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Distribution of mast cell subtypes in interstitial
cystitis: implications for novel diagnostic and
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ABSTRACT

Aims To identify the presence and geographical
distribution of mast cell (MC) subtypes: MC, (tryptase
positive—chymase negative) and MC,_ (tryptase positive—
chymase positive) in bladder tissue.

Methods Bladder tissue was obtained from patients
with painful bladder syndrome/interstitial cystitis

(n=14) and normal histology from University Hospital
Southampton tissue bank. Sequential tissue slices were
immunohistochemically stained for MC subtypes using
anti-MC tryptase (for MC, and MC, ) and anti-MC
chymase (for MC, ). Stained sections were photographed,
and positively stained MCs were quantified using ImageJ.
Data were analysed using descriptive statistics and
individual paired t-tests.

Results There was a significant difference in the density
of MCs between each layer of the disease bladder, with
the greatest accumulation within the detrusor (p<0.001).
There was a significant increase in MC, _ subtype in the
lamina (p=0.009) in painful bladder syndrome/interstitial
cystitis.

Conclusions Our results suggest that mastocytosis is
present within all layers of disease bladder, especially

the muscle layer. The varying increase in MC subtypes

in the lamina and mucosa may explain the variability in
painful bladder syndrome/interstitial cystitis symptoms. A
high influx of MC, in the mucosa of individuals who also
had ulceration noted within their diagnostic notes may
be of the Hunner's ulcer subclassification. These findings
suggest a relationship between the pathogenesis of MC
subtypes and the clinical presentation of painful bladder
syndrome/interstitial cystitis. A cohort study would further
elucidate the diagnostic and/or therapeutic potential

of MCs in patients with painful bladder syndrome/
interstitial cystitis.
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INTRODUCTION

Painful bladder syndrome/interstitial cystitis (PBS/
IC) is a chronic inflammation of the urinary
bladder, which is difficult to diagnose and treat and
has unsatisfactory therapeutic options. The patho-
genesis of PBS/IC is largely unknown, and instead
it is thought that PBS/IC is caused by a variety of
means. Thus, subgroups of PBS/IC patients exist
based on their underlying pathology. Although the
ulcer and non-ulcer subclassification is currently
used, it could be argued that this broad grouping
requires further subdividing into groups based on
the influx of mast cells (MCs), fibrosis and other
pathologies seen in patients with PBS/IC.

PBS/IC sufferers have a defective glycosami-
noglycan (GAG) layer, which normally acts as a
protective lining over the bladder urothelium.'
Research has shown that dysfunctional or damaged
urothelial cells generate cytokines such as stem
cell factor (SCF)? that can promote activation and
proliferation of MCs, as bladder MCs are maxi-
mally activated by SCF.’> Following the leakage
of urinary components (especially potassium due
to its ability to depolarise nerves') through the
damaged urothelium, an inflammatory response
involving MCs is triggered.’ A histological feature
of PBS/IC is a redistribution of MCs into the
detrusor muscle layer. These redistributed MCs
act on local smooth muscle and vascular epithe-
lium and also have a significant effect on inflam-
mation.® Christmas et al’ reported a significant
increase in the density of nerve fibres in patients
with PBS/IC. Most of these newly proliferated
nerve fibres were found to contain substance P
(SP),% a potent stimulator of MC degranulation,
and the histamine subsequently released feeds
back to induce the release of further SR’ MC
degranulation is triggered by molecules such as
SP, SCF and nerve growth factor, factors that have
all been implicated in the pathology of PBS/IC."
Once activated, MCs release molecules (such as
histamine, interleukin-6 and tumour necrosis
factor-o) that play a key role in MC activation,
MC recruitment and inflammation.

