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Abstract— Chronic prostatitis/chronic pelvic pain syndromes (CP/CPPS) is a
clinical tricky problem due to its enigmatic etiology, low cure rate, and high
recurrence rate. The research on its pathogenesis has never stopped. In this exper-
imental autoimmune prostatitis (EAP) model, male C57BL/6 mice were subcutane-
ously immunized with prostate extracts in an adequate adjuvant. For mice in the
antibody intervention group, anti-T2 polyclonal antibodies were intraperitoneally
injected during the induction of EAP. Animals were periodically monitored for
pelvic pain. Hematoxylin and eosin staining was used to assess prostate inflamma-
tion. Tumor necrosis factor-oc (TNF-o) levels in serum were measured by ELISA
kits. The immunized animals developed prostatitis as a consequence of the immune
response against prostate antigens. Pelvic pain thresholds were gradually decreased
and TNF-a expression significantly increased. T2 plays an important role in the
disease since polyclonal antibodies to T2 greatly ameliorated symptoms in animals
induced for EAP. T2 peptide may represent the major autoantigen epitope in EAP,
which could serve for a better understanding of the etiology of CP/CPPS.

KEY WORDS: T2 peptide; Chronic prostatitis/chronic pelvic pain syndrome; Autoimmune disease; Autoantigen
epitope.

INTRODUCTION

CP/CPPS constitutes approximately 90% of all chron-
ic prostatitis cases [1]. The prevalence varies from 2 to
16% worldwide [2]. Apart from the local damage and
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dinal clinical changes in CP/CPPS patients may also in-
clude painful bladder filling and/or painful urinary urgency
[3], irritable bowel syndrome [4], fibromyalgia [5], chronic
fatigue syndrome [6], structural and functional brain
changes [7], depression, and panic disorders [8]. Manage-
ment of CP/CPPS patients has always been a formidable
task in clinical practice. The unclear etiology slows the
development of therapies.

243

0360-3997/21/0100-0243/0 © 2020 Springer Science+Business Media, LLC, part of Springer Nature


http://crossmark.crossref.org/dialog/?doi=10.1007/s10753-020-01326-6&domain=pdf
http://orcid.org/0000-0003-2610-4388

244

Various theories have been suggested to explain
CP/CPPS. The autoimmune origin has emerged as an
important area [9, 10]. The identification of target
antigens in autoimmune diseases is always an impor-
tant step towards understanding the etiology. We have
previously examined the ability of T2 peptide to in-
duce EAP in rats [11] and mice [12, 13] and conclud-
ed that when incorporated into an adequate adjuvant,
T2 elicits cellular and humoral autoimmune responses
and lesions in prostate. In this study, intraperitoneal
injections of anti-T2 polyclonal antibodies ameliorated
disease in the EAP model induced by prostate ex-
tracts, which preliminarily proved that the epitope
contained within the sequence T2 represented the
main autoantigen epitope of EAP.

METHODS

Antibody

The amino acid sequence of T2 peptide is
CSEEMRHRFRQLDTKLNDLKG. Polyclonal antibod-
ies to T2 were prepared by injecting New Zealand
rabbits with purified T2 peptide-keyhole limpet hemo-
cyanin (KLH) conjugates (200 pg per injection) subcu-
taneously in complete Freund’s adjuvant followed by
subsequent boosts in incomplete Freund’s. The reactivity
of polyclonal antibodies with T2 was confirmed using
ELISA.

Experimental Autoimmune Prostatitis

Preparation of Prostate Extracts. Prostate extracts were
prepared from adult C57BL/6 mice prostate glands. Ante-
rior and ventral lobes of prostate from 35 mice were pooled
and homogenized in 0.5% Triton X-100 at 4 °C. The
homogenate was centrifuged at 10,000 rpm for 30 min,
and the supernatant was used as antigens. Protein concen-
tration was determined by the Bicinchoninic Acid assay
(Beyotime biotechnology, China). The supernatant was
diluted in phosphate-buffered saline (0.01 M, pH 7.2),
and final concentration was adjusted to 10 mg/ml.

Immunization and Grouping. Twenty adult male
C57BL/6 mice (18-22 g) were injected with 0.2-ml CFA
containing 5 mg/ml prostate extracts subcutaneously on
days 0 and 14 to induce EAP. 10 age-matched naive
animals remained uninduced. The day of first injection
was designated day 0. On days 3, 17, 19, and 21, ten
animals in the antibody group were injected with T2 poly-
clonal antibodies (0.5 ml/injection per mouse, i.p.), and the
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model group was given a vehicle control (0.01 M
phosphate-buffered saline, i.p.). The choice of antibody
administration schedule was mainly based on two research
articles [14, 15]. Animals were periodically monitored for
pelvic pain. On day 28, animals were killed, and prostates
were prepared for histopathological examination. All ani-
mal studies were approved by and conducted in accordance
with the guidelines of the Committee for Animal Care and
Use of the China Pharmaceutical University.

