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Abstract— The exact etiology and pathogenesis of chronic prostatitis/chronic pelvic pain
syndrome (CP/CPPS) are still unknown, as a result, available therapeutic options for patients
are far from satisfactory. Therefore, there is a need to develop a valid therapeutic approach
that can ameliorate the manifestations of CP/CPPS. Fifty male C57BL/6 mice were randomly
divided into five groups of ten mice each. All groups except naïve were subcutaneously
injected with 0.2 ml of T2 plus complete Freund adjuvant (CFA) on day 0 and 14 to generate
valid CP/CPPS model. After successful CP/CPPS induction, model group was injected with
0.2 ml of normal saline while PLGA, PLGA-OVA, and PLGA-T2 groups were administered
intravenously with 0.2 ml mixture of PLGA, PLGA-OVA, and PLGA-T2, respectively.
Voiding behavior, pain threshold, and hematoxylin and eosin staining were used to assess
micturition habits, pain intensity as well as prostate inflammation. Additionally, TNF-α, CRP,
and IL-10 levels in plasma were measured by using ELISA kits. Mice administered with
PLGA-T2 showed higher pain threshold, lower urine frequencies, mild edema, and inflam-
mation in prostate tissue in comparison to other groups. Moreover, the expression of TNF-α
and CRP levels was markedly decreased while IL-10 expression was increased in the PLGA-
T2 treatment group as compared to the other groups. Our results showed that nanoparticles
conjugated with autoantigen novel peptide T2 could successfully alleviate or even heal CP/
CPPS to some extent in mice. This study provides an easy, useful, and economic tool for
ameliorating the manifestations of CP/CPPS that will improve the therapeutic approaches.
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INTRODUCTION

Prostatitis is the most frequently diagnosed outpatient
condition in urologic surgery. Chronic prostatitis/chronic
pelvic pain syndrome (CP/CPPS) accounts for about 90 to
95% of the incidence of prostatitis, affecting 10 to 14% of
men and being the most common urological disease in men
younger than 50 years [1–3]. According to the National
Institutes of Health (NIH) category, this condition is also
known as prostatitis type IIIa and type IIIb [4]. Type IIIA is
characterized by the presence of white blood cells (WBC)
in semen, after a prostate massage urine specimen (VB3) or

1Department of Clinical Pharmacy, School of BasicMedicine and Clinical
Pharmacy, China Pharmaceutical University, Nanjing, 211198, Jiangsu
Province, China

2 School of Pharmacy, Shanghai Jiao Tong University, 800 Dongchuan
Road, Shanghai, China

3 Department of Surgery, Nanjing Shuiximen Hospital, Nanjing, 210017,
Jiangsu Province, China

4 Department of Surgery, Zhongda Hospital Affiliated to Southeast Uni-
versity, Nanjing, Jiangsu Province 210017, People’s Republic of China

5 To whom correspondence should be addressed at Department of Clinical
Pharmacy, School of Basic Medicine and Clinical Pharmacy, China
Pharmaceutical University, Nanjing, 211198, Jiangsu Province, China.
E-mail: zhxh@cpu.edu.cn

0360-3997/19/0300-1071/0 # 2019 Springer Science+Business Media, LLC, part of Springer Nature

Inflammation, Vol. 42, No. 3, June 2019 (# 2019)
DOI: 10.1007/s10753-019-00968-5

1071

http://crossmark.crossref.org/dialog/?doi=10.1007/s10753-019-00968-5&domain=pdf


expressed prostatic secretion (EPS); however, patients suf-
fering from Type IIIB have pelvic pain with no evidence of
inflammation on semen, VB3, or EPS. CP/CPPS is mainly
characterized by chronic pelvic pain symptoms including
pain and discomfort in the perineum, rectum, prostate,
penis, testicles, and lower abdomen. The life quality of
patients with CP/CPPS is as low as that of patients with
congestive heart failure, diabetes, and Crohn’s disease [5–
7]. Despite many years of clinical and basic research, CP/
CPPS mechanism is still not well-established. Thus, avail-
able therapies for patients are very few and the effects are
also far from satisfactory [8]. The current standard medical
therapy for CP/CPPS is principally a multimodal approach
using a combination of agents such as nonsteroidal anti-
inflammatories, α-blockers, antimicrobial therapy, and 5a-
reductase inhibitors [9–11].

