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Abstract

Background—~Prostatic inflammation has been suggested to contribute to the etiology of lower
urinary tract symptoms by inducing fibrosis. We previously used a well-characterized mouse
model of bacterial-induced prostate inflammation to demonstrate that chronic prostatic
inflammation induces collagen deposition. Here, we examined stability of the newly synthesized
collagen in bacterial-induced prostatic inflammation and the reversibility of fibrosis after
resolution of infection and inflammation.

Methods—Uropathogenic E. coli 1677 was instilled transurethrally into adult C3H/HeOuJ male
mice to induce chronic prostatic inflammation. Collagen was labeled by 3H-proline administration
for 28 days post-inoculation and 3H-hydroxyproline incorporation measured to determine stability
of the newly synthesized collagen. Inflammation score was graded using a previously established
system and total collagen content was measured by picrosirius red staining quantitation and
hydroxyproline content. Resolution of inflammation and reversal of collagen deposition was
assessed after treatment with antibiotic enrofloxacin for two weeks on day 28 post-inoculation
followed by an eight-week recovery period.

Results—Decay analysis of incorporated 3H-hydroxyproline revealed the half-life of newly
synthesized collagen to be significantly shorter in infected/inflamed prostates than in controls.
Treatment with antibiotic enrofloxacin completely eradicated bacterial infection and allowed
resolution of inflammation. This was followed by marked attenuation of collagen content and
correlation analysis verified a positive association between the resolution of inflammation and the
reversal of collagen deposition.

Conclusions—These data demonstrate, for the first time, that inflammation-induced prostatic

fibrosis is a reversible process.
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Introduction

Prostatic inflammation is frequently present in aging men. It has been suggested to be a
major etiological factor for benign prostatic hyperplasia (BPH) and lower urinary tract
symptoms (LUTS) as there is accumulating evidence showing that the degree of
inflammation was correlated with symptom severity and disease progression of BPH/LUTS
[1,2]. However, the underlying mechanism for this association remains to be established.
Several studies have shown that prostatic fibrosis is strongly associated with impaired
urethral function and LUTS severity [3,4]. This led to the hypothesis that prostatic
inflammation contributes to the pathogenesis of BPH/LUTS by inducing prostatic fibrosis
and impairing opening of the bladder neck — prostate complex during voiding. Using a
previously described mouse model of bacterial-induced prostatic inflammation [5], we
recently characterized the fibrotic response to inflammation in the prostate [6]. Our findings
demonstrated that chronic prostatic inflammation results in a significant increase in prostate
collagen content, strongly supporting a role for inflammation in prostatic fibrosis.

Given that inflammation-induced prostatic fibrosis could be a major contributing factor in
the development and progression of BPH/LUTS, it is imperative to determine whether the
injured prostate has the capacity to resolve and remodel the established fibrosis induced by
inflammation. In this study, we extended our work to investigate the reversibility of fibrosis
induced by inflammation. We first measured the stability of the newly synthesized collagen
to examine whether collagen induced in prostate inflammation undergoes remodeling and
degradation. We then used antibiotic treatment to induce resolution of bacterial-induced
inflammation and measured reversal of the associated fibrosis over an eight-week recovery
period. Our findings demonstrate, for the first time, that prostatic fibrosis induced by chronic
inflammation is at least partly reversible.

Materials and Methods

Transurethral Instillation

Transurethral instillation was performed as previously described [5]. 8-week old C3H/
HeOuJ male mice (Jackson Laboratories, Bar Harbor, Maine) were anesthetized with
isoflurane and catheterized with a lubricated sterile polyethylene catheter per urethra.
Inoculation was performed by a single transurethral instillation of uropathogenic E. coli
1677 (2 x106 CFU/mI) or sterile PBS in a volume of 200pl.

