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Abstract—

The exact etiology and pathogenesis of chronic prostatitis (CP/CPPS) remain

unclear. However, autoimmunity is a widely known theory. Precise treatment of CP/CPPS is
not available. Here, we developed a new effective treatment method to prevent the occurrence
of CP/CPPS. A total of 40 male C57BL/6 mice were randomly divided into four groups (n =

10): i.e., naive, model, high-dose (500 pg/ml), and low-dose (50 pg/ml) groups. High-dose
and low-dose groups were orally given 0.4 ml of T2-containing soybean trypsin inhibitor
(STI) at once after every 2 days for a total of 10 days. On day 10 and day 24 all the groups
except naive group were subcutaneously injected with 0.2 ml of T2 peptide along with CFA to
make valid CP/CPPS models. Hematoxylin and eosin staining were used to evaluate the
variation in CP/CPPS manifestation. Voiding behavior was recorded for the evaluation of
urine frequencies. ELISA was used to measure the serum level of TNF-« in each group. The
high- and low-dose groups of T2-containing STI displayed a reduction in urine frequencies,
and inflammation, and there was a slight inflammatory infiltration as compared to the model
group. In contrast, there was no difference observed in the TNF-« concentration of model as
well as high- and low-dose groups compared to the naive group. Our study demonstrates that
oral T2-containing STI prevents CP/CPPS and provides an effective approach for the

treatment of CP/CPPS.
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INTRODUCTION

Chronic prostatitis is one of the common diseases in
men, with an incidence of 2.5% to 16.0% and mostly
occurs in male between the ages of 35 and 45 and
impairing severely quality of life [18] in similar degree as
Crohn’s, CHF (congestive heart failure), and Angina and
DM (diabetes mellitus) diseases [25]. Among the Ameri-
can CP/CPPS is very common and occupying about 8% of
visits to urologists, which mainly influence in the age
group 3650 years [7]. Patients of CP/CPPS manifest
mostly a pain in the pelvic region, which can observe in
the perineum, penis, perianal, urethra, pubic, or lumbosa-
cral area. Abnormal urination can manifest as urgency,
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frequent urination, dysuria, and nocturia [29]. Currently,
the pathogenesis and the etiology of CP/CPPS is unclear
and very complicated. Therefore, effective treatment for
CP/CPPS is not available.

Several theories explain the development of CP/
CPPS including microbial infection, autoimmune theory,
neurogenic inflammatory theory, local hormonal abnor-
mality theory, and urine reflux theory [33]. In recent years,
with the advancement in CP/CPPS animal models and data
from clinical patients, there is increasing evidence that
autoimmunity plays a significant role in the pathogenesis
of CP/CPPS [23]. Domestic and foreign scholars have
successfully established CP/CPPS animal models by using
different methods for preparing autoimmune diseases.
Rivero et al. [24] successfully created experimental auto-
immune prostatitis (EAP) animal model in Wistar rats
using adenoid extract combined with complete Freund’s
adjuvant for the first time. Similarly, Zhou Xiaohui et al.
[32] successfully prepared the Wistar rat experimental
autoimmune prostatitis (EAP) model using prostate ho-
mogenate protein combined with complete Freund’s
adjuvant.

Our laboratory has previously established CP/CPPS
mice model by using the combination of T2 peptide and
complete Freund adjuvant. In this model, there were in-
creased T cells, and macrophage infiltration into the pros-
tate stroma and glandular epithelium and significantly in-
creased levels of TNF-« and IL-{3 along with the high
amount of CRP. The T2 peptide is a promiscuous epitope
of transient receptor melastatin 8 (TRMPS8) protein that is
CP/CPPS relevant and induces the syndrome in animal
models [10, 12].

Oral soluble protein antigen induces antigen-specific
immune tolerance in the body. Oral tolerance has excellent
potential for clinical application due to its ease of use and
non-toxic side effects and has applied to the clinical treat-
ment of autoimmune diseases. In 1990, Nussenblatt et al.
observed that the use of oral S antigens could alleviate the
antigen-induced autoimmune uveoretinitis [22]. Autoim-
mune tolerance consists of central immune tolerance, and
peripheral immune tolerance, which is a complex network
of immune regulation that refers to the inability of T and B
lymphocytes to produce an immune response to
autoantigens in the body [15]. Symptoms of many animal
models of autoimmune disease were alleviated by oral
immunization. It had reported that oral administration of
myelin could suppress autoimmune meningitis in Louise
rats [3]. It has also been described that oral CII (type II
collagen) delays and inhibits the incidence of CIA
(collagen-induced arthritis) in WA/KIR rats and DBA/1

2087

mice before modeling [21, 27]. At present, the existing
treatment programs cannot satisfy patients and doctors.
Therefore, there is a need to develop a new treatment
method [6]. Here, in this study, we evaluated for the first
time that oral T2-containing STI induces immune tolerance
and improves the urinary symptoms in CP/CPPS mice
model.

