
4^TERSTITb^€¥S^¥iS: 

THE ROLE OF THE IMMUNE
T>\e

SYSTEM IN PATHOGENESIS O f
A

I  Nl T £  £ ST I t I a L- C H STt-T\ ^ *

TIMOTHY JOHN CHRISTMAS 

M .B ., B .S ., F .R .C .S . (Eng.)

Department o f Urology/Surgery,

University College and M iddlesex School o f  M edicine, 

The M iddlesex Hospital,

Mortimer Street,

London W IN  8AA.

May, 1991

Submitted for the Degree o f  Doctor o f  M edicine (M .D .)  

University o f  London.

1



ProQuest Number: U553388

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest U553388

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



ABSTRACT
Interstitial cystitis (IC) is a chronic debilitating condition predominantly affecting 

middle-aged females which presents with suprapubic pain and urinary frequency. At 
cystoscopy the bladder capacity is usually reduced and the urothelium may appear red 
and ulcerated - the Hunner’s ulcer. Chronic inflammatory cell infiltrate within 
bladder biopsies suggests an immunological aetiopathogenesis for IC but this has not 
previously been investigated in great detail.

A series of 51 cases of IC, 48 female and 3 male have been studied. To 
determine if there is a genetic predisposition to IC ABO and rhesus blood groups and 
102 different HLA tissue types were determined for IC cases and 140 normal 
controls. The incidence of ABO and rhesus blood groups were similar in the two 
groups but there was a significant association between HLA-DR6 and IC, with a 
relative risk factor of 4.91. The presence of chronic inflammation without evidence 
of an infective agent, the high incidence in middle-aged females and association with 
conditions such as Hashimoto’s thyroiditis are features shared by IC and autoimmune 
diseases. The binding of IgA, IgG and IgM class antibodies from the serum of IC 
cases to bladder of normal controls of blood group O was examined and compared 
with serum from four female cases of chronic bacterial cystitis (BC) and eight normal 
female controls. Antibody binding to the urothelium was detected in 82% of IC, 75% 
of BC and 13% of normal controls, and the titres were significantly higher in IC than 
in BC and normals. There was a similar prevalence of antibodies to detrusor 
sarcoplasm and sarcolemma in IC. In autoimmune diseases target cell destruction is 
initiated by abnormal surface expression of class II (HLA-DR) molecules with antigen 
which activates CD4+ T cells which in turn starts the cascade of immune 
autoreactivity, ultimately leading to destruction of target cells. Aberrant urothelial 
HLA-DR expression was found in all but one of the IC cases in which the urothelium 
was not denuded. Furthermore, the urothelium and submucosa in IC was infiltrated 
by CD4+, CD8+ and 75 T cells, plasma cells, mast cells and macrophages. A 
search for infection with mycobacteria and viruses as an aetiological factor in IC 
using specific DNA probes produced negative results.

Extra-vesical denervation (EVD) relieves pain in IC. Morphometric analysis of 
bladder wall PGP 9.5 immunoreactive nerve fibres has demonstrated nerve fibre 
proliferation in IC and depletion of nerve fibres within the submucosal plexus but not 
the detrusor muscle after EVD. This finding explains how EVD improves bladder 
pain without impairment of detrusor function, as demonstrated by urodynamic studies.

The precise aetiology of IC remains obscure although this study has revealed a 
genetic predisposition to the development of IC and has demonstrated immunological 
autoreactive mechanisms in the pathogenesis of this condition.
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1.1 INTRODUCTION

Interstitial cystitis (IC) is a rare, chronic condition that predominantly afflicts 

middle-aged females. The aetiology of IC is one of the greatest enigmas in urology. 

The number and variety of treatments available for a particular condition appears to 

be inversely related to the degree of certainty of the aetiology and IC is a prime 

example of this. One of the greatest problems has been the definition and diagnosis 

of IC. Large series of IC have been reported from the U.S.A. whilst the condition 

appears to be quite rare in Europe. It is now apparent that this disparity was due to 

the adoption of different diagnostic criteria. Fortunately there are now internationally 

recognised diagnostic criteria (Gillenwater and Wein, 1988) that permit a more 

scientific approach to pathological and therapeutic studies of IC.

The aim of this thesis is to investigate the immunological factors that appear to be 

important in the pathogenesis of IC. The role of the nervous system in the 

transmission of pain and the effects of treatment is also described.

1.2 HISTORICAL REVIEW (1836-19601

The first written reference to what was almost certainly interstitial cystitis (IC) 

described a case of spontaneous rupture of the urinary bladder secondary to ulceration 

(Mercier, 1836). This is a most unusual occurrence but the clinical history of the 

case is otherwise typical of IC. In 1870 Lawson Tait described two cases of 

perforating bladder ulcer in young women under the care of Sir James Simpson. 

Both presented with bladder pain, dysuria and urinary frequency and one had been 

symptomatically relieved by intravesical instillation of silver nitrate under chloroform 

anaesthesia. Tait advocated formation of a vesico-vaginal fistula to allow healing of
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the ulcer and this manoeuvre relieved the symptoms in the two cases that he 

described. The fistulae were later successfully closed after the ulcers had healed 

without recurrence of symptoms. Tait pointed out the similarity between these ulcers 

and those of the stomach with particular reference to involvement and perforation of 

the deep muscle layers. This was the first description of surgical intervention for the 

relief of symptoms of IC and in addition introduced the now well recognised concept 

that urinary diversion may alleviate the condition (Tait, 1870). The descriptive term 

interstitial cystitis was first used by Skene in a book on diseases of the female urethra 

and bladder (Skene, 1887).

In 1896 E. Hurry Fenwick gave a lecture on the simple solitary bladder ulcer and 

this was subsequently published. He described solitary painful trigonal ulcers 

presenting with haemorrhage in two young men and one young woman without 

history of tuberculosis or venereal infection. He advocated scraping the ulcer slough 

away at cystoscopy (Fenwick, 1896).

Nitze later described a condition of the bladder in which frequency of micturition, 

pain and mucosal ulceration were a feature and referred to this as cystitis 

parenchymatosa (Nitze, 1907). In most of the early reports no clear distinction was 

drawn between chronic infective cystitis and chronic idiopathic cystitis.

The ulcer that still bears his name was first described by Guy Hunner in 1914, 

although he acknowledged the previous descriptions by Tait and Fenwick which he 

felt were separate pathological conditions. Hunner’s ulcer differed from Fenwick’s 

in its predominant incidence in women, its location within the dome or lateral walls 

of the bladder (rather than the trigone) and its presentation with pain rather than 

haematuria. Hunner also described associated areas of mucosal congestion often



adjacent to the ulcers, haemorrhage following cystodistension and resistance to 

established treatment regimes. Hunner advocated surgical excision of the ulcer as the 

best treatment and described a satisfactory outcome in four out of five cases. The 

bladder was irrigated daily with silver nitrate for 10-14 days post-operatively. 

Histological examination of the excised ulcers showed absence of surface epithelium, 

an increase in the size and number of capillaries and infiltration of the submucosa and 

muscle layers by leucocytes and lymphoid cells (Hunner, 1915a; Hunner, 1915b; 

Hunner, 1918a). A subsequent review of 25 cases treated by surgical ulcer excision 

revealed recurrence of symptoms in six (Hunner, 1918b).

It later became apparent that Hunner’s ulcer was not the only feature of the 

condition with which it was usually associated and new descriptive terms appeared. 

Keene referred to the condition as pan-mural ulcerative cystitis (Keene, 1920).

Most inflammatory disorders were thought to arise from bacterial infection in the 

1920s and it was therefore not surprising that bacteria should implicated as the 

causation of IC. A series of fifteen cases of submucous ulcer were reported from the 

Mayo clinic and two of these were the first males to be described with the classical 

Hunner’s ulcer. It was also postulated that ulceration was due to spread of bacteria 

from dental abscesses and this theory was reinforced by the finding that injection of 

bacteria from patients’ dental abscesses into experimental animals led to similar 

bladder ulceration (Bumpus, 1920; Meisser and Bumpus, 1921). In two papers on 

Hunner’s or elusive ulcer Kretschmer agreed with the suggested aetiology of septic 

foci, particularly those harbouring streptococci, and with Kreutzmann was the first 

to report symptomatic relief after fulguration of ulcerated areas under general 

anaesthetic (Kretschmer, 1922; Kreutzmann, 1922; Kretschmer, 1926). Bladder
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biopsies from two cases of IC grew fine streptococcus on banana medium and it was 

therefore again suggested that this was the causative organism of the condition 

(Bidgood, 1928). It was later proposed that all distant sepsis should be eradicated 

before embarking upon treatment of localised cystitis with submucous fibrosis or 

Hunner’s ulceration (Frontz, 1928).

Hunner did not propose an aetiology for the elusive ulcer in his earlier papers but 

later suggested that blood-borne spread of infection from tonsillitis led to the 

condition. He also reported the results of 48 ulcer excision operations; one death and 

26 (42%) recurrences. As a result of these disappointing results he no longer 

recommended this procedure (Hunner, 1930).

It has been said that the number of suggested treatments for a condition is 

inversely related to the amount known about its aetiology. This concept seems to 

apply to IC and from the 1930s onward a large number of treatment modalities were 

described. These are described below along with the underlying theoretical reasons 

for the mode of action of the therapies.

In an important paper Bumpus reported the finding that the disease did not only 

involve submucosal tissues below the ulcer but was more extensive than had 

previously been appreciated and did in fact involve most of the bladder. He therefore 

suggested that the descriptive term submucous ulcer was no longer appropriate and 

should be replaced by interstitial cystitis. He also suggested that the condition was 

more common in women because of spread of infection from the closely situated 

cervix and reported that animals developed a similar bladder condition after 

inoculation with bacteria from cervical swabs. Bumpus upheld the view that because 

of extensive bladder involvement in the condition local ulcer excision was
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inappropriate but reported successful relief of symptoms in more than 100 cases by 

cystodistension at a pressure of 120 mm Hg under general anaesthesia (Bumpus, 

1930).

Pain is a chronic and distressing feature of IC and hence some attention has been 

paid to the treatment of this symptom. In 1926 Pieri, an Italian, was the first surgeon 

to perform presacral neurectomy as a treatment for pain in IC and also treated 

tuberculous cystitis in the same way (Pieri, 1930). Later Foulds showed that 

presacral neurectomy alone would not completely ablate painful sensations from the 

bladder and suggested that this procedure should only be performed as a last resort 

(Foulds, 1932).

The first reference to augmentation entero-cystoplasty in the treatment of IC came 

from the Mayo clinic. Initial experimentation with dogs showed that bladder capacity 

could be increased by anastomosis of an isolated segment of small intestine to the 

dome of the bladder. The same operation was shown to successfully relieve 

symptoms due to bladder contracture secondary to chronic infection and IC in humans 

(Sebening, 1932).

Local bacterial infection, rather than haematogenous spread of bacteria, was 

suggested as an aetiological factor in IC, and just as untreated urethritis may lead to 

stricture formation, neglected BC was proposed as the cause of IC. Attention to foci 

of infection such as dental abscesses and tonsillitis failed to improve twelve cases of 

IC. Histological examination of bladder biopsies showed thickening of vascular walls 

in two of the twelve cases. A single severe case had bilateral vesico-ureteric reflux. 

Local resection and ureteral transplantation were recommended as treatment for 

severe cases (Meads, 1934).
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A further neurosurgical approach to the treatment was advocated by Douglass who 

felt that many cases of IC suffer from over-activity of the sympathetic system leading 

to internal sphincter spasticity and on occasions urinary retention. He therefore 

recommended surgical excision of the superior hypogastric plexus and reported 6 

cases in whom a satisfactory result had been achieved with this procedure (Douglass, 

1934). In a later study this concept was extended so that the superior hypogastric 

plexus, fibres accompanying the distal inferior mesenteric and superior haemorrhoidal 

arteries and sympathetic branches coming directly from the sacral chain, were divided 

leading to relief of bladder pain (Scott and Schroeder, 1938).

In 1935 Young reviewed the experience of the Cleveland clinic and reported 45 

cases of IC and 90% of these were female and the peak incidence was in the fifth 

decade. He agreed with earlier suggestions that the condition was secondary to focal 

infection outside the urinary tract and recommended treatment of such prior to other 

therapy. The mean bladder capacity of his series was only 135 ml and all had frank 

ulceration. Young recommended conservative treatment and surgical ulcer excision 

only as a last resort (Young, 1935). Cystoscopic treatment by local ulcer resection, 

fulguration or concentrated phenol application was recommended and good results 

were reported in eleven of the twelve patients treated by the latter technique (Sears, 

1936).

Chronic inflammation is known to predispose to malignant transformation and it 

is not therefore surprising that Hunner’s ulcer may develop into carcinoma. The first 

report of carcinoma developing in IC was in an elderly patient with a four year 

history of Hunner’s ulcer (Hagner, 1937).

In a lecture at the American Urological Association Fister compared IC and
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cutaneous lupus erythematosus and noted similarities such as the age of onset, female 

predominance, chronicity and some histological similarities. This was the first 

publication to suggest a similarity between IC and connective tissue disorders, 

although at that time LE and IC were both thought to result from dissemination of 

bacteria and their toxins. Fister did not describe any cases with both IC and LE but 

did report symptomatic relief after intramuscular injection of sodium gold thiosulphate 

therapy and bismuth ethyl camphorate in IC (Fister, 1937).

Trans-vesical alcohol injection was shown to relieve symptoms in seven cases 

without side effects (Folsom and O’Brien, 1937). Tait was the first surgeon to realise 

the benefit of urinary diversion as a treatment for IC and Counsellor used this concept 

when he introduced bilateral uretero-sigmoidostomy as a treatment for severe IC but 

his success at relieving bladder symptoms was overshadowed by a 23% operative 

mortality rate (Counsellor, 1937).

The belief that IC and Hunner’s ulceration resulted from bacterial infection 

persisted throughout the 1930s and it was suggested that infection reached the bladder 

via the blood stream or by local spread. Winsbury-White described lymphatic 

connections between the cervix uteri and the bladder and his work was cited to 

support the theory that bacteria from the cervix spread locally to induce IC 

(Winsbury-White, 1933; Herbst et al., 1937).

A single case of severe intractable IC was treated by simultaneous bilateral 

uretero-sigmoidostomy with satisfactory outcome and complete relief of bladder pain. 

This operation was recommended as appropriate treatment for IC that had failed to 

respond to other treatments in spite of earlier reports of a high post-operative 

mortality rate (Lower and Schlumberger, 1939).
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A more radical surgical approach to severe cases of IC was recommended 

following experiments in dogs that had undergone subtotal cystectomy and 

subsequently regenerated their bladders. A series of eight humans underwent similar 

subtotal cystectomy leaving only the trigone of the bladder, and the reported results 

were apparently good with only one case requiring subsequent urinary diversion and 

a good neo-bladder capacity was achieved in the others. Two cases developed 

bilateral vesico-ureteric reflux after the procedure (Folsom et al., 1940).

A further theory for the aetiology was presented when two cases of Hunner’s ulcer 

were reported in association with idiopathic hypochromic anaemia and an analogy was 

drawn between IC and buccopharyngeal changes in anaemia. A hypothesis that IC 

results from some form of nutritional deficiency was expounded (Robb, 1941).

In the first half of this century x-ray therapy was regarded as a panacea for 

conditions ranging from acne, scalp ring-worm and tonsillitis to benign and malignant 

tumours. IC was not excluded from such blanket therapy; five women and one man 

treated with a dose of 1200-4200 G were reported to achieve temporary (7-12 months) 

symptomatic improvement in half but in no cases was there a permanent cure 

(Kreutzman, 1941).

Cystodistension and fulguration of inflamed and ulcerated areas persisted as the 

most popular conservative treatment regime in the 1940s. However, local application 

or intravesical instillation of caustic chemical agents began to gain popularity. 

Aniline dyes such as methyl violet, gentian violet and crystal violet at dilution of 

1:10-20,000 were used in sixteen cases in whom an initial reaction was followed by 

temporary relief (mean 5.5 months) and then relapse in at least nine (Davis, 1941). 

Instillation of 4% argyrol or 16% gomenol led to symptomatic relief in four patients

21



and local direct irradiation with ultra-violet light from a quartz tube conductor led to 

questionable improvement in two cases (Higgins, 1941). Local silver nitrate therapy 

was also advocated and out of a series of 74 cases 89% had a good immediate 

response and 31 % experienced no further symptoms after a single treatment (Pool and 

Rives, 1944).

IC and Hunner’s ulceration are both predominantly diseases of women and it was 

not until 1944 that attention was drawn to its presence in males. A review of 78 

cases of IC in males concluded that there was a low but significant incidence of IC 

in males, often inappropriately confused with symptoms of outflow obstruction 

(Cristol et al., 1944). A study of the lymphatic supply of the bladder in female 

cadavers and the finding that obstruction of pelvic lymphatics in dogs caused bladder 

ulceration led to the theory that Hunner’s ulcer was secondary to lymphatic occlusion, 

but no other studies have been able to substantiate these findings (Powell, 1945).

A series of 223 cases of IC from Portland, Oregon showed a female to male ratio 

of 11:1 and the disease was graded from one to three according to cystoscopic 

findings. An association with allergic reactions, previous pelvic surgery, non-surgical 

thyroid disease and non-surgical gall bladder disease was reported and a single case 

developed carcinoma of the bladder in an area of ulceration. Histological 

examination of a cystectomy case showed transmural fibrosis, submucosal 

accumulations of monocytes, young fibroblasts and lymphocytes and thickening of 

arteriolar walls suggesting vasculitis. A striking abundance of unmyelinated nervous 

tissue in the sub-epithelial layer and infiltration of nerve sheaths by leucocytes was 

also described. It was concluded that IC might result from neurogenic influences 

(Hand, 1949).

22



In 1951 Bourque reported the results of selective neurectomy procedures designed 

to relieve bladder pain in six cases of chronic IC. Selective presacral, hypogastric 

and erector neurectomy were performed with complete relief of pain in three, partial 

relief in two and no relief in one (Bourque, 1951).

Smith reviewed the potential treatments for IC and Hunner ulceration in 1952 and 

concluded from his experience of 64 cases that fulguration of affected areas and 

bladder dilatation at least once a month was the best form of management. He also 

reported complete cure in thirteen women (Smith, 1952).

IC was first described in children in 1953 when a series of six children (all girls) 

aged three to ten years were reported with the condition. They presented with 

nocturnal and diurnal incontinence and urgency. They were treated by fulguration and 

cystodistension (McDonald et al., 1953).

Just as radiotherapy was used to treat many conditions earlier in the century, 

corticosteroids and adrenocorticotropic hormone (ACTH) became the vogue later and 

IC, as an inflammatory condition, was thought to be suitable for such treatment. 

Hoyt treated four cases of IC (although one was subsequently found to have bladder 

carcinoma) with oral cortisone at a dose of 300 mg on the first day, 200 mg on the 

second day and 100 mg per day there after. Three of the four (the fourth having 

bladder carcinoma) had partial symptomatic relief (Hoyt, 1952). The same 

therapeutic principle was applied when five cases of Hunner ulcer were treated with 

ACTH over three weeks and the therapeutic response was monitored. Three of the 

five were partially relieved of pain although the results were generally disappointing 

(Burke and Vernon, 1952). Soon after, a report from Liverpool of the injection of 

Hunner’s ulcers with hydrocortisone at cystoscopy described a symptomatic



improvement in all three cases (Johnston, 1956).

In an experimental study in dogs bone spicules contaminated with Streptococcus 

viridans were surgically placed behind the bladder to induce paracystitis which had 

cystoscopic and histological features in common with IC. The findings of bladder wall 

thickening and chronic inflammatory cell infiltrate were even more pronounced when 

blood vessels of the vertex and posterior wall of the bladder were ligated. The 

conclusion was that IC resulted from extrinsic pelvic infection exacerbated by local 

ischaemia (Baumrucker, 1955)

A study of 59 cases of IC from the Karolinska Institute, Sweden, collected over 

the period 1940-56 was reported in 1957. Associated colitis was present in eleven, 

gastritis in seven, arthralgia in twelve, allergic skin diseases in five, a history of 

rheumatic fever in two, asthma in one and lupus erythematosus in one. Histological 

studies of 21 of the cases revealed evidence of eosinophilia within the bladder wall 

in nine and periarteritis in seven. The distal ureters and proximal urethras were also 

shown to be involved in the disease process with chronic inflammatory cell infiltrate, 

mucosal ulceration and fibrinoid degeneration were present. Sacral root (S 1-3) 

posterior rhizotomy was performed in eight cases and histological examination of the 

nerve roots revealed round-cell infiltration and myelin sheath degeneration. 

Haematological examination demonstrated elevation of the gamma-globulin level in 

ten out of seventeen cases and LE cells in one of twelve tested (not the case with 

LE). It was suggested that IC might result from infectious or allergic factors. Good 

results were achieved by cystodistension, local resection, ileocystoplasty, antibiotics, 

cortisone ACTH or sacral rhizotomy (Franksson, 1957). A separate review of the 

eight cases from this series who underwent sacral posterior rhizotomy (S 2-3)
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reported a reduction in the frequency of micturition and bladder pain but no change 

in the bladder volume or mucosal lesions (Bohm and Franksson, 1957).

Sacral root neurectomy (excision of a root segment to prevent regeneration) at the 

S3 level was reported to bring about relief of symptoms and mucosal healing in four 

cases of severe IC and symptomatic improvement but incomplete mucosal resolution 

in a single case of severe IC that had previously undergone partial cystectomy (Milner 

and Garlick, 1957).

Following the discovery of an increase in the numbers of mast cells within the 

bladder wall in IC anti-histamine agents such as pyribenzamine were used and shown 

to improve symptoms (Simmons and Bunce, 1958) [see chapter 8.1].

Emotional disturbances and psychiatric disturbances had previously been reported 

in women with severe IC, but in most cases this was thought to be a phenomenon 

secondary to the distressing symptoms. However, a paper from New Jersey, USA, 

describes a long psychiatric and medical case history from childhood to 29 years of 

age of a woman with severe IC. A psychosomatic aetiology was suggested, in 

particular "repressed hostility towards parental figures handled masochistically via 

bladder symptoms since infancy" and "polysurgery leading to worsening of the 

bladder pathology" (Bowers et al., 1958). No prior reports upheld this aetiological 

hypothesis although Gil-Vemet and colleagues later agreed with this psychosomatic 

theory but proposed that the treatment of choice was extensive partial cystectomy and 

colo-cystoplasty rather than psychotherapy (Gil-Vemet et al., 1960).

A series of 187 cases of IC from St Louis, USA was reported; two cases died of 

bowel carcinoma, one died from bladder carcinoma (Burford and Burford, 1958). 

The first British review of a series of IC series did not appear until 1958 when the
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experiences of St Peter’s and St Paul’s hospitals was published. Hunner’s ulcer was 

found to be a rare condition constituting only 0.23% of the cases treated at the above 

institutions between 1947 and 1956. Hunner’s ulcer was initially misdiagnosed in five 

cases, the true diagnosis being bladder carcinoma in one, simple infective ulcer in one 

and healed tuberculous bladder in one. Uretero-sigmoidostomy was performed in ten 

with two resultant deaths, ileocystoplasty helped three and the results of this were 

better when performed with extensive partial cystectomy. The aetiology was thought 

to be unrelated to infection but hormonal influences were postulated as were 

psychosomatic influences (Kinder and Smith, 1958).

Two reports of IC in a total of 52 children again showed a female predominance 

(46 female, 1 male) and most presented with diurnal enuresis. A therapeutic response 

to cystodistension was described but caution recommended since bladder rupture 

occurred in three and marked haemorrhage in four cases following this procedure 

(McDonald et al., 1958; Chenoweth and Clawater, 1960).

