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Background: Chronic nonbacterial prostatitis associated with lower urinary tract symptoms (LUTS) is a
prevalent condition in men. One potential pathophysiological factor is change in sex hormone, testosterone
and estrogen, balance. Inflammation, cancer and obstructive voiding has been induced in the Noble rat strain
by altering levels of sex hormones. We evaluated if imbalance of sex hormones could induce comparable
diseases also in a less estrogen sensitive Wistar strain rats.

Methods: Subcutaneous testosterone (830 pg/day) and 17B-estradiol (83 pg/day) hormone pellets were
used in male Wistar and Noble strain rats to induce prostatic diseases. The rats were followed for 13 and
18 weeks. Urodynamical measurements were performed at the end of the study under anesthesia. Prostates
were collected for further histological analysis. A panel of cytokines were measured from collected serum
samples.

Results: Noble rats exhibited stromal and glandular inflammation after 13 weeks that progressed into
more severe forms after 18 weeks of hormonal treatment. CD68-positive macrophages were observed in
the stromal areas and inside the inflamed acini. CD163-positive macrophages were present in the stromal
compartment but absent inside inflammatory foci or prostate acini. Thirteen-week hormonal treatment in
Noble rats induced obstructive voiding, which progressed to urinary retention after 18-weeks treatment. In
the Wistar rats 18-week treatment was comparable to the 13-week-treated Noble rats judged by progression
of prostatic inflammation, being also evident for obstructive voiding. Incidence of PIN-like lesions and
carcinomas in the periurethal area in Noble rats were high (100%) but lower (57%) and with smaller
lesions in Wistar rats. Serum cytokines leptin, CCL5, and VEGF concentrations showed a decrease in the
hormone-treated rats compared to placebo-treated rats.

Conclusions: Prostate inflammation and obstructive voiding developed also in the Wistar rats but more
slowly than in Noble rats. Male non-castrated Wistar strain rats may thus be suitable to use in studies of

pathophysiology and hormone-dependent prostate inflammation and obstructive voiding.
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Introduction

Chronic nonbacterial prostatitis/chronic pelvic pain
syndrome (CP/CPPS) is the most prevalent form of NIH
category for prostate inflammation (1). Inflammation of
the prostate is a common finding also in men with benign
prostatic hyperplasia (BPH). BPH development has strong
correlation between histological inflammation, IPSS
(International Prostate Symptom Score), and prostate
volume (2). Studies have also demonstrated a relationship
between the degree of lower urinary tract symptoms
(LUTS) and the degree of chronic inflammation (3,4),
being associated with severity and progression of BPH (5).
Benign enlargement of the prostate is the classical
explanation of being the causal factor for developing
bladder outlet obstruction (BOO) causing LUTS. Other
factors than prostate enlargement may also contribute in
the progression of BOO, perhaps independently of BPH,
such as age-related declines in detrusor function, neurologic
control of micturition, prostatic fibrosis, and smooth muscle
contractility (6). Experimental models, where enlarged
prostate, prostate inflammation and voiding functions
can be concomitantly studied, are thus valuable tools for
better understanding these conditions and their possible
relationships to each other and, most importantly, to assess
efficacy of new therapies.

An imbalance in sex hormones is evident during aging
in men (7), emphasizing the role of excess estradiol serum
levels associated with prostate size in BPH (8) and with
storage and voiding symptoms (9). Experimental rodent
models in both rats and mice have shown evidence that sex
hormones play a significant role in chronic nonbacterial
prostatitis development (10-13). Although clear causative
factors explaining changes in sex hormone balance in men
is lacking, increasing exposure to endocrine disruptor
chemicals from various food, chemical and environmental
could contribute to this process. Various chemicals possess
sex hormone-like actions (14) and thus can eventually
interfere with the endogenous sex hormone balance. There
are not many models available for studying changes in
the LUT function concomitantly with the progression
of the inflammation process induced with estrogen and
testosterone unbalance. Nicholson et #/. (11) showed
testosterone (T) + 17B- estradiol (E,)-induced voiding
dysfunction and BOO in mice. In rats, the hormone-
sensitive Noble strain has been used for modelling both
development of chronic prostate inflammation and
associated obstructive voiding (12,15). In this model, the
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rats treated with high levels of T and E, show signs of
obstructive voiding concomitant with chronic prostatic
inflammation. In addition, the hormonal treatment in this
strain leads to development of cancerous lesions around the
prostatic ducts (16,17), thus diversifying the potential of the
model for investigational purposes. Though the hormone
sensitive Noble rat strain (17) has been used in hormone
related studies for decades, its use is currently limited due to
decreased availability of this strain by commercial laboratory
animal suppliers. More commonly used rat strains should
be available for studying the effects of imbalance of sex
hormones on LUT.