METHODS AND MATERIALS

Reagents

T2 peptide (an amino acid sequence of CSEEM
RHRFR QLDTK LNDLKG) having molecular weight
2.57695 kDa is an antigenic epitope inducing autoimmune
prostatitis; it was further synthesized and purified by Wu-
han Buyers Biotechnology Co. Ltd. in China.

Complete Freund’s adjuvant (CFA) and STI (soybean
trypsin inhibitor) were purchased from the Sigma Aldrich
Chemical Co. (St. Louis, MO, USA). Mouse TNF-«
(tumor necrosis factor-alpha) ELISA kit was purchased
from Elabscience Biotechnology Co., Ltd. and was used
according to manufacturer instructions.

Animals

Forty male C57BL/6 mice an average weight 18-22 g
(6-8 weeks old) were purchased from the Qinglong shan
mountain animal breeding farm (Nanjing, China). They all
were housed and fed in an animal room with a 12-h light/
dark cycle under standard temperature and relative humid-
ity. The protocol for this study was approved by the animal
committee of China Pharmaceutical University and con-
firmed with the guidelines for care and use of laboratory
animals published by US national institute of health (NTH,
1996). Forty mice were randomly divided into four groups
(n=10): naive group, model group, high dose group, and
low dose group. The naive group was used as a control
group.

Immunization

In the high dose group, 1000 pg/ml of T2 was mixed
with 1000 pg/ml of STI in equal volumes. In low dose
group, 100 pg/ml T2 was mixed with 100 pg/ml STI in the
same volume. Except for the naive and model groups, the
high dose group (T2 was 500 pg/ml) and the low dose
group (T2 was 50 pg/ml) were orally administered with
0.4 ml of T2-containing STT antigen once every 2 days for
a total of 10 days.
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Induction of CPPS Model

T2 was dissolved to 1 mg/ml of reserves for a com-
bination of an equal volume of CFA. On day 10 and day
24, all the groups except naive group were subcutaneously
injected with 0.2 ml of T2 peptide with CFA to make valid
CP/CPPS models. The final concentration of T2 was
225 pg/ml.

Voiding Behavior Analysis

On day 38th, voiding spot assay (VSA) test was used
to analyze the voiding behaviors of mice [4] as described
previously. In brief, immunized mice were individually
kept on filter paper in a metabolic chamber for 1 h. Then,
filter papers were collected, and images of urine spots were
taken by using ultraviolet light. Finally, urine spots were
evaluated by using the Fiji version of Imagel software.
Urine frequencies of mice were calculated by considering
the number of urine spots (spots with size >6.6mm? were
considered). Blinded observers collected data.

Histopathology

The tissues of anterior lobe and the ventral lobe of the
prostate were removed and fixed in 10% formaldehyde
solution for 2448 h. The tissues were dehydrated in eth-
anol, inserted in paraffin wax by a paraffin embedding
machine, and cut into slices of 5-um by a microtome for
hematoxylin-eosin staining and observed under a micro-
scope. A double-blind manner pathologically evaluated all
prostatic pathology slices. The severity of the pathology
and inflammation were assessed by 4-point scale. Point 0:
no inflammatory cell infiltration or any signs of inflamma-
tion observed under the microscope. Point 1: small amount
of epithelial acinar atrophy or a small amount of inflam-
matory cell infiltration observed under the microscope.
Point 2: some epithelial acinar atrophy and some inflam-
matory cells infiltration observed under the microscope.
Point 3: epithelial acinar atrophy, a large number of inflam-
matory cells infiltration and severe glandular congestion
found under the microscope.

Enzyme-Linked Immunosorbent Assay

Enzyme-linked immunosorbent assay (ELISA) was
used to determine the serum concentration of tumor necro-
sis factor-alpha (TNF-«). The blood taken from the heart of
each mice was put on room temperature for 1 h. It was then
centrifuged at 1000 rpm/min for 20 min, and the superna-
tant was collected and stored at —20 °C. TNF-x was
measured by a mouse TNF-o« ELISA kit (Elabscuence
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Biotechnology Co., Ltd., China). All operations were per-
formed in accordance following the manufacturer’s
instructions.

Statistical Analysis

The statistical differences between naive, model, high
dose, and low dose groups were analyzed by one-way
ANOVA test. Data were expressed as the mean + standard
error of the mean (SEM). The P value < 0.05 was consid-
ered a significant difference. The P <0.01 was deemed to
be an extremely significant difference.