During the 125 years following the first description of IC few major advances took 

place. Skeen was the first to name the condition interstitial cystitis in 1887 and 

Hunner described the ulcer that is a rare feature of the disease in 1914 and these were 

perhaps the most significant mile stones. Over fifteen different names for IC or 

associated Hunner’s ulcer were suggested including, perhaps most appropriately 

submucous ulcer and panmural cystitis. Such variety is nothing in comparison to the 

multitude of proposed aetiologies which range from the bizarre and obscure to the 

positively ridiculous. The most notably unlikely examples include ectopic spread of 

infection from dental abscesses (Bumpus, 1920), pelvic lymphatic occlusion (Powell, 

1945) and masochistic psychosomatic disease (Bowers et al., 1958). Much of the
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early experimental studies of the aetiology of IC added little to our knowledge of the 

disease. A review of aetiological theories is shown in Table 1.1 and further details 

of aetiological hypotheses are given in appropriate chapters. The potential treatments 

can be classified as local medical, systemic medical or surgical and these are 

summarised in Tables 1.2 and 1.3. Reviews of the literature pertinent to aspects of 

IC from 1961 onward are included in chapters 2-8.
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TABLE 1.1

HISTORICAL REVIEW OF AETIOLOGICAL HYPOTHESES FOR IC

Aetiological Theorv Reference

Ectopic bacterial spread from dental abscesses (Bumpus, 1920)

Streptococcal infection (Bidgood, 1928)

Ectopic spread of bacteria from tonsillitis (Hunner, 1930)

Local spread of bacteria from the cervix (Bumpus, 1930)

Chronic bacterial cystitis (Meads, 1934)

Nutritional deficiency (Robb, 1941)

Peri-vesical lymphatic occlusion (Powell, 1945)

Neurogenic influences (Hand, 1949)

Extrinsic pelvic infection and local ischaemia (Baumrucker, 1955)

Allergy and infection (Franksson, 1957)

Psychosomatic masochism (Bowers et al., 1958)

Hormonal influences (Smith, 1958)

Collagen disease (Shipton, 1965)

Organ-specific anti-bladder antibodies (Silk, 1970)

Neuro-vegetative-vascular disturbance (Skoluda et al., 1974)

Antibodies to microfibrils in vascular wall (Mattila et al., 1983)

Leaking urothelium, defective tight junctions (Eldrup et al., 1983)

Defective surface glycosaminoglycans layer (Parsons et al., 1983)

Antibiotics - Nitrofurantoin or Tetracyclines (Gillespie et al., 1985)

Epstein-Barr virus infection (Gillespie and Jones, 1986)

Angioneogenesis and related factors (Witherow et al., 1989)

Fastidious bacteria- Gardnerella sp., Lactobacillus sp. (Wilkins et al., 1989)
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TABLE 1.2

HISTORICAL REVIEW OF MEDICAL TREATMENTS OF IC

LOCAL THERAPY

Silver Nitrate 
(Tait, 1870)

Phenol 
(Sears, 1936)

Radiotherapy 
(Kreutzman, 1941)

Aniline Dyes 
(Davis, 1941)

4% Argyrol 
(Davis, 1941)

16% Gomenol 
(Davis, 1941)

UV irradiation 
(Higgins, 1941)

Dimethyl Sulphoxide 
(Stewart et al., 1972)

Oxychlorosene 
(Messing & Stamey, 1978)

Nerve stimulator 
(Fall et al., 1980)

Orgotein
(Mayer & Schilling, 1983)

Sodium Cromoglycate 
(Edwards et al., 1986)

DMSO and Steroids 
(Witherow et al., 1989)

Doxorubicin
(Khanna & Loose, 1990)

SYSTEMIC THERAPY

Sodium gold thiosulphate 
(Fister, 1938)

Bismuth ethyl camphorate 
(Fister, 1938)

a-Tocopherol
(van Duzen et al., 1951)

Corticosteroids 
(Hoyt, 1952)

ACTH
(Burke & Vernon, 1952)

Pyribenzamine 
(Simmons & Bunce, 1958)

Heparin
(Weaver et al., 1963)

Oxyphenbutazone 
(Guerrier et al., 1965)

Chloroquine
(Oravisto & Alfthan, 1976) 

Azathioprine
(Oravisto & Alfthan, 1976)

Carbenoxolone 
(Mooreville et al., 1983)

Angiosone 
(Gillespie, 1988)

Sodium Pentosanpolysulfate 
(Parsons et al., 1983)

Amitriptyline 
(Hanno et al., 1989)

PSYCHOTHERAPY

Psychotherapy 
(Bowers et al., 1958)

Behavioural Therapy 
(Blaivas & Blaivas, 1986)
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TABLE 1.3

HISTORICAL REVIEW OF SURGICAL TREATMENTS FOR IC

SURGICAL TREATMENT REFERENCE

Formation of vesico-vaginal fistula (Tait, 1870)
Local debridement (Fenwick, 1896)
Local excision of ulcers (Hunner, 1915a)
Fulguration of ulcers (Kreutzmann, 1922)
Dental extraction (Frontz, 1928)
Cystodistension under general anaesthesia (Bumpus, 1930)
Presacral neurectomy (Pieri, 1930)
Cordotomy (Grant, 1931)
Augmentation entero-cystoplasty (Sebening, 1932)
Excision of superior hypogastric plexus (Douglass, 1934)
Cystoscopic ulcer resection (Sears, 1936)
Trans-vesical alcohol injection (Folsom & O’Brien, 1937)
Bilateral uretero-sigmoidostomy (Counsellor, 1937)
Sensory denervation by local sympathectomy (Scott & Schroeder, 1938)
Subtotal cystectomy and substitution enterocystoplasty (Folsom et al., 1940)
Cystoscopic hydrocortisone infiltration (Johnston, 1956)
Sacral (Sl-3) root rhizotomy (Franksson, 1957)
Sacral (S2-3) root rhizotomy (Bohn & Franksson, 1957)
Sacral (S3) root neurectomy (Milner & Garlick, 1957)
Subtotal cystectomy and colo-cystoplasty (Gil-Vemet et al., 1960)
Cystocystoplasty (Tumer-Warwick & Ashken,1967)
Cystolysis (Worth & Tumer-Warwick, 1973)
Total cystectomy and ileal conduit diversion (Jacobo et al., 1974)
Neodymium YAG-laser therapy (Shanberg et al., 1985)

30



CHAPTER 2

CLINICAL PROFILE
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2.1 - INTRODUCTION

Most patients with IC present with suprapubic pain relieved by voiding and 

frequency of micturition. Urgency of micturition and dysuria are also common 

features and there may less commonly be a perineal ache, low back pain or 

dyspareunia. Examination is often unremarkable, but suprapubic tenderness on deep 

palpation is a common finding. On vaginal examination anterior pressure may cause 

pain. Microscopy of the urine may demonstrate eosinophils, polymorphonuclear 

leucocytes, red blood cells, clumps of transitional cells, so-called slimy casts and mast 

cells. Urine culture is negative, although on occasions secondary bacterial infections 

may occur, particularly with gram-negative faecal flora. On cystoscopy the bladder 

is usually of low capacity with evidence of inflammation and rarely ulceration 

(Hunner’s ulcer vide supra) may be seen in the vault or lateral walls of the bladder 

but rarely on the trigone. Cysto-distension leads to submucosal petechial 

haemorrhage (glomerulations) and haematuria on drainage of the bladder. The 

manoeuvre of endoscopic cysto-distension under light general anaesthesia 

(ECDULGA) is said to be diagnostic for IC and leads to stimulation demonstrated by 

tachypnoea, tachycardia and a rise in blood pressure (R.T. Tumer-Warwick, personal 

communication). Histological examination of bladder biopsies in IC shows an 

infiltrate of polymorphonuclear leucocytes, eosinophils and mast cells within the 

mucosa and submucosal layers. In severe cases in which there is macroscopic 

evidence of ulceration of the urothelial layer may be absent. In chronic cases there 

is an increase in collagen within the submucosa and detrusor layers. It has recently 

been shown that in IC there is a mast cell infiltrate extending from the submucosa to 

the detrusor muscle layer. A count of more than 20 mast cells per mm2 of detrusor
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muscle has been reported to be diagnostic of IC (Larsen et al., 1982).

2.2 DIAGNOSIS OF INTERSTITIAL CYSTITIS

There is usually a long delay, sometimes several years, between the onset of 

symptoms and the diagnosis of IC. This is partly because of the rarity of the 

condition and partly due to a lack of awareness of IC among general practitioners. 

It is usual for women with IC to give a history of having received many courses of 

antibiotics with an assumed diagnosis of bacterial cystitis. However, there are no 

strict criteria by which IC may be diagnosed. The diagnosis is made by assimilation 

of the clinical history, negative urine culture, cystoscopic findings and chronic 

inflammatory cell infiltrate in bladder biopsies. There is a wide range of conditions 

that should be considered in the differential diagnosis of IC. These may be 

subdivided into infective, neoplastic and inflammatory groups and are listed in full 

in appendix 2.1.

Infection

Infective causes of chronic cystitis may be excluded by urine microscopy and 

culture although special techniques are required to exclude the presence of fastidious 

anaerobic bacteria, mycobacteria, mycoplasma, chlamydia and viruses (Chapter 6). 

Neoplasia

Carcinoma of the bladder is a common condition that may present with frequency 

of micturition and suprapubic pain. Adequate cystoscopy and biopsy as well as urine 

cytology should confirm this diagnosis and it should not therefore be confused with 

IC. However, carcinoma in-situ of the bladder may present with symptoms identical 

to those of IC and has similar cystoscopic appearances (Utz and Zincke, 1974). A
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rare condition that may be confused with IC is lymphoma of the bladder (Heaney et 

al., 1985). Endometriosis very rarely involves the bladder wall but can present with 

symptoms suggestive of IC (Sircus et al., 1988). Adequate cystoscopy and biopsy 

should correctly diagnose all neoplastic conditions that might present with the same 

symptoms as IC. An association between IC and carcinoma of the bladder has been 

reported (Vose and Dixey, 1948) and it is therefore important to carefully exclude 

malignancy in undiagnosed as well as known cases of IC.

Inflammatory

Inflammation of the bladder most commonly results from bacterial infection and 

may also be secondary to underlying carcinoma. However, occasionally urinary 

frequency, bladder pain, sterile urine culture and inflammatory cell infiltrate within 

bladder biopsies may be due to inflammatory conditions of the bladder.

Radiation Cystitis

A frequently encountered example of non-infective inflammatory cystitis is 

radiation cystitis. This may result from external beam radiotherapy (EBRT) or local 

implants of radioactive substances such as caesium. Due to the proximity of the 

bladder treatment of carcinoma of the cervix, an increasingly common condition, is 

particularly likely to lead to radiation cystitis. Treatment of carcinoma of the bladder 

is also likely to cause chronic cystitis but since this treatment is reserved for the more 

advanced stages of the disease bladder symptoms often relate more to the tumour than 

the irradiation. Irradiation of other intra-pelvic malignancies such as carcinoma of 

the rectum may also lead to radiation cystitis. When severe, radiation cystitis, like 

IC, may cause fibrosis and contracture of the bladder, in the long term necessitating 

augmentation entero-cystoplasty.
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Chemical Cystitis

Systemically administered chemotherapeutic agents, particularly 

cyclophosphamide, may cause a chemical cystitis by virtue of their direct action upon 

the bladder during excretion. The resultant cystitis may be severe and prolonged 

(Anderson et al., 1967; Plotz et al., 1979; Ershler et al., 1980) even after low doses 

(Marshall and Klinefelter, 1979).

Chemical cystitis may also occur after direct contact with the bladder mucosa. In 

such circumstances there is usually severe pain, dysuria, urinary frequency and 

haematuria immediately after exposure to the chemical which may persist for months 

or even years. Fortunately, toxic chemicals rarely find their way into the bladder and 

most cases are iatrogenic. Ether has been used to dissolve urethral catheter balloons 

that have failed to deflate. However, ether has been shown to cause severe and 

persistent chemical cystitis after such a manoeuvre (Nellans et al., 1985) and this may 

be serious enough to require entero-cystoplasty (Gattegno et al., 1988). The 

introduction of undiluted alcohol-based Bonney’s blue into the bladder during 

gynaecological procedures may also cause a chronic painful cystitis necessitating 

entero-cystoplasty (Christmas et al., 1988; Christmas et al., 1989). Accidental self- 

administration of gentian violet into the bladder during attempted vaginal lavage has 

also been shown to cause painful cystitis (Walsh and Walsh, 1986). Similar findings 

have been reported in an experimental animal model in which bladder changes were 

assessed in rats after intra-vesical instillation of formalin (Kumar, 1979). Bladder 

pain and urinary frequency are particular features of chemical cystitis and this is 

thought to be due to stimulation/irritation of the submucosal nerve plexus which is 

thought to convey sensory impulses from the bladder (Dixon et al., 1984).
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Amyloidosis

Amyloidosis of the bladder is a rare condition that often presents with haematuria 

and features of cystitis (Malek et al., 1971). It may be secondary to chronic 

inflammatory conditions such as rheumatoid arthritis (Frayha et al., 1985) and is 

readily diagnosed by adequate biopsy but difficult to treat (Mr R. Morgan, personal 

communication).

Eosinophilic Cystitis

Eosinophilic cystitis is a very rare condition characterised by symptoms of bladder 

irritability and the presence of large numbers of eosinophils within the submucosa 

(Peterson, 1985). It is known to be associated with similar infiltrates in the bowel 

and systemic allergies (Palubinskas, 1960). Eosinophilic cystitis may be differentiated 

from IC by the presence of a pronounced infiltrate of eosinophils predominantly 

within the submucosa (Hellstrom et al., 1979; Littlejohn et al., 1982).

Malakoplakia

Malakoplakia is a very rare condition of the bladder which is thought to result 

from a deficiency within the lysosomes of macrophages. It usually presents with 

symptoms of cystitis and is frequently associated with bacterial cystitis but may be 

confused with IC. It is diagnosed by biopsy in which typical Michaelis-Guttman 

bodies are evident within frothy von Hansemann macrophages (Long and Althausen, 

1989).

Xanthogranulomatous Cystitis

Xanthogranulomatous cystitis is an extremely rare chronic inflammatory condition, 

usually associated with urachal adenoma and readily confused with carcinoma, and 

diagnosed by biopsy (Walther et al., 1985).
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Chronic Granulomatous Disease

Chronic granulomatous disease is a hereditary X-linked condition due to leucocyte 

dysfunction which has been shown to cause pain and inflammation within the bladder 

in six cases and can be differentiated from IC by histochemical staining techniques 

(Kontras et al., 1971; Young and Middleton, 1980; Southwick and van der Meer, 

1988).

Skin Disorders

Skin disorders may on rare occasions involve the bladder causing symptoms of 

chronic cystitis and hence mimic IC. An example is pemphigus vulgaris, which has 

been described in seven cases, sometimes also associated with bowel involvement 

(Hyams and Botvinick, 1942). Lichen planus (Zerkowitz, 1925; Young, 1940) and 

epidermolysis bullosa acquisita (Lee, 1988) are other examples. Psoriasis has been 

shown to involve the bladder (Schlosser, 1935; Weinberger, 1962) and has also been 

described in association with IC in three out of a series of 20 cases of IC (Rosin et 

al., 1979).

Connective Tissue Diseases

Multi-organ systemic inflammatory disorders may involve the bladder, although 

the incidence of this is apparently very low. In most of the previously reported cases 

it is impossible to ascertain if the bladder was involved in the systemic disorder or 

if the disease in question was associated with IC. Systemic lupus erythematosus 

(SLE) was first suggested as a possible aetiology of IC in 1938 although no case with 

both conditions was described (Fister, 1938). However, subsequent reports have 

described a total of twelve patients with SLE associated with IC (Shipton, 1965; 

K£rpdti et al., 1975; Boye et al., 1979; Weisman et al., 1981; de la Serna et al.,
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1981; Orth et al., 1983; Sotolongo et al., 1984; Haruki et al., 1988). Progressive 

systemic sclerosis has been shown to be associated with chronic bladder inflammation 

and fibrosis in six cases and is probably under-recognised (Raz et al., 1977; Painter 

and Gonick, 1978; Oravisto, 1980; Poizat et al., 1983; Lally et al., 1985). 

Rheumatoid arthritis (RA) has also been described as an association with IC and has 

been reported to be present in twelve out of a series of 103 (Silk, 1970), one of 37 

(Oravisto et al., 1970) and three of 26 cases of IC (Anderson et al., 1989). It has 

been suggested that the association between IC and RA is due to RA involvement of 

the bladder (Chantepie et al., 1986). Behcet’s syndrome is a multi-system disorder 

that has been shown to be associated with bladder inflammation ad ulceration in a 

single case (Camovane et al., 1985). A single case of polyarteritis nodosa and 

associated IC has been reported (Oravisto et al., 1970).
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TABLE 2.1 DIFFERENTIAL DIAGNOSIS OF INTERSTITIAL CYSTITIS

Infective

Bacteria
Mycobacteria
Syphilis
Viruses
Yeasts
Chlamydia
Mycoplasma
Ureaplasma
Trichomonas
Schistosomiasis

Inflammatory

Radiation cystitis
Cyclophosphamide cystitis
Chemical cystitis
Amyloidosis
Eosinophilic cystitis
Pemphigus vulgaris
Progressive systemic sclerosis
Xanthogranulomatous cystitis
Malakoplakia
Lichen planus
Psoriasis
Epidermolysis bullosa acquisita 
Chronic granulomatous disease 
Polyarteritis nodosa 
Behqet’s syndrome

Neoplastic

Endometriosis
Carcinoma-in-situ
Leukoplakia
Leukaemia
Lymphoma
Carcinoma
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Conclusion

Interstitial cystitis is diagnosed by assimilating features of patients’ symptoms and 

clinical history, the past medical history, urine culture, cystoscopic and bladder 

biopsy findings. Chronic urinary frequency and bladder pain, no previous history of 

irradiation or chemical exposure, sterile urine, ECDULGA and submucosal petechial 

haemorrhage after cysto-distension, and inflammatory cell infiltrate (and no other 

histopathological findings) on biopsy are the cardinal features of IC. The relationship 

between IC and multi-system connective tissue diseases is unclear and could represent 

an extension of the disease process or an association, such as exists between IC and 

Hashimoto’s thyroiditis (see chapter 6).

2.3 EPIDEMIOLOGY AND ASSOCIATED DISORDERS

Interstitial cystitis (IC) is a rare condition and therefore recruitment of patients and 

epidemiological investigations are difficult. It has been suggested that there is a 

differential geographical distribution of IC with a greater prevalence in the USA and 

Australia than in Britain (Somerset, 1960) or continental Europe (Weyeneth and 

Rohner, 1961). There are 20-90,000 cases of IC in the USA although the possible 

number of cases that have not yet presented for diagnosis and treatment could be five 

times greater suggesting a prevalence of at far extremes between 8 and 190 per 

100,000 population in the USA (Hanno et al., 1988). At such a prevalence the 

estimated annual national savings in the USA alone if a cure for IC were to be found 

are $311,000,000. The only objective and comprehensive epidemiological study so 

far reported involved a population of 970,000 living in and around Helsinki, Finland 

and it showed an incidence of 10.6 cases of IC per 100,000 with a female to male
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ratio of approximately twelve to one (Oravisto, 1975). A similar sex ratio has been 

reported in most of the other large series:- eleven to one of a series of 223 cases 

(Hand, 1949), nine to one (de Juana, and Everett, 1977). The peak age of onset is 

between the third and fifth decade although IC may occur at any age, even in 

adolescents (Farkas et al., 1977) and children (McDonald et al., 1953; McDonald et 

al., 1958; Chenoweth and Clawater, 1960; Geist and Antolak, 1970). IC has been 

found in female monozygotic twins (blood group O Rh+) both of whom required 

cystectomy and in a mother and daughter suggesting a hereditary genetic aetiological 

association (Oravisto et al., 1970; Oravisto, 1980). Only two previous studies have 

investigated the tissue types of IC cases. The first tested only eight HLA-A loci and 

eight HLA-B loci in 28 cases of IC and 600 normal controls and reported an 

association between IC and HLA-A10 and HLA-B17 (p=0.038 for both (Rosin et al.,

1979). The second study studied only nine cases of IC and an undefined number of 

HLA loci but did not show any association between IC and any tissue type (Oravisto,

1980). IC is very rarely found in blacks again suggesting a genetic link (de Juana 

and Everett, 1977).

Patients with IC have been shown to have an increased incidence of established 

allergy to drugs or other agents in between 15 and 79% compared to approximately 

8% in normal controls (Hand, 1949; Rosin et al., 1979; Oravisto, 1980). 

Hashimoto’s thyroiditis, an autoimmune disorder in which autoantibodies are directed 

against thyroglobulin and/or thyroid microsomes (Bottazzo et al., 1986), has been 

shown to be an associated disorder in seven of a series of 103 (Silk, 1970) and one 

of a series of 26 cases of IC (Anderson et al., 1989). There was associated thyroid 

disease (of undefined nature) in five of 26 IC cases (Rosin et al., 1979).
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2.4. PATIENTS INVESTIGATED

A series of 51 cases of IC, fulfilling the diagnostic criteria outlined above, were 

recruited from the Departments of Urology of the Middlesex Hospital, the London 

Hospital and the St. Peter’s Group of Hospitals. Out of this large series 17 of the 

cases were tertiary referrals. All IC patients and control groups entered this study 

after fully informed written consent according to a protocol accepted by the Clinical 

Investigations Panel of the University College and Middlesex School of Medicine and 

The Middlesex Hospital giving permission to take blood samples and bladder 

biopsies. Each patient’s age and sex are listed in full in appendix 2.1. Of the 51 

cases of IC 48 (94%) were female and three (6%) male with a female/male ratio of 

sixteen to one. The mean age of the patients when studied was 59.4 ±  2.14 years 

(range 25-84 years), the mean duration of IC was 9.42 ±  1.21 years (range 1-50 

years) and the mean age of onset was 50.4 ±  2.16 years (range 14-80 years). The 

age and year of onset and duration of symptoms are listed in full in appendix 2.2. 

Graphic representations of the age and year of onset are shown in figure 2.1. From 

these it appears that IC is becoming more common although mild cases that might 

have started in the 1970s and have been relatively quiescent in the 1980s and hence 

lost to follow up would not be included in this listing. Another feature of the year 

of onset graph is an apparent cyclical occurrence of new cases of IC and this suggests 

some form of cyclical environmental factor, typically a feature of viral illnesses such 

as influenza. This will be discussed later with reference to other immunological 

findings.