Antibiotic Treatment

At day 28 post-instillation some animals were treated with 1ml of 100mg/ml enrofloxacin
(Baytril® 100, Bayer Corp., Pittsburgh, PA) per 450 ml drinking water for two weeks. Fresh
water with enrofloxacin was replaced every 3-4 days. Other animals received sham
treatment (regular drinking water). After two weeks of treatment, all animals received
regular drinking water. Animals were sacrificed either immediately or 8 weeks after the end
of enrofloxacin/sham treatment. The prostatic lobes (ventral prostate, dorsolateral prostate,
anterior prostate) were harvested separately and were used for bacterial culture and
histology. The whole mouse prostates were collected and used for hydroxyproline assay and
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measuring the incorporation of 3H-hydroxyproline to determine collagen stability. Four to
six mice per treatment group were analyzed for histology. Four mice per treatment group
were used for bacterial counts. Four to five mice per treatment group were used for
hydroxyproline assay. Three to eight mice per time point per treatment group were used for
collagen stability measurement.

Bacterial Counts

Each prostatic lobe was collected separately, weighed and homogenized in 400ul of sterile
cold PBS. The homogenate was serially diluted to 1:100 and 1:1000 and plated onto Levine
EMB agar at 37°C for 24 hours. Each dilution was plated in duplicate. Prostatic bacterial
titers are presented as the mean colony-forming units (CFUs) x103%/prostate weight (mg) +
standard error of the mean (SEM).

Quantitation of Inflammatory Degree

Tissues were fixed in 10% formalin, imbedded in paraffin and serially sectioned at 6um.
Standard H&E staining was performed for histology. Using our previously established
scoring system [5], the severity of inflammation was graded in at least 3 random 10x fields
of H&E sections from each prostatic lobe. Data are presented as the mean inflammation
score = SEM.

Quantitation of Collagen Content

Picrosirius Red Staining—Adjacent tissues sections of H&E stained slides were used
for picrosirius red staining. The staining was performed by incubating slides in 0.1% sirius
red in saturated aqueous solution of picric acid for one hour at room temperature. Images
were taken by digital camera using NIS Element software under a Nikon Eclipse 80i
polarized light microscope. The settings of the software and microscope remained
unchanged throughout the observation for the purpose of quantitation and comparisons. The
color staining that shows up under polarizing microscope corresponds to the birefringence of
collagen fibers [7]. Quantitation of the staining for collagen content was then determined by
using NIH Image J. Briefly, the images were converted from RBG to 8-bit gray scale and
the intensity of the three color channels was summed into one image. The images were
manually thresholded to define the collagen staining and a constant value of the threshold
was set for all the images analyzed. The region of interest (prostatic tissues) was manually
outlined to analyze the area that was stained for collagen. Large blood vessels and nerve
fiber bundles in the prostate were eliminated in the quantitation. Data are presented as the
mean percentage of collagen area £ SEM.

Hydroxyproline Assay for Collagen Content by High-Performance Liquid
Chromatography (HPLC)—Mouse prostate tissues were harvested, snap frozen in liquid
nitrogen, and stored at -80°C until further analysis. The procedure was performed as
previously described with some modifications [8]. The tissues were thawed on ice and
weighed. Each tissue sample was homogenized in 2ml of 12N HCI with a motorized
homogenizer in a clean glass tube. 75ul of 20mM sacrosine (reagent grade) as internal
standard was mixed in the homogenate. Then, the glass tubes containing the tissue
homogenate were tightly capped to prevent evaporation and were incubated in a 110°C
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heating block for 18 hours. The hydrolysates were allowed to cool to room temperature,
neutralized with 2ml of 12N NaOH and 1ml of borate buffer (0.7M boric acid in water, pH
9.5 with NaOH), and were adjusted to a pH 9.5 with NaOH and HCI. Aliquots of 500pl of
the sample solution were used for subsequent derivatization process. Some samples were run
in duplicate or triplicate for intra-day reaction consistency and these same samples were run
on the next day for inter-day reaction consistency. Hydroxyproline (reagent grade) standards
of 0.3125, 0.625, 1.25, 2.5, 5, 10, 20mM with 7.5mM L-proline (reagent grade) in water
were prepared. 200ul of each hydroxyproline standard was mixed with 75ul of 20mM
sacrosine, 1.8ml of 12N HCI, 2ml of 12N NaOH and 1ml of borate buffer. The solutions
were then adjusted to pH 9.5. Aliquots of 500ul of the hydroxyproline standard solution
were used for subsequent derivatization process.