It is shown that castrated Wistar rats develop prostate
inflammation after hormone exposure (13,18,19). Moreover,
treating aged Wistar rats with estrogen induces prostate
inflammation with 100% incidence (20). In the present
study, we evaluated if the non-castrated, namely hormonally
less sensitive Wistar rats at young adult age with chronic
testosterone and estrogen exposure, leads to development of
prostate inflammation and cancer, and especially, whether
obstructive voiding is associated in the condition. Finally, we
compared results from the Wistar rat strain with the Noble
rat strain, to investigate possible differences in the degree
of treatment effects on LUT in these strains. In addition,
various serum cytokines in serum were evaluated for potential
biomarkers. The presence of macrophages in the inflamed
prostate was also assessed, since they are commonly found
associated in prostate inflammation and in (2) and prostate
cancer (21).

Methods
Experimental design

Adult (11-12 weeks old, 340+20 g) male Wistar rats (Harlan
Laboratories Inc., The Netherlands) and 9-14 weeks
old (308+20 g) Noble rats (Charles River (Raleigh, NC,
USA) were used. All animals were housed pairwise under a
12-h light-dark cycle. The animals had free access to soy-
free rodent pellets (2016 global 16% protein rodent diet,
Harlan/ Envigo, Huntingdon, UK) and tap water ad libitum.
Animal experiment was complying the EU Directive
2010/63/EU, and the study protocol (10428/Ym?23
STH697A and STHO77A) was approved by the National
Animal Experiment Board of Finland. The animals were
stratified evenly into treatment groups based on body
weights.

In order to treat the animals chronically, subcutaneous
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testosterone (T, 50 mg for 60-day release pellets, calculated
daily release 830 pg), and 17B- estradiol (E,, 5 mg for
60-day release pellets, calculated daily release 83 pg) were
used. The use of corresponding hormone concentrations,
resulting to a hyperandrogenic state with decreased T-to-E,
ratio, has been shown to induce both prostate inflammation
and obstructive voiding in Noble-rats (12). Corresponding
placebo hormone pellets (IRA, FL, USA) were used for the
placebo treated control groups. The pellets were implanted
subcutaneously over the scapular area under anesthesia (3%
isoflurane, 200 mL/min, Piramal Healthcare Ltd, UK). The
pellets were replaced with identical new ones either twice
(at study weeks 6 and 13 for the 18-week treatment groups)
or once (at study week 6 for the 13-week treatment groups).
Since the progression time of prostate inflammation in
the Wistar rat strain was uncertain using these hormonal
treatments, two of the Wistar animals were terminated at
the study week 13 to assess the inflammation stage of the
prostate. Due to low observed inflammation, the treatment
period for the Wistar rats was extended to 18 weeks. Thus,
following groups were in the study: Noble T+E,-group
and placebo-group with 13 weeks treatment period; Noble
T+E,-group and placebo-group with 18 weeks treatment
period, and Wistar T+E,-group and placebo-group with
18 weeks treatment period.

Urodynamic measurements

For evaluating possible changes in micturition pattern
indicating obstructive voiding, urodynamic measurements
were performed as described previously (22) at the end of
each study period. Briefly, under anesthesia, an incision
was made to the lower abdomen of the rats and a 20G i.v.
cannula was inserted into the bladder for infusion of warn
(+37 °C) saline evoking the micturition and for bladder
pressure recordings. Urine flow rate was measured with
an ultrasonic flow probe from distal part of the urethra.
The pressure and urine flow signals were transferred to a
Biopac-system and continuous recording was made with
Acq Knowledge 3.5.3 software (Biopac Systems Inc.,
Santa Barbara, CA, USA). At the end of the measurements
the animals were sacrificed under anesthesia using CO,
suffocation and neck dislocation. The bladders, prostate-
urethra complex (including dorsal, lateral and ventral
prostate lobes and the underlying urethra part inside the
prostate), and pituitary glands were weighted and collected.
The prostate samples were fixed with 10% neutral buffered
formalin for 24 hours and stored thereafter in 70% ethanol
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for further analysis.

