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An Immunogenic Peptide, T2 Induces Interstitial Cystitis/
Painful Bladder Syndrome: an Autoimmune Mouse Model
for Interstitial Cystitis/Painful Bladder Syndrome
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Abstract—

The exact pathophysiology of interstitial cystitis/painful bladder syndrome is

unknown; however, autoimmunity is a valid theory. We developed an autoimmune chronic
cystitis model by administration of the medium dose of immunogenic peptide T2. Sixty female
C57BL/6 mice were divided into six groups. The control group was not treated with any
reagent. CFA group was injected with CFA + normal saline, homogenate group with bladder
homogenate + CFA, low-dose group with low dose of T2 peptide + CFA, medium dose group
with the medium dose of T2 peptide + CFA, and high-dose group with the high dose of T2
peptide + CFA. Micturition habits, withdrawal frequencies of mice, and bladders weight were
measured for each group. Hematoxylin and eosin staining and toluidine blue staining were used
to investigate bladder inflammation and mast cells accumulation, respectively. T cells infiltra-
tion in the bladder tissues and serum TNF-« level were measured by using immunohistochem-
istry and ELISA, respectively. Mice immunized with the medium dose of T2 peptide
(0.225 mg/ml) were extremely sensitive to the applied force, showed greater urine frequencies,
and higher bladder weights. Histologic examination revealed severe edema and inflammation
in bladder tissues of medium-dose group. Extensive infiltration of T cells in bladder tissues,
elevated TNF-«, and increased mast cells accumulation were observed in medium-dose group
as compared to that in other groups. EAC mice model established by injecting the medium dose
of T2 (0.225 mg/ml) mimics all the symptoms and pathophysiologic characteristics of IC/PBS.
We believe that this model can help us to investigate the pathogenesis of IC/PBS.
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INTRODUCTION
The urinary bladder is composed of bladder mem-

brane (urothelium), lamina propria just beneath the
urothelium, detrusor muscle, and immune and nonimmune
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cells. These structures provide protection to the bladder
from microbial infection. The bladder is highly immuno-
reactive organ and prone to infectious as well as noninfec-
tious inflammation. For example, interstitial cystitis/
painful bladder syndrome (IC/PBS) is noninfectious chron-
ic inflammation of the urinary bladder. It is associated
strongly with autoimmunity while its etiology remains
elusive [1, 2]. IC/PBS has been defined by the International
Continence Society as “the complaint of suprapubic pain
related to bladder filling, accompanied by other symptoms
such as increased daytime and nighttime frequency, in the
absence of proven urinary infection or other clear
pathology”. [3] The major symptoms of this syndrome
are the bladder-related pain, increase in urine frequency
and urgency. However, some patients of IC/PBS also ex-
perience systemic symptoms which are not related to the
bladder [3] such as inflammatory reactions in the central
nervous system [4]. Estimated prevalence of IC/PBS in
females is 2—5 times higher than males [S]. A complete
and reliable diagnosis of IC/PBS has not been established
yet due to lack of insights into the pathogenesis of IC/PBS.
Therefore the diagnosis just relies on exclusion of other
diseases with almost similar manifestations [5]. Several
theories have been suggested for determining the cause of
IC/PBS such as, inflammation, neurogenic, autoimmune,
defects in the wall of bladder, neuroendocrine factors,
immunologic pathways mediated by the activation of mast
cells and psychologic mechanisms [3] but none fully ex-
plains the manifestation of this disease [6]. Extensive re-
search efforts and trials have been conducted to expand our
understanding of this syndrome [7]. Numerous evidences
suggest that autoimmune mechanism plays a pivotal role in
the pathogenesis of IC/PBS [8].. Animal models are used
extensively to understand the disease mechanism in a
better way. These models hold several advantages and
may help to investigate different pathways of the disease.
Numerous autoimmune animal models of IC/PBS have
been established to elucidate the pathogenesis of this syn-
drome. In our present study, we also establish an autoim-
mune model of IC/PBS by immunization of C57BL/6 mice
with optimum dose (medium dose) of antigenic peptide T2.
This peptide is an antigenic epitope of TRPMS which is a
member of the transient receptor potential (TRP) super-
family. Previously in our lab, we extracted a unique se-
quence of six peptides (T1-T6) from a TRPMS protein
called specific isolated peptides (unpublished data). All
these peptides are immunogenic but the most pathogenic
is T2 peptide, making it an ideal autoantigen for inducing
IC/PBS. We believe that this present model will give us a
more holistic understanding of IC/PBS.
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METHOD AND MATERIALS

Animals

Female C57BL/6 mice aged 8 weeks were purchased
from Comparative Medicine Center of Yangzhou Univer-
sity. All animals were free to access laboratory chow and
water. Animals were maintained under standard tempera-
ture and humidity. Experimental procedures were ap-
proved by the China Pharmaceutical University Animal
Health Committee.