Pelvic Pain Threshold Assessment

On days -6, 7, 14, 21 and 27, von Frey filaments were
used to measure the mechanical pain threshold in the pelvic
region of mice. According to the up and down method
[16], eight filaments with force ranging from 0.008 to 4
were used to stimulate the vicinity of the mouse scrotum
vertically until the filament was “S”-shaped and held for 6—
8 s, or stopped when the animal showed a positive re-
sponse. The interval between two stimulations is 7 s. Sharp
contraction of the abdomen, immediate licking and biting
of the stimulated area, or jumping of mice can all be
considered as positive reactions to the filament stimulation.

Histopathological Evaluation

After mice’s death, the anterior and ventral lobes of
prostate were collected, fixed with 10% formalin for 24 h,
then dehydrated, embedded in paraffin, and sectioned (6
pm). Hematoxylin and eosin staining was performed. Mor-
phological changes and inflammatory cells infiltration
were assessed in a double-blind manner. The scoring
criteria are as follows: 0, no inflammation; 1, slight inflam-
matory cells in the stroma, perivascular and periglandular
regions; 2, moderate infiltration accompanied by degener-
ation of epithelial cells; 3, severe epithelial acini atrophy,
inflammatory cells infiltration and congestion.

Cytokine Determination

Blood obtained from heart, 60 min for natural coag-
ulation in ambient temperature, was centrifuged at
3000 rpm for 10 min. The supernatant was collected care-
fully and stored at — 80 °C. TNF-« levels were determined
by ELISA kits (Nanjing Jiancheng Bioengineering Insti-
tute, China).
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Statistical Analysis

All statistical analyses were performed using SPSS v
21.0 software. The data were shown as the mean + standard
deviation. One-way analysis of variance (ANOVA) was
used to determine significance among groups.
Figures were compiled using GraphPad Prism v 5.01 soft-
ware. P<0.05 was considered to indicate a statistically
significant difference.

RESULTS

Production of Anti-T2 Polyclonal Antibodies

To determine whether T2 plays a key role in the
induction of EAP, anti-T2 polyclonal antibodies were pu-
rified from the serum of T2-immunized rabbits. The con-
centration of the affinity-purified antibody measured by
NanoDrop Spectrophotometer A280nm was 0.569 mg/ml,
and the titer determined by ELISA was greater than
1/512,000 (Fig. 1), suggesting that anti-T2 polyclonal an-
tibodies were able to effectively bind to its molecular
target.

T2 Is Involved in the Development of EAP

Pain and inflammation without having the infection
are hallmarks of CP/CPPS [17]. And prostate histopathol-
ogy is the core indicator to judge the success of EAP
models [18]. Pelvic pain threshold assessment for this
study was shown in Fig. 2. The model group had a lower
pain threshold, which was lowest on day 14. Mice treated
with anti-T2 antibodies showed a small fluctuation in the
pain threshold. The pain threshold decreased during 14-21
days and then rose to the original threshold, which cannot
exclude the influence caused by intraperitoneal injections
of antibodies on days 17 and 19.

Prostate histopathological scores were shown in Fig. 3.
Compared with naive mice, the inflammation scores of the
model group were significantly increased (P <0.01), while
mice treated with the antibody had no significant difference.
Figure 4 showed the representative histopathological chang-
es in these animals on day 28. Some epithelial acini atrophy,
gland reduction and inflammatory cells infiltration were
observed in the model group. However, in the naive and
antibody groups, the glands had a uniform distribution, no
obvious atrophy was found, and minimal inflammatory cells
infiltrated in the interstittum. The detection of TNF-x in
mouse serum further confirmed the role of T2 in the devel-
opment of EAP. Compared with the naive group, TNF-«
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Fig. 1. The binding of anti-T2 polyclonal antibodies with T2 peptide was
confirmed by ELISA. OD, optical density; Ab, antibody.

levels in the model group significantly increased (P < 0.05),
while it decreased after antibody intervention (Fig. 5).