Aliquots (500ul) of tissue homogenate or hydroxyproline standard were added with 700ul of
borate buffer. The following procedures were performed in dark. The solutions were mixed
with 100ul of OPA solution (50mg o-phthalaldehyde dissolved in 1ml acetonitrile and 26l
of reagent grade f-mercaptoethanol) by vortexing and allowed to react at room temperature
for 1 minute. The solution was then mixed with 100ul of iodoacetamide solution (140mg/ml
of iodoacetamide in acetonitrile) by vortexing and reacted at room temperature for 1 minute.
600pl of 5mM FMOC-CI in acetone was subsequently added, mixed by vortexing and
reacted at room temperature for 1 minute. The solutions were then washed three times with
3ml of ethyl ether by vortexing for 30 seconds each. The organic layer was discarded each
time. 50ul of the aqueous phase was injected into the HPLC. A total of 3 injections were run
for each reacted sample or standard. Sample injections were made every 25 minutes without
an intervening wash. The isocratic mobile phase was prepared by combining 650ml of 3%
glacial acetic acid that was adjusted to pH 4.3 with sodium acetate (reagent grade) with
350ml of acetonitrile, followed by vacuum filtration for degassing. All reagents used were
ACS or HPLC grade unless stated otherwise.

The HPLC instrumentation and spectrofluorometer was set up as previously described [8].
The HPLC instrumentation included a Shimadzu LC-10AD HPLC pump, SIL-10A auto
injector and system controller. A McPherson Model FL-750 spectrofluorometer was used
with the high-sensitivity module, an excitation wavelength of 265nm and without an
emission cut-off filter. Separation was achieved by using a Lichrosphere 5 RP18e 250 mm x
4.60 mm, 5um column. The mobile phase was pumped at a constant rate of 0.75ml/min.

The coefficients of variation for intra-day reaction consistency were less than 2.2% and for
inter-day reaction consistency were less than 11%. The height ratio of the internal standard
(sarcosine) and hydroxyproline peak was calculated for each sample and standard. The exact
amount of hydroxyproline standards in g injected into the HPLC was determined by
calculating the total dilution made from the original concentration prepared. The standard
curve of hydroxyproline standards showed linear regression with R2 = 0.995. The amount of
hydroxyproline in pg presented in the prostate samples was calculated from the peak height
ratio of hydroxyproline and internal standard peak into the linear regression equation
obtained from the hydroxyproline standard curve. Data are presented as mean
hydroxyproline (ug)/prostate weight (mg) + SEM.
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Collagen Stability Measured by The Incorporation of 3H-hydroxyproline