MCs express a high level of two serine prote-
ases: chymase and tryptase. To distinguish the
location of human MCs, antibodies that target
MC proteases can be used. Tryptase is considered
to be an important marker of MC activity and so
the antibody AA1 (anti-MC tryptase) can be used
to identify tryptase containing MCs (ie, MC, and
MC, ). Chymase can be found in MC,, and so
this MC subtype can be identified using the anti-
body CC1 (anti-MC chymase). Sparse research
exists using antitryptase and antichymase anti-
bodies in the identification of MCs in PBS/IC,!! 12
and additionally, there is currently no research
comparing the densities of MC subtypes in PBS/
IC using a colocalisation technique.

PBS/IC may be associated with the proliferation
and activation of MCs in the bladder wall. Thus, the
objective of this study was to determine the subpop-
ulations and location of MCs in bladder tissue using
antibody-based techniques.
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Figure 1
IC bladder tissue. (A) The detrusor muscle layer positively stained for
mast cell tryptase using the AA1 antibody (brown). (B) The ‘skeleton’
left after the image has been processed by ImageJ. The macro has
successfully detected all well-defined mast cells. PBS/IC, painful bladder
syndrome/interstitial cystitis.

Representative images of AA1 positively stained PBS/

MATERIALS AND METHODS

Bladder sections were obtained from the tissue bank at the Depart-
ment of Histopathology, University Hospital Southampton NHS
Foundation Trust. The 2008 criteria of the European Society for
the Study of Interstitial Cystitis were used. The tissue was origi-
nally collected during cystoscopy, with patient consent. Inclusion
into this study was based on the amount of tissue present within
the block (full-thickness samples were selected, whereas biopsy
samples were excluded due to a lack of adequate tissue). The
medical history of the subject was also considered; that is, subjects
with a histological positive diagnosis of PBS/IC were selected (all
other patient information was blinded to the researcher). Patient
diagnostic information showed that a positive diagnosis of PBS/
IC was made predominantly based on the presence of inflamma-
tion, a prominent infiltration of MCs within the detrusor layer
of the bladder wall and denudation of the urothelium. The study
included control tissue from subjects that appeared histologically
normal and did not show cellular abnormalities associated with
inflammation. These controls were individuals who had lower
urinary tract symptoms, but had no inflammatory cell infiltrate
or other markers of inflammation, on histological examination.
Bladder sections were obtained from the tissue bank. Tissue had
been fixed in 10% buffered formalin before a conventional wax
embedding process.

Tryptase is present in abundance in all MCs (immune system
and non-immune system associated MCs) and is often used as a
marker for MC activation. The AA1 antibody is highly sensitive
and specific for tryptase, with minimal background staining of
other tissue structures and thus is routinely used for the iden-
tification of MCs. Chymase is often studied when looking at
mastocytosis-associated diseases. This proteinase is less promi-
nent than tryptase, as it is only found in non-immune system
associated MCs and is thought to play a key role in fibrosis and
smooth muscle degradation. The CC1 antibody is able to detect
chymase successfully, with minimal background staining of other
tissue structures.

A conventional immunohistochemistry technique was
employed. Blocks were cut at 4um, and sequential sections
were applied to Apex-coated slides. The slides were dewaxed
and rehydrated to 70% alcohol. A combination of hydrogen
peroxidase and methanol was applied to all slides for 10 min
to inhibit exogenous peroxidase and minimise background
staining. Slides were then washed with Tris-buffered saline (TBS)
before the antigen retrieval step. As MCs are the cell type of

interest, a pronase solution was applied for 10 min in order to
unmask antibody binding sites for chymase and tryptase. To
further increase the specificity of antigen binding and reduce
background staining, endogenous biotin was also blocked by
incubating with avidin for 20 min, washing in TBS and then
incubating for 20 min with biotin. The slides were then rinsed
before the application of culture medium and left to incubate
at room temperature for 20 min. The slides were drained and
either the monoclonal antibody AA1 or CC1 was applied at
a dilution of either 1:50000 or 1:100, respectively (as deter-
mined by previous titrations using tonsil and nasal polyp tissue)
and left overnight (=18 hours) at 4°C. Subsequently, the slides
were brought to room temperature for 30 min. The slides were
washed with TBS and rabbit antimouse 2" antibody at a dilution
of 1:400 was applied for 30 min. They were then washed with

TBS before the application of a streptavadinbiotin biotin—perox-

idase complex (1:14+75uL TBS) for 30min. The slides were

then washed with TBS, and the chromagen diaminobenzidine

(prepared in accordance with the manufacturer’s instructions)

was applied for 5 min, before counterstaining with haematoxylin

and placed under running tap water for 5 min. The slides were
then dehydrated, cleared and mounted.

