prostate gland infiltration and/or alterations.
The typical prostate specific autoimmune response
characterized by IFN-� secreting lymphocytes could
not develop. Also, they showed decreased IFN-�,
IL-12 and IL-10 in the target organ. Although intra-
prostatic IFN-� did not significantly decrease in
STAT-1�/� mice, positive PSBP specific IFN-� se-
cretion was not evident in the periphery and these
animals showed no histological changes or prostate
lesion. These findings suggest that, although IFN-�
is present in the cytokine milieu in the target organ,
it does not have its effector function because these
mice are deficient in key transcription factors in-
volved in its signaling cascade. While IL-4 was al-
most undetectable in prostate samples from PSBP
immunized NOD and C57Bl/6 WT mice, enhanced
IL-4 levels were detected in PSBP immunized IRF-
1�/� and STAT-1�/� mice. We analyzed IL-4 in
culture supernatants of these animals but observed
no detectable values. These results support the im-
portance of IFN-� in the pathogenesis of autoim-
mune prostatitis and confirm that EAP cannot de-
velop in mice deficient in IRF-1 or STAT-1.

Different results were reported when animals defi-
cient in IRF-1 or STAT-1 were analyzed for suscepti-
bility to typical Th1 mediated autoimmune diseases
such as EAE, CIA and diabetes. IRF-1 deficient mice
showed decreased incidence and severity of CIA, EAE
and diabetes.18–20 In regard to EAE protection from
brain inflammation in mice lacking IRF-1 was associ-
ated with Th2 type cytokines.19 In contrast, STAT-
1�/� mice were highly susceptible to EAE and had
more severe, accelerated disease with atypical neuro-
pathological features.21 Similar to these contradictory
reports were those in which IFN-��/� or IFN-�R�/�
mice showed CIA or EAE.22,23 Recent studies suggest
greater diversification of the CD4 T-cell effector reper-
toire than that encompassed by the Th1/Th2 para-
digm. New studies linking the cytokines IL-23 and
IL-17 to immune pathogenesis previously attributed to
the Th1 lineage have led to the delineation of a new
effector CD4 T-cell arm referred to as Th17.24 IL-17
deficient mice show impaired joint inflammation after
type II collagen immunization.25 Furthermore, neu-
tralization of IL-17 decreases disease severity26 and
IL-17 over expression in joints exacerbates the dis-
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ease.27 These results link the development of self-an-
tigen reactive IL-17 producing effector CD4 T cells but
not IFN-� producing effectors to autoimmune inflam-
mation in these models. However, other experimental
models of rheumatoid arthritis, such as proteoglycan
induced autoimmune arthritis, are independent of IL-
17.28 Thus, in at least some forms of autoimmunity the
IL-23/IL-17 cytokine axis and not the IL-12/IFN-� axis
is crucial for disease pathogenesis. In EAP models the
exact role of Th17 cells has not yet been properly
analyzed but the fact that mice deficient in 2 transcrip-
tion factors crucial in the IFN-� signaling cascade are
resistant to EAP argue for a key role of IFN-� in this
model and suggest that Th17 may not have a major
role in EAP. In fact, intraprostatic IL-17 was not de-
tected in deficient or WT autoimmune animals at a
time when the disease was clearly established. In ac-
cordance with our results Penna et al reported that
IFN-� deficient mice showed a significantly decreased
number of infiltrates in the prostate and suggested
that the T cells specific for prostate antigens are IFN-�
producing Th1 cells, which may have an essential role
in disease induction.29 However, they also reported
that prostate draining lymph node T cells in NOD mice
immunized with prostate homogenate produced IFN-�
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C, IL-12. D, IL-10. Asterisk indicates p �0.05.
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and IL-17 after a polyclonal stimulus.30 However, they
did not investigate the presence of this cytokine in the
target organ. More data are needed to assign any Th17
cell role in EAP cases.

CONCLUSIONS

The current results argue for a crucial role of IFN-�
as a key factor in EAP pathogenesis. Major charac-
teristics of the autoimmune response in patients
with CP/CPPS have barely been described. Intense
research in human disease and its animal models is
promptly required to identify the pathogenic mech-
anisms underlying CP/CPPS to find a more rational,
effective therapy in this large patient group.
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