DISCUSSION

EAP models have long been used for studying CP/
CPPS. Prostate extracts immunization is one of the typical
induction of EAP [19, 20]. The histologic pattern of pros-
tate inflammation, a prominent infiltration of inflammatory
cells into the interstitium primarily surrounding vessels and
acini, is strikingly similar to that of CP/CPPS patients. In
addition, immunization of murine strains with other anti-
gens, such as prostatic steroid-binding protein (PSBP) [21],
prostatic acid phosphatase (PAP) [22] and T2 [13], can also
induce autoantigen-specific T cell and antibody responses
associated with histological evidence of prostate inflam-
mation. Prostate extracts contained a variety of
autoantigens. In this study, the antibody group used anti-
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Fig. 2. Pain threshold assessment.
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Fig. 3. Histopathological scores of prostate. ** means P < 0.01 compared
with the naive group; ## means P < 0.01 compared with the model group.

T2 polyclonal antibodies to intervene the EAP induction
after primary immunization with prostate extracts. During
the 28-day induction period, the mechanical pain threshold
of pelvic region had no significant change compared with
the naive group. The inflammation of prostate was signif-
icantly reduced compared with the model group (P < 0.01),
and the serum TNF-« level also showed a downward trend.
These results indicated, at least in part, that T2 may repre-
sent the major autoantigen epitope in prostate extracts.
Autoantigen exposure and subsequent recognition by the
immune system are key starting points for autoimmune
diseases. After intraperitoneal injections of anti-T2 poly-
clonal antibodies, the antibody binds to the T2 epitope of
autoantigens, similar to the knockdown of T2, thus
preventing the recruitment, further activation and prolifer-
ation of immune cells, and achieving the purpose of symp-
tom relief and etiological treatment.

The transient receptor potential melastatin 8
(TRPMS), which was initially identified as a prostate-
specific antigen [23], has sparked our interest in the study
of'the possible relationship between TRPMS and CP/CPPS
due to its later discovery in human multiple organs and
tissues [24] and its role as a cold receptor [25, 26], corre-
sponding to the systemic symptoms [3], cold exacerbation
symptoms, and cold-induced relapse [27] in CP/CPPS
patients. T2 peptide envelops the epitope derived from
TRPMS8 (1075-1094 amino acid), which is specific to
other transient receptor potential (TRP) channels. Previ-
ously, our laboratory has successfully induced CP/CPPS in
rats [11] and mice [12, 13] using T2 peptide combined with
adjuvants. Intravenous nanoparticle—coupled T2 [28, 29]
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Fig. 4. Histopathologic observations of prostate on day 28 (magnification:
% 200).

and oral T2 peptide [30] can both induce immune tolerance
and ameliorate CP/CPPS, indicating that T2 caused an
autoimmune response in the body. And CD4" T cells and
macrophages play important pathological roles [18]. These
data constituted additional proof for the role of T2 in the
development of disease. TNF-« is produced chiefly by
activated macrophages. Similar to CP/CPPS patients [17],
serum TNF-« levels were also increased in EAP mice.
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Fig. 5. Comparison of the expression level of TNF- in serum. — means
P <0.05 compared with the naive group.

Antibodies to T2 reduced the level of TNF-«, suggesting a
weakened inflammatory response. Furthermore, because
antibodies were given in only four injections (days 3, 17,
19, and 21) and would be predicted to be cleared from the
animal after 3 days, it proposes that the immune response
to T2 during 1 week after immunization is critical to
disease development.

There are many deficiencies in this study. Antibodies
to T2 ameliorated CP/CPPS, which may be attributed to
the knockdown of the major antigen epitope, thus reducing
T cell activation. On the other hand, T2 may be involved in
the clonal amplification of activated T cells by directly
inhibiting PD-1. These possible mechanisms need our
further experiments to demonstrate. In addition, the histo-
pathological and cytokine evaluations only performed on
day 28. A time course study about these findings would
provide more insights into the interactions between anti-T2
antibodies and the progression of EAP. Also, it seems
reasonable to determine whether there is any correlation
between the inflammatory and destructive elements of
EAP and the appearance of T2 in blood or prostate.

The identification of the T2 autoantigen epitope has
provided a further refinement and characterization of our
EAP model, which could serve for a better understanding
of the etiology, pathogenesis and pathophysiology of CP/
CPPS, and lead to more definite diagnostic procedures and
more useful therapeutic approaches.

CONCLUSION

In this study, the intervention of anti-T2 polyclonal
antibodies during the induction of EAP can effectively
improve the symptoms of CP/CPPS. T2 is proposed to
represent the major autoantigen epitope in EAP. The spe-
cific mechanism and anti-T2 treatment regimen warrant
further study.
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