The slides were analysed using the dotSlide virtual slide
system (Olympus, Tokyo, Japan) and a blue 83-A Wratten
filter'® (Eastman Kodak, New York, USA). The filter was used
to enhance the contrast for easier detection of stained cells of
interest. Each layer of the bladder (mucosa, lamina propria,
detrusor muscle and adventitia) was photographed five times,
and the images were analysed using a cell counting programme
routinely used to count the number of particles of interest.'*
This programme, Image], was used in conjunction with a
macro that was developed by the group in order to identify
positively stained MCs using an unbiased yet accurate method
(figure 1).

The following guidelines were used to develop the automated
cell counting method described above, in order to ensure unbi-
ased, reproducible and reliable results:

» Only MCs that positively stained brown were counted.

» MCs that were on the edge of a photograph were only
included if more than or equal to 50% was present in the
image.

» If inadequate tissue for analysis was present, cross-pattern
objective fields were selected at random.

Data were analysed using GraphPad Prism 6 (V.6.07; La Jolla,

California, USA). Normality was tested by the Shapiro-Wilk

method. Data were normally distributed; thus, statistical anal-

ysis was performed using multiple independent t-tests. In order
to compare the density of each subtype of MC in the four layers
of bladder wall that were analysed (adventitia, detrusor muscle,
lamina propria and mucosa), individual paired t-tests comparing

the average value of each of the layers against the average of a

different layer, for each subtype, were conducted. Results were

determined to be significant at 95% Cls.

RESULTS

Immunolocalisation of MCs within control and PBS/IC bladder
tissues

Immunostaining of tryptase containing MCs was moderate to
intense, with staining exclusive to the cytoplasm and granules of
MC:s (figure 1). MCs that were actively degranulating during the
time of tissue sampling have tryptase staining of granules beyond
the outer membrane. AA1 positively identifies MC, and MC, .
as these both contain tryptase, and CC1 positively identifies MC
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Figure 2 Schematic representation of CC1 positively stained mast
cells among AA1 positively stained mast cells in PBS/IC bladder

tissue. (A) AA1 positively stained mast cells in the detrusor layer of PBS/
IC bladder. (B) CC1 positively stained mast cells in the detrusor layer

of PBS/IC bladder. (C) CC1 positively stained mast cells as detected by
ImageJ processing of image (B). (D) Image A superimposed with image
C to show the distribution of CC1-positive mast cells as constituents of
AA1-positive mast cells. PBS/IC, painful bladder syndrome/interstitial
cystitis.

chymase, that is, MC, only. Thus, some MCs will stain posi-
tively with both antibodies, and this is shown in figure 2.

Distribution of MC subtypes in control and PBS/IC bladder
tissues

AA1 and CC1 positive MCs show a similar pattern of distribu-
tion (figure 3).

CC1-positive MCs

In PBS/IC individuals, there was a statistically significant differ-
ence in the density of MC, . between the detrusor (p=0.01) and
the lamina propria (p=0.009) when compared with controls.
MC proliferation was increased in PBS/IC tissue, with a differ-
ence in density related to location within the bladder wall
(figure 3; average values=SEM).