Animals instilled transurethrally with either sterile PBS or uropathogenic E. coli 1677 were
injected intraperitoneally with 15uCi of L-[3,4-3H] proline (specific activity 50-60 Ci/mmol,
ARC, Inc.) every two days for 28 days. Animals were sacrificed on day 1, 4, 8, 15, 22, 29,
36, 57, 78, 113 after the last injection of 3H-proline. The whole prostate was harvested, snap
frozen in liquid nitrogen and stored at -80°C until further analysis. The extraction procedure
of hydroxyproline has previously been described in detail.[9] Briefly, each tissue sample
was placed in a clean glass tube, homogenized in 2ml 12N HCI with a motorized
homogenizer and was heated at 110°C for 18 hours. The hydrolysates were then allowed to
cool to room temperature and neutralized with 2ml of 12N KOH and 1ml of 1M boric acid
in water. The samples were then adjusted to pH 8.7 with KOH and HCI. Aliquots of 2ml of
the sample solution were used for subsequent reaction. First, each sample was reacted with
4ml of 0.2M chloramine T-solution in methoxyethanol at room temperature for 20 minutes.
2.4ml of 3.6M sodium thiosulfate in water was then added followed by saturation with 1.5¢g
KCI. The solutions were then washed 3x with 9ml of toluene by vigorously shaking for 5
minutes each. Organic layer was discarded each time. The samples were heated in boiling
water for 30 minutes and then allowed to cool down on ice for 10 minutes. Then, 7ml of
toluene was added into each sample and mixed by vigorously shaking for 10 minutes. The
organic layer that contained hydroxyproline was then removed and mixed with 7ml of liquid
scintillation cocktail (Fisher, SX25-5) in a 20ml liquid scintillation vial. Counts per minute
(cpm) were measured with a Beckman LS 6000TA liquid scintillation counter. Decay curves
were graphed individually for saline instilled and E. coli infected prostates by fitting a non-
linear regression line through individual data points. The non-linear regression equation is y
= yo/(1 + yp k X), where y is remaining 3H-hydroxyproline radioactivity (cpm)/prostate, Yo
and k are fitting parameters, x is time (days). The graphs are plotted as the natural log of
cpm versus time after the last injection of 3H-proline. The half-life (t,) is calculated using
the following equation ty, = 1/(yg K) obtained from the non-linear regression line.

Statistical Analysis

Inflammation score, collagen area, hydroxyproline content per prostate weight were
compared between untreated saline instilled, antibiotic treated saline instilled, untreated E.
coli infected, and antibiotic treated E. coli infected animals. ANOVA (analysis of variance)
was employed, followed by a Fisher's protected LSD (Least Significant Difference) test for
pair-wise comparisons of different groups. Prior to ANOVA, Levene's test was used to
verify the homoscedasticity assumption. The relationship between inflammation score and
collagen area for each prostatic lobe in different groups of animals was assessed via
Spearman's rank correlation. All analysis was conducted using SAS 9.2 (SAS Institute, Cary
NC) software. A P-value < 0.05 was considered statistically significant in two-tailed
statistical tests.

Study Approval

All animal studies were approved by the Institutional Animal Care and Use Committee at
the University of Wisconsin-Madison.

Prostate. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wong et al. Page 6

Results

Collagen Stability In Chronic Bacterial-induced Prostatic Inflammation

Our previous work demonstrated that collagen deposition was significantly increased in
bacterial-induced prostatic inflammation and this increase was associated with enhanced
collagen synthesis as determined by 3H-hydroxyproline incorporation and mMRNA
expression of collagen genes [6]. Here, we measured the stability of the newly synthesized
collagen in saline and E. coli instilled prostates using a direct in vivo radiolabeling method.
Inbred C3H/HeOuJ mice instilled transurethrally either with sterile saline or E. coli were i.p.
injected with 3H-proline every 2 days for 28 days, a timeframe within which collagen
synthesis and content were significantly elevated and peaked post-infection [6]. The
radioactivity of 3H-hydroxyproline in the prostates 1, 4, 8, 15, 22, 29, 36, 57, 78, 113 days
after the last 3H-proline labeling was measured and decay curves generated from these data
(Figure 1A and B). We noted a greater 3H-hydroxyproline content in the infected prostates 1
day after the last labeling. This reflects increased de novo collagen synthesis in prostatic
inflammation as previously demonstrated [6]. A rapid decrease in 3H-hydroxyproline
content was observed in the first 36 days and the level reached a plateau after 57 days in
both groups. The decline in total radioactivity with time signifies disappearance of labeled
collagen from the prostate. As determined from the decay curves, the half-life of collagen in
the saline instilled prostates was 18.6 days whereas the collagen synthesized in the E. coli
infected prostates had a half-life of 13.7 days. Our findings revealed that the newly
synthesized collagen in chronic prostatic inflammation is relatively less stable and tends to
undergo rapid degradative remodeling.