RESULTS

Voiding Behavior

Voiding behavior was analyzed by VSA test. Urine
spots were collected on filter paper. As shown in Fig. 1a, a
significant number of urine spots, frequent urination, and
largest area of urine spots were observed in the model
group as compared to the naive group indicating the suc-
cessful induction of CPPS model. The high dose and the
low dose groups showed a smaller number of plaques,
lower urination, and a smaller area of plaques compared
to the model group indicating successful induction of oral
tolerance. In accordance with this result, the model group
showed a significant difference with a high number of
urine spots as compared to the naive group (#P <0.05)
(Fig. 1b). Similarly, the high dose and the low dose groups
showed a significant difference from the model group
(*P < 0.05) with less number of urine spots. Compared to
the naive group, the high and low dose groups showed no
significant difference. Also, there was no significant dif-
ference between the high dose group and low dose group.
Thus, minimum micturition frequency and urine spots
were observed in the groups treated with a high and low
dose of T2-containing STI as compared with the model
group (Fig. 1).

Histopathology

H&E staining was used to score the severity of in-
flammation as described in the “MATERIALS AND
METHODS” section. As shown in Fig. 2a, severe inflam-
matory cells infiltration, hyperemia in the glands, and
atrophy of prostate epithelial acinar were observed in the
model group as compared to the naive group. There was no
difference between the histopathology of the high dose
group and the low dose group compared with the naive
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Fig. 1. Voiding behavior analysis. a The number of collected urine spots processed by ImagelJ software. b The number of urine spots. #P < 0.05 indicates the
comparison of the model group with the naive group.*P < 0.05 means the comparison of the naive group, high dose group, and the low dose group with the
model group.
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Fig. 2. a Histopathological observations of the prostate tissue from C57BL/6 mice (magnification x 400). b The inflammation score of each group. #P < 0.05
means there was a significant difference in the inflammatory score of the model group in comparison to the naive group. *P < 0.05 means the inflammation
scores of the naive group, the high dose group, and the low dose group were significantly different from the model group.
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group. Among the high dose group and the low dose
group, no significant difference was observed. As expect-
ed, the inflammation score was more significant in the
model group as compared to the naive group (#P < 0.05)
(Fig. 2b). The high dose group and the low dose group
showed minimal inflammation as compared to the model
group (*P <0.05). Compared to the naive group, the high
and low dose group exhibited no significant difference.
Thus, high dose group and low dose group successfully
reduced the sign of inflammation and inflammatory cell
infiltration (Fig. 2).

Serum Levels of TNF-«

ELISA was used to measure the serum expression
level of TNF-ox in C57BL/6 mice. As shown in Fig. 3,
the model group was compared to the naive group, but
there was no significant difference observed. The high dose
group and low dose group also did not show a significant
difference as compared to the model group, and there was
no significant difference between the high dose group and
low dose group. When high dose group and low dose
group were compared to the naive group, also no signifi-
cant difference was observed.
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Fig. 3. Comparison of the expression level of TNF-o in the serum.
P <0.05 were considered the significant difference.
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DISCUSSION

CP/CPPS is a complicated condition that results
from chronic autoimmune reactions encouraging T
cell-mediated impairment of prostate-tissues. Autoim-
munity develops due to the failure of peripheral
tolerance, which regulates self-reactive T and B cells.
There are many methods for immune tolerance, in-
cluding subcutaneous injection, intradermal injection,
intravenous injection, oral administration, nasal mu-
cosal administration, and portal vein administration
[17]. The method of oral immune tolerance is rela-
tively simple and convenient. Oral tolerance is de-
fined as that after oral administration of a protein
antigen, the body is induced to have no immune
response or low response to the protein antigen while
maintaining normal immune response to other anti-
gens [31]. Oral tolerance appears after multiple small
doses of exposure (100 ng—1 mg) or a single high
dose of antigen (>20 mg). These two forms of oral
tolerance have different tolerance mechanisms [17].
Currently, mechanisms for oral tolerance are consid-
ered to include clonal deletion, clonal anergy, active
suppression, and bystander inhibition [31]. Oral low-
dose antigens can induce a low immune response
through active suppression. Low-dose-tolerant effec-
tor cells are T cells. It has been shown that T cells
produced by oral tolerance release cytokine-
transforming growth factor-beta (TGF-f3) mediators
for internal and external inhibition [20]. Activated B
cells, T cells, and macrophages secrete TGF-3 [2].
According to a study [13], overexpression of
transforming growth factor may play an essential role
in the pathogenesis of ATL-related (adult T cell Leu-
kemia) immunosuppression and hypercalcemia. Oral
high doses of antigen can induce colony clearance.
The apoptotic mechanism achieves clonal clearance.
Oral administration of high doses of antigen to mice
resulted in the inability of antigen-specific T cells in
Peyer’s patch (PP), mesenteric lymph nodes (MLNs),
spleen, and peripheral lymph nodes (LNs). Moreover,
it also induces apoptosis of antigen-specific T cells in
PP [26].