AA1T-positive MCs

Within the detrusor, the mean number of AA1-positive (=MC_+
M. MC subtypes) MCs present in PBS/IC was 25.6 cells/0.5 mm
% 0.5 mm (n=14) compared with only 2.7 cells/0.5 mm X 0.5 mm
in the control group (n=4) (p<0.001). In the lamina propria,
the mean number of MCs found in PBS/IC was 21.5 cells/0.5 mm
X 0.5mm (n=14), compared with 1.7 cells/0.5 mm X 0.5 mm
(n=4) in controls (p<0.001).

Distribution of AA1-positive and CC1-positive MCs in PBS/IC
and control bladder tissue (+SEM bars)

The average number of AA1 and CC1 positive MCs within
the bladder wall of PBS/IC and control individuals is shown in
figure 4. There is a similar pattern of distribution between the
MC subtypes in PBS/IC tissue. Note the threefold increase in

30+ D PBS/IC AA1
mm PBS/IC CC1

204 = i

No. of mast cells per 0.5 mm x 0.5 mm

ol 0w

T T
Adventitia

Detrusor Lamina Mucosa
Bladder wall layer

Figure 3 Distribution of AA1 positive and CC1 positive mast cells in
PBS/IC (+SEM bars). The average number of AA1 and CC1 staining mast
cells within the bladder wall of PBS/IC individuals. As AAT identifies all
tryptase-containing mast cells (ie, both MC, and MC, ) and CC1 positive
identifies MC,_only, the latter has been shown as a proportion of AA1
identified mast cells. Note: there is a similar pattern of distribution
between the mast cell subtypes in PBS/IC tissue. PBS/IC, painful bladder
syndrome/interstitial cystitis.

the number of all MCs in the detrusor of subjects with PBS/IC,
in comparison with controls. Supplementary information was
provided in table 1; the mean numbers of AA1 (MC_ . and MC))
and CC1 (MC,,) positive MCs were used to calculate the mean
number of MC, cells in PBS/IC bladder tissue.

DISCUSSION

MCs have long been considered as a key cell type in a range
of inflammatory conditions and are currently thought to play a
significant role in the development, persistence and pain asso-
ciated with PBS/IC.” '' I Results from this study add further
support to this hypothesis. Previous studies indicated that MC
accumulation (mastocytosis) was only present in a subset of
patients.”™" In this study, mastocytosis was present in all indi-
viduals with PBS/IC. However, it must be noted that the samples
were taken from a group of PBS/IC patients with more severe
and advanced disease.

In the present study, we observed differences in the distri-
bution and density of MCs within the bladder wall between
normal and PBS/IC bladders, with the difference in MC density
within the detrusor being statistically significant (p<0.001).
This is in addition to the differences in MC distribution seen
in the layers of PBS/IC bladder. Generally, both MC subtypes
are located close to blood vessels within the lamina and close
to nerve fibres within the detrusor. This difference in the loca-
tion of MC accumulations supports the suggested pathology of
PBS/IC: that MC recruitment and degranulation is triggered by
inflammatory factors.'” The statistically significant increase in
MC density within the detrusor of PBS/IC may be attributed to
the increase in inflammatory cytokines such as SCF. Activated
MGCs also release various factors such as SP. Thus, the detrusor
muscle mastocytosis seen in this study can be explained by a
self-perpetuating cycle of MC activation and recruitment.

The results also indicate that although there is no significant
difference in the density of MC subtypes in controls (figure 4),
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Figure 4 Distribution of AA1-positive and CC1-positive mast cells in
PBS/IC and control bladder tissue (+SEM bars). The average number
of AA1 and CC1 staining mast cells within the bladder wall of PBS/IC
and control individuals. Note the threefold increase in the number of
AA1-positive mast cells in the detrusor muscle layer of subjects with
PBS/IC, in comparison with controls. PBS/IC, painful bladder syndrome/
interstitial cystitis.

the increased density of both subtypes within the detrusor
supports the currently accepted pathogenesis of PBS/IC as
discussed above. This may explain why the majority of current
treatment options have a success rate of 61%'® or less; these
therapies are failing to target the stimulation of nerve fibres,
which occurs when urinary components leak through a damaged
GAG layer.