Resolution of Chronic Bacterial-Induced Prostatic Inflammation After Antibiotic Treatment

To ascertain the reversibility of fibrosis, we used antibiotic treatment to resolve infection
and inflammation and examined the effect on collagen content. Saline instilled and E. coli
infected mice were treated with or without enrofloxacin for two weeks on day 28 post-
inoculation. We first performed bacterial cultures of each individual prostatic lobe to
evaluate the effectiveness of the antibiotic treatment (Table I). Significant bacterial infection
was present in all three prostatic lobes from sham-treated E. coli infected animals whereas
no bacteria were cultured from any infected prostatic lobe after treatment with enrofloxacin.
Prostatic tissues from saline instilled mice with and without antibiotic treatment were both
culture negative. Histopathological analysis was performed in the ventral prostate (VP)
(Figure 2A-B, G-H, M), dorsolateral prostate (DLP) (Figure 2C-D, I-J, N), and anterior
prostate (AP) (Figure 2E-F, K-L, O) of sham, and enrofloxacin-treated saline instilled and E.
coli infected animals after a recovery period of 8 weeks. Saline instilled animals with and
without antibiotic treatment had no or minimal prostatic inflammation. All three prostatic
lobes from sham-treated E. coli infected animals showed evidence of widespread severe
inflammation whereas enrofloxacin-treated infected prostates exhibited very mild
inflammation with a restoration of the normal prostatic ductal architecture similar to saline
instilled controls. These findings demonstrate resolution of chronic bacterial-induced
prostatic inflammation after complete elimination of infection with antibiotic treatment.
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Reversibility of Excess Collagen Deposition Induced in Response to Chronic Bacterial
Prostatic Inflammation

Picrosirius red staining for collagen content was performed on adjacent serial tissue sections
of the H&E stained slides from saline instilled and E. coli infected male mice with and
without antibiotic treatment (Figure 3A-L). As shown in Figure 3M-O, quantitation of the
staining showed that there was no significant difference in collagen content of any prostatic
lobe between saline instilled animals with and without antibiotic treatment, indicating that
treatment with enrofloxacin alone had no effect on collagen deposition in the prostate. A
significant increase in collagen deposition was observed in all lobes of sham-treated E. coli
infected animals. In striking contrast, collagen content in all three prostatic lobes from
enrofloxacin-treated E. coli infected animals decreased to levels comparable to saline
instilled controls. To validate the quantitative result of the picrosirius red staining,
hydroxyproline content measured by HPLC was performed (Figure 4). In accordance with
the picrosirius red staining, a substantial increase in hydroxyproline content was observed in
the prostates of sham-treated E. coli infected animals. On the other hand, hydroxyproline
content in the prostates of enrofloxacin-treated E. coli infected animals was significantly
decreased. However, unlike the result obtained from the picrosirius red staining, the
reduction of hydroxyproline content in the prostates of enrofloxacin-treated infected animals
did not completely reach the baseline level.

To evaluate the relationship between inflammation and reversal of fibrosis, we correlated the
inflammation score determined from the H&E images with collagen content measured from
the adjacent picrosirius red stained sections for the VP (Figure 5A), DLP (Figure 5B), and
AP (Figure 5C) of saline instilled and E. coli infected mice with and without enrofloxacin
treatment. A significant positive correlation between inflammation and collagen deposition
was shown in all three prostatic lobes. Taken together, our results suggest that collagen
deposition induced by chronic bacterial-induced prostatic inflammation is at least partly
reversible after resolution of inflammation.