The induction of systemic immune tolerance by
orally administered antigen is affected by various
factors such as the time, dose, frequency, form of
the oral antigen, and the genetic background of the
immune host [30]. Currently, oral antigen immune
tolerance has been used to prevent or treat autoim-
mune diseases in animals. According to reports,
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Fig. 4. Graphical representation of T2 mechanism and structure.

Lewis rats with experimental autoimmune encephalo-
myelitis (EAE) were clinically and histopathological-
ly inhibited by oral myelin basic protein (MBP) [9].
In experiments with EAE tolerance to oral antigens,
both CD4 and CD8 cells have been shown to medi-
ate active suppression and anergy/deletion [8]. Re-
search had shown that when insulin-derived B-pep-
tide administered to NOD mice, diabetes effectively
inhibited [19]. It has been previously reported that
orally administered acetylcholine receptor (AchR)
produced oral tolerance against myasthenia gravis
induced by immunization with acetylcholine receptors
plus CFA in Lewis rats. The results showed that it
could prevent the clinical onset of autoimmune my-
asthenia gravis and significantly inhibit serum
AhcRLgG antibody response and reduced muscle
AchR loss [28].

The pathogenesis of CP/CPPS is currently un-
clear. Studies have shown that the pathogenesis of
CP/CPPS is related to microbial infection, autoim-
mune abnormalities, neurogenic inflammation, oxida-
tive stress, local hormonal abnormalities, and urinary
reflux. At present, the abnormal autoimmune mecha-
nism is a hot issue in the pathogenesis of CP/CPPS.
Many studies had confirmed that the immune re-
sponse causes CP/CPPS is due to autoimmunity. An
autoimmune reaction is the cause of 35% CP/CPPS

[16]. Studies have shown that there are T cells in the
acinar of the prostate in CP/CPPS patients, and the
presence of CD3, CD4, and CDS8 cells is associated
with serum and ejaculation interleukin concentrations
and serum complement components [11, 34]. There
also have macrophage, granulocyte, and B lympho-
cytes infiltrating the prostate interstitial in a CP/CPPS
model [14, 34].

Immune factors act locally and initiate and regu-
late immune responses [1]. At present, CP/CPPS is
treating symptomatically, and the successful treatment
for CP/CPPS is still unsufficient. According to the
2014 edition of the Chinese urological disease diag-
nosis recommendation, patients are recommended oral
antibiotics for 2—4 weeks and then decide whether to
use antibiotics according to the efficacy [29]. For the
improvement of urinary symptoms and pain, the rec-
ommended drugs are «-blockers, non-steroidal anti-
inflammatory drugs, and M-receptor blockers [29].
Based on the principle of immune tolerance, our lab-
oratory has developed a new idea for the treatment of
CP/CPPS, by oral administration of T2 to achieve
therapeutic outcomes and induce oral tolerance. The
structure and possible mechanism of oral tolerance
produced by T2 is shown in Fig. 4. T2 is a segment
of a peptide isolated from transient receptor potential
ME(TRPMS) protein. TRPMS8 is expressed in the
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prostate, bladder, lung, dorsal root nerve. In previous
studies in our laboratory, we have demonstrated that
T2 can cause CP/CPPS as an autoantigen [5].

In this study, we administered high dose and low
dose mixtures of T2 antigen and STI to the experi-
mental groups 5 times for 10 days. After that, we
induce CP/CPPS model with T2 and CFA emulsions,
to observe whether oral antigens could prevent/
alleviate CP/CPPS. From the histogram of urine spots,
it shows that the urine spots in the model group are
significantly different from the urine spots in the
naive group, representing the successful induction of
CPPS model. The oral administration of T2 antigen in
the high and low doses can improve the frequent
urination and can reduce the inflammation in the mice
model of CP/CPPS. In the serum concentration of
TNF-«x, no statistical difference was observed among
the naive, model, and high and low dose group, which
might be due to the limited sample size.

Our results indicated that T2-containing STI was
effective in improving CP/CPPS symptoms in mice
models. The therapeutic efficacy of T2-containing STI
was supported by a reduction in urination output and
decreasing inflammation.

CONCLUSION

The results of this study demonstrated that oral toler-
ance induced by a mixture of oral T2 antigen and STI could
alleviate CP/CPPS symptoms. The preliminary results of
our study are promising and will provide a new way of
thinking for the treatment of CP/CPPS. However, there is a
need to further validate the therapeutic efficacy of this new
approach.
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