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nterstitial cystitis (IC) is a disorder of the uri-
nary bladder characterized by urgency, fre-

uency, nocturia, and chronic pelvic pain. The
ain pathologic findings include dysfunction of

he bladder glycosaminoglycan protective layer1

nd a high number of activated bladder mast cells2;
hese processes could lead to neurogenic inflam-
ation and immune damage of the bladder wall,
ith subsequent chronic nerve sensitization3 (Fig.
). As IC has become better known and the diag-
ostic criteria presently do not necessarily include
ystoscopy, it has been estimated that 1 million
omen in the United States have IC.4 Many pa-

ients with IC also have allergies, fibromyalgia, and
rritable bowel syndrome,5 all of which are exacer-
ated by physical or emotional stress.6,7 In fact, a
ecent publication has linked IC and panic disor-
er genetically, and it is of interest that benzodiaz-
pines, which are used in the treatment of panic
isorder, can bind to mast cells, leading to inhibi-
ion of serotonin release.8
Despite almost 20 years of research, approved

reatments for IC are limited to intravesical admin-
stration of dimethylsulfoxide (Rimso) and oral
entosanpolysulfate (Elmiron)9; recent findings,
owever, have challenged their universal effective-
ess.10 In view of the above and because IC patho-
enesis appears to be multifactorial,11,12 the treat-

spects of our own basic research discussed in this report have
een funded by NIDDK grants DK 42409, DK 44816, DK 62861,
nd AR47652 to T.C.T.; we have also participated in the Intersti-
ial Cystitis Clinical Trials Group funded by DK 54133 and in the
nterstitial Cystitis Clinical Research Network funded by DK
5244 to G.R.S.
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ent of IC is particularly challenging. Treatment
hould, therefore, use a multimodal approach, es-
ecially with immunomodulators, which have not
eceived sufficient attention to date. We discuss a
umber of oral or parenteral compounds in alpha-
etical order of the single or key active ingredient.
rade names are provided in parentheses for the
epresentative products, with additional qualifica-
ion for combination products when active ingre-
ients are listed.
Intravesical agents for IC are not covered be-

ause dimethylsulfoxide (50%), the most common
rug in this category, still has an unknown mech-
nism of action and is no longer used often. Recent
andomized, double-blind, placebo-controlled
linical trials have showed that two promising
gents, bacille Calmette-Guérin (BCG)13 and so-
ium hyaluronate (0.4%),14 were not effective, al-
hough the results have not yet been published.

MAST CELL-NEURON INTERACTIONS

Patients with IC can be broadly grouped into
hose with bladder inflammation (a minority of
hom also have Hunner’s ulcers) who present with
ore pronounced symptoms15 and those with
inimal or no inflammation.15 The only signifi-

ant correlation between the clinical symptoms
nd pathologic findings reported to date has been
hat of nocturia and an increased number of
ryptase-positive urothelial mast cells.16 Mast cells
ecrete more than 12 prestored molecules, such as
istamine, serotonin, proteases, and tumor necro-
is factor-alpha (TNF-alpha), as well as about 20
ewly synthesized mediators, such as cytokines in-
erleukin (IL)-6, IL-8, and IL-13, which have im-
ortant chemoattractant and proinflammatory ac-
ions.2,17 In patients with IC, expression of bladder
ntercellular adhesion molecule-118 and urine lev-
ls of the proinflammatory cytokine IL-615,19 are
ncreased. These findings are of particular interest
ecause the prototypic inflammatory cytokine IL-1
an stimulate selective release of IL-6 from mast
ells without degranulation, discernible only with

igh-power ultrastructural immunocytochemis-
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ry.20 Moreover, serum IL-6 is elevated under acute
tress and is entirely mast cell dependent.21 Mast
ell activation, ranging from selective release of
ome cytokines to full-blown degranulation with
ryptase secretion, may be even more important
han mast cell numbers.7
One of the most important concepts in the

athophysiology of IC is the activation of mast cell-
euron interactions,22 the persistence of which, ir-
espective of the initiating trigger, may explain the
hronicity and resistance of IC to single-modality
herapy.3 A particular aspect of such interactions is
he newly discovered proinflammatory role of lo-
ally secreted corticotropin-releasing hormone
CRH) in triggering mast cell activation.7 We re-
ently showed that dorsal root ganglia (DRG) ex-
ress large amounts of CRH and mast cells express
ultiple CRH receptor isoforms (unpublished

ata). These findings are particularly relevant be-

IGURE 1. Schematic representation of hypothesized
ast cell-neuronal interactions in interstitial cystitis.
ast cell activation could occur by CRH or related neu-