Associated Disorders

Diseases associated with IC in this series are listed in appendix 2.1. A total of
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seven cases were diagnosed as having systemic lupus erythematosus (SLE) according 

to criteria established by the American Rheumatological Association (Tan et al., 

1982). Sjogren’s syndrome (SS) was present in seven cases, five of whom had 

associated SLE. Rheumatoid arthritis was diagnosed in three cases. A total of four 

cases had a past history of Hashimoto’s thyroiditis ultimately leading to 

hypothyroidism in three of the four. Thyrotoxicosis had previously been diagnosed 

in two of the cases both requiring sub-total thyroidectomy. Single cases had a history 

of pernicious anaemia with associated gastric carcinoma, Raynaud’s disease, B-cell 

non-Hodgkin’s lymphoma, osteogenesis imperfecta, congenital dislocation of the hip 

and Parkinson’s disease.
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Figure 2 .1  Age and year o f  onset o f IC
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Symptoms

The patients’ symptoms are outlined in Table 2.2 and the degree of suprapubic 

pain (0-5), perineal pain (0-5), diurnal frequency, nocturnal frequency, urgency and 

incontinence are listed. Those patients that have undergone surgical treatment are 

allocated symptomatic scores before and after surgery. The surgical history of each 

patient is listed in full in appendix 2.3. Extra-vesical denervation procedures are 

known to improve bladder pain in IC (Worth and Tumer-Warwick, 1973; Worth,

1980) and this is confirmed in the series of eight IC cases from this series that have 

undergone such operations. However, in two cases (M.B. and S.D-E.) bladder pain 

recurred, possibly due to an incomplete prior operation, and therefore the more 

radical cysto-cystoplasty procedure (Tumer-Warwick and Handley Ashken, 1967) was 

performed with further symptomatic improvement. IC cases in whom the bladder 

capacity was severely restricted due to contracture sub-total cystectomy and 

augmentation caeco-cystoplasty or uretero-ileo-caeco-cystoplasty was performed 

(Tumer-Warwick and Handley Ashken, 1967). In four cases with severe trigonal 

disease and fibrosis of the bladder neck causing intractable stress incontinence total 

cystectomy and ileal conduit diversion was performed. A single case (T.N.) 

underwent a Bramble clam ileo-cystoplasty (Bramble, 1982).

Examination

Physical examination was performed in all cases but seldom revealed any 

additional information not obtained from the history. Most pre-operative cases were 

tender on deep palpation of the supra-pubic area and anterior vaginal wall. 

Cystoscopic Findings

Each of the patients in this study underwent cystoscopy and cold cup lateral wall
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bladder biopsy under general anaesthetic with full informed written consent in 

accordance with a protocol approved by the ethics committee.

The appearance of the bladder, its capacity and the effects of cystodistension for 

each patient are listed in full in appendix 2.3. In the majority of cases the bladder 

was inflamed and red in appearance. In four cases the bladder appeared normal on 

initial inspection but there was ECDULGA during filling and post-distension petechial 

haemorrhage. In eight cases a typical Hunner’s ulcer was seen on the dome of the 

bladder.

The pre-distension bladder capacity was reduced to 500 ml or less in 94.2% of 

cases. IC cases with Hunner’s ulceration had a significantly smaller cystoscopic 

bladder capacity (mean 185 ±  38.4 ml) than those without ulceration (mean 390.6 

±  19.8 ml) (Mann Whitney test, 95.2% Cl, 100, 300, p=0.0005). This confirms 

the suggestion that Hunner’s ulceration is a feature of more severe or chronic cases 

of IC. There was a trend towards IC cases with associated SLE and/or SS to have 

a greater cystoscopic bladder capacity (mean 416 ±  61.3 ml) as compared to other 

IC cases (347 ±  20.6 ml) but this difference was not significant (p=0.36).

Bladder Biopsy Histology

In every case at least one deep lateral wall bladder biopsy was fixed in formalin 

and stained routinely with haematoxylin and eosin. On most occasions at least six 

biopsies were taken, the other five underwent alternative fixation and staining as 

described in chapters 5-8. Histological examination of this was used to confirm the 

diagnosis of IC by observing the presence of a chronic inflammatory cell infiltrate 

(see figure 2.1) and exclusion of other conditions such as neoplasia and chronic 

inflammatory conditions that may mimic IC as listed in full in table 2.1.
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Figure 2 .2  Haematox^ylin and eosin stain o f  bladder biopsy from D .Sm . showing 

chronic inflammatory c e ll infiltrate within the submucosa but no disruption o f  the 

urothelium (x !2 5 ).
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In the eight cases in which Hunner’s ulceration was present biopsy of the ulcerated 

area showed absence of the urothelium and a florid chronic inflammatory cell 

infiltrate within the submucosa.

Examination of the detrusor muscle within the IC bladder biopsies revealed 

abnormal muscle cells with vacuolation in six cases (G.B., M.B1., V.C., E.E., O.H., 

D.Sm.) whilst the remaining cases showed normal detrusor structure (see figures 2.2 

and 2.3). Such changes in the microscopic appearance of detrusor muscle fibres in 

IC have been reported elsewhere (Holm-Bentzen et al., 1985) and given the name 

"detrusor myopathy". This abnormality of the detrusor is present in chronic severe 

IC cases and could result from repeated cystodistension or release of potent mediators 

of inflammation from mast cells. Detrusor myopathy and replacement of detrusor 

muscle by collagen leads to bladder dysfunction, in particular hypocompliance during 

filling, and this is discussed further in chapter 3.
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Figure 2 .3  Haematoxylin and eosin stain o f  detrusor muscle in a case o f  mild, early 

IC (H .M .) showing normal detrusor muscle (x200).
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Figure 2 .4  Haematoxylin and eosin stained bladder biopsy from a chronic severe 

case o f IC (D .Sm .) showing "detrusor myopathy" with vacuolation o f  cells (x200).
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CHAPTER 3

BLADDER FUNCTION AND DYSFUNCTION 

IN INTERSTITIAL CYSTITIS
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3.1 - INTRODUCTION AND HISTORICAL BACKGROUND

A precise clinical history is of importance in the assessment of urological disorders 

and points of particular interest in chronic sensory disorders are diurnal and nocturnal 

frequency, urgency, bladder pain and the presence of stress or urge incontinence. 

However, symptomatic analysis per se is a poor predictor of lower urinary tract 

function. An example that illustrates this point is chronic urinary retention in elderly 

males presenting with urinary frequency and overflow incontinence. Physical 

examination may provide further diagnostic information such as a palpably enlarged 

bladder, demonstrable stress incontinence or bladder tenderness on deep palpation. 

Further investigation is necessary to diagnose the cause of lower urinary tract 

dysfunction in most cases. The intravenous urodynamogram (IVUD) approximately 

evaluates the bladder capacity, accurately measures the urinary flow rate and voided 

volume, and roughly estimates the post-micturition residual (Tumer-Warwick et al., 

1979a). In a similar way the ultrasound cystodynamogram estimates the bladder 

capacity when full, the rate and pattern of the flow and the post-micturition residual 

(Boothroyd et al., 1990). Cystometry is a more complex test that involves 

measurement of the intra-vesical pressure (IVP), the intra-abdominal pressure (AP) 

within the rectum and the flow rate and pattern. Subtraction of the AP from the IVP 

produces the pressure attributable to contraction of the detrusor muscle (DP). 

Pressure/flow studies will diagnose relative outflow obstruction. The gold-standard 

urodynamic investigation of lower urinary tract function is the videocystometrogram 

(VCMG) since this gives a synchronous recording of the filled bladder volume, the 

DP and x-ray image during filling and synchronous flow rate, DP and 

cystourethrogram throughout the voiding phase (Bates et al., 1970)[see below for
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further details]. This technique was developed within the Middlesex Hospital 

Department of Urology and has been shown to be useful in the assessment of all 

forms of lower urinary tract dysfunction (Tumer-Warwick et al., 1979b). Using 

cystometric techniques in individuals complaining of urinary frequency and urgency, 

inappropriate involuntary contractions of the detrusor muscle are sometimes detected. 

Such abnormal contractions, when of magnitude in excess of 15 cm H20 , are called 

detrusor instability (DI). DI may be secondary to outflow obstruction or idiopathic. 

When associated with known neuropathy the alternative name of detrusor 

hyperreflexia should be used. DI may be phasic or systolic but when present as a 

linear pressure rise during filling the term hypocompliance can be used (International 

Continence Society, 1988). Urodynamics, particularly the VCMG, is most often used 

in the assessment of incontinence, voiding dysfunction and disorders of detrusor 

motor function such as DI. Little attention has been paid to the urodynamics of IC 

in spite of the severe disturbance of lower urinary tract function that is usually a 

feature of this disorder. Cystometric studies of IC have demonstrated bladder 

hypersensitivity with reduction in the volume at first desire to void and bladder 

capacity due to pain and in the most severe cases the pain precludes performing the 

study (Dunn et al., 1977; Hald and Holm-Bentzen, 1986; Perez-Marrero et al., 

1987). In a series of 25 cases of IC only one (4%) had DI and this disappeared after 

cystodistension (Dunn et al., 1977). In a series of six cases with chronic IC 

urodynamic evaluation showed a low capacity bladder, no evidence of DI and no 

post-micturition residual in each case (Freiha and Stamey, 1980). Hypocompliance, 

but rarely phasic detrusor instability, have been reported at the end of filling in 

association with pain in patients with IC (Hald and Holm-Bentzen, 1986). DI has
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been demonstrated in 13 (26%) of a series of 50 patients with IC. DI was found 

more frequently in patients with a long history of IC and none of the patients was 

shown to have bladder hypocompliance. The bladder capacity was particularly 

reduced in the more chronic cases (Perez-Marrero et al., 1987). An increase in the 

post-micturition residual to 50 ml or more (mean 320 ml) has been described in nine 

(40.9%) of a series of 22 IC cases undergoing urodynamic evaluation and this was 

thought to be due to fibrotic contracture of the bladder or detrusor myopathy (Holm- 

Bentzen et al., 1985). The urodynamic features of IC are therefore not clearly 

understood and this may relate in part to failure of precise diagnostic criteria. In an 

attempt to clarify the urodynamic features of IC VCMG has been performed on 

patients from the patients in this study group.

3.2 - PATIENTS AND METHODS

A series of 25 patients with IC, as previously defined in chapter 2, underwent 

urodynamic investigation. Of these 23 were female and 2 male. The patients studied 

and the full results are listed in table 3.1. The ages, clinical findings and medical 

histories are shown in appendices 2.1, 2.2, 2.3 and 2.4.

On arrival in the VCMG suite each patient micturated into a Dantec 1000 flow 

meter when they felt that their bladder had reached its maximum capacity. A full 

urological history was taken and entered into a BBC micro-computer data base. The 

patient then adopted a supine position on the fluoroscopic screening table. Using 

sterile technique the vulva or penis was cleaned with Savlodil (ICI Pharmaceuticals) 

prior to gentle urethral catheterisation with a 10 Ch gauge Nelaton filling catheter and 

4 Ch pressure catheter lubricated with KY jelly. The patients were asked if they felt
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discomfort or pain from the catheter - referred to as catheterisation hypersensitivity 

(see results). Both catheters were then fed further into the bladder and their ends 

gently secured to the patient’s right thigh with adhesive tape. Any residual urine 

within the bladder was drained through the filling line and measured. The filling 

catheter was attached to a sterile giving set from a 500 ml bottle of sterile Omnipaque 

(Nycomed) contrast medium which was attached to an electronic balance to record 

the filled volume. The pressure line was flushed with sterile normal saline and joined 

to a pressure transducer (situated at the same level as the patient) through a 

continuous column of saline. Another pressure line identical to that already within 

the bladder, except within a small punctured balloon over its distal end to prevent 

tamponade by faeces, was passed into the rectum, flushed with saline and then 

connected to the other pressure transducer, also at the same level as the patient. At 

this point the pressure transducers were set to measure zero and the patient asked to 

cough in order to check the patency of the pressure lines. The Ormed urodynamic 

apparatus, used throughout this study, automatically subtracts the rectal (abdominal) 

pressure (AP) from the intra-vesical pressure (IVP) to give the detrusor pressure 

(DP). A television monitor synchronously displays a fluoroscopic image of the 

bladder with graphic recordings of the IVP, DP, Filled Volume (FV) (or flow rate 

{FR} during voiding) and AP. Selected portions of the study, along with a verbal 

commentary, are stored on a video-recorder for later review. This system was 

originally developed within the Middlesex Hospital Department of Urology in 1970 

by C.P Bates and subsequently modernised to include a computerised data base for 

recording the urological history and urodynamic measurements which may be printed 

as a comprehensive report (Bates et al.,1970; Chappie et al., 1987). In each case the
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bladder was filled with contrast medium at a rate of 50 ml/min and the filled volume 

at which the patient first felt the desire to void was recorded. The bladder was then 

filled further until the patient felt uncomfortable and unable to tolerate further filling 

of the bladder. This volume was recorded as the maximum cystometric bladder 

capacity. During the filling phase any fluoroscopic abnormality such as bladder 

trabeculation, an open bladder neck or vesico-ureteric reflux was noted. A rise in DP 

of more than 15 cm H20  during filling when the patient was not attempting to void 

was defined as detrusor instability if phasic in nature or hypocompliance if there was 

a linear (or incremental) relationship between the filled volume and detrusor pressure 

(International Continence Society, 1988). At the end of filling the patient was moved 

to the erect posture on the screening table and the filling catheter removed. The 

patient was then asked to cough and any incontinence or bladder base descent at this 

point was recorded. Next the patient was turned to an oblique (45°) angle and a 

funnel was placed between the legs to collect the voided urine and pass it to the flow 

meter. The flow rate and DP were recorded synchronously during voiding. At 

fluoroscopy during the voiding phase any evidence of vesico-ureteric reflux was 

recorded and a stop test was usually performed to determine the integrity of the 

urethral sphincter mechanism and to estimate the isometric voiding DP or pIso. The 

voided volume was measured and by subtraction the post-micturition residual 

determined. All patients also underwent bladder ultrasonography on a separate 

occasion, after micturition in privacy, to determine the residual volume and this was 

calculated using the formula maximum bladder length x width x depth x 0.65 (Kiely 

et al., 1987). The mean of three recordings of the post-micturition volume is shown 

in table 3.1. At the end of the procedure a printed record was produced from the
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BBC micro-computer system.

The urodynamic parameters were statistically analyzed using the Mann-Whitney 

U-test since they were not of Gaussian distribution. For convenience the results in 

the text are listed as median (±95% confidence interval).
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Figure 3.1 Videocystoimetrography Suite
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3.3 - RESULTS

The salient VCMG measurements from the 25 patients studied are shown in table 

3.1. Four of the patients were unable to void during the test, although they were able 

to do so in privacy, and therefore their voiding detrusor pressures could not be 

measured.

Of the 26 patients with IC tested 25 complained of suprapubic discomfort during 

catheterisation. This is an unusual finding that may also occur in women with 

sensory disorders such as bacterial cystitis (although VCMG is usually not performed 

in such circumstances), radiation cystitis or the urethral syndrome. The single patient 

(G.B.) who did not complain of pain on catheterisation had previously undergone 

extra-vesical denervation with almost complete relief of pain. The filled volume at 

which the first desire to void occurs is normally 300-350 ml (International Continence 

Society, 1988; Stephenson and Wein, 1984), but was less than this in all but one of 

these IC patients. The single patient (D.S.) in whom the filled volume at the first 

desire to void was greater than 300 ml had completed a course of intra-vesical DMSO 

therapy two months earlier with successful outcome. The volume at which the first 

desire to void developed in this series of IC cases was, as might be expected, 

decreased; the median was 117 ml. The IC patients can be separated into three 

groups; those that had previously undergone extra-vesical denervation, those 

previously treated with a course of DMSO therapy and untreated cases. The median 

first desire to void was 117 ml in the untreated group, 110 ml in the extra-vesical 

denervation group, and 123 ml in the DMSO treated group. In the combined set of 

all patients that had undergone some form of treatment, either a course of DMSO or 

extra-vesical denervation, the median was 115 ml.
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TABLE 3.1 VCMG RESULTS IN IC PATIENTS n = 25

Name Cath. First Max. Max. Cough Max. Post
Sens. Desire CMG Filling Incont Void Mict,

Capac. DP DP Resic

G.B. _ 24 190 50 H N 22 40
M.B. + 120 400 14 N 40 200
M.B1 + 123 200 49 H N 49 120
D.B. + 65 280 23 H Y 53 0
A.B. + 281 750 18 H N 52 0
M.Bu + 170 410 13 N 37 45
V.C. + 180 250 16 N 20 50
H.C. + 117 320 20 H Y 35 0
S.D-E + 110 300 22 H N ? 0
E.E. + 107 320 35 H Y 40 70
J.F. + 38 200 12 N 40 10
J.F. + 213 500 21 H Y 7 0
E.G. + 120 500 15 H N 30 0
M.G. + 31 280 15 H Y 11 40
O.H. + 66 220 41 H N 25 0
B.H. + 135 500 8 N 36 50
M.H. + + 82 300 11 N 49 30
M.K. + 54 320 35 H N 35 70
H.M. + + 31 165 10 N 37 40
I.P. + + 234 300 5 N 23 0
D.S. + 353 650 23 H N 53 150
H.S. + 101 280 12 N 33 40
D.Sm + + 10 20 0 Y 7 0
J.S. + 240 400 0 N 7 50
M.Wh + 174 450 14 Y 30 0

Volumes all in ml, Pressures all in cm H20 , H=Hypocompliant Filling,
+  =Mild, + +  =Severe - Catheter Hypersensitivity, ?=Data unknown/unable to 
void, N = No incontinence, Y= Cough incontinence
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The first desire to void was not significantly different between the untreated group 

and those that had been treated by extra-vesical denervation (95.8% Cl, -111, 63, 

p=0.67) or intra-vesical DMSO (95.6% Cl, -117, 252, p=0.6). There was also no 

difference between those patients that had been treated by extra-vesical denervation 

or DMSO (96.3% Cl, -329, 126, p=0.55).

The total tolerated bladder capacity in the 25 IC cases was a median of 300 ml 

which, as expected, is less than the normal female bladder capacity of approximately 

500 ml. Comparison of the subgroups in this series shows a median capacity of 320 

ml in the untreated cases, 250 ml in the patients after extra-vesical denervation and 

320 ml after DMSO therapy. The difference between the untreated group and those 

that had undergone extra-vesical denervation (95.8% Cl, -220, 80, p=0.2) or DMSO 

treatment (95.6% Cl, -350, 210, p=0.87) were not significant.

In normal patients the maximum filling detrusor pressure (DP) does not exceed 15 

cm H20  and in this series of IC cases the pressure was elevated above this level in 

14 (56%). In each of these cases the rise in DP was linear rather than phasic (or 

systolic) during filling and hence defined as hypocompliance according to criteria 

established by the International Continence Society. The median maximum filling DP 

was 15 cm H20  in the entire group, 13 cm H20  in the untreated subgroup, 29 cm 

H20  in the treated group, 22 cm H20  in the extra-vesical denervation group and 35 

cm H20  in the DMSO treated group. There was a significant difference between the 

untreated group and the entire treated group (95.6% Cl, 4.0, 30.0, p=0.003), the 

extra-vesical denervation group (95.8% Cl, 1.0, 32.1, p=0.031) and the DMSO 

group (95.6% Cl, 8.1, 37.0, p=0.015). There was no significant difference between 

the maximum filling DP in the groups treated by extra-vesical denervation or DMSO
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(96.3% Cl, -34.9, 22.0, p=0.55).

The normal maximum voiding DP is 40-60 cm H20  in men and 15-35 cm H20  in 

women (International Continence Society, 1984; Stephenson and Wein, 1984). The 

median maximum voiding DP was 36 cm H20  in the entire IC group, 36.5 cm H20  

in the untreated subgroup, 35 cm H20  in the treated subgroup, 23.5 cm H20  in the 

extra-vesical denervation group and 49 cm H20  in the DMSO treated group. There 

were no significant differences between the untreated group and the treated group 

(95.2% Cl, -14.9, 12.0, p=0.77), the extra-vesical denervation subgroup (95.1% Cl, 

-20, 4.0, p=0.15) and the DMSO subgroup (95.2% Cl, -14.9, 12.0, p=0.77). In 

the 19 patients able to perform an adequate stop test during voiding the DP at no flow 

or Piso (isometric DP) was evaluated. The median p^o in the entire group was 51 cm 

H20 , which is greater than the normal value of 25-35 cm H20  in females and 30-40 

cm H20  in males. Analysis of the treatment groups shows a median p ^  of 42 cm 

H20  in the untreated group, 57 cm H20  in the treated group, 50 cm H20  in the extra- 

vesical denervation subgroup and 61 cm H20  in the DMSO treated subgroup. Again 

there were no significant differences between the untreated group and the treated 

group (95.2% Cl, -3.0, 28.9, p=0.2), the extra-vesical denervation subgroup (95.6% 

Cl, -23, 43, p=0.84) and the DMSO treated subgroup (95.6% Cl, -3.0, 37.0, 

p =0.093). The small numbers in these groups may be a major factor in the failure 

to demonstrate significant differences.

The post-micturition residual is zero in the normal individual (International 

Continence Society, 1984). However, there was a significant residual in 15 (60%) 

of this series of IC cases and the median volume was 40 ml. Analysis of the various 

groups reveals a median volume of 10 ml in the untreated group, 60 ml in the treated
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group, 40 ml in the extra-vesical denervation subgroup and 120 ml in the DMSO 

treated group. There was a significant difference between the untreated group and 

the treated group (95.6% Cl, 0, 120, p=0.05) and DMSO subgroup (95.6% Cl, 30, 

150, p =0.0095). Extra-vesical denervation did not significantly alter the residual 

when compared to the untreated group (95.8% Cl, -30, 130, p=0.51). The 

pressure/flow relationship showed no evidence of relative outflow obstruction in any 

of the cases studied. This therefore implies that voiding dysfunction and incomplete 

bladder emptying when present was due to detrusor muscle dysfunction.

During fluoroscopy there was no evidence of bladder trabeculation or diverticula 

in any of the cases but vesico-ureteric reflux (VUR) was found during filling and 

voiding in two cases. Patient M.B1. had bilateral grade III VUR during filling and 

voiding associated with high hypocompliant filling pressure. Patient G.B. had right

sided VUR also associated with hypocompliance of the bladder. Stress incontinence 

was demonstrated in seven of the females (30.4%) and in all cases appeared to be 

associated with a rigidly open bladder neck from early on in the filling phase rather 

than bladder base prolapse. The cough induced stress incontinence was associated 

with a hypocompliant DP of 15 cm H20  or more in all but two cases.
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3.4 - DISCUSSION

Urodynamic investigation by VCMG has demonstrated several differences between 

the bladder function in IC and normals. Urethral catheterisation is usually a painless 

procedure in normal females but in all but one of the patients in this series this 

procedure caused suprapubic pain. This pain was so severe in five patients that the 

procedure had to be terminated and they are not therefore included in the above 

figures. The pain was due to contact of the catheter with the posterior wall of the 

bladder rather than the urethra and is presumed to be due to stimulation of inflamed 

and hypersensitive bladder wall. Bladder filling is shown to lead to further pain, an 

unusually early first desire to void and reduced bladder capacity as previously shown 

by other investigators (Dunn et al., 1977; Freiha and Stamey, 1980; Holm-Bentzen 

et al., 1985; Hald and Holm-Bentzen, 1986; Perez-Merrero et al., 1987).

In this study IC patients have been shown to have hypocompliant bladders on 

filling in 56% and no patient had phasic detrusor instability. Hypocompliance was 

mostly found in patients with more severe and prolonged symptoms, some of whom 

had undergone treatment with DMSO or extra-vesical denervation (vide infra). The 

aetiology of hypocompliant bladder filling has been a contentious point but in patients 

with IC is most likely to be due to rigidity of the bladder wall due to inflammation 

and/or fibrosis, although detrusor myopathy may also play a role (Holm-Bentzen et 

al., 1985).

In spite of the hypocompliance during filling detrusor function is apparently well 

preserved during voiding with a median maximum DP of 36 cm H20 , which is 

normal. However, a median pIS0 of 51 cm H20 , which is higher than expected, 

suggesting an element of bladder wall rigidity/hypocompliance. In at least five cases
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with hypocompliance during filling the maximum voiding DP was at the 

commencement of voiding, never exceeded the filling DP and the bladder emptied by 

decompensation without any apparent active detrusor work. In these cases a 

maximum voiding DP is not representative of detrusor function. Further evidence of 

detrusor inefficiency is the finding of a significant post-micturition residual in this 

series and this has been described in one other urodynamic study of IC (Holm- 

Bentzen et al., 1985).