Histology

For histopathological evaluation of the prostate, the
collected prostate-urethra complexes were embedded
in paraffin, cut at 5 pm thickness and placed on glass
slides. The sections were deparaffinized with xylene and
decreasing ethanol solutions (100%, 96% and 70%)
and rehydrated with distilled water. For assessment of
inflammation and cancerous areas sections were stained
with hematoxylin-eosin, dehydrated and mounted. Three
representative serial sections of each animal’s dorsolateral
prostate were viewed for the assessment. The number
of inflamed acini were quantified from the dorsolateral
prostate lobes. Presence of prostatic intraepitheal neoplasia
(PIN)-like lesions and cancerous areas (adenocarcinoma)
was assessed in the rat according as previously
published (23). Briefly, PIN-like lesions were defined as
focal areas of hyperplastic epithelium displaying distinct
variation in size, shape, and staining properties of cells
and nuclei. Observed cancerous areas were identified as
prostatic adenocarcinomas and were locally invasive lesions
characterized by abnormalities in glandular architecture
and cytological atypia. All assessment was performed
blinded to treatment groups.

Macrophages were assessed from 13- and 18-week treated
Noble rats. Immunohistochemical staining with CD68
and CD163 antibodies was used to detect macrophages
present in the prostate tissue. The staining procedure was
performed using automatized Thermo Scientific™ Lab
Vision™ Autostainer (Fisher Scientific, New Hampshire,
USA) platform performed by BioSiteHisto Ltd, Tampere,
Finland. Briefly, after deparaffinization and dehydration
procedures, antigen retrieval was performed in pretreatment
module in Tris-EDTA pH9 buffer (20 min in +98 °C). The
primary antibodies CD68 (mouse monoclonal antibody
clone ED1, ab3163, dilution 1:250); and CD163 (rabbit
monoclonal antibody clone EPR19518, ab182422, dilution
1:500, both Abcam, Cambridge, UK) were incubated for
30 min. Endogenase peroxidase activity was blocked with
3% H,0,, 10 min. Anti-mouse and anti-rabbit HRP
detection polymers (Nordic Biosite, Tiby) were incubated
for 30 min. Diaminobenzidine (DAB) chromogen (High
contrast DAB, Nordic Biosite, Tidby) was used for
visualization of the antibody complex. The slides were
then counterstained with 1:5 diluted Mayer’s hematoxylin,
dehydrated and mounted with permanent mounting media.
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For negative controls similar procedure was performed
without the primary antibody.

Serum analysis of cytokines

A panel of cytokines was assessed from serum samples of
the Wistar rat strain from both groups (T+E, and placebo
group) at two different time points: at week 13 and week
18 prior to termination. For obtaining serum samples,
blood samples were collected from the tail vein, centrifuged
for 10 min, serum was collected and stored at =70 °C for
further analysis. Cytokines were measured using ELISA
method-based Milliplex® immunoassay biomarker panel
(Merck Millipore, Merck KGaA, Darmstadt, Germany)
Following 23 different biomarkers were measured from
serum samples: Eotaxin, GM-CSE, G-CSF IL-1A, MCP-1,
Leptin, MIP-1A, IL-4, IL-1B, IL-2 IL-6, IL-13, IL-10, IL-
12p70, IL-5, IFNy, IL-17,IL-18, IP-10, GRO-KC, CCL5,
TNFa, and VEGE. Cytokine concentrations were measured
from two replicate samples.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
7.01. (GraphPad Software Inc., La Jolla, CA, USA).
Statistical comparisons were performed between each T+E,-
group with its placebo control group. Data was checked for
normality using Shapiro-Wilk test. The cytokine data was
analyzed using two-way repeated measures ANOVA with
Sidak’s multiple comparisons test and the differences were
tested between time points inside each treatment group (13-
vs. 18-week) and between treatments in both time points
(T+E, vs. placebo-treatment) separately at both time points
(13- and 18-week). All other normally distributed data was
analyzed using two-tailed t-test, or non-parametric Mann-
Whitney U test was used as a post hoc test. P values <0.05
were considered statistically significant.

Results

Animal and organ weights in the Wistar and Noble
strain rats

The placebo-treated animal weights increased in all
treatment groups. On the contrary, the body weights of
all hormone-treated animals decreased at the end of each
treatment period, compared to the start weight (week 0).
The prostate and pituitary gland weights were significantly
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increased in all three T+E,-treated groups compared to
the corresponding placebo-groups. The bladder weights of
both the 13- and 18-week T+E,-treated Noble strains were
significantly increased compared to the control groups. In
contrast, the bladder weights of the T+E,-treated Wistar
rats were not significantly increased (7ible 1). Comparisons
were performed using absolute organ values.