The significant increase of the MC, subtype in the detrusor
(p=0.01) and lamina (p=0.009) of individuals with PBS/
IC is an interesting finding, as chymase has a greater destruc-
tive potential than tryptase and may explain the variability in
severity of symptoms between PBS/IC sufferers. The number of
MC, . within the adventitia is almost identical between normal
and PBS/IC bladder. This suggests that MC, . is a constitutive
component of the bladder and that the larger influx of MC, is
the more important event in PBS/IC (figure 3). MC subtypes
have different roles within the body; MC.. are associated with
the immune system and are found predominantly at mucosal
surfaces, and MC,. are non-immune system associated and are
found predominantly in connective tissue.

As MC,. are increased in fibrotic disease, it could be
suggested that the statistically significant influx of MC_. in the
lamina propria and detrusor of PBS/IC bladder may be linked
to a higher risk of fibrosis. Clinically, this would be reflected

Table 1 Positive mast cells counts in PBS/IC bladder tissue

Bladder wall layer AA1 (MC,.and MC) CC1(MC,) AA1-CC1 (MC)
Adventitia 3.529 1.217 2.312

Detrusor 25.57 5.467 20.10

Lamina 21.54 4317 17.22

Mucosa 19.84 3.267 16.57

The mean number of AA1-positive (MC,. and MC)) and CC1-positive (MC, ) mast
cells within the layers of the bladder wall of individuals with PBS/IC. These figures
have been used to calculate the number of MC, in PBS/IC.

PBS/IC, painful bladder syndrome/interstitial cystitis.

Take home messages

» The increase in mast cells is of key importance, and the
difference between subtypes may explain the variability
seen in interstitial cystitis symptomology and reflect disease
severity.

» These findings could potentially be used to develop more
comprehensive diagnostic criteria and novel tailored
therapeutic options for interstitial cystitis patients.

as a low bladder capacity due to thickening and stiffening of
the bladder wall. To confirm this, further histological staining
of bladder wall tissue samples would be required. In addition,
on unblinding to the patient data and diagnostic notes, a link
between a substantial presence of MC,. in the mucosa and the
presence of ulcers was observed. This novel finding may have a
significant clinical ramifications; that is, it would allow the iden-
tification of patients who suffer from the less common Hunner’s
ulcer subtype of PBS/IC."?

The main limitation of the study is that the number of patients
in both test groups was small. Only full-thickness bladder
sections were selected, and this type of tissue sample is less likely
to be taken during cystoscopy. Although the paraffin-embedded
tissue block may have been classed as full-thickness in the tissue
bank database, once the tissue had undergone processing, paraf-
finisation, storage and preparation for this study, shrinkage and
tissue loss occurred, thus resulting in incomplete representation
of the bladder wall. Consequently, a number of patients were
excluded from the study.

In conclusion, PBS/IC is an under-researched disorder that
remains poorly understood, diagnosed and managed. The study
highlights the role of MCs in the diagnosis of PBS/IC. A diag-
nosis of PBS/IC is based on the patient’s symptoms and urolog-
ical assessment, including cystoscopy and exclusion of other
common urinary diseases such as bacterial cystitis, urethritis and
neoplasia."’

Despite this, only the European Society for Study of Intersti-
tial Cystitis (ESSIC) criteria incorporate the presence of detrusor
mastocytosis or inflammatory infiltrates for PBS/IC diagnosis.
This study and other similar work suggest that the MC count
could be incorporated into official diagnostic criteria. Although
not all patients exhibit mastocytosis, inclusion of a minimum MC
count would aid the identification of individuals who are other-
wise misdiagnosed. MC subtyping might also help distinguish
between cases of PBS/IC of differing severity. Following further
confirmation, these findings could be used to develop much-
needed comprehensive diagnostic criteria for the successful iden-
tification of PBS/IC sufferers, and for the development of novel
tailored therapeutic options including strategies to inhibit MC
degranulation, that would benefit patient management.
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