The effect of treatment

All the above discussion refers to the entire IC group without reference to prior 

interventional therapy in the form of intravesical DMSO therapy or extra-vesical 

denervation. Only severe IC cases with a long history underwent extra-vesical 

denervation while moderately affected patients were treated with DMSO. Therefore 

the untreated cases are in general more mildly affected although four of the untreated 

group (M.Bu., E.G., M.H. and H.M.) have subsequently proceeded to a course of 

DMSO therapy with good result since their original urodynamics and have refused 

further urodynamic evaluation. Caution is therefore exercised in the interpretation 

of direct comparisons between urodynamic findings in the treatment subgroups. 

Ideally study before and after treatment in a group of individuals would permit a 

more conclusive comparison. Unfortunately, since IC is a rare condition more 

exhaustive studies are precluded by the scarcity of previously untreated severe cases.

From the above results, prior treatment with DMSO or extra-vesical denervation 

does not appear to reduce significantly the volume at the first desire to void or the 

bladder capacity, although it appeared to improve bladder pain on catheterisation. 

However, all the cases undergoing these treatments had severe or moderate IC and
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all reported improvement in both bladder pain and urinary frequency after treatment. 

It is likely that the lack of difference between the treatment subgroups relates more 

to the severity of the condition than lack of therapeutic response. A previous study 

of the urodynamic effects of extra-vesical denervation in IC in 6 cases has shown a 

reduction in bladder sensitivity to catheterisation and an increase in bladder capacity 

attributable to extra-vesical denervation (Freiha and Stamey, 1980).

A significant rise in the (hypocompliant) filling DP in cases previously treated by 

extra-vesical denervation and an even greater significant rise in those treated with 

DMSO has been shown. Although it is possible that this could to some extent relate 

to increased bladder wall rigidity following the treatment it is more likely to represent 

an effect of more efficient pain relief hence allowing greater bladder filling as 

described by others (Hald and Holm-Bentzen, 1986). DMSO has been show to soften 

collagen rather than cause fibrosis (Kligman, 1965) and, in previous urodynamic 

studies performed before and after a course of DMSO, has not been shown to reduce 

bladder compliance (Perez-Merrero et al., 1988). Extra-vesical denervation may 

induce some scarring around the bladder which might lead to reduced bladder 

compliance. However, reduced compliance after this procedure might also relate to 

the effect of extra-vesical denervation and DMSO upon the innervation of the bladder 

as described in chapter 4. Both extra-vesical denervation and DMSO are shown to 

deplete the nerve fibre density within the sensory submucosal plexus, hence 

desensitising the bladder and allowing a greater filled volume. Extra-vesical 

denervation does not alter the detrusor nerve fibre density while DMSO depletes the 

detrusor nerve population. The denervation of the detrusor after DMSO might 

account for high pressure hypocompliance seen in patients treated with this chemical.
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In conclusion, the urodynamic features of IC reflect the symptoms and 

pathological features of the condition. Bladder hypersensitivity on catheterisation and 

reduction in the functional bladder capacity due to painful inflammation within the 

bladder are the major findings. In addition there is, in some cases, evidence of 

detrusor dysfunction, as shown by hypocompliance during filling and by a post

micturition residual. Detrusor dysfunction may result from the myopathy sometimes 

found in IC (see chapter 2) but could also be due to bladder wall fibrosis (with or 

without denervation) secondary to previous treatment such as cystodistension, extra- 

vesical denervation procedures or the intra-vesical instillation of DMSO.
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CHAPTER 4

THE ROLE OF THE NERVOUS SYSTEM IN THE 

TRANSMISSION OF PAIN IN INTERSTITIAL CYSTITIS 

AND THE EFFECT OF EXTRA-VESICAL DENERVATION
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4.1 - INTRODUCTION

Little is known about the origin and transmission pathway of sensation and pain 

arising from the bladder in the normal human. Even less is known of the situation 

in pathological processes such as the chronic sensory bladder disorders. In the 

normal individual bladder sensation is thought to arise from nerve endings (without 

specific receptors such as those found in the skin) that are found within the sub- 

urothelial connective tissue (submucosa or lamina propria). Like the motor nerve 

fibres within the detrusor muscle many of these nerves stain positively for acetyl

cholinesterase, are most abundant within the trigone and become less frequent from 

the base of the bladder toward the dome (Dixon et al., 1984; George and Dixon, 

1986; Dixon and Gilpin, 1987). Further evidence to support the role of these nerves 

in transmitting sensation from the bladder was the finding in cases of cholinergic 

dysautonomia and pandysautonomia that detrusor muscle function was impaired while 

bladder sensation remained unchanged; and acetyl-cholinesterase staining of bladder 

biopsies revealed depletion of nerves within the detrusor muscle but no change in the 

submucosal plexus nerves (Kirby et al., 1985). Most of the nerve fibres within the 

submucosa are apparently cholinesterase positive although a few have been shown to 

contain the putative neurotransmitters vasoactive intestinal peptide (VIP) and 

substance-P (S-P), which have been suggested as possible sensory neurotransmitters 

(Gu et al., 1982; Aim et al., 1977; Aim et al., 1979; Bumstock, 1986). 

Noradrenergic nerve fibres are mostly concentrated around the trigone and bladder 

neck while few are present within the rest of the bladder and they have not been 

directly implicated as important in the transmission of sensation (Gosling, 1986).

From the submucosal nerve plexuses sensory stimuli are thought to pass through
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nerve bundles within the detrusor muscle to the pelvic nerves and then via the third 

and fourth sacral (also sacral root 2 in 12% and sacral root 5 in 12%) dorsal root 

ganglia to the spino-thalamic tract on the surface of the cord opposite the dorsal 

lateral process of the anterior horn (Learmonth, 1931(b); Schlyvitch and Kosintzev, 

1939; Nathan and Smith, 1951). Sensory stimuli are thought to pass up the spinal 

cord to the brain stem at the inter-collicular level within the pontine micturition centre 

and from there reach consciousness by unknown pathways (George and Dixon, 1986).

The hypogastric nerve has also been shown to play a role in the transmission of 

bladder pain, albeit more minor, since its division leads to little or no alteration in 

bladder function and sensation and does not seem to relieve bladder pain completely 

(George and Dixon, 1986).

The site and abundance of nerves within the bladder wall was originally assessed 

using routine non-specific stains and more recently immunocytochemical techniques 

to demonstrate cholinergic, adrenergic, noradrenergic and peptidergic fibres. A 

recent advance in nerve staining has been the isolation of protein gene product 9.5 

(PGP 9.5) which is thought to be present within all neuronal and neuroendocrine cells 

(Doran et al., 1983). Polyclonal and monoclonal antibodies to PGP 9.5 have been 

developed and when used with histochemical stains have been shown to clearly define 

all nerve cells and fibres in human tissues (Bradbury and Thompson, 1985; Wilson 

et al., 1988). This stain has previously been used to examine neuroendocrine cells 

and nerve fibres within the bladder in cases of chronic bacterial cystitis (Hamid et al., 

1988).

A number of surgical procedures have been devised to interrupt the transmission 

of pain from the bladder in interstitial cystitis. These are summarised in table 1.3.

70



Early treatments such as sacral neurectomy (Pieri, 1930) and cordotomy (Grant, 

1931), as described above, divided the nervous communications some distance from 

the bladder. Such surgical procedures have been superseded by local operations on 

the bladder itself such as cysto-cystoplasty (Tumer-Warwick and Handley Ashken, 

1967) and extra-vesical denervation (Worth and Tumer-Warwick, 1973).

4.2 - HISTORICAL BACKGROUND

4.2.1 - Pain in Interstitial Cystitis

Bladder pain is the most striking feature of IC, in spite of this, surprisingly little 

research has been directed towards the role of the nervous system in the perception 

and transmission of painful stimuli in IC. The only report of any abnormality in the 

nerve fibre population within the wall of the bladder in IC was an anecdotal 

suggestion that there may be an increase in the number of nerve fibres within the 

bladder wall in IC (Hand, 1949). In no other published work has any attention been 

paid to any possible alterations in the nerve fibres within the bladder wall in IC.

Many different treatments for IC have been designed to relieve the disturbing 

symptom of bladder pain. Intra-vesical instillation of DMSO has been shown to 

relieve bladder pain in IC (Stewart and Shirley, 1976; Shirley et al., 1978; Ek et al., 

1978; Fowler,1981; Biggers, 1986; Barker et al., 1987; Sant, 1987; Perez-Marrero 

et al., 1988) but the mode of action is not yet fully understood, although since there 

is no apparent change in histological features of IC after DMSO treatment, it has been 

suggested that DMSO exerts its action on the sensory nervous system (Barker et al.,

1987).
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4.2.2 - Protein Gene Product 9.5

A number of soluble proteins have been isolated from the brain using high- 

resolution two-dimensional electrophoresis techniques. One of these, referred to as 

protein gene product (PGP) 9.5, forms a major spot on electrophoretograms of 

homogenised brain (Jackson and Thompson, 1981). PGP 9.5 has been isolated and 

purified and shown to have a molecular weight of approximately 27,000. It is present 

at a concentration of 200-500 /xg/g of wet human brain tissue and therefore represents 

1-2% of the total soluble brain proteins. PGP 9.5 is localised exclusively within 

neuronal cytoplasm and cells of the neuroendocrine (Amine Precursor Uptake and 

Decarboxylation - APUD) system where it is a major protein component (Doran et 

al., 1983; Thompson et al., 1983). The concentration of PGP 9.5 within tissues can 

be determined by immunoassay techniques and has been shown to be low in all tissues 

apart from the brain, testis and kidney (Bradbury and Thompson, 1985). A 

comparative study of brain and other neuronal tissue in a variety of animals has 

shown PGP 9.5 to be present in all mammals tested, chicken, trout and frog, 

suggesting that it evolved approximately 400 million years ago and has been highly 

conserved throughout evolution (Jackson et al., 1985).

Anti-sera to PGP 9.5 have been produced by injection of purified PGP 9.5 

emulsified in Freund’s complete adjuvant into rabbits or mice and subsequent 

collection of serum (Doran et al., 1983). Such specific anti-sera to PGP 9.5 have 

been used in conjunction with immunocytochemical stains to demonstrate the 

innervation of various organs. This technique positively stains post-ganglionic 

cholinergic, calcitonin gene-related peptide (CGRP), noradrenergic, tyrosine 

hydroxylase (TH), neuropeptide tyrosine (NPY) and substance P immunoreactive
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neurones in the guinea-pig (Gulbenkian et al., 1987). In human tissues the immuno- 

localisation of PGP 9.5 demonstrates neurons and nerve fibres as well as 

neuroendocrine cells, spermatogonia and Leydig cells in the testis, ova and parts of 

renal tubules. In routinely processed tissues immuno-histochemical staining with 

polyclonal rabbit antibodies to PGP 9.5 and standard peroxidase antiperoxidase (PAP) 

techniques demonstrate peripheral nerve fibres with striking clarity (Wilson et al.,

1988).

4.3 - PATIENTS AND METHODS

Patients

A series of 18 female patients of mean age 57.7 years, diagnosed as IC according 

to the criteria described in chapter 2, were included in this part of the study. The 

mean duration of IC in this group was 9.3 years with a range of between three and 

20 years. In addition two cases of SLE with chronic cystitis were investigated. A 

control group of 10 cases consisting of chronic bacterial cystitis (n=3), bladder 

neuropathy (n=2), normals (n=5) was also studied. The IC group could be further 

divided into subgroups according to previous treatment; no treatment (n= 8), previous 

extra-vesical denervation performed by Mr Tumer-Warwick at least six months before 

(n= 8) and a prior course of intravesical DMSO (three instillations for 15 minutes of 

50 ml RIMSO-50 [Britannia Pharmaceuticals Ltd] at fortnightly intervals) (n=3) 

(Worth and Tumer-Warwick, 1973). In one case (MR) the patient was investigated 

before and after extra-vesical denervation and the results from this case are therefore 

included in the untreated and post-extra-vesical denervation groups. One of the SLE 

group had also undergone extra-vesical denervation as treatment for bladder pain.
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None of the control group had undergone surgery within the pelvis. Of the two 

patients with neuropathic bladder problems one had Shy-Drager syndrome and the 

other had an atonic detrusor. The normal controls were undergoing cystoscopy as an 

investigation for haematuria in the absence of demonstrable urinary tract infection, 

and in each case the bladder was macroscopically normal and biopsies were 

histologically normal.

Methods

Each of the 30 patients underwent cystoscopic examination under general 

anaesthesia and cold cup bladder biopsies for this part of the study were taken from 

the lateral walls of the bladder. These were immediately routinely fixed in buffered 

formaldehyde and 48 hours later dehydrated through alcohol dilutions and imbedded 

in paraffin prior to cutting 4 pm sections. All the sections were later stained in one 

batch for two hours using the avidin biotin method with polyclonal rabbit anti-PGP 

9.5 (from Ultraclone, Cambridge, UK) (Bains and Miller, 1988; Doran et al., 1983; 

Wilson et al., 1984). Two sections of pancreas were also stained in the same batch 

as positive controls since islet cells stain strongly for PGP 9.5. The sections were 

examined under an Olympus microscope at x 120 magnification. Nerve fibres stain 

dark brown with this technique and could be visualised clearly throughout the 

biopsies. The pancreatic islets in the control sections all stained strongly and clearly. 

There appeared to be an increase in the number of nerve fibres within the untreated 

IC cases (see figure 4.1) when compared to IC cases previously treated by 

denervation procedure (see figure 4.2) and the control groups. In order to quantify 

this apparent difference the biopsies were analyzed using a computerised microscopic 

video image analysis (CVIA) equipment (obtained from Flinders University,
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Adelaide, Australia and Zenith Computers). This apparatus is able to measure the 

number of positively-stained structures within the scanned field, their area in pixels 

(a measure of area on the imaging screen) and their integrated optical density (IOD) 

(Jarvis, 1986). By using appropriate light filters and threshold settings the CVIA 

apparatus is able to delineate selectively structures of a particular colour. Artifacts 

can be erased from the scan prior to evaluating each field.
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Figure 4.1 Avidin-biotin stain using rabbit polyclonal anti-PGP 9.5 antibody of
bladder biopsy from a case o f untreated IC (E.G.).
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Figure 4.2 Avidin-biotin stain using rabbit polyclonal anti-PGP 9.5 antibody from
an IC case previously treated by extra-vesical denervation (J.D.).
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Figure 4 .3  Computerised video image analysis system.
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Figure 4.4 Schematic diagram of computerised video image analysis system.
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Ten fields of the urothelium/submucosa and detrusor muscle areas were analyzed 

separately in each biopsy. The dimensions of the field were calculated using a 

calibrated graticule (Leitz) and were 0.37 x 0.45 mm and the area was hence 0.167 

mm2 and the volume 6.66 x 10^ mm3. In most cases there was sufficient tissue 

present to analyze ten fields of both submucosa and muscle and therefore each section 

was scanned in its entirety (never more than 15 fields) and the total counts 

arithmetically adjusted to be equivalent to ten fields. However, in eight cases shallow 

biopsies contained insufficient muscle and the nerve numbers could not therefore be 

calculated. Also, in some biopsies there was relatively little muscle (5-10 fields) and 

in these cases the counts were arithmetically corrected to be equivalent to ten fields. 

All artifacts within the scanned fields were erased prior to counting as were ganglia 

and nerves obviously within the walls of arterioles.

Although the mean values are shown in appendices 4.2-4, the results were not 

found to be of Gaussian distribution are were therefore analyzed using the Mann- 

Whitney U-test.

4.4 - RESULTS

The counts of PGP 9.5 immunoreactive nerve fibres over 10 fields of 

urothelium/submucosa and detrusor muscle are shown in appendix 4.1. The mean 

size in pixels of the nerve fibres counted is also shown for submucosa and muscle 

areas. The nerve fibres stained uniformly throughout each section and there was no 

difference between the IOD values in the subgroups and control groups under 

investigation. In view of the different roles of nerves within the submucosa and 

detrusor muscle these areas are analyzed separately below.



Submucosa

The mean submucosal nerve counts for the various IC subgroups and control 

groups are shown in appendix 4.2. A comparison between the submucosal nerve 

counts in the entire IC group and normal controls showed a higher median count in 

the IC patients but this difference was not statistically significant (95.3% Cl, -14, 91, 

p =0.102). However, after separation of the IC cases into groups according to prior 

treatment significant differences between the groups were revealed (appendix 3.2). 

The untreated IC group had significantly higher nerve counts than normal controls 

(95.2% Cl, 49, 137, p=0.0043), IC cases treated by extra-vesical denervation 

(95.9% Cl, 32, 129, p=0.0039) and IC cases treated with DMSO (96.8% Cl, 30, 

162, p =0.019). The latter group has only three cases and is therefore interpreted 

with caution. The nerve counts in the IC extra-vesical denervation group were not 

significantly different from normals (95.2% Cl, -42, 67, p=0.51), IC cases treated 

with DMSO (96.8% Cl, -55, 101, p=0.48) or chronic cystitis of bacterial/SLE 

aetiology (95.2% Cl, -110, 70, p=0.826). The nerve counts in the patients with 

chronic cystitis of aetiology other than IC (bacterial or SLE) were a little larger than 

those of the normal group, but this difference was not significant (96.3% Cl, -62, 

134, p = 0.676). The single patient that was evaluated before and after extra-vesical 

denervation (MR) had a decrease in the submucosal nerve count from 163 to 77 fibres 

per ten fields.

The mean sizes in pixels of the nerve fibres within the submucosa in the various 

study and control groups is shown in appendix 4.3. The nerve fibre size was slightly 

higher in the entire IC group than normal controls, but this difference was not 

statistically significant (95.3% Cl, -11.3, 16.5, p=0.78). There was also no
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significant difference between the untreated IC and normal control groups (96.0% Cl, 

-8.6, 16.7, p=0.93). In fact there were no statistically significant differences in the 

submucosal nerve sizes between any of the IC, chronic bacterial/SLE cystitis and 

normal control groups. Therefore, any nerve proliferation or depletion, whether due 

to the presence of IC or treatment by extra-vesical denervation or DMSO, did not 

significantly affect the size of submucosal nerve fibres. The submucosal nerve size 

in the single patient (MR) assessed before and after extra-vesical denervation 

decreased from 30.6 to 20.4 pixels.

The mean integrated optical density (IOD) of the submucosal nerve fibres in all 

the groups is shown in appendix 4.4. Although the IODs of the entire IC group was 

higher than that of the normal controls this difference did not reach statistical 

significance (95.2% Cl, -1.36, 3.90, p =0.682). The IODs of the untreated IC 

group’s nerve fibres was even higher but was also not significantly greater than that 

of the normal control group (95.2% Cl, -0.82, 3.80, p=0.213). There were no 

statistically significant differences in the IOD of the submucosal nerves between any 

of the study or control groups. The submucosal nerve IOD in patient MR was 5.71 

before and 3.86 after extra-vesical denervation.

The CVIA of PGP 9.5 immunoreactive nerve fibres within the submucosa has 

shown a tendency towards an increase in their number, size and optical density (and 

hence perhaps neuronal cytoplasmic PGP 9.5 density) in untreated IC as compared 

to normals and other forms of chronic cystitis. However, only the increase in 

numbers of submucosal nerve fibres in IC, as compared to normal controls, reaches 

statistical significance and the magnitude of this increase in the count is a factor of

2.5. Extra-vesical denervation brought about a decrease in the number (52.8%), size
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(33.3%) and optical density (32.4%) of submucosal nerve fibres in patient MR 

assessed before and eighteen months after extra-vesical denervation. Similar changes 

were seen in the IC groups before and after extra-vesical denervation but only the 

decrease in numbers of nerve fibres reached statistical significance and this may be 

because of the low numbers studied and inter-patient variation. IC patients treated 

with intravesical DMSO had significantly fewer nerve fibres in the submucosa than 

their untreated counterparts and the nerves were also smaller and less optically dense, 

although the latter two differences were not statistically significant perhaps due to the 

presence of only three cases in this group. Although the submucosal nerve fibre 

count was elevated in the chronic bacterial/SLE cystitis group this change and the size 

and IOD of the nerve fibres in this group were not significantly different from 

normals.

Detrusor Muscle

The mean detrusor muscle nerve fibre counts of the various IC subgroups and 

control groups are shown in appendix 4.2. The counts in the entire IC group, 

irrespective of prior treatment, were significantly higher than those of the normal 

controls (96% Cl, 10, 165, p=0.019) and the chronic bacterial/SLE cystitis group 

(95.6% Cl, 1, 160, p=0.044). Muscle counts were also significantly higher in the 

untreated IC group than in normal controls (95.3% Cl, 12, 175, p=0.03). Extra- 

vesical denervation appeared to have no effect upon the detrusor muscle nerve counts 

when compared to the untreated IC group (96.2% Cl, -106, 86, p=1.0). Unlike the 

findings in the submucosa there was a significantly higher nerve count in the IC post- 

extra-vesical denervation group than in the normal controls (95.7% Cl, 2, 187, 

p =0.043). The median intramuscular nerve fibre count in the group of IC cases
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treated with DMSO was almost half that of the untreated IC group, however the 

difference did not reach statistical significance (96% Cl, -26, 153, p=0.11). The 

chronic bacterial/SLE cystitis group had similar counts to those of the normal 

controls. There were no other significant differences between the IC and control 

groups.

The intra-muscular nerve fibre size in each of the study groups is shown in 

appendix 4.3. The highest nerve size was in the untreated IC group. However, the 

intramuscular nerve fibre sizes in the entire IC group (96.0% Cl, -17.7, 11.5, 

p=0.45) and also the untreated IC group were not significantly different from normal 

controls (95.3% Cl, -13.9, 38.1, p=0.924). Nerve counts in the untreated IC group 

were not significantly greater in post-extra-vesical denervation cases (96.5 % Cl, -3.2,

45.5, p=0.14) and those treated with DMSO (96.0% Cl, -0.4, 57.3, p=0.07). In 

spite of the small numbers the latter group’s difference approached a statistically 

lower size than the untreated IC group. There were no other significant differences 

between the size of the intramuscular nerves in the IC and control groups.

The mean IODs of the intra-muscular nerve fibres in the various subgroups are 

shown in appendix 4.4. The most optically dense nerves appear to be those in the 

untreated IC group; however, the difference between this group and normal controls 

was not significant (95.3% Cl, -3.0, 10.7, p=0.64). The entire IC group was also 

of not significantly greater IOD than normal controls (96.0% Cl, -3.7, 2.1, p=0.65). 

Comparison of IODs in the untreated IC group with the post-cytolysis IC group again 

revealed no statistically significant difference (96.5% Cl, -0.9, 13.6, p =0.123). 

However, the group treated with DMSO had a significantly lower muscle nerve fibre 

IOD than the untreated group (96.0% Cl, 0.1, 15.5, p=0.04). There was no
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significant difference between the IOD of detrusor muscle nerve fibres in 

chronic bacterial/SLE cystitis and normal controls. There were no other significant 

differences between the other IC and control groups. Patient MR, who was studied 

before and after extra-vesical denervation, had insufficient detrusor muscle in her 

post-extra-vesical denervation biopsy so that comparative pre- and post-operative 

muscle nerve studies were not possible.