Prostate cancer and inflammation in the Wistar and Noble
strain rats

After 13 weeks of hormonal treatment only sparse
inflammation was evident in the Wistar rats, thus
the study period for the Wistar was continued up to
18 weeks. The inflammation in the prostate was most
extent in the 18-week T+E,-treated Noble group, seen
as higher number of inflamed prostate acini and extent
stromal and periglandular inflammation. In contrast, the
13-week Noble rats and the 18-week Wistar rats showed
less inflamed acini and mild stromal inflammation was
observed (Table I). Prostate inflammation in the Wistar
rats after 18 weeks was evident as glandular, perivascular
and stromal inflammatory sites compared with placebo-
treated healthy rats (Figure 14,B,C,D). Similar morphology
was seen in the T+E,-treated Noble groups (data not
shown), which was consistent with earlier findings (24).
Adenocarcinomas and PIN-like lesions around the
prostatic ducts in the periurethral area were present in
both Noble groups in all hormone-treated animals and
was in accordance to previous data (16). Only four animals
out of seven showed cancer areas in the periurethral
area in Wistar rats (Table I). These lesions were smaller
(qualitative evaluation) compared to the Noble rats.
Representative histopathological images from hormone-
treated Wistar rats compared to placebo treated animals
are shown in Figure 1E,F.

Urodynamic parameters in the Wistar and Noble strain rats

During the urodynamical measurements of the 18-week
T+E, Noble rats it was evident that these animals exhibited
severe urinary obstruction making it impossible to
execute urodynamical recording under anesthesia. Thus,
urodynamic data was collected and analyzed from the
18-week Wistars and the 13-week Noble rats only. The
basal bladder pressure, i.e., bladder pressure during the
micturition phases, and the mean and maximal micturition
bladder pressure were significantly elevated compared
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Noble 13-week

Noble 18-week Wistar 18-week

Parameters
Placebo T+E, P Placebo T+E, P Placebo T+E, P
Body weight change (g) 60.8 £7.2 -35.2+4.5 <0.0001 (T) 67.7+6.5 -36.6+6.3 <0.0001 (T) 143.0+6.9 -29.6+3.2 <0.0001 (T)
Pituitary weight (absolute  1.1+0.04  3.2+0.3 <0.0001 (T) 1.1£0.05  5.1+0.3 <0.0001 (T) 1.2+0.06 4.8+0.8  0.0002 (T)
values) (107 g)
Prostate weight (absolute 11.1+0.4 19.9+0.5 <0.0001 (T) 12.0+0.7  19.7+0.4 <0.0001 (T) 14.1+0.9 24.9+1.2 <0.0001 (T)
values) (107 g)
Bladder weight (absolute 1.4 £0.05 2.0+0.06 <0.0001 (T) 1.5+0.04 2.1£0.1 0.0073 (1) 1.320.04 1.4+0.1 NS (T)
values) (107 g)
Number of Inflamed 0 15+2.4 0 32+6.4 0 18+3.8
prostate acini
Cancer incidence (% of 0 100 0 100 0 57
total)
Urodynamical parameters
Basal bladder pressure 4.4+0.9 4.4+1.1 NS (M) NM NM 6.2+0.8 15.9+2.2 0.0013 (T)
(cmH,0)
Max bladder pressure 59.0+2.1  60.4x2.3 NS (T) NM NM 42.3+1.4 55.5+2.5  0.0006 (T)
(cmH,0)
Mean bladder pressure  42.0+1.9  44.2+1.1 NS (T) NM NM 32.5+1.9 46.0+2.4  0.004 (M)
(cmH,0)
Max. flow rate (mL/min) 32.5+8.6 17.9+4.4 NS (T) NM NM 23.2+7.3 16.5+4.3 NS (T)
Mean flow rate (mL/min)  5.0+1.2 3.5+0.7 NS (T) NM NM 4.4+1.3 2.7+0.5 NS (T)
Micturition time (s) 8.7+1.3 12.0+1.9 NS (M) NM NM 13.4+3.4 25.0+3.0 0.038 (M)
Micturition interval (min)  1.9+0.3 2.5+0.4 NS (T) NM NM 2.2+0.3 2.8+0.2 NS (T)
Bladder capacity (mL) 0.7+0.07 1.0£0.10 0.012(T) NM NM 0.8+0.07 1.4+0.26 0.029 (M)
Residual urine volume  0.32+0.06 0.58+0.09 0.030 (T) NM NM 0.48+0.06 1.08+0.29 0.053 (M)