Discussion

Fibrosis resulting from excessive deposition of collagen is traditionally recognized as a
progressive irreversible condition and an end stage of inflammatory diseases; however, there
is compelling evidence in both animal and human studies to support that the development of
fibrosis could potentially be a reversible process when the underlying cause is removed or
suppressed in various tissues, including the liver and kidney [10-17]. Collagen degradation
has been suggested to be a key mechanism mediating the recovery process of fibrosis
through the enzymatic action of collagenases. Studies of a rodent model of liver
inflammation and fibrosis have shown that increased collagen deposition in the liver of rats
injected repeatedly with hepatotoxin carbon tetrachloride (CCly) was spontaneously
regressed to control level and the extracellular matrix was remodeled to restore the tissue
architecture over time after termination of the toxin injection [12,13]. The recovery phase of
fibrosis in this model was associated with decreased mMRNA expression of collagenase
inhibitors, increased expression of interstitial collagenase and increased collagenase activity
[13,18,19]. Follow-up studies demonstrated that liver fibrosis with an accumulation of
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collagenase-resistant type | collagen in CCl,-treated Col1al™" mice failed to undergo
significant regression and remodeling [20].

Accumulating evidence has suggested that collagen stabilization is the principal mechanism
regulating the rate of collagen degradation and thus determines the reversal of fibrosis in
pathological conditions [21-25]. The stability of collagen is conferred by the extent of
collagen cross-linking [21]. Previous studies of an in vitro model system have demonstrated
that formation of cross-links in collagen molecules significantly increased the resistance of
collagen to collagenase degradation [21]. In support of this, subsequent studies of an in vivo
model of liver fibrosis have indicated that incomplete resolution of liver fibrosis in rats
treated with CCl, was accompanied with a substantial amount of matrix crosslinks as
compared to the rats undergoing extensive regression of fibrosis [12]. Indeed, the level of
cross-links appears to be increased in the livers from patients with irreversible
granulomatous liver fibrosis [26,27] and is associated with the degree of reversibility of
fibrosis in experimental models [28,29]. Taken together, these studies support the concept
that reversibility of fibrosis is determined by the extent of collagen stabilization.

Our data suggests that the stability of newly synthesized collagen was decreased in chronic
bacterial prostatic inflammation. Prostatic fibrosis induced by chronic bacterial
inflammation is attributed to a significant increase in de novo collagen synthesis as
determined by the incorporation of 3H-hydroxyproline [6]. Collagen content increases
predominantly between 7 and 14 days post-inoculation. At later time points, collagen
content remains elevated but collagen turnover appears homeostatic. Decay analysis of
incorporated 3H-hydroxyproline showed that this newly synthesized collagen in prostatic
inflammation had a relatively short half-life. Considering that the short-lived 3H-
hydroxyproline incorporated in collagen predominantly represents those induced at early
time points, our study suggests that collagen produced primarily in early stage of chronic
prostatic inflammation undergoes rapid remodeling and is more liable to degradation.

We found that collagen content significantly decreased with resolution of chronic prostatic
inflammation. Inflammation was completely resolved after eradication of bacterial infection
with antibiotic treatment and an eight-week recovery period. Our quantitative studies
revealed that resolution of inflammation and restoration of normal ductal architecture in the
prostate was accompanied by marked attenuation of collagen content. These findings were
in agreement with our decay study of incorporated 3H-hydroxyproline suggesting that
collagen synthesized in chronic prostatic inflammation is susceptible to a rapid degradative
remodeling. These findings support the conclusion that inflammation-induced prostatic
fibrosis is at least partly reversible when the underlying cause is completely treated and
sufficient recovery time is allowed.