Within the detrusor muscle there was a trend for PGP 9.5 immunoreactive nerve 

fibres to be more numerous (by a factor of 2.8 change in the median) and of greater 

size and integrated optical density in untreated IC than in normal controls. However, 

the latter two apparent differences are not statistically significant. Extra-vesical 

denervation does not alter the number or characteristics of nerve fibres within the 

detrusor muscle whilst DMSO therapy appeared to deplete the number (by a mean 

factor of 2), size and IOD of intramuscular nerve fibres. The intra-muscular nerve 

fibres in chronic bacterial/SLE cystitis were not significantly different from the 

normal controls with regard to their numbers, size or IOD.
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Figure 4.5 PGP 9.5 Immunoreactive Nerve Fibre Counts
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4.5 - DISCUSSION

Early studies into the innervation of the bladder used standard histological stains 

which are imprecise in the definition and assessment of nerve fibres. More recently 

the sensory submucosal innervation of the bladder has been studied using an acetyl

cholinesterase staining technique (Gosling and Dixon, 1974; Kirby et al., 1985). 

However, it was later appreciated that some of the supposed sensory nerves within 

the submucosa were non-cholinergic and contained putative peptide transmitter 

substances such as VIP and substance-P (Aim et al., 1977; Aim et al., 1979; Gu et 

al., 1982). It became apparent that stains designed to demonstrate cholinergic fibres 

alone would not adequately estimate the sensory nerve population within the bladder 

wall. The ideal solution to this problem would be the isolation of an immunoreactive 

chemical present within all nervous tissue and immuno-histochemical stains for this 

would demonstrate all nerve fibres within the submucosal nerve plexus. Protein gene 

product 9.5, originally isolated from brain tissue by two-dimensional electrophoresis, 

has been shown to fulfil the above criteria in that its presence has been demonstrated 

within all neuronal and neuroendocrine tissue using polyclonal and monoclonal 

antibody techniques such as used in this work (Rode et al., 1985; Gulbenkian et al., 

1987; Thompson and Day, 1988). Immuno-histochemical techniques using anti-sera 

to PGP 9.5 are therefore invaluable in the assessment of the total innervation of 

organs.

This study has shown a significant increase in the number of PGP 9.5 

immunoreactive nerve fibres within the submucosal and detrusor muscle layers of the 

bladder in interstitial cystitis as compared to normal controls. The magnitude of the 

increase in the mean count in untreated IC was 145% within the submucosa and
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178% within muscle. The aetiology of this nerve proliferation has yet to be 

determined, however the increase in the number of nerve fibres within the 

submucosa/lamina propria, where sensory nerve endings are thought to predominate, 

might be related to the chronic suprapubic pain which is a feature of IC. Although 

it is unlikely that nerve proliferation is the primary pathogenetic process in IC, the 

above results have shown changes in nerve numbers apparently specific to IC, 

suggesting the presence of some factor promoting nerve growth and/or division. 

Since PGP 9.5 is apparently present within all nerve fibres we are unable to define 

the precise nature of, and transmitter substance within the proliferating submucosal 

nerve fibres from this work alone. However, it is possible that these are nerves 

containing neuropeptides as putative transmitter substances, in particular substance-P 

positive fibres, since these have been associated with transmission of pain in other 

organs and have been shown to stain positively for PGP 9.5 (Gulbenkian et al., 

1987).

In forms of chronic persistent cystitis other than IC (chronic bacterial and SLE- 

associated cystitis) the mean PGP 9.5 immunoreactive submucosal nerve count was 

58.2% greater than normal controls, a considerably smaller increase than that seen 

in IC. This difference in nerve counts in chronic cystitis of aetiology other than IC 

and normal controls was not statistically significant. In view of these findings it is 

therefore unlikely that the observed proliferation of nerve fibres within the bladder 

submucosa in IC results from chronic inflammation alone and it would appear to be 

a feature specific to IC. However, the increase in submucosal PGP 9.5 

immunoreactive nerves in some cases might explain the suprapubic pain (milder than 

that found in IC) which is sometimes a feature of chronic bacterial cystitis. A
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previous study using PGP 9.5 stains on bladder biopsies from patients with chronic 

bacterial cystitis mainly investigated endocrine cells but 18 of 40 cases were shown 

to have prominent nerve bundles within the sub-urothelial layer (Hamid et al., 1988). 

This conforms with our findings in chronic bacterial cystitis and suggests that a mild 

degree of submucosal nerve proliferation may be a feature of this condition.

An increase in the number of PGP 9.5 immunoreactive nerve fibres within the 

detrusor muscle has also been shown in IC when compared to normal controls. The 

significance of this finding is not entirely clear but may well be related to similar 

changes and pathogenetic mechanisms that apply in the submucosa in IC. It is 

unlikely that this increase in intramuscular nerve count is due to the presence of 

sensory nerves passing from the submucosa through the muscle to pelvic nerves since 

extra-vesical denervation has been shown to deplete the submucosal count without 

altering the detrusor nerve fibre density. The increase in nerve density within the 

detrusor in IC could also relate to a separate aspect of the disease process such as 

detrusor myopathy which has been observed to some extent in many of the cases in 

this and other series of IC (Holm-Bentzen et al., 1985).

Proliferation of the myenteric plexus has also been described in ulcerative colitis, 

a condition in many ways similar to IC, and the aetiology of this also remains unclear 

(Storsteen et al., 1983).

Mast cells (MC) have been shown to be present in large numbers within the 

submucosa and detrusor muscle in IC (see Chapter 7) and release of histamine and 

other potent agents from their cytoplasmic granules has been suggested as a possible 

aetiology of pain in IC (Kastrup et al., 1983). However, MC have also been shown 

on electron microscopy to be intimately anatomically related to autonomic nerve
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fibres (Heine and Forster, 1975). MC have also been shown to influence the 

development and proliferation of autonomic nerves (Nyiri et al., 1977; Weisner- 

Menzel et al., 1981). In Crohn’s disease, a condition in many ways similar to IC, 

MC have been shown to be present in large numbers throughout the bowel wall, 

actively degranulating and in intimate contact with autonomic nerve fibres (Dvorak 

et al., 1978). In joint synovium MC have been shown to be intimately anatomically 

related to substance-P immunoreactive nerve fibres which are important in the 

transmission of sensation and pain suggesting a role for MC in the modulation of 

sensory nerve function (Hukkanen et al., 1989). MC release a number of chemotactic 

factors and potent mediators from their cytoplasmic granules and it is conceivable that 

they could also release an agent that leads to the proliferation and possibly stimulation 

of autonomic nerve fibres. MC may therefore play a role in the proliferation and 

activity of nerve fibres in IC and it is also possible that nerves may play a part in the 

control of MC function and activity. Further evidence in support of this concept is 

the similar distribution of the proliferation of both MC and PGP 9.5 immunoreactive 

nerve fibres within both the submucosa and detrusor muscle in IC. MC are 

particularly abundant in the detrusor muscle in IC and this finding may account for 

the otherwise poorly explicable increase in the detrusor nerve count.

Extra-vesical denervation (extra-vesical bladder denervation) has been shown to 

reduce bladder pain significantly without affecting detrusor function (Worth and 

Tumer-Warwick, 1973). In this study a selective depletion of the submucosal nerve 

fibre population with preservation of detrusor muscle innervation has been 

demonstrated after this procedure. These findings correlate well with the clinical 

picture and lend further support to the concept that nerve fibres within the sub-
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urothelial layer of the bladder are important in the transmission of painful stimuli 

from the bladder. We presume that the sensory/pain fibres within the sub mucosa 

degenerate after extra-vesical denervation by Wallerian degeneration since they are 

divided distal to their ganglia within the dorsal root whilst nerve fibres within the 

detrusor muscle remain intact since their ganglia reside within the wall of the bladder.

The three IC patients treated with intravesical DMSO had low nerve fibre counts 

within both the submucosa and detrusor areas although only the submucosal count was 

significantly different from the counts in untreated IC. DMSO reduced the mean 

nerve fibre count within the submucosa by a factor of 65.1% and within the detrusor 

by 50.1 % when compared with the untreated group. All three of these patients had 

experienced considerable symptomatic pain relief from DMSO therapy and it is likely 

that this relates to the depletion of the submucosal nerve fibres that transmit pain from 

the bladder or possibly just the PGP 9.5 within them. DMSO is also known to cause 

dissolution of the protein filaments in amyloid when administered orally (Ravid et al., 

1982).

DMSO did not apparently alter detrusor function in these patients. DMSO has 

many biological actions and its mechanism of action in the relief of pain in IC is not 

known, although these findings suggest that depletion of the PGP 9.5 immunoreactive 

submucosal putative-sensory nerve plexus might account for this effect. DMSO is 

absorbed across biological membranes and this would explain the depletion of nerves 

within the detrusor muscle and the finding of a more marked effect within the 

submucosa than the deeper muscle layer. A concentration gradient throughout the 

tissue layers of the bladder wall would account for these findings. Many patients 

with IC have a painful reaction to the first instillation of DMSO and it has been
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suggested that this is due to the liberation of histamine from mast cell granules which 

is a recognised action of DMSO (Kligman, 1965; Sant, 1987; Barker et al., 1987). 

However, DMSO is also a chemical irritant which might also account for the pain 

experienced on the first intravesical instillation. Initial chemical stimulation and a 

more gradual destruction of nerve endings progressively with each treatment would 

explain both the initial painful reaction and the more gradual improvement in pain 

throughout a prolonged course of intravesical DMSO therapy.
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CHAPTER 5

THE INVESTIGATION OF INFECTIOUS AGENTS 

AS PUTATIVE AETIOLOGICAL FACTORS 

IN INTERSTITIAL CYSTITIS
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5.1 INTRODUCTION AND HISTORICAL BACKGROUND

The majority of women will suffer from a urinary tract infection (UTI) at some 

stage in their life. UTIs are particularly common in females due to the shortness of 

the urethra since most cases result from retrograde colonisation by bacteria, especially 

faecal organisms and skin commensals. Other organisms such as Candida sp., 

Trichomonas vaginalis and Chlamydia sp. may also cause cystitis by retrograde 

spread. Rarely UTI can result from blood-borne spread of bacteria (including 

Mycobacteria), Chlamydia sp., Mycoplasma sp., viruses or parasites such as 

Schistosoma haematobium. The causative organisms in bacterial cystitis (BC) are most 

commonly, and in order of frequency;- Escherichia coli, Proteus mirabilis, 

Streptococcus faecalis, Klebsiella sp and Pseudomonas sp. Factors predisposing to 

BC in females are sexual intercourse, pregnancy, stagnation of urine such as occurs 

in diverticula or incomplete bladder evacuation, calculous disease, entero-vesical 

fistulae, diabetes and other disorders such as radiation cystitis or IC in which the 

urothelium is inflamed for other reasons. Factors that prevent UTI are the inherent 

anti-bacterial properties of urine, the mechanical washout effect of micturition, the 

presence of antibodies (particularly IgA and IgG) in the urine and the presence of a 

urothelial protective layer (Shrom et al., 1977). The bladder urothelium is covered 

by a superficial layer of glycosaminoglycans (GAG) that assists with rendering the 

bladder "water-proof and prevents adhesion of bacteria. When disrupted this layer 

is able to reconstitute itself within 48 hours but until this occurs there is an increased 

risk of bacterial infection (Parsons, 1986). Deficiency of the GAG has been 

suggested as a possible aetiology for IC (Parsons and Mulholland, 1987) although it 

has been shown to be intact in IC on EM and it is therefore an unlikely primary event
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in IC (Dixon et al., 1986). BC may be self-limiting since the secondary inflammatory 

response leads to bacterial opsonisation and phagocytosis and in addition 

desquamation of superficial infected cells assists with evacuation of the bacteria. 

However, the administration of systemic antibiotics to which the bacteria are sensitive 

expedites the resolution of BC.

Viral cystitis is rare but is under-recognised since it not routine practice to look 

for viral particles within the urine. Several types of virus have been shown to cause 

cystitis. The commonest and best known example is Herpes simplex, which may 

involve the trigone in conjunction with genito-perineal infection. Herpes zoster can 

also rarely involve the bladder. Acute haemorrhagic cystitis may occur with 

adenoviruses types 11 or 21 and this is most common in children (Numazaki et al., 

1973; Mufson and Belshe, 1976; Mininberg et al., 1982). The polyomavirus group, 

particularly the BK virus, have also been shown to cause severe cystitis (Hashida et 

al., 1976; Padgett et al., 1983) and this is much more likely to occur in 

immunosuppressed transplant patients where it can cause haemorrhagic cystitis 

(Arthur et al., 1986) or ureteric stenosis (Coleman et al., 1978). It has also been 

suggested that the human papilloma virus (HPV) can chronically infect the urethra 

and trigone causing irritative symptoms (Philp et al., 1985). Various systemic viral 

illnesses such as measles, rubella and mumps, adenovirus type 1 infection may 

produce transient viruria but this is almost always asymptomatic.

Tuberculous (TB) cystitis may develop as part of urinary tract infection with 

Mycobacterium tuberculosis or bovis. This originates from the lungs or gut and 

spreads via the blood stream to the kidneys and then to the bladder. TB cystitis is 

often relatively painless but may progress to fibrotic contracture of the bladder which
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can lead to confusion with IC. Examination of a mid-stream urine sample in TB UTI 

usually reveals sterile pyuria. Ziehl-Nielsen staining of the urine sediments may 

reveal Mycobacteria sp., which are acid and alcohol-fast and stain red. Caution 

should be exercised in diagnosing TB since commensals such as Mycobacterium 

hominis and Mycobacterium smegmatis may appear in the urine. TB cystitis is best 

diagnosed by culture of early morning urine samples (EMU) on Lowenstein-Jensen 

medium for six weeks.

Interstitial Cystitis and Infection

In early reports it was hypothesised that IC and Hunner’s ulceration resulted from 

spread of bacteria from dental abscesses or cervical infection (Meisser and Bumpus, 

1921; Bumpus, 1930) and in particular streptococcus sp. (Kretschmer, 1922; 

Bidgood, 1928). However, the inability to culture micro-organisms from urine or 

bladder biopsies in IC and the failure of antibiotic therapy caused the infection theory 

to fall gradually out of favour. Furthermore, a series of 30 cases of IC underwent 

thorough investigation for the presence of bacteria, fungi and viruses in urine and 

bladder biopsies with negative results in each case (Hanash and Pool, 1970).

Mycoplasma hominis was cultured from the urine of two IC patients and 

circulating antibodies to this organism were found in 9 out of 16 IC cases but 

antibodies were also found at similarly titre in age-matched controls undergoing 

cystoscopy for other reasons. Ureaplasma urealyticum was found in the urine of 

three IC cases and antibodies to it were also found in three (Hedelin et al., 1983). 

However, the persistent presence of chronic infection in these cases by definition 

excludes the diagnosis of IC according to established criteria (Messing, 1987).

A virological study of 41 IC cases and 18 controls looked for herpes simplex types
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1 and 2, cytomegalovirus and varicella zoster viruses within the urine and measured 

anti-viral antibody titres in serum. All culture tests were negative and antibody titres 

in IC were no different from those in normal controls (Fall et al., 1985). Antibodies 

to Epstein-Barr virus (EBV) were reported to be present in 118 out of 150 cases of 

IC and DNA probes to EBV were positive on urothelium in IC (Gillespie and Jones, 

1986). It has recently been suggested that fastidious bacterial UTI might lead to IC 

and the urethral syndrome. The organisms suggested are Gardnerella vaginalis and 

Lactobacillus sp. although they were apparently found in biopsies or urine in 70% of 

cases of IC (Wilkins et al., 1989) and have also been isolated from the urine of 

asymptomatic cases (Payne et al., 1988). However, there is no elevation of serum 

or urinary antibodies to gram-negative bacteria, staphylococci, streptococci, 

chlamydia or ureaplasma in IC cases as compared to normal controls, again 

suggesting that infective organisms are not an aetiological factor for IC (Lynes et al., 

1989). Furthermore, stains with Dieterle silver has failed to show bacteria within the 

bladder biopsies of sixteen cases of IC (Siegel et al., 1989).

To date there is no convincing evidence that the aetiological trigger for IC is an 

infective agent. If bacteria were the cause then one would expect to be able to isolate 

the organism from all cases and no normal controls, unless for some reason IC cases 

had an underlying predisposition to the organism or the organism was present in small 

numbers. It is conceivable that the initiating factor for IC might be an infectious 

agent that we are unable to culture. Possible candidates include atypical 

mycobacteria, some of which take more than a year to culture, and viruses. Viral 

cystitis is a short-lived condition and after only about 5 days viral particles may no 

longer be found within the urine, although they could still be incorporated into cells
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in the bladder wall (J. Pattison personal communication). Therefore, the absence of 

viral particles within the urine does not exclude a viral aetiology. Recently DNA 

probes have been developed to investigate the possible presence of mycobacterial 

DNA and the incorporation of viral DNA into the genome of infected cells. 

Retrovirus-like sequences of DNA extracted from thyroid glands of patients with 

Graves’ disease but not of controls introduces the concept that incorporation of viral 

DNA into the genome might encode for predisposition to autoimmune disease 

(Ciampolillo et al., 1989). In this chapter the possible role of bacteria, viruses and 

fungi in the aetiology of IC are investigated.

5.2 PATIENTS AND METHODS

All 51 IC cases in this study underwent microscopic examination and culture of 

mid-stream urine samples on at least three occasions as part of the diagnostic 

procedure (see chapter 2.2). In all cases these were culture negative at least three 

times during symptomatic periods. However, during the course of the study six cases 

(M.B., G.Bo., E.G., H.M., I.P. and M.R.) developed secondary urinary tract 

infections with Escherichia coli or Klebsiella sp. When infection was found treatment 

of the infection with an appropriate antibiotic to which the organism was sensitive 

relieved symptoms to some extent suggesting that the infection was responsible for 

some symptoms over and above those of the underlying IC. When superadded 

infection was detected all results of the tests presented in this thesis applied only to 

studies performed at a time at least three months remote from the infective episode. 

Urine microscopy was performed after centrifugation of urine for 10 minutes at 2,000 

revolutions per minute. The number and types of cells was noted. Cytological
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examination of alcohol-fixed urine samples was also performed. All 51 cases also 

underwent at least three EMU examinations for Mycobacterium tuberculosis and all 

were negative for TB on both staining and culture, as part of the diagnostic procedure 

for IC (see chapter 2.2 and 5.2.2.). There was also no evidence of infection with 

Candida sp. or other fungi in any of the cases.

5.2.1 Fastidious Organisms

In order to test the theory that IC results from chronic infection with fastidious 

organisms special culture tests were performed by a technique almost identical to that 

previously described (Wilkins et al., 1989). Samples were taken with the patient 

under general anaesthetic. The perineum was washed copiously with sterile normal 

saline prior to taking four samples for culture:-

1) A culture swab was taken from the urethra and immediately placed in Stuart’s 

transport medium.

2) A sample of 10 ml of urine was taken via a sterile cystoscope and immediately 

transferred to an anaerobic culture bottle.

3) A deep lateral wall bladder biopsy was taken with "cold-cup" biopsy forceps and 

transferred to a bottle containing 1 ml of sterile normal saline and then ground up 

with a sterile pestle and mortar to form a cell suspension.

4) A further deep biopsy was taken and transferred to a bottle containing Robertson’s 

cooked meat medium.

Samples 1, 2 and 3 were each spread onto plates containing the following media and 

incubated as shown below

a) Cysteine lactose electrolyte deficient medium, incubated at 37°C in 5% C02 for 

five days.
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b) Non-specific agar medium, incubated at 37°C in 5% C02 for five days.

c) Chocolate agar medium, incubated at 37°C in 5% C02 for five days.

d) Non-specific agar medium, incubated at 37°C anaerobically for five days.

Sample 4 was incubated at 37°C for two days.

In the first instance two cases of IC (V.C.,A.M.) underwent the above 

microbiological tests on urine samples and bladder biopsies.

5.2.2 Mycobacteria

Early morning urine specimens from all 51 IC cases taken on at least three 

separate occasions were routinely examined and stained using the Ziehl-Neelsen 

technique. The urine was also routinely cultured on Lowenstein-Jensen medium for 

six weeks at 37° C in an aerobic atmosphere. These staining and culture techniques 

should demonstrate Mycobacterium tuberculosis and it is important to exclude 

tuberculous cystitis in the differential diagnosis of IC (see chapter 2.2). Mycobacteria 

were not seen on routine histological sections and therefore if they are present in the 

bladder wall in IC they will either be in a form which contemporary staining methods 

fail to recognise or in such small numbers as to be elusive on sectioning. Atypical 

mycobacteria may fulfil the above criteria. To determine if atypical mybobacterial 

DNA is present in the bladder wall in IC DNA probes were used.

Full thickness fresh lateral bladder wall biopsies were taken from eight females 

undergoing subtotal cystectomy or cystocystoplasty for IC (E.B., M.B., N.C., F.M., 

T.N., M.R., D.Sm., H.T.). The tissue was snap frozen in isopentane pre-cooled 

with acetone-solid C02 mixture and stored at -70°C. Fresh human colon was used 

as a control source of DNA. Tissue from each patient was separated into portions
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weighing 1-2 g and then homogenised with a liquidiser and centrifuged. The 

supernatant was removed and sequentially digested with the enzymes subtilisin and 

lysozyme and finally with sodium dodecylsulphate. DNA was extracted by 

conventional phenol and chloroform separation and then quantified by running 

aliquots through an agarose gel. Two pairs of DNA primers were used for initiating 

the DNA polymerase chain reactions (PCR) to amplify any DNA present 100,000 fold 

(Green et al., 1989). Firstly, a primer specific for the Mycobacterium avium 

intracellulare complex (MAIC) and secondly a pair of primers specific for the 65k 

common mycobacterial antigen. 100 ng of DNA was amplified with the primers in 

a reaction volume of 50 yX. Aliquots of the amplified DNA were run through 2% 

agarose gels to ensure that DNA amplification had occurred. Amplified DNA was 

run out on further agarose gels and transferred onto nylon membranes by Southern 

blotting. The membranes were incubated with 32P-labelled oligonucleotide DNA 

probes of mycobacterial origin. After washing the membranes were wrapped in 

clingfilm and exposed to autoradiographs.

5.2.3 Viral Studies

Urine sample from six acute cases of IC with a short clinical history (S.D-E., 

H.M., A.M., M.R., D.S., M.S1.) were collected over a 24 hour period commencing 

in the early morning. These were centrifuged at 20,000 revolutions per minute for 

20 minutes and the cellular debris was examined under an electron microscope 

searching for viral particles.

The 47 IC cases that had not undergone urinary diversion all underwent routine 

cytological examination of their urine. At least 50 ml of urine was collected and
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fixed with 70% alcohol. The urine was then filtered through an 8 mm micropore 

filter prior to staining with the Papanicolou technique. The cells were examined with 

particular reference to the possible presence of intra-cellular viral inclusion bodies as 

well as malignant cells.