(mL)

Upper values in the rows are mean and SEM values for each parameter. Lower values in each row are P values from pairwise comparisons
against each placebo-groups. NS, not significantly different. P values >0.05 but <0.1 are shown also as exact values. Statistical analysis
between each T+E,-group compared to their placebo-groups was performed either with t-test (T) or Mann-Whitney test (M). NM, not
measured. Animal and organ weights and urodynamical parameters: Wistar groups n=7; Noble groups n=10; histological parameters:

Noble 13-week group n=8, Noble 18-week group n=5, Wistar 18-week group n=7.

to their placebo groups in the Wistar rats but not in the
Noble rats. Maximal and average mean urine flow rates
during the micturition phase were reduced in both strains
but the differences were not statistically significant, due to
high variation between the interindividual animals. The
micturition times were significantly elevated in the Wistar-
T+E, group compared to the placebo-group, and in the
T+E, Noble group a similar statistical trend was observed.
The bladder capacities and residual urine volumes after
voiding in both strains were increased in the T+E,-group
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compared to their placebo treated control groups. Increase
in the micturition intervals of the T+E,-treated groups in
both strains was not statistically significant (Table 1).

Presence of CD68-positive and CD163-positive
macrophages in the Noble rat prostate

Macrophages were assessed from 13- and 18-week
treated Noble rats to evaluate the macrophage infiltration
differences between the timepoints, since inflammation

tau.amegroups.com Transl Androl Urol 2019;8(Suppl 1):545-857
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Figure 1 Chronic inflammation and cancerous areas in the Wistar rat prostates. (A) Representative image (50x magnification) of the lateral

prostate lobe from a healthy placebo-animal in the 18-week Wistar group; (B) inflamed prostate acini (arrows showing examples) in the

lateral prostate lobe after 18-week hormone treatment in the Wistar rat (50x magnification); (C) inflammatory infiltrates in the Wistar

T+E,-treated rats are evident around capillaries (arrow) and (D) in the stroma (arrow) between prostate lobes (250x magnification); (E)

representative image of the periurthral area from a healthy Wistar rat where the prostatic ducts with normal epithelial layer are seen (arrow)

(150x magnification); (F) periurethral area of a T+E,-treated Wistar rat showing some small adenocarcinoma area (arrow) and PIN-like

lesions (stars) around the prostatic ducts (150x magnification).

severity increased with study course. Only few CD68-
or CD163-positive macrophages were present in the
connective tissue space around the prostatic acini in the
placebo-treated groups (Figure 24,B). Hormone treatment
and resultant inflammation increased presence of both
CD68- and CD163-positive macrophages intensely.
CD68-positive cells were present in the prostate acini,
stroma and inside inflammation infiltrate areas (Figure 2C).
In contrast, CD163-positive macrophages were present
strictly in the prostate stromal compartment but not
inside the inflammatory foci areas (Figure 2D) In the
periurethral space similarly only few CD68- or CD163-
positive cells were present in the healthy tissue around the
prostatic ducts of the placebo-treated rats (Figure 2E,F).

© Translational Andrology and Urology. All rights reserved.

In contrast, CD68-positive cells were abundantly visible in
the connective tissue around the cancerous area and some
inside the cancerous region in the periurethral space in the
hormone-treated rats (Figure 2G). In the hormone-treated
rats, also CD163-positive macrophages were present in the
periurethral area (Figure 2H). Qualitatively no differences
in abundance of macrophages was observed between the
13- and 18-week-treated Noble rats.

Serum cytokine concentrations

Hardly any inflammation in the prostate was evident in the
Wistar rats at timepoint 13. Thus, cytokines/chemokines
were measured from serum samples of the Wistar