It is noteworthy that there was a disparity between the results obtained from picrosirius red
staining and hydroxyproline content for measurement of collagen deposition. Picrosirius red
staining showed that prostatic fibrosis in antibiotic-treated infected animals was remodeled
through the recovery period of 8 weeks to level comparable to saline instilled controls while
the reduced hydroxyproline content in these animals was still significantly different from
controls. This difference reflects the distinct mechanism of the two quantitative methods.
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Sirius red is an elongated dye molecule that attaches parallel to collagen by reacting its
sulfonic acid groups with the basic groups of collagen molecules [7]. Such interaction
enhances the birefringence of the highly oriented collagen fibers in tissue sections that can
easily be identified in polarized light [30]. Conversely, the biochemical analysis of
hydroxyproline content is based on the general concept that this amino acid is abundant and
almost exclusively found in collagen. Thus one possibility is that proteins other than
collagen also contain hydroxyproline. Indeed, hydroxyproline is found in elastin, hypoxia
inducible factor a, complement protein C1q and other non-collagen proteins with
collagenous domains [31]. However, the amount of hydroxyproline in these proteins is much
less than that in collagen and thus is likely negligible in collagen-enriched tissues [32].
Another explanation is the presence of collagen fragments by MMP cleavage remaining
before complete degradation in the antibiotic-treated infected prostates. Collagen fragments
lacks the highly-ordered molecular orientation as found in intact collagen fibers and is
expected to lose the birefringence promoted by Sirius red staining, while hydroxyproline
content in collagen fragments can still be detectible. In support of this, previous studies have
demonstrated that a pathological condition characterized by collagen degradation resulted in
fragmented and damaged collagens that were weakly birefringent when detected by the
picrosirius-polarization method [33].

Prostatic inflammation-induced fibrosis has gained increasing attention as a major
contributing factor in the pathogenesis of BPH/LUTS. Several epidemiological studies of
human BPH/LUTS have provided evidence for the contribution of excessive collagen
deposition and fibrosis in the prostate to impaired urethral function and LUTS. Bercovich
and colleagues were the first to report an inverse correlation of uroflow with prostatic
fibrosis and symptom score in BPH/LUTS patients [34]. A subsequent study by Ma et al.
has demonstrated that prostatic tissues from men with moderate/severe LUTS had a greater
mechanical stiffness and a significantly higher collagen content than men with no/mild
LUTS [3]. Further, Cantiello et al. have shown that collagen content was significantly higher
in prostatic tissues with inflammation than those without inflammation [4]. There were also
positive correlations between LUTS severity, inflammation degree, and collagen content.
Together, these observational analyses lead to the hypothesis that prostatic fibrosis caused
by inflammation increases tissue stiffness that compromises the opening of bladder neck —
prostate complex during micturition, and subsequently promotes LUTS. Our recent study of
a mouse model of bacterial-induced prostatic inflammation supports this speculation,
suggesting a role of chronic inflammation in promoting excessive collagen deposition in the
prostate [6]. Therefore, considering that prostatic fibrosis is induced by inflammation and is
a potential etiologic factor of BPH/LUTS, it is critical to understand whether the injured/
inflamed prostate has the capacity for recovery from the associated established fibrosis.
However, the reversibility of fibrosis has never been examined in the prostate. Our present
study is the first report demonstrating that collagen induced in chronic prostatic
inflammation is more susceptible to degradation and is at least partly reversible when the
underlying cause is resolved.

Prostate. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wong et al. Page 10

Conclusions

Collagen deposition induced by chronic prostatic inflammation exhibits a relatively short
half-life as compared to the collagen content of the uninflamed prostate. Our findings show
that inflammation-induced prostatic fibrosis is at least partly reversible and suggest that
fibrosis of the human prostate may be addressed therapeutically by removing the cause of
inflammation or suppressing the inflammatory response.
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Decay curves of 3H-hydroxyproline radioactivity for collagen stability in the prostates of
saline instilled (A) and E. coli infected (B) mice (n = 3-8 per treatment per time point). Each
data point represents an individual mouse and the line on each graph represents the
nonlinear regression line calculated through the data points. The graphs are plotted as the
natural log of cpm/prostate versus time after the last injection of 3H-proline. Hydroxyproline

(HYP); Count per minute (cpm); Half-life (t.,).
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Figure 2.