A large body of evidence suggests that the predomi-
nant autoimmune theory is the main factor in the patho-
genesis of CP/CPPS [12], and the autoimmune nature of
CP/CPPS has also been validated by experimental models
of prostatitis [13, 14]. Penna et al. have shown that NOD
mice are susceptible to the induction of experimental auto-
immune prostatitis (EAP) by injecting prostate extract, i.e.,
purified prostatic steroid-binding protein (PSBP) [15].
Keetch et al. also reported one of the first mouse models
of antigen-induced prostate inflammation. They showed
that all C57BL/6 male mice immunized once with prostate
tissue extract developed autoimmune prostatitis on day 30
[16]. These EAP models were characterized by the pres-
ence of macrophages, dendritic cells, T lymphocytes, and
B lymphocytes infiltrating into the prostate interstitium.

For the treatment of complex and refractory auto-
immune diseases, researchers have found that the nano-
particle technology platform brings a new technological
revolution. Intravenous administration of biodegradable
poly lactic-co-glycolic acid (PLGA) nanoparticles com-
bined with autoantigens using ethylene carbodiimide
(ECDI) has been demonstrated to be a prospective
method for treating autoimmune disease. This method
could rebuild peripheral autoimmune tolerance in mul-
tiple autoimmune disease models by removing excess
circulating inflammatory mediators, and reduce patho-
logical damage [17]. Numerous researchers have al-
ready utilized tolerance-based therapies to modulate
human autoimmune diseases including multiple sclero-
sis and type 1 diabetes mellitus [18, 19]. Here in this
study, we showed that administration of novel
autoantigen peptide T2 from the prostate coupled with
PLGA induces immune tolerance and ameliorates the
disease symptoms in CP/CPPS mice model.

MATERIALS AND METHODS

Animals

Fifty male C57BL/6 mice weighing 18–22 g and age
6 to 8 weeks were purchased from the Qinglong Mountain
Animal Breeding Ground, China. They all were housed in
an animal room under standard temperature (22 ± 2 °C)
and humidity (50–60%) keeping a 12/12 h light-dark cycle
with free access to food and water. All animal experiments
were approved by and conducted in accordance with the
guidelines of the Committee for Animal Care and Use of
the China Pharmaceutical University.

Reagents

T2 peptide with an amino acid sequence of CSEEM
RHRFR QLDTK LNDLKG is an antigenic epitope of
transient receptor potential cation channel subfamily M
member 8 (TRPM8). It was synthesized and purified by
Wuhan Buyers Biotechnology Co Ltd., Wuhan, China.
OVA was purchased from Beijing Solarbio Science &
Technology Co Ltd., Beijing, China.

The 500 nm PLGA nanoparticles with surface car-
boxylate groups were purchased from Phosphorex, Inc.,
Hopkinton, Massachusetts, USA. They were resuspended
to a concentration of 50 mg/mL in a sterile phosphate-
buffered saline (PBS).

Particle Characterization

About 10 μ of 25 mg/mL PLGA nanoparticle sus-
pension was diluted with 990 μL ultrapure water. Size and
ζ-potential were measured by the Zetasizer Nano ZS from
Malvern Instruments, Inc., MA, USA. Particle size was
also confirmed by transmission electron microscopy. The
efficiency of peptide coupling was determined by using the
bicinchoninic acid (BCA) protein quantification kit (deter-
minate supernatant for calculation of the amount of bound
biomolecule).

Immunization

All mice were randomly divided into five groups each
having 10 mice (n = 10) including the naive group, model
group, PLGA group, PLGA-OVA group, and PLGA-T2
group. All groups except naïve were subcutaneously
injected with 0.2 ml of T2 plus complete Freund adjuvant
(CFA) on days 0 and 14 to generate a valid CP/CPPS
model as described previously [20, 21].