tau.amegroups.com Transl Androl Urol 2019;8(Suppl 1):545-S57
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Figure 2 Presence of macrophages in the prostate and periurethral area. (A-D) Representative figures demonstrating presence of CD68-
and CD163-positive macrophages in the lateral prostate lobe of the 18-week treated Noble strain. Only few (A) CD68- or (B) CD163-
positive macrophages are present in the placebo rat (arrows); (C) presence of CD68-positive cells in the prostate acini (black arrow), stroma
(white arrow) and inside the inflammation infiltrate areas (stars) in the lateral prostate lobe from a hormone-treated rat; (D) representative
figure from a hormone-treated rat with extent CD163-positive cells in the prostatic stroma (arrow) but not in the inflammation infiltrate
areas (star) of the lateral prostate lobe; (E-H) CD68- and CD163-positive macrophage staining in the periurethral area; (E) only few CD68-
positive cells or (F) CD163-positive are seen in the healthy prostate tissue around the prostatic ducts (arrows) in the placebo-treated rat; (G)
cancerous areas in the periurethral space around the prostatic ducts with infiltration of CD68-positive macrophages in the connective tissue
(star) around the cancerous area and few cells inside the cancerous region in the hormone-treated rat (arrows); (F) hormone-treated rat with
PIN-like lesions (star) and cancerous area (white arrow) in the periurethral space around the prostatic ducts and only few CD163-positive
cells visible around that area (black arrows). (A-D) 150x magnification, (E-H) 200x magnification.
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Table 2 Cytokine and chemokine concentrations in serum of the Wistar rat
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Cytokine/ Placebo timepoint T+E, timepoint E’Iacebg -I.-+E2 ) Significance (P) between Significance (P) between
. timepoint  timepoint . . o
chemokine 13-week 13-week timepoints within treatments treatments
18-week 18-week
Leptin (ng/mL) 33.6+6.2 14.6+£3.4 35.7+4.7 11.5+25 NS 0.014 (13-week),
0.0017 (18-week)
IL-1A (pg/mL) 506+197 183+97 207+86 103+103 NS NS
IL-2 (pg/mL) 25+11 76142 29+14 23+12 NS NS
IL-4 (pg/mL) 159+54 79+39 143+43 125+41 NS NS
IL-10 (pg/mL) 156+63 10+£10 138+54 0+0 NS NS (P=0.062, 13 weeks),
NS (P=0.081, 18 weeks)
IL-12p70 (pg/mL) 174+25 163+15 156+20 19121 NS NS
IL-18 (pg/mL) 425+104 394+94 179+60 74+35 NS NS
CCL5 (ng/mL) 82.9+9.3 16.9+3.3 83.1+£9.1 11.8+5.8 NS <0.0001 (13 weeks),
<0.0001 (18 weeks)
Eotaxin (pg/mL)  246+47 2117 228+19 220+22 NS NS
GRO-KC (pg/mL) 756+130 518+165 704109 406+106 NS NS
MCP-1 (pg/mL)  593+55 557+69 612+54 567+54 NS NS
VEGF (pg/mL) 240+11 210+10 235+7 201+11 NS NS (P=0.085, 13 weeks),

0.039 (18 weeks)

Concentration values are represented as mean and SEM (as ng/mL for Leptin and CCL5, others as pg/mL). NS, non-significant. P values
>0.05 but <0.1 are shown also as exact values. Samples with concentrations <0.24 pg/mL were under the detection limit and considered

as 0 ng/mL for statistical comparisons. Placebo: n=11, T+E2: n=9.

18-week rat groups at two different time points, at 13 and
18 weeks, to evaluate, if there is a gradual change in time
of cytokines present in the blood indicating progression
of the inflammation. Eleven of them (GM-CSF, G-CSF,
MIP-1A, TNF-a, IL-1B, IL-6, IL-13, IL-5, IL-17, IP-
10, IFNY) out of 23 were at concentrations under the
detection limit (24 pg/mL) in both treatment groups
and in both time points (data from these not shown in
the table). Results from the other cytokines are listed in
the Tuble 2. Inside each treatment groups, there was no
change in the concentrations between the timepoints
13 and 18 weeks in any cytokines measured in neither
T+E,- or placebo-group. Instead, there was a statistically
significant reduction in leptin and CCLS5 in the T+E,-
group compared to the placebo-group in both timepoints.
Similarly, there was some decrease in concentrations of
IL-10 and VEGF in the T+E,-group compared to the
placebo-group (1able 2).

© Translational Andrology and Urology. All rights reserved.

Discussion

Long term estrogen treatment is known to induce chronic
prostate inflammation in rodents (10-13). In addition to
effects of estrogen on the prostate, studies suggest that
estrogens influence function of the LUT as well. Both
estrogenisation of neonatal mice (25) and aromatase over
expression in transgenic mice (26) leads to altered voiding
patterns resembling obstructive voiding. In addition, a
study by Streng er al. (27) suggests that only high doses
but not low doses of estrogens are able to induce voiding
dysfunction in male mice. In the rats, estrogen treatment
alone does not appear to be sufficient to induce voiding
symptoms associated with prostate inflammation (28).
Combined T+E, treatment on the other hand, has been
shown to be an effective approach to induce LUTS as
shown in studies in mice (11) and in the Noble strain
rats (12,15). New animal models would contribute and
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significantly support preclinical assessment of novel
therapies targeting chronic prostate inflammation and
LUTS. We therefore evaluated the Wistar rat strain for
obstructive voiding associated with hormonally induced
chronic prostate inflammation and compared the results to
the Noble strain.