Reagents

Bladders from naive C57BL/6 mice were homoge-
nized in 0.5% Tritonx-100 normal saline using a homoge-
nizer. The homogenate was centrifuged at 3000rpm for
10 min (4 °C), and the supernatant was collected. The
protein concentration of the supernatant was detected using
Biuret reagent methods by UV Spectrophotometry (UV-
1100, MAPADA Ltd., Shanghai, China) and diluted to
2 mg/ml. Homogenate emulsion of a vaccine was made
from the supernatant mentioned above by mixing with an
equal quantity of complete Freund’s complete adjuvant
(Sigma-Aldrich, St. Louis, USA).

T2 peptide with an amino acid sequence of CSEEM
RHRFR QLDTK LNDLKG is an antigenic epitope of
TRPMS and used in combination with CFA. T2 was syn-
thesized and purified by Wuhan Buyers Biotechnology Co
Ltd., China. The final doses of T2 peptide for mice were
0.15 mg/ml, 0.225 mg/ml, and 0.3 mg/ml (low, medium,
and high dose).

Immunization

Sixty female mice were divided equally into six
groups (n = 10) as follows: (1) control group, without
any treatment. (2) CFA group, mice were injected with
200 pl vaccine consisting of an equal volume of normal
saline and CFA. (3) Homogenate group, mice were injected
with 200 pl vaccine made by mixing an equal volume of
bladder homogenate and CFA. (4) Low-dose group, mice
were injected with 200 pl vaccine made by an equal
volume of T, and CFA. (5) Medium-dose group, mice
were injected with 200 pl vaccine made by mixing an
equal volume of T, and CFA. (6) High-dose group, mice
were injected with 200 pl vaccine made by mixing an
equal volume of T, and CFA. Each group was injected
subcutaneously on days 0 and 15.
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Mice of all groups were evaluated for behavioral tests
(pain, voiding behavior) and finally euthanized after
30 days for investigating bladder pathology.

Pain Threshold Assessment

Mice of all groups were tested for referred hyperalgesia
and tactile allodynia on days 0, 14, and 28 using von Frey
filaments. The procedure was done in stainless steel cham-
bers. Six fibers of progressively increasing weights were
applied to pelvic regions, and withdrawal responses of mice
were critically evaluated. This treatment was done for a total
of 10 times and mean percentages of positive responses
were recorded. Sharp retraction of the abdomen, immediate
licking and scratching, and jumping of mice were consid-
ered as a positive response to fiber stimulation.

Voiding Behavior Analysis

Voiding behaviors of mice were assessed by using pad
test [9]. Immunized mice were kept on grade 540 filter paper
in a metabolic chamber for 1 h. Filter papers were then
removed and images of urine spots were taken by using
ultraviolet light. Finally, urine spots were evaluated by using
the Fiji version of ImageJ software [10]. Urine frequencies
of mice were calculated by considering the number of urine
spots. (spots with size > 6.6mm?” were considered).

Bladder Weight Assessment

Mice were weighed before sacrifice and bladder
weights of mice were calculated (bladder weight/body
weight) after the removal.

Histopathological Evaluation

Bladder tissues were removed from mice and fixed in
10% neutral buffered formaldehyde for 48 h. Next, blad-
ders were dehydrated in ethanol, embedded in paraffin,
sliced into sections of 5 um, and stained with
hematoxylin-eosin staining. The severity of inflammation
in the bladder was analyzed by using a 4-point grading
scale in a double-blinded manner. Grade 1—no edema (i.e,
normal bladders), Grade 2—edema, Grade 3—severe ede-
ma with some degree of T cell infiltration, and Grade
4—serious edema and severe T cell infiltration. Mast cells
in bladder tissues were observed using toluidine blue stain-
ing (magnification %X200). Histological observations were
made using a light microscope.
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Fig. 1. Changes in behaviors of mice from all groups. a Withdrawal fre-
quencies of mice after application of forces in bladder homogenate, CFA,
low-dose T2, medium-dose T2, high-dose T2, and control group. b Urine
spots collected on filter paper. ¢ Number of total urine spots. * means
P < 0.05 compared with the control group.
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Immunohistochemistry of CD+3 T cells