Regpresentative H&E images of the VP (A-B, G-H), DLP (C-D, I-J), and AP (E-F, K-L)
from saline instilled and E. coli infected mice 28 days post-instillation that were treated
either with enrofloxacin or sham for another 2 weeks. Scale bar 200um in panel A.
Comparisons of the degree of inflammation in the VP (M), DLP (N) and AP (O) from saline
instilled and E. coli infected mice 28 days post-instillation that were treated either with
enrofloxacin or sham for another 2 weeks. The animals were harvested 8 weeks after the
antibiotic treatment (n = 4-6 per treatment). Data are presented as mean inflammation score
+ SEM. * indicates a P-value < 0.05 compared to saline treated with sham. T indicates a P-
value < 0.05 for E. coli treated with enrofloxacin compared to E. coli treated with sham.
Ventral prostate (VP); Dorsolateral prostate (DLP); Anterior prostate (AP).

Prostate. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wong et al. Page 15

Saline VP E. coli VP Saline DLP E. coli DLP Saline AP E. coli AP

Sham

=
‘S
=
-
s
=
=
e
=
=
M VP N DLP o AP
21.0 s 21.0 * 21.0
) ) )
S 158 S 158 S 158 *
(-1 = =
] z ¥ .3
= 10.5 = 10.5 - 10.5
-] ¥ =¥
c0 o0 &0
= = = )
= 53 = 53 - 53
] ] ]
0.0 0.0 0.0
) _Saline Saline E. coli E. coli Saline Saline E.coli E. coli Saline Saline E.coli E. coli
Enrofloxacin + g
Treatment - - + - + - + - +
Figure 3.

Representative picrosirius red stained sections of the VP (A-B, G-H), DLP (C-D, 1-J), and
AP (E-F, K-L) from saline instilled and E. coli infected mice 28 days post-instillation that
were treated either with enrofloxacin or sham for another 2 weeks. Scale bar 200um in panel
A. Comparisons of the collagen content determined by the percentage of picrosirius red
stained area in the VP (M), DLP (N) and AP (O) from saline instilled and E. coli infected
mice 28 days post-instillation that were treated either with enrofloxacin or sham for another
2 weeks. The animals were harvested 8 weeks after the antibiotic treatment (n = 4-6 per
treatment). Data are presented as mean percentage of collagen area £ SEM. * indicates a P-
value < 0.05 compared to saline treated with sham. T indicates a P-value < 0.05 for E. coli
treated with enrofloxacin compared to E. coli treated with sham. Ventral prostate (VP);
Dorsolateral prostate (DLP); Anterior prostate (AP).
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Figure 4.
Comparisons of hydroxyproline content in the prostates of saline instilled and E. coli

infected mice 28 days post-instillation that were treated either with enrofloxacin or sham for
another 2 weeks. The animals were harvested 8 weeks after the antibiotic treatment (n = 4-5
per treatment). Data are presented as mean hydroxyproline (ug)/prostate weight (mg) +
SEM. * indicates a P-value < 0.05 compared to saline treated with sham. T indicates a P-
value < 0.05 for E. coli treated with enrofloxacin compared to E. coli treated with sham. f
indicates a P-value < 0.05 compared to saline treated with enrofloxacin. Hydroxyproline
(HYP).
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Spearman correlation analysis of the relationship between prostatic inflammation and
collagen deposition in the VP (A), DLP (B), and AP (C) from saline instilled and E. coli
infected mice 28 days post-instillation that were treated either with enrofloxacin or sham for
another 2 weeks. The animals were harvested 8 weeks after the antibiotic treatment (n = 4-6
per treatment). Ventral prostate (VP); Dorsolateral prostate (DLP); Anterior prostate (AP),
Spearman's rank correlation coefficient (o).
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Table |

Bacterial titers of the prostatic lobes from saline instilled and E.coli infected C3H/HeOuJ male mice 28 days
post-instillation after enrofloxacin or sham treatment for another 2 weeks (n = 4 per treatment).
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CFUs x10%/mg tissue + SEM VP DLP AP
Saline Sham 0 0 0
Saline Enrofloxacin 0 0 0
E. coli Sham 21.33(+12.35) | 50.26(+34.73) | 40.36(+6.65)
E. coli Enrofloxacin 0 0 0

Abbreviations: CFUs Colony forming units; VP Ventral prostate; DLP Dorsolateral prostate; AP Anterior prostate.
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