The degree of inflammation in both Noble strain
groups (13- and 18-week-treated) were consistent with
previous published data (24). Inflammation was evident
in both prostatic acini and in the prostatic stromal space
in both strains. The degree of prostate inflammation in
the 18-week treated Wistar strain was similar with the
13-week treated Noble strain, indicating less sensitivity of
the Wistar strain to hormonal exposure. Less sensitivity to
the hormonal treatment was also evident as lower cancer
incidence and fewer adenocarcinoma areas in the Wistar
strain. On the other hand, the weights of the pituitary
glands (which is a consistent indicator of estrogen effect
in this model), and the prostate sizes (which is a consistent
indicator of testosterone effect in this model) were
nevertheless similar in both 18-week treated Wistars and
Nobles indicating that the level of hormone exposures was
similar. Thus, it can be concluded that the Wistar strain
is suitable as a model for chronic prostate inflammation.
For reason that remains unclear, prostate cancer in the
periurethral area does not develop in Wistar rats as in the
Noble rat strain. Thus, this Wistar animal model is not
an optimal choice for cancer research but highlights its
usefulness for investigating therapy options for obstructive
voiding.

One method to measure obstructive voiding is the
pressure/flow evaluation, where high detrusor pressure
associated with low urinary flow rate may occur, but also
other combinations may indicate the possibility of detrusor
failure, such as low detrusor pressure associated with low
urinary flow rates (29). Our results show that the basal
bladder pressure was not altered in the Noble strain, whereas
in the Wistar strain it was significantly elevated. Obstruction
was evident, and seen as increase of micturition times,
bladder capacity and residual urine volumes. This suggests
that the bladder’s ability of emptying itself from urine during
voiding was impaired. In humans, a normal urine flow rate
does not preclude the possibility of obstruction, and therefore
concomitant analysis of flow rates and residual volumes are
used when interpreting the data (29).

In the Wistar strain rats, the bladder weights were
slightly but not significantly increased in the hormone-
treated rats, unlike in both Noble strains (13- and 18-
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week treated). It is known that the bladder enlarges due
to BOO. Enlargement compensates the increased tension
of the urethra and enables emptying of the bladder (30).
Experimental studies have demonstrated that the
bladder undergoes three sequential stages (hypertrophy,
compensation, and decompensation) during the steps of
BOO progression (31). Surgical induction of BOO has
demonstrated immediate increases in urethral resistance to
urine flow, initiating an increase in bladder mass. After that
the bladder enters the compensated stage: the bladder mass
stabilizes, and the bladder pressure either remains normal
or increases to greater than control value, and the bladder’s
ability to empty remains near to normal. Thereafter,
bladder function destabilizes and enters the decompensated
stage, which is characterized by further increase in bladder
mass, progressive decreases in both phasic and tonic bladder
pressure and progressive loss in the bladder’s ability to
empty (31). Taken together, obstruction is evident in our
results, but with a difference that in the Wistar rats the
progression of decompensation stage is probably not as
far progressed as in the Noble rats: the bladder weights
were not significantly increased and there is still increased
bladder pressure remaining resisting the increased tension
of the urethra.

Prostate sizes were similarly enlarged in all studied
hormone-treated groups. Despite similar prostate weights
in the 18-week-treated Noble rats compared to the
13-week Noble rats and the 18-week Wistar rats, the
obstruction in this group was extreme and thus different.
Our results support the finding that the prostate size does
not directly correlate with the severity of obstructive
dysfunction as what has been observed in men with
BPH (32). Moreover, our results lend support to the
idea that inflammation in the prostate contributes to the
onset of LUTS in histologic BPH (33). This is because of
degree of inflammation and the obstruction were generally
similar in both 13-week treated Nobles rats and 18-week
treated Wistar rats. In contrast, in the 18-week treated
Noble rats, more severe degree of inflammation and more
severe obstruction was evident. Support of the association
of prostate inflammation progression with development of
obstructive voiding has been provided also in the previous
study by Bernoulli ez 4. (15).