opeptides released locally in bladder or through the
ontine Barrington nucleus acting through CRH on the
pinal parasympathetic nucleus that innervates the
ladder. Vasoactive, proinflammatory, and nerve-sensi-
izing molecules released from mast cells could then
urther stimulate local nerve endings, propagating a
athologic loop. BN � Barrington nucleus; DRG � dor-
al root ganglion; 5-HT � 5-hydroxy tryptamine, sero-
onin; NGF � nerve growth factor; NT � neurotensin;
CAAP � pituitary cyclic adenosine monophosphate
ctivating peptide; SP � substance P; SPN � spinal
arasympathetic nucleus; VEGF � vascular endothelial
rowth factor.
ause stress stimulates bladder mast cells,23 and c

34
uman mast cells are a rich source of CRH, indi-
ating it could have autocrine actions (Fig. 1).24

CYCLOSPORINE (NEORAL)

Cyclosporine is a well-known immunosuppres-
ive agent used in organ transplantation. Cyclo-
porine inhibits the calcium-dependent phospha-
ase calcineurin, which dephosphorylates a
ranscription factor required for IL-2 activation of

cells. Cyclosporine also inhibits allergic condi-
ions, including mast cell activation.25

In one open-label study of 11 patients with in-
ractable IC that had lasted for up to 6 months,
yclosporine (initial dose 2.5 to 5.0 mg/kg orally,
ollowed by a daily maintenance dose of 1.5 to 3.0

g/kg orally) reduced micturition, frequency, and
ladder pain significantly in most patients.26 How-
ver, the symptoms recurred in most patients after
essation of treatment.

ETANERCEPT (EMBREL), INFLIXIMAB
(REMICADE)

Inhibition of TNF-alpha action has emerged as a
owerful way to inhibit inflammation for the treat-
ent of certain autoimmune conditions, such as

heumatoid arthritis.27 Etanercept is a soluble hu-
an TNF receptor given subcutaneously for rheu-
atoid arthritis; adverse effects include headache

nd increased susceptibility to pulmonary infec-
ions. Infliximab is a chimeric human/mouse TNF
locking monoclonal antibody approved for intra-
enous treatment of rheumatoid arthritis and in-
ammatory bowel disease. Neither etanercept nor

nfliximab has so far been used in IC.

IL-10 (TENOVIL)

IL-10 is a regulatory cytokine produced mostly
y T-helper-2 cells, macrophages and CD8-posi-
ive cell clones. It was originally termed “cytokine
ynthesis inhibiting factor” because of its ability to
nhibit the production of several proinflammatory
-helper-1 cytokines from antigen-activated or mi-

ogen-activated mononuclear cells.28 IL-10 inhib-
ts long-term IL-6 production and TNF-alpha re-
ease, but not preformed-mediator release from rat
eritoneal mast cells.29 Moreover, IL-10 does not

nhibit tryptase and IL-6 from human leukemic
ast cells.30 Surprisingly, IL-10 exerts some im-
unostimulatory effects on B cells and cytotoxic T

ells, possibly at higher concentrations and with a
onger treatment duration.30 Human recombinant
L-10 is currently being tested in rheumatoid ar-
hritis, psoriasis, and inflammatory bowel dis-
ase.28,31 Even though the results in inflammatory
owel disease have been rather disappointing be-

ause not enough cytokine reached the intestine,

UROLOGY 65 (4), 2005
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he use of a gelatin microsphere containing IL-10
as been more encouraging.31

IMATINIB (GLEEVEC)

C-kit is a receptor that has been linked to the
roliferation of a number of different cells, includ-
ng mast cells. C-kit-positive cells are present in
arious tissues, including normal bladder cells,
nd IC bladder mast cells have been reported to
verexpress c-kit.32 The c-kit ligand (stem cell fac-
or) is also chemotactic for mast cells,33 and mast
ells can also secrete stem cell factor, indicating
hat it could have autocrine actions.34 C-kit muta-
ions have been identified in patients with systemic
astocytosis.35

Imatinib is the first inhibitor of protein kinases,
ncluding c-kit, that was rationally designed for
hronic myeloid leukemia.36 Imatinib has also
een used for systemic mastocytosis37 and inflam-
atory bowel disease.38 It would, therefore, be rea-

onable to investigate the effect of imatinib in at
east those patients with IC who have increased
ladder mast cells.