T2 was prepared to 1 mg/ml of reserves for a combi-
nation of equal volume of CFA (St. Louis, MO, USA)
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before immunization. After generating a valid model of
CP/CPPS on the 28th day based on previous methodology
[20, 21], the model group was injected with 0.2 ml of
normal saline while all other groups except naïve group
were given subcutaneous injection of 200 μl or 0.2 ml of
the individual mixture. The final concentration of T2 for
mice was 225 μg/ml.

Tolerance Induction with Antigen-Coupled PLGA
Nanoparticles

Antigenic peptide T2 was coupled to the PLGA nano-
particles using ECDI (Macklin Biochemical Co., Ltd.,
Shanghai) according to the manufacturer’s instructions
(0.08 mg of peptide in the presence of 0.32 mg ECDI/mg
of PLGA nanoparticles). Animals received intravenous
injections of approximately 0.2–0.3 mg nanoparticles com-
prising 10–15 μg of the peptide on day 28. All mice were
sacrificed by anesthesia on the 35 days after the final
injection.

Pain Threshold Assessment

To evaluate mechanical allodynia, the animals were
acclimatized for at least 30 min to the test environment,
namely a plexiglass box on a metal grid. The up-down
method was applied using a standard set of graded von
Frey filaments (IITC Life Science Inc., Woodland Hill,
CA, USA) on days 7, 14, 21, and 28 for CPPS induction
evaluation and 35th day after treatment with nanoparticles
[22]. We used the following filaments: 1.65 g, 2.36 g,
2.44 g, 2.83 g, 3.22 g, 3.61 g, 3.84 g, 4.08 g, 4.17 g,
4.31 g, 4.56 g, and 4.74 g. The probe was situated so that
the filament was vertically oriented and applied to either
the left or right side of the scrotum until a slight bend was
observed in the filament. The filament was held in place for
10 s or until the animal showed a positive response. Sharp
retraction of the abdomen, immediate licking and
scratching, and jumping of mice were considered as a
positive response to filament stimulation.

Voiding Behavior Analysis

We used metabolic cages to analyze the urination in
immunized and naive mice. Mice were individually placed
in the metabolic cages and allowed to acclimate for 1 h.
Urination was monitored over the next hour by placing
filter paper under each metabolic cage and recorded the
number of urination. Water was withheld at the beginning
of the acclimation period to the entire experiment. The
placement of mice in the cages and removal from cages

were performed calmly to avoid startling and causing
reflex urination. The collected papers were imaged under
UV light to visualize urine stains. Finally, urine spots were
evaluated by using the Fiji version of ImageJ software. The
number of urine spots represents urine frequency. Spot
areas < 6.6 mm2 were excluded as they may be caused by
claw or tooth marks. Data was collected by the blind
observers.

Histopathology

The anterior prostate (AP) and ventral prostate (VP)
lobes were harvested and fixed in neutral buffered 10%
formalin for 48 h, dehydrated in ethanol, embedded in
paraffin, and serially sectioned (5 μm) for hematoxylin-
eosin staining. The severity of prostatitis was analyzed by
using a four-level grading scale. Two independent ob-
servers scored prostate sections in a randomized order.
Standardized scoring categories were as follows: grade 0,
normal architecture; grade 1, a portion of acini showed
epithelial cell exfoliation, and minor focal inflammatory
infiltrate; grade 2, most of the acini showed epithelial cell
exfoliation and minor inflammatory infiltrate; and grade 3,
atrophy in epithelia of most acini, hyperemia, and marked
inflammatory infiltration. The slides were observed under a
light microscope.

ELISA Assays

The concentrations of TNF-α, C-reactive protein
(CRP), and IL-10 in plasma were determined by commer-
cially available ELISA kits. The blood obtained from the
carotid artery was put into the heparin for 30 min. It was
then centrifuged at 2500 rpm for 20 min. Then the super-
natant was collected and stored at − 80 °C for further use.
The contents of TNF-α, CRP, and IL-10 were quantified
by mouse TNF-α ELISA kit (Eecell Bio, Co., Ltd., China),
mouse CRP ELISA kit (Cusabio biotech co., Ltd., China),
and IL-10 ELISA kit (Proteintech Group, Rosemont, IL,
USA) following the manufacturer’s instructions.