Fixed bladder tissues were deparaffinized with xylene
and rehydrated with alcohol. Antigen unmasking was per-
formed by sodium citrate buffer at pH 6 for half hour.
Endogenous peroxidase activity was hampered by using
3% hydrogen peroxide and nonspecific binding was
prevented by using 5% normal goat serum (1/20 dilution in
PBS, pH 7). Further, slides were incubated with rabbit anti-
mouse CD3 (1:500, Abcam, Cambridge, USA) overnight
and incubated with goat anti-rabbit immunoglobulins
(1:250, Jackson Laboratories) for 50 min at room tempera-
ture followed by addition of substrate solution (Diamino-
benzidine). Nuclei were finally counterstained with hema-
toxylin and observed under light microscopy (x400).

ELISA

Serum TNF-a was determined by enzyme-linked
immunosorbent assay (ELISA) [11]. Briefly, the blood
from mice were drawn into the heparin (for half hour)
and centrifuged at 2500 rpm. The supernatant was collect-
ed and level of TNF-« was measured by using TNF-o kit
(DRKEWE, China).

Statistical Analysis

Differences in physical parameters, bladder weights,
mast cells and CD+3 T cell infiltration and serum TNF-o
between groups were measured using one-way ANOVA
test. Data was represented as Mean + S.D. *P < 0.05 and
**P <0.01 were the significant P values compared with the
control group.

Bladder weight/body weight (%)
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RESULTS

Behavioral Test—Pain and Voiding Behavior

Mice injected with the medium dose of T2 + CFA
were more sensitive to pain as analyzed by von Frey
filaments. Increased withdrawal frequencies were noted
in the medium-dose group as compared to all other groups.
Low- and high-dose group also showed some extent of
sensitivity to the applied force. The bladder homogenate
group showed less response to the applied force (Fig. 1a).

Voiding behaviors were analyzed by pads test. Num-
ber of urine spots in the medium-dose group (26) were
higher as compared to the high-dose (23 spots), low-dose
(14 spots), homogenate (13 spots), CFA (18 spots), and
control groups (13). Thus, maximum urination frequencies
were noted in the mice injected with medium dose as
compared to the mice of the other groups (Fig. 1b, c).

Assessment of Bladder Weight

Bladder weights of C57BL/6 mice were expressed as
percentages. Medium-dose, high-dose, and homogenate
group showed significant results (P < 0.01). Low-dose
group and CFA group were less significant (p < 0.05) when
compared with the control group (Fig. 2).

Histopathological Evaluation

Most significant and severe congestion, inflammation,
and edema were observed in the bladders collected from the
medium-dose group of mice (x100). These inflammatory
signs were also observed to some extent in the high-dose
group, low-dose group, homogenate group, and CFA group.

&

Fig. 2. Bladder to body weight ratios in medium-dose group showed a significant increase as compared to that in the control group (P < 0.01), and also higher
than that of the FCA and the low dose of T2 peptide group. The homogenate group and the high dose of T2 peptide also showed significant results as
compared to the control group. *P < 0.05 and **P < 0.01 compared with the control group
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Fig. 3. a Histopathological evaluation of bladder tissues from C57BL/6 P>
mice (x100): (1) control group, (II) low-dose T2 + CFA group, (III) CFA,
(IV) medium-dose T2 + CFA group, (V) homogenate, and (V1) high-dose
T2 + CFA group. We observed extensive inflammation, edema, and
congestion in the medium-dose group. The control group displayed no
inflammation and edema. b Inflammation scores of different groups. Mice
treated with medium dose of T2 peptide have maximum inflammation in
the bladder, and thus it is most significant (P < 0.01) as compared to other
groups. The high-dose group is less significant (P < 0.05) as compared to
the medium-dose group. ¢. Mast cell infiltration revealed by using tolui-
dine blue staining (x200). Extensive accumulations of mast cells in blad-
der tissues of C57BL/6 mice were observed in the medium-dose group as
compared to that in the other groups.