We evaluated the presence of macrophages in this
hormonal model, since they are of high interest in the
context of immunotherapy development. Macrophages
are antigen presenting cells that play a role in the first
step of the innate inflammatory response. In this model
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both CD68- and CD163-positive macrophages were
abundantly present in the stroma of the inflamed regions
in the prostate. Both markers are being used to identify
macrophages in tissue: CDG68 is considered as a general
marker for all types of macrophages and CD163 is
abundantly referred as a marker for M2-type polarized
macrophages (with regulatory functions in tissue repair
and wound healing), although CD163 alone cannot be
considered a reliable M2-type marker when used on its
one (34). Both macrophage markers are being used
frequently for identification in immunohistochemistry.
It is known that the presence of macrophages in
the inflamed tissue is a common finding in prostate
inflammation: Robert et a/. (2) showed presence of
CD163-positive macrophages in 82% of specimens
from BPH patients. Interestingly, CD163-positive
macrophages have been found to correlate also with
pain and discomfort symptoms in patients with prostate
inflammation (35). Macrophage infiltration into prostate
tissue has been reported to correlate with tumor
progression. In most tumors the infiltrated macrophages are
considered to be toward M2 phenotype, which provides an
immunosuppressive microenvironment for tumor growth
and correlates with poor prognosis (36). However, increased
numbers of CD68-positive-macrophages are found in
specimens from high grade PIN and prostate cancer
lesions compared with benign prostate specimens (21).
We discovered that only some CD68-, but not CD163-
positive-macrophages, were present in the cancerous areas
in this hormonal model used. We did not observe any
CD163-positive cells at the adenocarcinoma site. It could
be speculated that the high estrogen used in this model is
involved in inhibiting the recruitment of CD163-positive
macrophages to the cancerous areas, since it has been
shown that estrogen can reduce macrophage recruitment
in estrogen receptor (ERa)-positive cancer associated
fibroblasts (37). In addition, estrogen has shown to
influence differentiation of macrophages (38). It is possible,
that estrogens used in this model has a major influence on
macrophage infiltration into tumors sites.

Prostatic inflammation in men has shown to elevate
inflammatory cytokine levels and is associated with
symptom severity in patients with CP/CPPS and BPH (39).
In humans, inflammatory biomarkers form patients with
prostatitis are mainly measured from seminal plasma,
but certain markers have been shown to be elevated also
measured from serum samples in preclinical models.
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For instance, increased serum levels of TNF-a has been
measured in a carrageenan-induced rat model (40) and
increased IL-1P levels has been shown to be elevated in a rat
autoimmune model for chronic prostatitis (41). In a short
term (30 days) estradiol-induced prostate inflammation
model serum cytokines TNF-a and IL-6 was shown to be
elevated in Wistar rats (42). Finding a reliable inflammatory
biomarker, ideally measurable from blood samples, would
help following the progression of the inflammation in
preclinical models. Our results showed no changes in
measured cytokine and chemokine concentrations in the
hormone-treated rat serums during the progression of
inflammation in the prostate. Therefore, they are not
suitable biomarkers for inflammation in this model. In
addition, few inflammatory biomarkers (CCL5, VEGF and
leptin) showed a decrease, rather than an increase, in serum
concentrations in the hormone-treated rats, most probably
due to high estrogen or testosterone influence. Estrogen
has shown inhibitory actions on CCL5 (37). Regarding
decrease of VEGHE, it has been shown that both estrogen
and testosterone increases VEGF expression levels in
prostate tissue (43), however, also a decreasing expression
effect on VEGF levels have been observed with an ERB1
agonist (44). A dual effect of sex hormones is evident also
on leptin expression: estradiol has an increasing effect while
testosterone have a suppressive effect on leptin levels (45).
Thus, it seems that the role of sex hormones on different
inflammatory biomarkers is rather complex and unrevealed
and needs to be clarified further.

In summary, the Wistar rat is a suitable strain for
modelling chronic prostate inflammation and obstructive
voiding. The Wistar strain is not, however, the optimal
model for preclinical cancer studies due to lower cancer
incidence and smaller cancer acini areas. The Wistar rat
strain less sensitive to hormonal exposure compared with
the Noble rat strain. Therefore, the corresponding prostate
inflammation and obstructive voiding is achieved using
longer hormonal exposure times. The effects of estrogen
on LUT are complex and can have unpredicted effects
on biomarkers being investigated. Thus, characterization
of experimental models is important to understand
the potential and limitations of the models for specific
targeting. The use of the Wistar strain enables investigating
the relationship of sex hormones on prostatic inflammation
and associated obstructive voiding and most importantly, for
the preclinical assessment of novel therapeutics targeting
voiding disorders.
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