Statistical Analysis

Group data are represented as means ± standard error
of the mean (SEM). Macroscopic and microscopic damage
scores were measured using the Mann-Whitney U test or
one-way analysis of variance (ANOVA). Cytokine ELISAs
were analyzed by a one-way ANOVA. Figures were com-
piled using GraphPad Prism v 6.00 software. The P values
(P < 0.05, P < 0.01, P < 0.001) were considered significant
in all analyses.
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RESULTS

PLGA Nanoparticle Characterization

PLGA nanoparticles were characterized by transmis-
sion electron microscopy and dynamic light scattering,
both of which indicated a mean diameter between 400
and 500 nm (Fig. 1a &b). Population analyses by dynamic
light scattering established that the z-average diameter of
the PLGA particles was 485.7 ± 6.17 nm. And the ζ-
potential of the PLGA nanoparticles was found to be −
47.1 ± 6.13 mV (Fig. 1c).

Behavioral Test

Pain Behavior

Pain threshold was recorded for all groups on day 28
of CP/CPPS induction and post-treatment with nanoparti-
cles. As shown in Fig. 2, the model group, PLGA, PLGA-
OVA, and PLGA-T2 groups showed a significant differ-
ence on day 28 as compared to the naïve group indicating
that the EAP model has been induced in these groups.

After successful induction of the CP/CPPS model, all
the mice were treated with different mixtures in different
groups for 7 days and the resultant pain threshold on day
35 (post) was compared relative to day 28 (pre) pain
threshold. The model group, PLGA group, and PLGA-
OVA group showed no significant difference on day 35
as compared to the day 28; however, the PLGA-T2-treated
group showed a significant increase in the withdrawal
threshold indicating that PLGA-T2 nanoparticles success-
fully attenuated the pain on day 35 in comparison to day 28
(Fig. 2).

Voiding Behavior

This analysis was based on the Voided Stain On Paper
(VSOP) method [23]. Urine stains on the paper were
analyzed to determine voiding behavior. As shown in
Fig. 3, the number of urine spots in the model group,
PLGA, and PLGA-OVA groups was more significant in
comparison to the naïve group. PLGA and PLGA-OVA
treatment groups did not show any difference from the
model group; however, when we compared PLGA-T2
group with the model group, we found a significant de-
crease in the number of urine spots with almost the same
results as in the naive group (Fig. 3).

Histopathology

H&E-stained slides were scored for severity of in-
flammation as described in the BMATERIALS AND
METHODS^ section. Naive animals showed normal pros-
tatic histology with minimal inflammatory infiltrate, vas-
cular changes, or tissue damage. However, significant in-
flammation and infiltration of inflammatory cells were
observed even after the treatment with respective nanopar-
ticles in the model group, PLGA group, and PLGA-OVA
group. In contrast, PLGA-T2-treated group showed re-
duced pathology and no infiltration of inflammatory cells.
Thus PLGA-T2 successfully reduced inflammatory signs
and inflammatory cell infiltration (Fig. 4a).

As expected, the inflammation scores of the model,
PLGA, and PLGA-OVA groups were much higher than the
naïve group indicating that inflammation of prostate gland
was not reduced even after treatment with respective nano-
particles in these groups. Interestingly, mice treated with
PLG-T2 showed minimal inflammation score demonstrat-
ing that these mice have minimal prostate inflammation as
compared to the model group (Fig. 4b).

Plasma Levels of TNF-α, CRP, and IL-10

Elisa was used to measure the plasma levels of TNF-
α, CRP, and IL-10 in each group. As shown in Table 1 and
Fig. 5a, the plasma levels of TNF-α, and CRP in the model
group (#P < 0.05) were significantly different as compared
to the naïve group. The PLGA and PLGA-OVA groups
showed no significant difference in TNF-α and CRP serum
levels when compared to the naïve group. The plasma
levels of TNF-α and CRP in PLGA-T2 group were also
not significantly different from the naive group. When
compared to the model group, no significant difference
was seen in PLGA and PLGA-OVA groups while the
PLGA-T2-treated group showed significant difference
(*P < 0.05) and showed minimal TNF-α and CRP levels
as compared to the model group. As expected, the plasma
level of IL-10 in PLGA-T2 group was significantly higher
(#*P < 0.05) than the naïve, model, and other treatment
groups. PLGA and PLGA-OVA treatment groups showed
no significant difference in comparison to the naïve and
model groups.