Large bladder biopsies ( l x l  cm) from five cases of chronic IC undergoing total 

or subtotal cystectomy that had been stored at -70°C (N.C., F.M ., M.R., D.Sm., 

H.T.) were used synchronously for DNA viral probe studies. The tissue was thawed 

and cells from the biopsies were isolated by collagenase digestion (Worthington type 

IV) and cultured in monolayers for two days in RPMI-1640 medium supplemented 

with 10% fetal calf serum (FCS, Sera-lab, Crawley, UK). Lymphocytes were 

washed away as much as possible and only attached cells were used for DNA 

extraction. The HIV-1 infected cell line G25 was used as a positive control for the 

gag probes. DNA from the genome of 2 x 107 cultured IC cells was separated and 

digested with the restriction enzyme P stl. Electrophoresis of 10/*g samples of DNA 

was performed on 0.8% agarose gel in 40 mmol/1 "tris"-acetate, 1 mmol/1 

ethylenediamine tetra-acetate buffer and then blotted onto Hybond-N filters 

(Amersham, UK) by a modified Southern method. The probe used was for all cases 

was a 720 bp HIV-1 fragment with co-ordinates 692-1401 (EcoRj-BamHi, 

Wellcome). The blots were hybridised with 32P-labelled probe at 65°C and washed 

under stringent conditions with 2x standard saline citrate (SSC) for 15 minutes at 

65°C twice, 2x SSC 0.1% sodium dodecyl sulphate for 30 minutes at 65°C and then 

O.lx SSC for 20 minutes at 65°C. Auto-radiography was then performed on 

hyperfilms (Amersham) at -70 °C for one week. The above technique was performed 

in triplicate synchronously for the five IC patients and controls.
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5.3 RESULTS

5.3.1 Fastidious Organisms

The results using all 13 culture methods described above were negative for the 

first two patients. Because of the necessity for general anaesthetic and deep biopsy, 

the unequivocally negative results of the first two cases and other recent studies 

showing no evidence of bacterial infection in IC (Lynes et al., 1989; Siegel et al., 

1989) this part of the study was not pursued any further. If either of the first two 

cases had been positive then the plan would have been to perform similar testing of 

other IC cases.

5.3.2 Mycobacteria

The total DNA yields from the biopsies varied between 200 ng and 5 /xg and in 

each case this was sufficient to permit adequate PCR. DNA amplification was 

successfully performed with both pairs of primers. Probing of DNA using the 65K 

mycobacterial antigen primers was entirely negative. Initial probing for the 

Mycobacterium avium primer-derived DNA revealed a band of size corresponding to 

the control fragments of Mycobacterium avium DNA. However, a further reaction 

was carried out amplifying IC-derived and intestine-derived DNA. Probing of the 

resultant Southern blot showed that the bands were derived from human host DNA 

and were not mycobacterial in origin.

5.3.3 Viral Studies

The electron-microscopic examination of urine samples from patients during acute 

attacks of IC failed to demonstrate any evidence of viral particles. This was a time- 

consuming exercise and was not continued, particularly since viral shedding is thought 

to occur for no longer than a week in cases of viral cystitis (J. Pattison, personal
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communication).

Cytological examination of urine samples revealed no malignant cells. Cellular 

debris consisted of polymorphonuclear leucocytes, mast cells and numerous cellular 

casts. No cells containing viral inclusion bodies were seen.

The Southern blot test using the 720 bp gag HIV-1 probe was positive for the 

known positive control case but negative for all the IC cases. It therefore seems 

unlikely that the retrovirus-like DNA sequences found within the genome of Graves’ 

disease cases, and thought to be important in the induction of autoimmune activity, 

are present within the bladder in IC.

5.4 DISCUSSION

There is an overwhelming amount of evidence against a bacterial aetiology for IC. 

The inability to culture organisms consistently or visualise them within bladder 

biopsies and the lack of response to antibiotics are the strongest arguments against the 

bacterial theory. The recent study suggesting that infection with fastidious bacteria 

was the aetiology of "the urethral syndrome" and IC (Wilkins et al., 1989) prompted 

the search for these organisms. None of the 51 IC cases in this series gave a history 

suggesting progression of "the urethral syndrome" to IC and no other study has 

supported this suggestion. Wilkins and his colleagues did not manage to culture 

fastidious bacteria from all their cases of IC and this study has failed to culture any 

organisms after exhaustive testing under similar conditions. Fastidious bacteria are 

widespread commensals often found in the urine of asymptomatic patients (Payne et 

al., 1988) and the most likely explanation for their presence within the bladder in IC 

is secondary infection.
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Chronic inflammatory cell infiltrate, including mast cells, are features of IC and 

also some mycobacterial infections such as leprosy (Kumar, 1987). Atypical 

mycobacteria that are not readily stained using conventional techniques and are 

difficult to culture remain a potential aetiological factor for IC. However, in this 

study histological examination, culture and molecular biological techniques searching 

for mycobacterial DNA in the bladder wall in IC have failed to demonstrate any 

evidence for the involvement of mycobacteria in the pathogenesis of IC. As further 

DNA probes to other atypical mycobacteria become available examination of IC 

tissues would be worthwhile.

This study, and another previous investigation (Fall et al., 1985), have failed to 

demonstrate viral infection within the bladder in IC. Gillespie and Jones have 

demonstrated EBV within the urothelium in IC using DNA probes and circulating 

anti-EBV capsid antibodies in 118 out of 150 cases of IC. However, this organism 

is ubiquitous, particularly in California where the study was undertaken, and no 

control case was included (Gillespie and Jones, 1986).

Viral cystitis is thought to be rare, but since most cases resolve spontaneously and 

most young females developing symptoms of a lower UTI are treated with antibiotics 

by general practitioners without urine microscopy and culture, it is bound to be 

under-recognised. The majority of IC cases in this series describe an initial severe 

attack of cystitis as the primary event in the course of their disease. Positive bacterial 

culture was not obtained in any of the cases at primary presentation. The primary 

attack resolved almost completely in each case and then became chronic with 

fluctuating severity. Such histories are compatible with an initial attack of viral 

cystitis followed by full or partial resolution and culminating in chronic disease.
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Viral studies would need to be performed at the onset to identify such an aetiological 

agent and this was not possible in any of the cases presented here. Circumstantial 

evidence in support of the viral aetiology of IC is the increasing incidence and the 

cyclical nature of the year of onset such as seen in influenza epidemics (see chapter 

2.4). Infection of cells with RNA or DNA viruses in-vitro has been shown to induce 

aberrant HLA-DR expression (Suciu-Foca et al., 1984; Albino et al., 1986; Massa 

et al., 1986). Aberrant HLA-DR expression is also a feature of the urothelium in IC 

(see chapter 7) as well as in autoimmune disorders such as Graves’ disease (Hanafusa 

et al., 1983), inflammatory bowel disease (Selby et al., 1983) type I diabetes mellitus 

(Bottazzo et al., 1985) and Sjogren’s syndrome (Lindhal et al., 1985). To date the 

only autoimmune condition in which incorporation of viral DNA into the genome of 

the cells under attack has been shown is Graves’ disease (Ciampolillo et al., 1988). 

The viral probe used has identified a short segment of DNA from the retrovirus HIV- 

1, which could encode for aberrant HLA-DR expression and hence commence the 

cascade of cellular and humoral activity leading to autoimmune disease. This study 

of IC has failed to demonstrate the same DNA sequence within urothelial DNA but 

experiments are continuing using DNA probes for other viral sequences. Viral 

infection inducing autoimmune reactivity still appears to be to the most attractive 

hypothesis for the aetiology of IC.

Oral treatment with sodium pentosanpolysulphate has been shown to improve the 

symptoms of IC in multi-centre placebo-controlled trials (Parsons et al., 1983; 

Parsons and Mulholland, 1987; Holm-Bentzen et al., 1987; Fritjofsson et al., 1987). 

Sodium pentosanpolysulphate is thought to exert its action by reconstituting the GAG 

layer of the urothelium but it is interesting to note that this agent is also a potent
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inhibitor of HIV-1 (Witvrouw et al., 1990) that exerts its action by inhibition of 

RNase H (Moelling et al., 1989) and it conceivable, if IC resulted from some form 

of retrovirus infection that the beneficial effect of sodium pentosanpolysulphate might 

be due to its anti-viral properties.

It is possible that genetic predisposition may render certain individuals more 

susceptible to infection with particular agents such as mycobacteria, viruses or other 

infective agents leading to IC. This might explain the association between IC and 

HLA-DR6 tissue type (see chapter 7) and the previous report of monozygotic twins 

developing IC almost synchronously (Oravisto, 1980). The search for an infective 

aetiology for IC will continue: with rapidly advancing molecular biological techniques 

using probes specific for microbe DNA may ultimately produce an answer.
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CHAPTER 6

SEROLOGICAL MARKERS 

AND THE HUMORAL IMMUNE SYSTEM 

IN INTERSTITIAL CYSTITIS
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6.1 - INTRODUCTION

Immunology is a relatively modem and rapidly expanding medical sub-specialty. 

The concept of humoral immunity was not described until 1886 when Fodor observed 

a direct action of an anthrax immune serum against microbes. Around the turn of the 

century interest in humoral immune mechanisms increased and the terms antigen (a 

substance capable of inducing a reaction against itself) and antibody (a factor capable 

of reacting with an antigen) were introduced. All the early immunological studies 

concentrated upon immunity to infection. A fundamental aspect of the early 

immunological theories was that the body was able to differentiate foreign antigens 

and at the same time show tolerance toward its own self antigens. The recognition 

of foreign antigens is an important factor in the ability of the body to fight invading 

infective agents (viruses, bacteria and parasites). The body is able to recognise and 

show tolerance to autologous antigens. Tolerance to self MHC antigens takes place 

within the thymus by elimination of T cell clones which recognise self-MHC class I 

or class II molecules - called negative selection. Within the thymus there is also 

positive selection of T cells that are able to recognise self-MHC and foreign antigen 

fragments. Since most antibody responses are T cell dependent B cell tolerance is not 

required and normal individuals have potentially auto-reactive B cells.

Autoimmunity is defined as a state in which natural unresponsiveness or tolerance 

to self constituents no longer prevails (Allison, 1973). Autoimmunity may occur 

when T cell tolerance breaks down by either sensitisation to normally occult antigens 

or by induction of a cross-reactive response to foreign antigen as occurs in rheumatic 

fever in which antibody response to streptococcal antigens cross-reacts with an 

antigen on heart muscle. The development of autoimmune antibodies may lead to
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chronic autoimmune disease but on occasions, such as the recognition of anti-self 

idiotype antigens by autoantibodies, may be important in diversification of the 

immune system rather than harmful. It is now recognised that autoantibodies may be 

a primary aetiological factor in autoimmune disease but may also be a phenomenon 

secondary to other disease processes. There is also evidence that autoantibodies, 

which are quite common in the elderly, may develop as part of the ageing process.

Autoimmune diseases may be classified into organ-specific (e.g. Hashimoto’s 

Thyroiditis) and non-organ-specific (e.g. Systemic Lupus Erythematosus [SLE]). 

However, these two diseases are at extreme ends of a spectrum with conditions such 

as Goodpasture’s syndrome (which is due to antibodies to basement membranes in the 

renal glomerulus and lung) occupying an intermediate position. In autoimmune 

diseases the distribution of the disease depends upon the distribution of the antigen 

under attack. Furthermore, autoimmune diseases may overlap, particularly the 

autoimmune endocrinopathies. It is not yet entirely clear if autoimmune diseases 

result from the exposure of unchanged normally occult self-antigens to the immune 

system or the development of self-antigens altered by external agents such as haptens 

or viruses. Many autoimmune diseases are associated with specific tissue types (e.g. 

Goodpasture’s syndrome - HLA-DR2, Hashimoto’s thyroiditis - HLA-DR5) and it has 

been suggested that there is a genetic predisposition to the development of 

autoimmune disease. Aberrant expression of the HLA-DR antigen by cells affected 

by autoimmune disease and attacked by autoantibody has recently been described and 

this may be a factor in the development of autoantibodies (Bottazzo et al., 1983). 

More recently retrovirus-like DNA sequences have been isolated from nuclear DNA 

in patients with Graves’ disease but not from controls, suggesting that incorporation
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of retrovirus DNA within the genome of certain cells may encode for aberrant 

exposure of antigens such as those of the HLA Class II hence inducing autoimmunity 

(Ciampolillo et al., 1989).

Autoimmune disease is almost without exception much commoner in females than 

males. There are several theories that may explain this - an X-chromosome linked 

genetic predetermination, immunosuppression by testosterone or immunological 

enhancement by oestrogen. The precise aetiology of autoimmune diseases is not yet 

known but the most likely explanation is that viral infection in a genetically 

predisposed individual is the initial trigger, subsequently modified by other 

immunological and hormonal factors.

Interstitial cystitis is a chronic idiopathic inflammatory condition, most commonly 

found in middle-aged women, which shares many characteristics with autoimmune 

diseases. In this chapter the humoral immunological features of IC are investigated 

and discussed. The role of the cellular immune system is described in chapter 8.

6.2 - HISTORICAL BACKGROUND

The first suggestion that IC might result from disorder of the immune system was 

made in 1938. The similarity between IC and discoid lupus erythematosus (DLE) 

with regard to age of onset, sex ratio, symptomatology and histological features 

(lymphocyte and plasma cell infiltrate) was described, although at that time both 

conditions were thought to result from the effects of toxins, and no case with both 

DLE and IC was reported (Fister, 1938).

In a review of 59 patients with IC Franksson reported 14 cases with chronic 

arthralgia and one with the LE phenomenon, diagnosed as SLE. Gastritis was present
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in 7 and "colitis" in 11. Of 17 patients tested 10 were found to have 

hypergammaglobulinaemia. Histological examination revealed submucosal infiltration 

by lymphocytes in three and evidence of active vasculitis in seven (Franksson, 1957). 

A further association between IC and autoimmune rheumatic disease was not reported 

until 1960 although Hunner had loosely referred to two patients with Hunner’s 

ulceration and "chronic rheumatism" (Hunner, 1918; Gil-Vemet et al., 1960). An 

association between IC and LE (LE cell phenomenon positive) was reported again in 

1960 along with a case of IC with the sicca syndrome (Shipton, 1965). Single IC 

cases with polyarteritis nodosa and rheumatoid arthritis were described later (Oravisto 

et al., 1970).

The first detailed immunological study of IC was undertaken in Finland. Serum 

from 33 cases of IC underwent indirect immunofluorescent (IFL) analysis using 

cryostat sections of rat liver as substrate. In 28 (85%) of the patients anti-nuclear 

antibodies (ANA) of homogeneous pattern were detected in patients serum at dilutions 

of at least 1:10. Autoantibodies to undefined sub-cellular components were also 

found. The antibody titre fluctuated with the severity of the disease. No control 

group was included in this study (Oravisto et al., 1970).

To test the hypothesis that IC was an autoimmune disease Silk produced saline 

extracts of homogenised rabbit bladder mixed with Freund’s complete adjuvant and 

injected it subcutaneously into other rabbits. This failed to induce IC in the injected 

animals. Silk also studied the serum of 20 IC cases, 15 bacterial cystitis cases, 10 

normal controls and 10 serum samples known to contain antibodies to thyroid, adrenal 

and stomach. Bladder tissue was obtained from males of unknown blood group 

undergoing prostatectomy and was quick-frozen and stored at -20°C. Indirect IFL
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was performed on these biopsies and 9 (45%) of the IC cases had bladder antibodies 

(titres not reported) whilst all controls were negative. The site of antibody adherence 

within the bladder tissue was not specified and the putative antigen not alluded to. 

The records of 103 cases of IC from the Johns Hopkins Hospital were also reviewed 

and associated Hashimoto’s thyroiditis found in 7 (6.8%) and rheumatoid arthritis in 

12 (11.7%). It was concluded that IC is an autoimmune condition associated with 

other autoimmune diseases and resulted from circulating anti-bladder antibodies (Silk, 

1970).

The Finnish group later reported a 94% incidence of anti-tissue antibodies in a 

series of 37 female IC patients. No bladder-specific antibody was demonstrated. 

ANA of the speckled variety were present in 28 (85%) at titres of <  1:10 in 14 

(42%), 1:20-1:80 in 7 (21%) and > 1:160 in 7 (21%), as opposed to 6% of normal 

controls all at titre of <  1:10. ANA titres correlated well with the severity of IC. 

None of these cases had clinical evidence of SLE, a positive LE cell test or positive 

rheumatoid factor. Thyroglobulin antibodies were detected in 4 (12%) at a titre of 

< 1:250, gastric parietal cell antibodies in 4 (12%) at a titre of <  1:160 and smooth 

muscle antibody titres in 2 (6%) at titres of 1:1 and 1:60. The incidence of these 

organ-specific antibodies was not significantly greater than age-matched normal 

controls. It was concluded that IC and SLE are separate entities and that IC is an 

autoimmune disease restricted to one organ but with non-organ-specific autoantibodies 

(Jokinen et al., 1972a). As an extension to their study bladder biopsies from 11 DLE 

patients without bladder symptoms were compared with 14 IC cases. The biopsies 

were shown on IFL to contain Ig deposits along the basement membrane in 9 (82%) 

DLE but in none of the IC cases, thereby lending support for the concept that DLE
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and IC are separate conditions (Jokinen et al., 1972b). The effect of cystectomy upon 

antibody titre was evaluated in 3 cases from the same series. The ANA, anti-thyroid 

and anti-gastric parietal cell antibody titres all fell gradually after removal of the 

bladder and it was concluded that such antibodies were a secondary phenomenon and 

that in IC the stimulus for antibody production lies within the bladder (Jokinen et al., 

1973).

A direct IFL study of bladder biopsies from IC cases from Texas demonstrated 

antibodies of the IgG and IgM classes within the submucosa in 6 out of 8 cases and 

in 3 out of 4 controls. IgG deposits were found within the detrusor muscle (usually 

along the sarcolemma) in 3 of the 5 IC cases in which muscle was present within the 

biopsy, but this was not found in any of the controls. Indirect IFL using patients’ 

sera against their own bladder biopsies showed fixation in 5 of the 8 IC cases and in 

2 of the four controls. In one of the IC cases anti-bladder antibody fixation increased 

immediately after subtotal cystectomy but returned to normal levels after total 

cystectomy. ANA were present in 1 (along with a positive SLE test), a positive 

rheumatoid factor and Coombs test in another (Gordon et al., 1973). A German 

study of IC patients using direct IFL and indirect IFL against normal bladder was not 

able to detect any bladder-specific antibodies but did report the presence of 

lymphocyte and plasma cell infiltrates within the submucosa on electron microscopy 

(Skoluda et al., 1974).

A report of a female from Hungary with a two year history of SLE who developed 

IC revived the concept that IC may be a feature of SLE. However, the pathogenetic 

mechanism was not studied in this patient (Karpati et al., 1975). A similar case from 

Canada was studied more comprehensively. Light microscopy did not demonstrate
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active vasculitis but examination using an electron microscope revealed deposits of 

material within the submucosal blood vessel walls. IFL studies showed a granular 

pattern of deposits of IgG, IgM, IgA, C3 and nucleosides (DNA breakdown products) 

within the submucosal blood vessels. Circulating immune complex (CIC) assay gave 

positive results although the Clq test for CIC was equivocal. It was suggested that 

chronic cystitis in SLE results from the deposition of CIC within the vasculature of 

the bladder wall (Boye et al., 1979).

A British study of 20 female IC cases reported an incidence of anti-thyroglobulin 

antibodies in 61.5%, anti-thyroid microsomal antibodies in 54%, ANA in 54%, anti- 

gastric parietal cell antibodies in 23%, anti-smooth muscle antibodies in 7.5% and 

anti-reticulin antibodies in 7.5%. Thyroid disease was present in 5 although a total 

of 7 had anti-thyroid antibodies (Rosin et al., 1979).

In 1981 there were two further reports of IC associated with SLE, both had 

evidence of granular deposits within submucosal blood vessels suggesting CIC 

deposition. Both cases had diarrhoea and intestinal biopsies also showed 

inflammatory changes with evidence of intra-vascular CIC deposition (de la Serna and 

Alarcon-Segovia, 1981; Weissman et al., 1981).

A further study of 47 cases of IC from Finland evaluated vascular 

immunopathology in IC. Intra-vascular immune deposits were present in 33 cases, 

14 had Ig (mostly IgM) and Clq/C3, 4 had Ig and Clq, 4 had Ig and C3 and 8 had 

Ig alone within submucosal blood vessels. It was suggested that vascular deposition 

of Ig and complement is important in the pathogenesis of IC. However, in 20 of the 

cases histological examination of the bladder was entirely normal and therefore these 

cases would not fulfil the criteria for the diagnosis of IC according to most workers
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in the field (Mattila, 1982). An electron microscopic study of 20 IC cases revealed 

severe endothelial injury in 14 (70%) and uncovered clusters of microfibrils 

suggesting a local intra-vascular immune reaction (Mattila et al., 1983a). Assay of 

sera from 41 of the above patients showed a significant depletion of C4 and elevation 

of IgG implying that there was underlying activation of the classical pathway of 

complement system (Mattila et al., 1983b). As an extension to the above studies the 

Finnish workers examined Ig deposits within the bladder urothelium and blood vessels 

in 35 cases of IC (IC again defined by their own criteria). Indirect IFL using normal 

control bladder (from controls of undefined blood group) showed in all cases binding 

to urothelium, particularly the superficial layers, by IgM class antibodies. Vascular 

endothelial cells were also stained positively by this technique. Using fetal human 

skin, cultured human embryonal fibroblasts and the malignant HeLa cell line cultures, 

indirect IFL to sub-cellular structures was examined. The incidence of antibodies 

apparently directed against intra-cellular intermediate micro-filaments (IMF) evident 

on indirect IFL against cell cultures correlated with positive anti-urothelial IFL. It 

was concluded that anti-IMF antibodies were secondary to tissue injury since these 

autoantibodies cannot normally gain access to intra-cellular structures (Mattila and 

Linder, 1984). In a subsequent paper the same group examined the location of 

immune deposits within the bladder wall in IC using immunoperoxidase staining 

techniques. Both Ig and C3 were found within the sub-endothelial space, around the 

endothelial basement membranes and associated with elastic fibres within the detrusor 

muscle. It was again suggested that autoantibodies directed against IMF might 

account for these findings (Helin et al., 1987).

The IC research group from Copenhagen, Denmark have performed a variety of
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biochemical and serological tests upon the urine of IC patients in an attempt to 

identify specific markers that might enable the diagnosis and estimation of therapeutic 

response in IC. Urinary excretion of Epidermal Growth Factor (EGF)/Urogastrone 

in IC was not different from bacterial cystitis or normal controls. Urinary excretion 

of Eosinophilic Cationic Protein (ECP), excreted by eosinophils within the bladder 

wall, was significantly greater in IC than in control groups. Urinary levels of 

Autorosette Inhibition Factor (AIF) were increased in IC and correlated with C3d 

levels. AIF is an acute phase reactant that is thought to influence the barrier function 

of the bladder urothelium in IC. IC patients were also shown to develop skin 

reactions to patch tests with their own urine and histology from biopsies suggested a 

toxic reaction to urine. It was suggested that the pathogenesis of IC may relate to 

mucosal hyper-reactivity (Holm-Bentzen et al., 1987; Lose et al., 1987; Frandsen et 

al., 1988).

A study from Bristol of 26 IC cases confirmed the presence of a high incidence 

of ANA (in 40% of cases) but at lower titre than other reports, anti-thyroid antibodies 

in 23% (one of these had Hashimoto’s thyroiditis), anti-smooth muscle antibodies in 

8%, anti-mitochondrial antibodies in 8% and anti-parietal cell antibodies in 8%. 

Direct IFL on IC bladder biopsies revealed antibodies on the surface urothelium of 

IgG class in 18%, IgA class in 29% and IgM class in none. Plasma cells within the 

bladder wall were positive for IgG in 68%, IgA in 84% and IgM in 40%. Positive 

blood vessel wall staining was present for IgG in 16%, IgA in 12% and IgM in 48%. 

However, there was also a high incidence of urothelial fixed antibodies in the control 

group with IgG class in 50%, IgA class in 38%. Indirect IFL against normal bladder 

from patients of blood group O was performed. Bladder-specific autoantibodies (sic)

117



of IgG class were found in 75% of IC cases and 40% of controls and IgM class 

antibodies were found in 63% of IC cases and 30% of controls. However, no 

evidence was presented to support the claim that the antibodies were bladder-specific 

and their ability to fix complement and the presence of complement was not 

investigated. Furthermore, the bladder antigen attacked by the specific antibodies was 

not defined (i.e. the urothelium, muscle, basement membrane or other tissue) and 

since the bladder was treated with trypsin prior to indirect IFL its antigenicity may 

have been altered. It was concluded that the immunological changes in IC were a 

secondary phenomenon but no primary event was postulated (Anderson et al., 1989). 