The bladders of control group revealed no inflammation and
congestion (Fig. 3a). Inflammation score was also most
significant in the medium-dose group (P < 0.01) compared
with that in the high-dose group (P < 0.05) and other groups
(Fig. 3b). Toluidine blue staining revealed severe infiltration
of mast cells in the bladders of mice obtained from the
medium-dose group (T2 + CFA) as compared to that from
the high-dose group (T2 + CFA) and other groups (Fig. 3c).

o

Immunohistochemistry

Extensive infiltration of CD+3 T cells (x400) in bladder
tissues of mice immunized with a medium dose of T2 and
CFA was observed as compared to that in the other groups. T
cell infiltration was also observed to some extent in the high-
dose group and low-dose group. Homogenate and CFA group
also displayed infiltration of T cells to some extent while the
control group showed no infiltration (Fig. 4). These results
indicated that immunization of the mice with the medium
dose of T2 + CFA is most effective in inducing IC/PBS.

Inflammation scores

ELISA

ELISA was used to measure the level of serum TNF-
« in different groups. Elevated level of serum TNF-o
(P < 0.05) was observed in the mice immunized with
medium dose of T2 + CFA as compared to all the other
groups (Fig. 5).

DISCUSSION

IC/PBS is an indolent bladder syndrome that has
gained much attention by the urologist due to its illusive
nature. Advancement in understanding the exact cause of
this enigmatic disease has been painfully slow [3] due to
lack of the suitable animal model. Numerous animal
models have been designed to unveil the underlying



2038

Zhang, Thsan, Cao, Khan, Cheng, Han, and Zhou

Fig. 4. Infiltration of T cells in the bladder tissues of C57BL/6 mice (x400). (1) control group, (II) low-dose (T2 + CFA) group, (III) CFA, (IV) medium-dose
(T2 + CFA) group, (V) homogenate and (V1) high-dose (T2 + CFA) group. We observed extensive infiltration of T cells in the bladder tissues of medium-dose
group as compared to other groups. No infiltration was observed in the control group.

pathology of this syndrome. Cystitis was induced in these
animal models by intravesical administration of irritants
such as acetone [12], turpentine [13], and hydrogen perox-
ide [14]. However, intravesically administered compounds
induce acute cystitis [10] and cause nonselective damage
of bladder mucous membrane [15]. Cyclophosphamide
(CYP) [16]-induced cystitis model is most extensively
used but its metabolite, acrolein, is higly toxic, and cystitis
results from direct toxicity to the mucosa of the bladder
[15]. A naturally occurring IC/PBS model was also char-
acterized in domestic cats [17], but its use has become
limited due to the difficulty in handling and maintaining
cats. Murine neurogenic cystitis model was established by
injecting Bartha strain of pseudorabies virus in the tail
muscle of C57BL/6 or BALB/c mice, but this virus induces
acute cystitis and the model does not sum up all aspects of
this disease [18]. Although IC/PBS has a multifactorial

pathogenesis, it involves autoimmunity at some point dur-
ing the disease progression. Still, there is no convincing
evidence that autoimmunity has either a primary or a
secondary role in the pathogenesis of IC/PBS [19].Preva-
lence of IC/PBS is higher in woman than man indicating its
autoimmune nature. Numerous autoimmune diseases, in-
cluding rheumatoid arthritis [19], sjogren’s syndrome, and
inflammatory bowel disease were also commonly ob-
served in IC/PBS patients [3], suggesting the autoimmune
nature of this disease. Based on these perspectives, auto-
immunity is considered to play a pivotal role in the path-
ogenesis of IC/PBS. Numerous autoimmune animal
models of IC/PBS have been established previously by
immunization with bladder homogenate. These models
provide sufficient information for the investigation of blad-
der autoimmune reactions [2]. The main disadvantage of
these models is the undesirable systemic reactions due to
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Fig. 5. Serum level of TNF-« in different groups. (1) control group, (II) low-dose (T2 + CFA) group, (III) CFA, (IV) medium-dose (T2 + CFA) group, (V)
homogenate, and (V1) high-dose (T2 + CFA) group. Elevated level of TNF-o was observed in the medium dose of T2 peptide group (P < 0.05) as compared

to that in the other groups.

the presence of tissue nonspecific antigens in the bladder
homogenate. Experimental autoimmune cystitis model of
SWXY mice was generated by immunization with bladder-
specific protein uroplakin 2 [20]. This model exhibited all
potential features of IC but the pelvic pain was not
inspected thus lacking the cardinal symptom of IC. Addi-
tionally, nonspecific (systemic) reactions were also ob-
served. Another EAC model was established by immuni-
zation of BALB/C mice with immunogenic peptide
UPK3A 65-84 derived from bladder-specific uroplakin
3A. This peptide contains hexapeptide motif that is capable
of inducing cystitis in BALB/C mice [21].