DISCUSSION

Chronic prostatitis/chronic pelvic pain syndrome is
one of the most complex, bothersome, and enigmatic dis-
eases with unknown etiology and pathogenesis. While the
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exact cause of chronic prostatitis remains unknown, there
is substantiating evidence to support the role of the immune
system in its pathogenesis [24–26]. Previously, numerous
animal models were established by immune methods to
explore drugs for treating CP/CPPS. Recently, our lab also
developed EAP animal model viamultipoint subcutaneous
injection of autoantigen T2 peptide from the prostate,
which induced marked inflammatory cell infiltration into
the prostate with increased expression of TNF-α, IL-1β,
and CRP [20, 21]. The common treatments for autoim-
mune disease include the use of a wide range of immuno-
suppressive drugs and usually require long-term adminis-
tration, which may lead to reactivation of latent pathogens,
tumor development, and opportunistic infections [27].

The emergence of nanoparticle-based therapies for
inducing antigen-specific immune tolerance provides

Fig. 1. Characterization of the PLGA nanoparticle. aMicrograph of PLGA nanoparticles. b Size distribution, and average size (nm) of PLGA nanoparticles.
c ζ-potential (mV) of PLGA nanoparticles.

Fig. 2. Pain threshold assessment. Comparison of the pain withdrawal t-
hreshold on day 28 (pre) and day 35 (post) treatment in each group of
mice. ###P < 0.001 compared with the naïve group on the 28th day;
*P < 0.05 pelvic pain threshold on the 35th day compared to the 28th
day for every group.

1075CP/CPPS and Nano-particle conjugated T2 peptide



considerable promise for the future of immunotherapy [28,
29]. Five-hundred-nanometer NPs with negative zeta po-
tential promote immune tolerance in autoimmune disease
models. NPs from FDA-approved biocompatible and bio-
degradable polymers such as PLGA have shown enormous
potential in immune modulatory therapies [28]. Hunter
et al. reported that PLGA nanoparticles combined with
PLP139–151 giving subcutaneously or intravenously into
the experimental autoimmune encephalomyelitis (EAE)
mice can prevent and treat recurrent EAE, reducing central
nervous system pathogenic Th1, Th17 cells, and macro-
phage infiltration [30]. Daniel et al. also demonstrated that
intravenous administration of either polystyrene or PLGA-
bearing encephalitogenic peptides can prevent the onset of
EAE and modify the course of EAE [31]. In light of these
reports, we also demonstrated for the first time that intra-
venous administration of nanoparticles coupled to T2 pep-
tide could successfully ameliorate CP/CPPS in experimen-
tal mice model. We have previously determined that T2
peptide is the dominant antigenic epitope of TRPM8 and
plays a critical role in inducing CP/CPPS [20, 32]. T2 is a
special peptide sequence isolated from a TRPM8 protein
that is encoded by a prostate-specific gene [33]. It is an

autoantigen peptide having amino acid sequence of
CSEEM RHRFR QLDTK LNDLKG [18]. Coupling of
this disease-relevant immunogenic T2 peptide to biode-
gradable PLGA nanoparticle resulted in the reversal of
disease symptoms in our study. Here in this study, we first
established EAPmodel by subcutaneously injecting a mix-
ture of immunogenic novel peptide T2 and complete
Freund’s Adjuvant (CFA) into all groups except naïve
group to induce CP/CPPS as described in the literature.
CP/CPPS was characterized by increased inflammatory
cell infiltration such as T cell, macrophages, granulocytes,
and proinflammatory cytokines into the prostate intersti-
tium and epithelium [34–36]. After successful induction of
CP/CPPS, the model group was injected with normal saline
while PLGA, PLGA-OVA, and PLGA-T2 groups were
administered intravenously with a mixture of PLGA,
PLGA-OVA, and PLGA-T2. We observed a significant
decrease of pelvic region tactile hyperalgesia in the
PLGA-T2 group in comparison to the pretreated group
and a significant difference in the urinary frequency of
PLGA-T2 group in comparison to the model group. Also,
a less number of inflammatory cell infiltration such as T
cell, macrophages, and granulocytes into the prostate