A further British study of 28 cases with mild IC (defined as painful bladder disease) 

confirmed the presence of B lymphocytes within the submucosa and antibody-antigen 

complexes (IgM class) and C3 within blood vessel walls. These findings were 

correlated with the presence of mast cells, angioneogenesis and destruction of the 

GAG layer (Witherow et al., 1989).

In spite of the above studies, some of which were quite exhaustive, others more 

superficial, a number of unanswered questions exist regarding antibodies in IC. Are 

bladder-specific autoantibodies present in IC and if so what is the bladder antigen? 

Why do IC cases have ANAs and anti-thyroid antibodies in their serum? What is the 

relationship between IC and SLE and are they separate disorders? The aim of this 

part of the study was to address these questions.
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6.3 - PATIENTS

The series of 50 cases of IC, previously described in chapter 2, were all included 

in this part of the study. Control groups, comprised of eight cases of chronic 

bacterial cystitis and 12 normals, were also investigated. The patients with chronic 

bacterial cystitis underwent cystoscopy and biopsy as part of their routine 

investigation. The underlying aetiology of chronic bacterial cystitis was bladder 

outflow obstruction in three, vesico-ureteric reflux in three, atonic bladder in one and 

unknown aetiology in one. Normal bladder tissue was obtained from female patients 

of age 40-65 years undergoing surgery for other reasons such as colposuspension for 

bladder-base prolapse in six cases and cystoscopy for haematuria of undetermined 

cause in six cases.
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6.4 - METHODS

6.4.1 - Haematological and Serological Tests

Blood samples were taken from each patient and either analyzed straight away or 

centrifuged at 2,000 revolutions per minute for 10 minutes and the serum separated. 

Blood Group

The blood group was determined by mixture of 2 drops of 2% red cell suspension 

with 1 drop of anti-A and anti-B serum using a standard technique. Agglutination 

occurred with anti-A serum alone in group A, with anti-B serum in group B, with 

both anti-A and anti-B in group AB and there was no agglutination in group O. 

Rhesus grouping was performed in a similar fashion.

Erythrocyte Sedimentation Rate

The Westergren technique was used to determine the erythrocyte sedimentation 

rate (ESR). Anticoagulant (sodium citrate) was added to whole blood and the rate of 

its sedimentation was recorded in a glass column in mm/hour. The upper limit of 

normal for this technique is 15 mm/hour in men and 20 mm/hour in women.

Serum Immunoglobulin Assay

The immunoglobulins (Ig) A,G and M were assayed using an immuno- 

nephelometric technique on a Beckman Array auto-analyzer. The normal range of 

values (mean ±  3SD) for the assays as established from a series of 100 normal 

subjects is IgA 0.9-4.5 g/1, IgG 8.0-18.0 g/1, IgM 0.6-2.8 g/1.

Complement Assay (03.04^

Complement C3 and C4 were also assayed by an immuno-nephelometric method 

on a Beckman Array auto-analyzer. The normal control ranges (mean ±  3SD) values
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were C3 0.75-1.75 g/1 and C4 0.10-0.35 g/1.

C-Reactive Protein Assay

C-reactive protein (CRP) is a /3-globulin found in the serum of patients with 

diverse inflammatory diseases. Assays for CRP were performed on serum using a 

Beckman Array auto-analyzer using immuno-nephelometry. The upper limit of 

normal for CRP is 12 mg/1.

Circulating Immune Complexes

Fresh serum was used to assay for circulating immune complexes (CIC) and when 

possible multiple assays were performed on separate occasions. 150 fil of serum was 

dissolved in 30 /x 1 of 12% polyethylene glycol (PEG) and left overnight. The solution 

was then centrifuged at 2,000 revolutions per minute for 30 minutes, washed with 2% 

PEG and then re-centrifuged. The solution was then dissolved in veronal buffered 

saline and incubated for 4 hours in a 37° C incubator prior to assay by the Mancini 

technique (Agnello, 1983). This method is sufficiently accurate to assay CIC levels 

to the nearest 1 /xg and the normal range is < 100 /xg of IgG/ml of serum.

6.4.2 - Direct Immunofluorescence

Deep biopsies including detrusor muscle were taken from the lateral walls of the 

bladder with cold-cup forceps with the patient under a general anaesthetic. The tissue 

was immediately orientated on a cork board and then snap frozen in isopentane 

precooled with acetone-solid C02 mixture. The biopsies and their cork mounts were 

transferred to a -70 °C freezer for storage. Some biopsies were also snap frozen in 

liquid nitrogen but on subsequent microscopy were found to have fracture artifacts 

and this technique was therefore abandoned in favour of the prior method. The
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biopsies were mounted on a pre-chilled chuck orientated to allow the production of 

transverse sections. These were cut on a cryostat at -20°C and then mounted on glass 

microscope slides with four or eight separate wells. The slides were dried prior to 

storage at -70°C. Direct IFL on each IC and control biopsy was performed 

synchronously for each determination by a technique originally described by Coons 

in 1941 and modified as described hereafter (Coons, 1958). Slides with sections of 

each patient’s biopsies were removed from the -70°C freezer and allowed gradually 

to dry and warm to room temperature. Next, 25 /d of mouse MoAb to human IgA, 

IgG, IgM or C3 conjugated with fluorescein isothiocyanate (FITC) or 

tetraethylrhodamine isothiocyanate (TRITC) (Wellcome) was placed on each biopsy 

well and incubated for 15-45 minutes (the duration depending upon prior experiment 

with single samples). The biopsies were then washed with phosphate-buffered saline 

(pH 7.2) (PBS) and soaked in PBS for 15 minutes. When double direct IFL was 

performed using two different MoAb conjugated with FITC and TRITC the above 

procedure was repeated. The slides were then dried and a drop of mounting medium 

(Dabco) placed on the slide prior to application of a cover slip.

The slides were examined and photographed through a x25 objective lens within 

the following 4 hours using a Zeiss III photomicroscope (Zeiss, New York, NY) with 

ultra-violet (UV) epi-illumination through a dichroic mirror.

6.4.3 - Indirect Immunofluorescence

The technique for indirect IFL is very similar to the above technique for direct 

IFL and was originally described by Coons in 1958. The initial solution placed onto 

each tissue section on the four or eight well slides was 25 /xl of patient serum or anti-
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human MoAb, either neat or diluted with PBS. This was left for between 15 minutes 

and ten hours, according to the findings on a trial run, and then washed with PBS and 

allowed to soak in PBS for 15 minutes. The biopsies were then covered with 25 /xl 

of FITC-conjugated or TRITC-conjugated MoAb of specificity according to 

previously applied MoAb. After 20 minutes the slides were again dried prior to 

immediate mounting and fluorescent microscopy.

This technique was used to screen the test serum for organ-specific and non-organ- 

specific antibodies. To test for organ-specific antibodies 4 fim cryostat sections of 

human thyroid, human pancreas and human stomach were used, diluted or undiluted 

test serum applied and incubated prior to adding FITC-conjugated anti-human MoAb 

(Wellcome). Non-organ-specific antibodies were detected by the same technique 

except using 4 fim sections of rat liver and kidney, which are suitable substrates for 

the identification of human anti-nuclear (ANA), anti-smooth muscle (SMA) and anti- 

mitochondrial antibodies (AMA). The possible presence of anti-bladder antibodies 

was investigated by indirect IFL against 4 ^m fresh cryostat sections of fresh normal 

bladder biopsies taken from three female patients of blood group O, incubation with 

undiluted or diluted serum followed by application of FITC-conjugated MoAb to 

human IgA, IgG, IgM or C3. Normal colon from a patient of blood group O 

prepared in the same way was used as control tissue.

Since some patients with IC complained of photophobia such that they needed to 

wear tinted spectacles, indirect IFL using 7 IC patients sera was performed against 

5 pm  sections of rat eye to test for autoantibodies directed against structures within 

the orbit.

The above indirect IFL tests were initially performed using neat test serum. When
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positive serial dilutions were performed and they were re-tested at dilutions of 1 in 

10, 20, 40, 80, 160, 320, 640, 1280 until negative. The assay result was given as 

the greatest positive dilution.

In addition to the above indirect IFL assay test sera containing ANA at a titre of 

<  1 in 10 were also tested by indirect IFL to plates of the haemoflagellate, Crithidia 

luciliae and to cells of a human epithelioid cell line HEp-2 both of which have large 

nuclei that permit greater definition of ANA subtypes. ANA positive sera were also 

tested for antibodies to extractable nuclear antigens (ENA) by immuno-diffusion (vide 

infra). Enzyme-linked immuno-sorbent assay (ELISA) was used to test for antibodies 

to DNA, cardiolipin and poly(ADP-Ribose) (vide infra).

Those sera shown to have anti-thyroid antibodies underwent haemagglutination 

tests for thyroglobulin haemagglutinin (TGHA) and microsome cytoplasmic 

haemagglutinin (MCHA) as described below.

6.4.4 Haemagglutination Tests

Haemagglutination tests were used to assay serum antibodies to thyroglobulin 

(TGHA), thyroid microsomes (MCHA) and rheumatoid arthritis haemagglutinin 

(RAHA). Commercially available kits (Fujirebio, Tokyo) incorporating artificial 

gelatin particles sensitised with the relevant antigen, negative and positive control 

serum and multiple well test dishes were used. Test serum dilutions were performed 

and allowed to incubate with sensitised and non-sensitised particles at room 

temperature for 3 hours. Recordings interpreted as negative showed a tightly knit 

collection of particles in the centre of the well whilst positive wells showed a uniform 

spread of particles over the bottom of the well. The final result recorded was the
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maximum dilution at which agglutination was evident.

6.4.5 Immunodiffusion

Qualitative assays using gel double diffusion were used to detect serum antibodies 

to the extractable nuclear antigens Sjogren’s Syndrome-A (Ro/SS-A), Sjogren’s 

Syndrome-B (La/SS-B), Ribonucleoprotein (RNP) and Smith (Sm). A total of 31 

cases of IC, 6 cases of BC and 12 normal controls were tested. Agarose gel plates 

with multiple wells around a central well were used at room temperature. 100 /xl of 

the ENA under investigation was placed in the central well, 50 /ti of positive control 

serum was placed in one of the peripheral wells and 50 fil of test sera in each of the 

other five peripheral wells. The wells were incubated for 24 hours at room 

temperature and then examined for the presence of precipitin lines corresponding to 

those of the positive controls. Only those precipitin lines that persisted for 48 hours 

were considered positive (Kallestad Diagnostics, Austin, Texas, USA).

6.4.6 Enzvme-Linked Immunosorbent Assays (ELISA1

This method was used to assay serum antibodies to double-stranded (ds) or native 

DNA, single-stranded (ss) DNA, poly(ADP-ribose) and cardiolipin.

Anti-DNA Antibodies

Anti-DNA antibody assays were performed on 31 IC cases, 6 cases of bacterial 

cystitis and 12 normal controls using 96 well polystyrene plates (Immulon, Dynatech) 

that had been pre-coated with 50 /xl of poly-L-lysine (Sigma) and incubated for one 

hour at 37°C. After washing with PBS the plates were coated with ds-DNA 10 jig/ml 

or ss-DNA 5 /xg/ml. The ds-DNA had been prepared by processing calf thymus
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DNA (Sigma) with SI nuclease (Sigma) for 30 minutes at 37°C. The ss-DNA was 

produced by boiling calf thymus DNA for 10 minutes and then cooling on ice for 15 

minutes. The ELISA plates were pre-treated with 2% casein (BDH, Poole) in PBS 

to prevent non-specific binding. After washing with PBS 50 pel test serum samples 

diluted 1/200 in PBS-0.1% Tween (PBS-T) (Sigma)

were added. A known high positive serum as well as the normal controls were 

included on each plate. After incubation for 2 hours at 4°C the plates were washed 

three times with PBS-T and 50 pi 1 of alkaline phosphatase conjugated anti-human 

polyvalent immunoglobulin (Sigma) diluted 1/350 in PBS-T/0.5% casein was added. 

The plates were then incubated at 37 °C for one hour and washed six times with PBS- 

T. Next 50 pil of substrate, p-nitrophenyl phosphate sodium in 50mM carbonate 

buffer (pH 9.5) containing 2 mM Mg2+ was added to the plate. The reaction 

proceeded for one hour at 37 °C and the resulting colour change was recorded at an 

absorbance of 410 nm with a Dynatech MR600 ELISA reader. The upper limit of 

normal was 15 for ds-DNA, 15 for IgM ss-DNA and 10 for IgG ss-DNA. 

Anti-Poly(ADP-Ribosel Antibodies

Poly(ADP-ribose) is a nuclear bipolymer synthesised by elongation of the ADP- 

ribose moiety in nicotinamide adenine dinucleotide (NAD) by the chromosomal 

enzyme poly(ADP-ribose) polymerase. Antibodies to this substance are frequently 

present in SLE (Okolie and Shall, 1979). Assays of anti-poly(ADP-Ribose) 

antibodies were performed on 31 cases of IC, 6 cases of bacterial cystitis and 12 

normal controls on a 96 well polystyrene ELISA plate (Immulon 2, Dynatech) pre

coated with 50 pel poly-L-lysine (Sigma) (50 ptg/ml in distilled water) and incubated 

for one hour at 37°C. Each well was then washed three times with PBS before
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adding 5 fil of poly(ADP-ribose) (10 /xg/ml) in PBS. After incubation for 12 hours 

at 4°C they were then washed three times with PBS. Blocking was then performed 

with 100 pi of 2% casein (BDH, Poole) in PBS to prevent non-specific binding and 

after incubation for one hour at 37°C they were washed with PBS-T (Sigma). Serum 

samples for testing were diluted 1/50 in PBS-T and 50 fil aliquots were added to the 

wells. A known high positive in quadruplicate and normal controls were also 

included on the plate. After incubation for 2 hours at 4°C the plates were washed 

three times with PBS-T and 50 fil of alkaline phosphatase conjugated anti-human 

polyvalent immunoglobulin (Sigma) diluted 1/350 in PBS-T/0.5% casein was then 

added. Incubation at 37°C for one hour was followed by six washings with PBS-T. 

Next 50 fil of substrate, p-nitrophenyl phosphate sodium in 50mM carbonate buffer 

(pH 9.5) containing 2 mM Mg2+ was added to the plate. The reaction proceeded for 

one hour at 37 °C and the resulting colour change was recorded at an absorbance of 

410 nm with a Dynatech MR600 ELISA reader. The upper limit of normal was 12 

for IgG anti-poly(ADP-ribose) and 35 for IgM poly(ADP-ribose).

Anti-Cardiolipin Antibodies

Anti-cardiolipin antibody assays were carried out on 31 cases of IC, 6 cases of 

bacterial cystitis and 12 normal controls using an ELISA technique similar to that 

described above for anti-poly(ADP-ribose) antibodies, except that the plates were 

initially coated with cardiolipin in ethanol (Sigma; 45 fig/ml). The upper limit of 

normal was 35 for IgG anti-cardiolipin and 25 for IgM anti-cardiolipin.
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Statistics

Results were analyzed by the Student’s t-test when of Gaussian distribution or the 

Mann-Whitney U-test when not. Differences in incidence between groups were also 

analyzed by the x2 test. Correlation coefficients were calculated using the Spearman 

test since the data was not normally distributed.
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6.5 - RESULTS

6.5.1 Blood Groups

A total of 34 Caucasian cases of IC underwent blood group determination and 

were compared with 100 normal Caucasian controls. The results are shown in table 

6 . 1.

There was no significant difference between the ABO blood groups and the normal 

population (x2= 0.631, p>0.5), although the low numbers with group AB do not 

exclude a possible type II error. The incidence of ABO antigens correlated extremely 

well between the two groups (r= 0.998) suggesting that there is no association 

between ABO antigens and IC.

Of the 34 Caucasian IC patients tested 28 (82.4%) were rhesus positive and 6 

(17.6%) rhesus negative as compared to the normal controls in which 85% were 

positive and 15 % negative. Therefore there was no association between rhesus blood 

groups and IC (x2=0.135, p>0.5).
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TABLE 6.1 ABO BLOOD GROUPS IN 34 CASES OF IC AND 100 NORMAL

CONTROLS.

Group IC Cases Controls

A 13 (38.2%) 41

B 4 (11.7%) 11

AB 2 (5.8%) 3

O 15 (44.1%) 45

130



6.5.2 Erythrocyte Sedimentation Rate

The results of this test are shown in appendix 6.6. The ESR was elevated to 20 

mm/hour or more in 16 (44.4%) cases:- six of these cases had associated SLE/SS 

(one had previously undergone subtotal cystectomy and caecocystoplasty [D.M.]), 

only one of the cases without SLE had previously undergone subtotal cystectomy and 

caecocystoplasty (D.H. with active disease in the trigonal remnant) and the remainder 

had active IC. The ESR was elevated above 20 in 67% of the cases with SLE/SS and 

in 34.6% of the IC cases without associated SLE. This difference approached 

statistical significance (x2= 2 .8 ,0.1 > p > 0.05). Comparison between the ESR values 

in the two groups revealed a significantly higher ESR in the group with associated 

SLE/SS (95.4% Cl 14.99, 58, p =0.045) and an even more significant difference 

between the subgroup with SLE/SS/RA than IC cases without these associated 

autoimmune disorders (95.3% Cl, 19, 55, p=0.0018). Furthermore, an ESR value 

over 35 mm/hour had a specificity of 96.2% and a positive predictive value of 85.7% 

for SLE/SS although the sensitivity was only 75 %. The ESR correlated well with the 

perceived severity of IC and patients on corticosteroid therapy tended to have a lower 

ESR. In one case (M.H.) the ESR decreased from 47 to 34 after commencement of 

steroids. However, the ESR was not significantly lower in IC cases on steroids than 

those off treatment. The ESR did not appear to return to the normal range after 

subtotal cystectomy and caecocystoplasty in the cases with associated SLE (e.g. 

D.M.) or those without SLE (e.g. D.H.). Comparison between the ESR and CRP in 

all individuals revealed a low level of correlation (r= 0.144). There was however 

quite a good correlation (r=0.49) between the ESR and IgG level, although this was 

largely because both these parameters were usually greatly elevated in SLE.
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6.5.3 Immunoglobulin Assays

The results for these assays are shown in appendix 6.6. Abnormal results (>  3SD 

outside the range of the normal control group) are in bold print.

The mean immunoglobulin-A (IgA) level in IC cases was 2.46 (±0.18) g/1 

compared with 2.7 (±0.06) g/1 in the normal controls. IgA was elevated above the 

normal range in five of the 43 IC cases studied. Two of these patients had associated 

SLE and one of the two (D.M.) had previously undergone a subtotal cystectomy and 

caecocystoplasty. Of the other 3 cases with elevated IgA, 2 had previously undergone 

subtotal cystectomy and caecocystoplasty. A comparison between IgA levels in IC 

(without SLE) cases that had undergone subtotal cystectomy and caecocystoplasty with 

those that had not revealed a significant association between elevated IgA and a past 

history of this operation (95.6% Cl, 0.8, 4.6, p=0.006). There were no other 

associations with elevation of the IgA level. The IgA level was decreased below 

normal in only one case (T.N.), a patient with chronic myxoedema on thyroxine 

replacement.

The mean immunoglobulin-G (IgG) level in the IC cases was 12.4 (±0.65) g/1 as 

compared to 13.0 (±0.16) g/1 in the normal controls. IgG was elevated above the 

normal range in six cases:- four with associated SLE (three of whom also had SS), 

1 with associated SS (I.P.) and another who had undergone subtotal cystectomy and 

caecocystoplasty (D.H.). IgG levels in patients with associated SLE and/or SS were 

significantly greater than in other IC cases (95.3% Cl, 1.6, 15.5, p=0.016). IgG 

levels were decreased below the normal range in six cases:- one with associated RA 

on indomethacin and gold salt therapy, one with associated SLE on systemic 

corticosteroids, one other on systemic corticosteroids, and one on long term
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indomethacin for osteoarthritis. IgG levels in IC cases on systemic anti-inflammatory 

medication were significantly lower than those on no drug treatment (95.3% Cl, 2.6,

8.2, p = 0.002).

The mean immunoglobulin-M (IgM) level in IC cases was 1.33 (±0.11) g/1 as 

compared to 1.7 (±0.04) g/1 in 100 normal controls. The IgM assay exceeded the 

normal upper limit in only one patient (M.H.) during a severe acute exacerbation of 

IC. The IgM level was decreased below the lower limit of normal in five cases:- one 

on systemic corticosteroids (J.D.) and one with a B-cell lymphoma (M.K.). The IgM 

level was not significantly lowered in patients on systemic anti-inflammatory drug 

therapy (95.1% Cl, -0.999, 0.2, p=0.24).

6.5.4 Complement Assays

The assay results for complement C3 and C4 are shown in appendix 6.6. The 

mean C3 level in the IC cases was 1.23 (±0.04) g/1 as compared to 1.25 (±0.02) g/1 

in the normal controls. The level of complement C3 was increased above the normal 

upper limit in two IC cases (D.H., S.S.) and the former had previously undergone 

subtotal cystectomy and caecocystoplasty. The C3 level was decreased below the 

normal lower limit in three cases, two of them with active SLE (S.P. and M.W.). 

The mean C4 level in the IC cases was 0.241 (±0.01) g/1 as compared to 0.225 

(±0.004) g/1 in the normal control group. The C4 level was above the upper limit 

of normal in three cases, all with IC without SLE. C4 was below the lower limit of 

normal in one case without SLE on steroids (J.D.).
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6.5.5 C-Reactive Protein Assays

The results of assays for C-Reactive Protein (CRP) are shown in appendix 6.6. 

CRP was elevated above the normal upper limit in eight cases:- one with associated 

SLE (H.C.), one with RA (E.B.) and six other IC cases. In one case (F.M.) the 

CRP dropped dramatically (22Q-* < 6) after subtotal cystectomy and in another (M.H.) 

CRP fell after commencing steroid therapy (known to decrease CRP). Only one case 

with associated SLE/SS (11.1%) and seven (20.6%) of those with IC without 

associated SLE/RA had elevation of their CRP level. After exclusion of those cases 

that had previously undergone cystectomy or were taking steroids CRP was found to 

be elevated in 20% of IC cases associated with SLE/SS and 31.6% of those without 

this association. Furthermore, the CRP levels were greater in IC cases without 

associated SLE/SS than those with SLE/SS; all those above 13 mg/1 had IC without 

SLE/SS. This difference was however not statistically significant. The sensitivity 

of elevation of the CRP as a test to differentiate those IC cases with associated SLE 

from those without was 87.5% although the specificity was only 20.6%. However, 

a CRP level of >14 mg/1 was 100% specific to IC without SLE/SS but with only 

23.5% sensitivity.