Another reported interstitial cystitis model was
established by injecting 10 mg of chicken OVA (with
normal saline) into the bladder of pre-sensitized guinea
pigs that caused epithelial damage and exposure of apical
surfaces of cells to antigens. But this model lacked the
underlying mechanism of antigen processing [22].

In our study, we used optimum dose of the T2 peptide
to establish the autoimmune mice model. Compared with
high concentration and low concentration of T2 peptide, the
medium dose of T2 peptide was most effective in inducing
IC/PBS. Mice administered with the medium dose of T2
peptide showed significant bladder inflammation, enhanced
mast cells accumulation in bladder tissue, elevated serum
TNF-«, and increased infiltration of T cells in the bladder.
Phenotypic characterization includes assessment of pelvic
pain and urine frequency which are the prominent symp-
toms of IC/PBS. Mice immunized with the medium dose of

T2 peptide showed an increase in urine frequencies and
significant pain withdrawal responses compared with other
groups. Moreover, bladder weights of mice were significant-
ly higher in mice immunized with the medium dose of T2
peptide. Previous studies indicated T cell infiltration in the
bladder tissue [10] and enhanced level of serum TNF-« in
the IC/BPS patients [23]. Additionally, Immunologic or
inflammatory response leads to increased mast cells [24].
Bladder samples from IC/BPS patients indicated an in-
creased mast cells count [25]. Our salient findings are con-
sistent with these previous findings indicating the successful
establishment of an autoimmune model of mice. High dose
of T2 peptide was not so much significant in inducing IC/
PBS due to the mechanism of immune tolerance and the
animal relapsed into the state of less responsiveness.

The T2 peptide is an antigenic epitope of TRPMS8 [11]
and induces IC/PBS by the mechanism of autoimmunity.
TRPMS is actually a prostate-specific TRP channel. It is
also expressed in sensory neurons within the dorsal root,
trigeminal ganglia [28], and urinary bladder [26]. Mukerji
et al. found that patients with IC/PBS showed a marked
increase in TRPMS8 expression indicating its role in the
pathophysiology of bladder dysfunction [27]. TRPMS af-
fects the voiding symptoms, such as urine frequency and
urgency in bladder dysfunctions, especially the painful
bladder syndrome [28].

In our previous report, we successfully established an
autoimmune model of CP/CPPS by using T2 peptide [11].
TRPMS expresses in the prostate as well as in the bladder
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tissue. Additionally, many researchers consider CP/CPPS
as a form of IC/PBS and employed the umbrella term
urologic chronic pelvic pain syndromes (UCPPS). Based
on these evidences, it is reasonable to think that T2 peptide
derived from TRPMS8 may also play a role in inducing IC/
PBS. This encouraged us to develop an autoimmune 1C/
PBS model of female mice. CFA adjuvant used with the T2
peptide is immunopotentiator and boosts the immunogenic
effects of this peptide [11]. T2 peptide activates T cells and
interacts with TRPMS in the bladder tissue that results in
autoimmune reaction leading to IC/PBS. The major advan-
tage of this model is that it permits us to analyze detailed
pathophysiology that is consistent with the pathology ob-
served in IC/PBS patients. We have demonstrated all the
major phenotypic characteristics (urine frequency, urgency,
and pelvic pain) in this model. Additionally, the current
model can be established in just 4 weeks which is shorter
than the establishment time for the other experimental
autoimune cystitis models (usually 4-5 months). This
model is potentially useful for the investigation of the
detailed pathogenesis of IC/PBS. The possibility of auto-
immune reactions in other organs due to extensive distri-
bution of TRPMS is not addressed in our study. IC/PBS is a
systemic pathophysiology and future characterization in-
cludes the examination of systemic effects of the T2 pep-
tide in experimental animals.
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