Fig. 3. Voiding behavior analysis. a Analysis of urine spot using ImageJ software. The arrows indicate the excluded urine spot < 6.6 mm2. b Numbers of
urine spots. *P < 0.05 indicating the comparison of naïve and PLGA-T2 groups with the model group. #P < 0.05 indicating the comparison of treated groups
with the naive group.
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interstitium and epitheliumwere observed in the PLGA-T2
group as compared to the model group. Furthermore, less
expression of TNF-α and CRP while high expression of
IL-10 in PLGA-T2 group were observed against the other
groups. In other words, we can say that groups immunized
with PLGA-T2 showed less inflammation than the other

groups, which leads to the conclusion that nanoparticles
conjugated with autoantigen novel peptide T2 could suc-
cessfully alleviate CP/CPPS in mice.

Many researchers believe that autoimmunity is the
key factor involved in the development of CP/CPPS. Im-
mune disturbance in CP/CPPS leads to enhanced

Fig. 4. a Histopathologic observations of the prostate tissue from C57BL/6 mice (magnification: × 400). The naive group displayed no inflammation and
infiltration of the inflammatory cells. The model group, PLGA group, and PLGA-OVA group showed extensive inflammatory cell infiltration and
inflammatory lesion as compared to the naïve group while PLGA-T2 group displayed no inflammatory cell infiltration after treatment. bMean inflammatory
scores of different groups. Inflammation scores of the model, PLGA, and PLGA-OVA groups showed a significant difference (###P < 0.001) as compared to
the naïve group; PLG-T2-treated group exhibited (***P < 0.001) minimal prostate inflammation in comparison to the model group. ###P < 0.001 indicating
significant difference of treated groups from the naïve group; ***P < 0.001 indicating a significant difference of naive and PLGA-T2 groups from the model
group.
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accumulation of T cells, macrophages, B cells, and
granulocytes in the prostate of CP/CPPS patients without
infection. The previous successful model of CP/CPPS was
characterized by T cell and antibody responses to antigen
origin from the prostate [37, 38]. In our study, there was
obvious inflammation and infiltration of inflammatory
cells in the model, PLGA, and PLGA-OVA groups. How-
ever, PLGA-T2 group was not significantly different from
the naive group, although some of the tissues did exhibit a
scattered mild inflammatory infiltrates.

Cytokines are important molecules in the immune
response which allows inflammatory cells to communi-
cate and regulate local and systemic events of the immune
response. Recently, cytokines such as TNF-α, IL-1β, and
IL-10 as a proximal mediator in the pathogenesis of CP/

CPPS have attracted much attention. TNF-α is synthe-
sized by monocytes and macrophages and has a promi-
nent role in infection and inflammation. Alexander et al.
demonstrated that the seminal plasma in patients with
CPPS had significantly higher levels of the pro-
inflammatory cytokines TNF-α and IL-1β [39]. In anoth-
er study, it has been demonstrated that the level of TNF-α
was elevated in EPS specimens suffering from CP and
believes to be involved in the progression of CP [40, 41].
C-reactive protein (CRP) is a β globulin factor present in
normal serum in trace amounts which may increase as
much as 3000-folds in the acute phase of inflammation
[42]. SerumCRP levels have been associatedwith benign
prostatic hyperplasia (BPH)/lower urinary tract symp-
toms (LUTS) [43]. Disease progression can be assessed

Table 1. The Levels of TNF-α, CRP, and IL-10 in Plasma

Groups TNF-α (pg/ml) CRP (104 pg/ml) IL-10 (pg/ml)