METHOTREXATE (TREXALL)

Methotrexate is a well-known folic acid synthe-
is inhibitor and one of the oldest chemotherapeu-
ic agents commonly used for the treatment of cer-
ain leukemias and breast cancer. It is also used for
heumatoid arthritis and psoriasis. At low doses,
dverse effects are limited to lip irritation (cheili-
is), although bone marrow suppression can occur.
he adverse effects can be minimized by weekly
dministration of folinic acid. The safety and effi-
acy of methotrexate was investigated in 9 women
ith refractory IC and led to a significant reduction

n pain in about 45% of the patients, but no reduc-
ion in urinary frequency or voided volume.39

MONTELUKAST (SINGULAIR),
ZAFIRLUKAST (ACCOLATE)

Montelukast is a leukotriene D (LTD4)-receptor
ntagonist used for the maintenance of mild to
oderate asthma; it is the only drug in its category
sed once per day.40 As leukotrienes are implicated

n allergy and inflammation, this drug could be
specially useful in patients with documented
ladder mastocytosis and a history of allergies and
sthma. In one open-label study using montelukast
20 mg/day for 3 months) in 10 women with IC,
iagnosed per the National Institute of Arthritis,
iabetes, Digestive and Kidney Diseases (NIDDK)

riteria and with at least 28 mast cells/mm2 detru-
or muscle tissue, urinary frequency, nocturia, and
ain were significantly reduced.41 Other drugs in

his category are not as attractive because of their t

ROLOGY 65 (4), 2005
dverse effect profile; for instance, zafirlukast is
nother leukotriene-receptor antagonist adminis-
ered twice per day, but concurrent administration
ncreases serum concentrations of theophylline.
ileuton is an inhibitor of leukotriene synthesis,
ut has to be given four times per day; moreover, it
s metabolized by P450 and can, therefore, increase
he serum concentrations of many drugs, such as
ropranolol and theophylline.

SUPLATAST (IPD)

Suplatast tosilate is an antiallergic compound
arketed in Japan that has been shown to inhibit

gE production from B cells and T-helper-2 cyto-
ines, especially IL-4 and IL-13.42 In an open-label
linical trial of 14 women that lasted 1 year, oral
uplatast (300 mg/day) significantly increased the
ladder capacity and reduced the symptoms of
C.43 No significant adverse effects occurred.

QUERCETIN (CYSTAQ, CYSTOPROTEK)

Quercetin is a flavonol that belongs to the nat-
rally occurring flavonoids found in plants and
eeds.44 Quercetin inhibits both mast cell prolif-
ration and secretion,44,45 especially mucosal
ast cells, which are not affected by the “mast

ell stabilizer” disodium cromoglycate (cro-
olyn).46 A quercetin containing supplement

CystaQ, equivalent to 500 mg of quercetin twice
day for 4 weeks) used in 20 patients in an

pen-label clinical trial was reported to improve
C, 47 but this preparation is a proprietary for-
ula with multiple ingredients that have not

een disclosed. Proper disclosure of the con-
ents, their source, and their purity should be an
bsolute requirement for all dietary supple-
ents.48 Quercetin has synergistic effects on
ast cell inhibition48,49 and in IC when com-

ined (CystoProtek) with the mucosal glycos-
minoglycan components sodium hyaluronate,
hich also reduces bladder inflammation,50 and
ith chondroitin sulfate, which also inhibits
ast cells.51 An open-label study of 37 female

atients with IC according to the NIDDK criteria
aking six capsules per day of CystoProtek
equivalent to 900 mg of quercetin) for 6 months
howed significant symptom reduction.52 This
atter preparation achieves a greater oral absorp-
ion by mixing the active ingredients with kernel
live extract; otherwise, because quercetin is
ery lipophilic and chondroitin sulfate is highly
nionic with a very large molecular weight, their
ral absorption in powder form is limited.49

CONCLUSIONS

The present review has attempted to indicate

hat mast cell-neuron interactions are a main target

635



f
c
e
I
i
a
o
t
r
k
m

w

g
1

i
e
2

t
B
n
A

i
2

t
4

a
m

m

F
i
s
s
c
o

6

or immunomodulators that could interrupt this
ycle and hopefully limit progression of IC. Strat-
gies aiming to increase therapeutic responses in
C should consider combining immunomodulat-
ng agents with other active ingredients to provide
multimodal approach (Fig. 2). Humanitarian use
f select agents in intractable IC cases and clinical
rials with combination products are needed. CRH
eceptor antagonists53 may be useful when stress is
nown to worsen IC symptoms, possibly through
ast cell activation.54
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