Naive 9.09 ± 0.88* 124.85 ± 29.30** 14.93 ± 6.06
Model 17.30 ± 5.01## 214.01 ± 75.19# 13.84 ± 3.68
PLGA 13.44 ± 2.79 144.96 ± 33.41 15.48 ± 7.15
PLGA-OVA 13.13 ± 1.65 157.23 ± 48.25 11.48 ± 5.77
PLGA-T2 11.71 ± 2.41* 123.47 ± 41.69* 23.03 ± 8.11*#

Each value was presented as means ± SD. * Significant difference from the model group at P < 0.05. ** Significant difference from the model group at
P < 0.01. # Significant difference from the naive group at P < 0.05. ##Significant difference from the naive group at P < 0.01

Fig. 5. Comparison of the expression levels of TNF-α, CRP, and IL-10 in plasma. Each value was represented as means ± SEM. aQuantification of TNF-α
and CRP in all groups. The model group exhibited enhanced serum levels of TNF-α (##P < 0.01), and CRP (#P < 0.05), while PLGA, PLGA-OVA, and
PLGA-T2 groups displayed no significant serum levels of TNF-α and CRP in comparison to the naïve group. b Quantification of IL-10 level in all groups.
PLGA-T2 treatment group revealed higher expression of anti-inflammatory IL-10 (#*P < 0.05) as compared to naïve and model groups. #Significant
difference (P < 0.05) from the naïve group; ##significant difference (P < 0.01) from the naïve group *significant difference (P < 0.05) from the model group;
**significant difference (P < 0.05) from the model group.
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by evaluating serumCRP levels. On the other hand, IL-10
is an anti-inflammatory factor produced by Th2 cells and
activated B cells. It plays a key role in down-regulating
inflammatory response and antagonizing inflammatory
mediators in various inflammatory reactions. Miller
et al. showed that IL-10 plays a crucial role in the inflam-
matory immune response of chronic prostatitis. Examina-
tion of IL-10 levels can indirectly understand the local
inflammatory response of tissues [44]. In light of these
evidence, we can say that a patient suffering from CP/
CPPS will have increased levels of pro-inflammatory
cytokines such as TNF-α and IL-1β and elevated level
of CRP protein while decreased level of IL-10. In our
research, we observed that PLGA-T2 group expressed
lower serum level of TNF-α in comparison to the model
group. Likewise, we observed a significant difference in
the plasma level of CRP for PLGA-T2 group in compar-
ison to the model group. Furthermore, we also observed
that the plasma level of IL-10 for the PLGA-T2 groupwas
significantly higher than the naïve and model groups
while no significant difference was observed in other
groups as compared to the naïve and model groups.

The precise mechanism underpinning immune tol-
erance is unclear in this study. However, we speculate
that PLGA-T2 might enhance the level of regulatory/
immunosuppressive cytokine, IL-10 in the blood. This
cytokine is critical for tolerance induction, as previous-
ly published studies indicated that IL-10-deficient mice
or mice treated with anti-IL-10 cannot be tolerated
[45]. IL-10 was initially defined as a T cell cytokine,
secreted from macrophages and regulatory B cells as
well as T cells [46]. Production of IL-10 as a result of
nanoparticle-coupled-T2 peptide finally induced
antigen-specific immune tolerance, suppressed inflam-
mation, antigen-presentation [47] and monocyte-
macrophage function, and down-regulated TNF-α
[40] that eventually led to the suppression of the dis-
ease. In light of these findings, we can speculate that
PLGA-T2 could not only inhibit the production of pro-
inflammatory factor TNF-α and C-reactive protein
(CRP) in the plasma but also increase the level of
anti-inflammatory factor IL-10, that simultaneously
improves the inflammatory response of the prostate
tissue. Though some progress has been made, consid-
erable work still remains to be done to warrant further
research. The future investigation of our study should
include but not limit to explore the role of antigen-
specific Treg cells that plays a critical role in maintain-
ing long-term tolerance induction that will help in
better understanding of the underlying mechanism.

CONCLUSION

In summary, this study demonstrated that PLGA
nanoparticles conjugated to T2 peptide could successfully
mitigate or even heal CP/CPPS to some extent. This study
provides an easy, useful, and economic tool for ameliorat-
ing the manifestations of CP/CPPS that will improve the
therapeutic approaches.
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