6.5.6 Circulating Immune Complex Assay

The results of circulating immune complex (CIC) assays are shown in appendix 

6.7. Those results during steroid therapy or after subtotal or total cystectomy are 

annotated. Assays performed after surgery were taken at least three months after the 

operation. CIC assays were performed on a total of 45 IC cases, 29 of whom were 

tested more than once and 17 more than three times. The CIC level was elevated
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above the upper limit of normal (100 ^g/ml) at some stage in 34 (75.6%) of the total 

IC group. A comparison between IC cases (without SLE/SS, not on steroid therapy, 

that had not undergone cystectomy) and the normal control group (n=25) revealed 

a significant difference (95% Cl, 101.9, 190, p=0.0001). Of the eight cases of IC 

with associated SLE/SS CIC were elevated in six (75%), and in all five SLE/SS- 

associated cases not on systemic steroid therapy. Although elevation of CIC was not 

significantly associated with SLE/SS (x2=0.02, p *  1.0) the CIC level in SLE/SS (off 

steroids) (mean 838 +  307, median 409) was significantly greater than IC cases 

without associated SLE/SS (off steroids) (mean 191.3 +  19.2, median 157) (95.1% 

Cl, 44.9, 413, p =0.0057).

Perhaps the most striking finding in the CIC levels was the effect of systemic 

steroid therapy. The six cases that underwent CIC assay before and after starting 

steroids showed a significant diminution in their CIC level with steroid therapy 

(paired t=4.64, p=0.0056). Also the CIC levels were significantly higher in patients 

not on steroids (mean 267.5 ±  44.6, median 160) than those on systemic steroid 

therapy (mean 110 ±  49.6, median 37) (95% Cl, 55, 175, p=0.0003), although this 

difference may, at least in part, relate to the fact that only the more severe cases are 

treated with steroids.

Subtotal or total cystectomy appeared to reduce the CIC level although only three 

cases were assayed before and after cystectomy and the decrease in CIC level was not 

significant (p=0.35). However, the CIC level in the group that had not undergone 

cystectomy (not on steroids and without associated SLE/SS) was significantly greater 

(mean 208.6 ±  21.0, median 162) than in the group that had undergone cystectomy 

(not on steroids and without associated SLE/SS) (mean 96.3 ±  29.1, median 83)
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(95% Cl, 7.0, 172.0, p=0.02).

It can therefore be concluded that the level of CIC in IC both with and without 

associated SLE/SS is significantly elevated as compared to normal controls. 

Furthermore, CIC levels are significantly greater in cases with associated SLE/SS 

than those without. Systemic steroid therapy and cystectomy significantly lower CIC 

levels in IC.

6.5.7 Anti-Nuclear Antibody Assays

The typical appearance of ANA on Crithidia luciliae is shown in figure 6.1. 

Positive cases showed a diffuse/homogeneous pattern of ANA as shown in figure 6.1. 

The anti-nuclear antibody (ANA) titres of the study patients are shown in appendix

6.1 and a graphical representation in figure 6.2. Of the 50 patients with IC that were 

tested for ANA, 28 (56%) were positive at a titre < 1 in 10, 22 (44%) at a titre <  1 

in 20 and 18 (36%) at a titre <  1 in 40. However, seven IC cases also had SLE and 

all of these had positive ANA titres of between 1 in 40 to 1 in 1280. Of the 

remaining 43 that were not known to have SLE 21 (48.8%) had positive ANA titres, 

but only 11 (25.6%) at a titre <1 in 40. Of the 12 age-matched female normal 

control patients tested for ANA one (8%) was positive and at a titre of 1 in 10. The 

incidence of ANA in normal cases is 0-20%, is greater with increasing age and is 

more likely to be positive in females than males. ANA titres in the IC without SLE 

group (95.1% Cl, 0.01, 19.9, p=0.023) and IC with SLE group (95.3% Cl, 39.9, 

1279.9, p =0.0005) were both significantly greater than in the control group. Also 

the incidence of ANA was significantly greater in the group with associated SLE than 

the group without associated SLE (x2=6.4, p<0.02) and the ANA titres in the IC
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cases with associated SLE were significantly greater than those of the IC patients 

without associated SLE (95.3% Cl, 40, 1200, p =0.0003).

137



Figure 6.1 - Anti-nuclear antibodies from a patient with IC (H .E .) demonstrated by 
indirect IFL on plates o f  the haemoflagellate Crithidia lucilae

138



Changes in ANA titres in individual IC patients over the course of the study are 

shown in appendix 6.5. Two patients (V.C. and H.T.) changed from a negative ANA 

test to positive at a titre of 1 in 10. Interestingly, V.C. also became positive for SS- 

A(Ro) and SS-B(La) and Sjogren’s syndrome. In two cases (F.M. and D.Sm.) the 

ANA titre continued to rise even after subtotal cystectomy. In one case (M.B.) the 

ANA titre decreased in line with improving symptoms after extra-vesical supra- 

trigonal denervation. In the SLE cases ANA titres fluctuated but a rise in titre in 

M.W. coincided with an increase in IC symptoms.

The overlap between ANA and other autoantibodies is shown in figure 6.3.
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Figure 6.2 - Non-organ-specific antibody titres in IC
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6.5.8 Anti-DNA Antibody Assays

The results of these assays are shown in appendix 6.3 and those results exceeding 

the upper range of normal are shown in bold print. The antibody levels were not 

elevated in any case of the bacterial cystitis or normal control groups. Anti-ds-DNA 

antibodies, as determined by ELISA, were elevated in only two cases of IC and none 

of the controls. In patient H.T., who had an ANA titre of only 1 in 10, IgM class 

anti-ds-DNA antibodies were increased. In the patient S.P. with associated SLE IgG 

class anti-ds-DNA antibodies were elevated. Therefore, this test was positive in 20% 

of cases with associated SLE but in only 4% of IC cases without associated SLE. 

Anti-ss-DNA antibodies were elevated in seven cases four of whom had associated 

SLE. The antibodies were of IgG or IgM class, but were elevated in both classes in 

one case with associated SLE (S.P.) and one without (M.B.). All these cases had 

positive ANA titres. This test was more sensitive for IC with associated SLE (80%) 

than without (11.5%) and the association between anti-ss-DNA antibodies and SLE 

was statistically significant (x2= 11.23, p <  0.001).

Some of the patients tested in this series were referred from other hospitals where 

anti-DNA antibodies had been detected by radioimmunoassay during a more active 

phase of SLE some years earlier. The results were D.B.- 307 units/ml, D.M.- 400 

units/ml, S.P.- 11 units/ml, M.W.- 57 units/ml. Therefore, anti-DNA antibodies 

were above the normal upper limit at some stage in all of the five cases of SLE 

tested.

6.5.9 Anti-Poly(ADP-ribosel Antibodies

The results of assays for these antibodies are shown in appendix 6.4 where those
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results exceeding the upper range of normal are shown in bold print. A single case 

of bacterial cystitis had elevated IgG class antibodies but none of the normal controls 

was positive. Only one case (H.T.) was positive for IgM class anti-poly(ADP-ribose) 

antibodies. However, a total of 13 IC cases (as well as one case of BC) had elevated 

IgG class antibodies. Of the 13, two had associated SLE and 11 IC without SLE. 

The prevalence of antibodies to poly(ADP-Ribose) was therefore almost identical in 

cases of IC with associated SLE (40%) and without SLE (42.3%).

6.5.10 Anti-Cardiolipin Antibodies

The results of this test are listed in full in appendix 6.4 and those results exceeding 

the upper limit of normal are shown in bold print. None of the BC cases or normal 

controls had a positive test. Only one case of IC had a positive test in each of the 

IgG and IgM class anti-cardiolipin antibody assays. The positive IgG class case 

(H.S.) does not have associated SLE and was negative for anti-DNA, poly(ADP- 

ribose) and anti-nuclear antibodies. The case that was positive for IgM class anti- 

cardiolipin antibodies (D.M.) has associated SLE, a high ANA titre and anti-ss-DNA 

antibodies. In this series anti-cardiolipin antibody assay appears to be relatively 

insensitive in the detection of IC with or without associated SLE.

6.5.11 Anti-Extractable Nuclear Antigen Antibodies

The results of immunodiffusion tests in the detection of anti-ENA antibodies are 

shown in appendix 6.5. None of the cases of BC or normal controls was positive for 

any of the tests. A total of six cases were found to have anti-SS-A(Ro) antibodies and 

all of these had clinical evidence of Sjogren’s syndrome (SS) and were positive for
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ANA. Associated SLE was present in five of these six cases. The case without SLE 

(V.C.) had a long history of IC but a short history of SS and changed from being SS- 

A negative in 1987 to positivity in 1988 and 1989 (when she also became SS-B 

positive). One case with a 30 year history of SLE and SS was positive for SS-A in 

1987 but became negative by 1989. Only one other case of known SS (I.P.) was 

negative for anti-SS-A antibodies and she had a twenty year history of SS and had 

been SS-A positive in 1978. The same cases that were positive for anti-SS-A(Ro) 

antibodies were also positive for anti-SS-B(La) antibodies. The only difference 

between the two test results was for the patient (V.C.) who became positive for anti- 

SS-A soon after developing SS. She did not become anti-SS-B positive until 1989, 

having been positive for SS-A in 1988. Apart form the two cases with a very long 

history of SS, anti-SS-A and anti-SS-B antibodies are a sensitive test for SS and are 

not positive in IC patients or controls without clinical evidence of SS. Two cases, 

both with SLE and ANA, had antibodies to RNP. Neither had been clinically 

diagnosed as having the mixed connective tissue disorder. One of these two cases 

also had antibodies to Sm.

Antibodies to extractable nuclear antigens do not appear to be altered in case of 

IC without associated SLE/SS.

6.5.12 Anti-Smooth Muscle Antibody Assays

The anti-smooth muscle antibody (SMA) titres of all the IC cases are listed in full 

in appendix 6.1 and are shown graphically in figure 6.2. SMA were detected in six 

(12%) of the 50 IC cases and none of the control group. SMA were detected at high 

titre in two patients with associated SLE (O.H., D.M.) and were therefore more
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commonly found in IC with associated SLE than IC cases without associated SLE 

(28.5% and 9.3% respectively). However, this difference was not statistically 

significant (p=0.35). The prevalence of SMA in the normal population is also 12% 

and it therefore seems unlikely that SMA are of any significance in IC.

6.5.13 Anti-Mitochondrial Antibody Assays

Anti-mitochondrial antibodies (AMA), the titres of which are listed in appendix 

6.1, were detected in 6 (12%) of IC cases and two of these also had associated SLE. 

As in the case of SMA the association of AMA with SLE was not statistically 

significant. The incidence of AMA in normal subjects is 0.4-0.7%. It is likely 

therefore that AMA and IC are related but the number of IC cases is too small to 

confirm an association.

6.5.14 Latex and Rheumatoid Arthritis Haemagglutination Tests

The results of Latex and rheumatoid arthritis haemagglutination (RAHA) tests are 

listed in full in appendix 6.1. The latex test was positive in a total of ten (20.4%) 

of the 49 IC cases tested. Of those that were positive for this non-specific test, two 

had associated SLE, two had associated RA and the remaining six had IC without 

other associated disorders. Positive RAHA titres were present in 11 (22.4%) of the 

49 IC cases tested and all but one of the Latex positive cases were RAHA positive. 

The RAHA titres were not significantly higher in cases with RA.

6.5.15 Anti-Thvroid Antibody Assays

Anti-thyroid antibodies as detected by indirect IFL and haemagglutination testing
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are shown in appendix 6.2. A total of seven (14%) of the IC patients were shown 

to have anti-thyroid antibodies, in all cases positive for both TGHA and MCHA, and 

this compares with none in the control group and approximately 5% in a normal 

population. In addition four cases (66.7%) also had anti-gastric parietal cell 

antibodies, which is a well known association. The overlap with other autoantibodies 

in IC is shown in figure 6.3. None of the positive cases had associated SLE but one 

(E.B.) had associated RA. A definite history of Hashimoto’s thyroiditis was given 

by four of these and two had mild myxoedema of unknown aetiology which may have 

been due to previous thyroiditis. Two other cases of IC without anti-thyroid 

antibodies had previously undergone thyroidectomy, one of these for thyrotoxicosis.
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Figure 6.3
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6.5.16 Anti-Gastric Parietal Cell Antibody Assays

Antibodies to gastric parietal cells were detected by indirect IFL in eight (16%) 

of IC cases and in none of the controls. The titres are shown in appendix 6.2. The 

prevalence of these antibodies in the normal population is up to 16% with a maximum 

incidence in the elderly. None of the positive cases had associated SLE and four 

(50%) also had anti-thyroid antibodies. The overlap with other autoantibodies in IC 

is shown in figure 6.3. One of the positive cases (M.B1.) had pernicious anaemia 

and died of associated adenocarcinoma of the stomach.

6.5.17 Anti-Pancreatic Islet Cell Antibody Assays

None of the IC patients or the controls had detectable antibodies to pancreatic islet 

cells and none was known to be diabetic.
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TABLE 6.2 POSITIVE AUTOANTIBODY TESTS IN 50 CASES OF IC

Antibody Number Positive % Normal Positive

Anti-Thyroid 7 14% 5-20% (t  with age)

Anti-Parietal Cell 8 16% 0-16% (t  with age)

Anti-Nuclear 28 56% 0-20% (t  with age)

Anti-Smooth Muscle 6 12% 12%

Anti-Mitochondrial 6 12% 0.4-0.7%
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6.5.18 Anti-Ocular Antibody Assays

None of the five IC cases with photophobia wearing tinted spectacles (M.B., N.C., 

M.K., E.R., D.Sm.) or the two IC cases without (F.M.,H.T.)had demonstrable anti

ocular antibodies on indirect IFL against rats ocular tissues.

6.5.19 Bladder Antibody Deposit Assays 

Direct Immunofluorescence

The results of direct IFL on bladder biopsies from the 27 IC cases, five cases of 

chronic bacterial cystitis (BC) and six normal controls are shown in appendix 6.8. 

The site of deposits are noted for IgA, IgG, IgM and complement C3. The 

superficial layers have been subdivided into the umbrella layer of the urothelium 

(Ua), urothelial cells (Ur), the basement membrane of the urothelium (BM) and blood 

vessels within the submucosal layer (V). Deposits within the detrusor layer are noted 

for the sarcoplasm (Spl) and sarcolemma (Sim). In three cases (F.M., D.Sm. and

H.T.) the urothelium had been denuded by Hunner’s ulceration (u). In normal 

control biopsies the only deposits of Ig noted were IgA within the umbrella layer of 

the urothelium which is known to subserve a protective function. In BC there were 

also IgA deposits within the umbrella layer and also IgG within the urothelium in 

three cases and C3 deposits within the urothelium/submucosa in four cases. In the 

majority of IC cases there were deposits of IgA, IgG, IgM and C3 throughout the 

bladder wall although deposition of Igs was greatest within the urothelium/submucosa. 

Granular deposits of Ig and C3 were present in the wall of blood vessels within the 

submucosa in 23 cases of IC and these was mostly of IgM class. IgG class deposits 

were seen within the walls of submucosal blood vessels in 10/22 (45.5%) of IC cases
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without associated SLE and in 4/5 (80%) of cases with associated SLE. IgM class 

antibodies were present within the walls of submucosal blood vessels in 14/22 

(63.6%) of IC cases without associated SLE and in 4/5 (80%) of cases with 

associated SLE. C3 deposits were widespread throughout the bladder wall in most 

cases of both IC and BC and specific patterns were not discemable in most cases. 

However, granular deposits of C3 were particularly prominent within submucosal 

blood vessels in 17/22 (77.3%) of IC cases not associated with SLE and in 5/5 

(100%) of cases associated with SLE. An example of prominent granular deposits 

of C3 within the wall of a submucosal arteriole is shown in figure 6.4.
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Figure 6 .4  - Granular deposits o f C3 within the wall o f  a submucosal arteriole in a 
case o f  IC (H .T .), direct IFL using FITC-conjugated mouse M oAb to human IgM.
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Indirect Immunofluorescence

The titres of antibodies binding to bladder tissues within the serum of IC and 

control patients, as determined by indirect IFL, are shown in appendix 6.9. Positive 

IFL is recorded for the umbrella layer (Umb), the urothelial cytoplasm (Cyt) and 

nuclei (Nu) within the urothelial layer and detrusor muscle sarcoplasm (Spl), 

sarcolemma (Sim) and nuclei (Nu) in the detrusor layer. There were no IgA class 

antibodies binding to the sarcolemma. Although there was evidence of ANA activity 

and some antibody binding to colonic muscle in some cases there was no evidence of 

binding to colonic mucosal cells.

Urothelial Antibodies

Indirect IFL demonstrated binding of antibodies to urothelial cells in study cases 

and an example is shown in figure 6.5. The titres of antibodies to urothelial cells 

(excluding ANA) found in the serum of IC and BC cases and in normal control 

patients are shown in figure 6.6.

IgA class antibodies binding to the urothelium were present in 35/45 (77.8%) of 

the IC cases, 4/4 (100%) of the BC cases and in 1/7 (14.3%) of the normal controls. 

The titres of IgA class antibodies to urothelial cells were significantly greater in IC 

than in normals (95.2% Cl, -0.001, 10, p =0.011). No such difference was apparent 

between IC and bacterial cystitis (95.3% Cl, -1, 10, p=0.43) or bacterial cystitis and 

normals (96.6% Cl, 0, 10, p=0.107).

IgG class antibodies binding to the urothelium were present in 37/45 (82.2%) of 

IC cases, 4/4 (100%) of BC cases and in 1/8 (12.5%) normal controls. IgG class 

anti-urothelial antibodies were significantly greater in IC than in normals (95.2% Cl, 

0.999, 19.99, p=0.0005) but not significantly greater than in BC (95.3% Cl, -9, 10,
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p = 0.622). However, the IgG titres were significantly greater in BC than normal 

controls (96.6% Cl, 0.998, 9.99, p=0.0108).

IgM class antibody binding to the urothelium was detected in 38/45 (84.4%) of IC 

cases, 3/4 (75%) of BC cases and in 3/8 (37.5%) of normal controls. IgM class 

urothelial antibody titres were significantly greater in IC than in normals (95.2% Cl,

1.002, 10, p=0.0022). There was no such difference between IC and BC (95.3% 

Cl, 0.001, 19.00, p=0.086) or BC and normals (96.6% Cl, 0, 1, p=0.35).
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Figure 6.5 IgG class antibody from the undiluted serum of an IC case (M.B1.)
binding to the urothelial cells o f a normal bladder, shown by two layer indirect IFL.
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Figure 6.6 - Anti-urothelial antibody titres.
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Sarcoplasm Antibodies

Indirect IFL against normal bladder demonstrated antibody binding to the detrusor 

sarcoplasm in some cases, an example is shown in figure 6.7. Such antibody binding 

to the sarcoplasm was studied by indirect IFL in IC and BC cases and normal 

controls. Titres of antibodies to the detrusor muscle sarcoplasm found in the serum 

of IC and BC cases and normal controls are shown in figure 6.8.

IgA class antibodies to detrusor sarcoplasm were found in the serum of 41/45 

(91.1%) of IC cases, 3/4 (75%) of BC cases and in 3/8 (37.5%) of normal controls. 

The titres of circulating serum IgA class antibodies to sarcoplasm were significantly 

greater in IC than in normals (95.2% Cl, 9, 19, p=0.0003). No such difference was 

apparent between IC and BC (95.3% Cl, 0, 19, p=0.149) or between BC and normal 

controls (96.6% Cl, 0, 20, p=0.075).

IgG class antibodies to the detrusor sarcoplasm were detected in the serum of 

35/45 (77.8%) of IC cases, 4/4 (100%) of BC cases and 4/8 (50%) of normal 

controls. IgG class antibody titres to detrusor sarcoplasm were significantly greater 

in IC than in normals (95.2% Cl, -0.001, 19.0, p=0.022). There was no difference 

between IgG antibody titres in IC and BC (95.3% Cl, -10, 10, p=1.0) or between 

BC and normals (96.6% Cl, 0, 20, p =0.075).

IgM class antibodies to detrusor sarcoplasm were found in the serum of 32/45 

(71.1%) of IC cases, 3/4 (75%) of BC cases and in 4/8 (50%) of normal controls. 

IgM class sarcoplasm antibody titres were of significantly greater titre in IC than 

normals (95.2% Cl, -0.001, 19.0, p=0.022). No such difference was apparent 

between IC and BC (95.3% Cl, -1, 30, p=0.465) or between BC and the normal 

controls (96.6% Cl, -1.0, 9.99, p=0.35).
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Figure 6.7 - IgM class antibody from undiluted serum of an IC case (H .E.) binding
to sarcoplasm (and nuclei) o f a normal bladder shown by two layer indirect IFL.
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Figure 6.8 - Anti-sarcoplasm antibody titres
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Sarcolemma Antibodies

Indirect IFL to normal bladder showed antibody binding to the sarcolemma in a 

number of cases. An example of antibody binding to the sarcolemma is shown in 

figure 6.9. The titres of antibodies to the sarcolemma are shown in full in appendix 

6.9 and in graphical form in figure 6.10.

No IgA class antibodies were found to have activity against the sarcolemma. IgG 

class antibodies binding to the sarcolemma were detected in 20/45 (44.4%) of IC 

cases, 3/4 (75%) of BC cases and in 5/8 (62.5%) of normal controls. IgG class 

antibody titres to the sarcolemma were not significantly elevated in IC as compared 

to normals (95.1% Cl, -1, 10, p=1.0) or BC (95.4% Cl, -10, 10, p=0.55). There 

was also no difference between IgG sarcolemma antibody titres in BC and normals 

(96.6% Cl, -10, 18.99, p=0.35).

IgM class antibodies binding to the sarcolemma were detected in 13/45 (28.9%) 

of IC cases, 0/4 of BC cases and 1/8 (12.5%) of normal controls. IgM class antibody 

titres to the sarcolemma were not significantly greater in IC as compared to normal 

controls (95.2% Cl, 0, 1, p = 0.398).
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Figure 6.9 - IgG class antibody from undiluted serum of an IC case (M .G .) binding
to detrusor sarcolemma (but not the sarcoplasm or nuclei) o f normal bladder shown
by two layer indirect IFL.
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Figure 6.10 - Anti-sarcolemma antibody titres
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Anti-Smooth Muscle Antibodies and Anti-Detrusor Muscle Antibodies

Using conventional substrates anti-smooth muscle antibodies (SMA) were detected 

in only 12% of IC cases (see 6.5.12) and are also found in approximately 12% of 

normal cases. The presence and titres of antibody activity directed against the 

detrusor smooth muscle in IC, BC and normal controls did not correlate with SMA 

titres against rat liver and kidney, which correlate well with anti-human SMA. This 

suggests the presence of heterophilic SMA in the human with differential binding 

capability to smooth muscle in different situations. It also suggests, as might be 

expected, that detrusor muscle might be antigenically distinct from other smooth 

muscles.
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Anti-nuclear antibodies and systemic lupus erythematosus

Two layer indirect IFL using patients’ serum on normal control bladder of blood 

group O negative revealed binding to nuclei within the bladder wall in a number of 

cases. An example is shown in figure 6.11.

IgA class antibodies binding to urothelial nuclei were present in 15/37 (40.5%) of 

IC cases without associated SLE or SS, 8/8 (100%) of SLE/SS cases, 1/4 (25%) of 

BC cases and none of the normal control sera. The titres of IgA class antibodies to 

urothelial nuclei were significantly different between the IC group without associated 

SLE or SS and normal controls or BC. There was also no difference between titres 

in BC and normal control patients. There were however significantly greater titres 

of IgA class urothelial ANA in SLE/SS cases than in IC cases without associated 

SLE/SS (95.2% Cl, 10, 39, p=0.0017), BC (96.6% Cl, 0.99, 79, p=0.018) and 

normal controls (95.9% Cl, 20, 40.0, p =0.0009).

IgG class antibodies binding to urothelial nuclei were found in 13/37 (35.1%) of 

IC cases without associated SLE or SS, 8/8 (100%) of cases with SLE or SS and in 

none of the BC cases or normal controls. The IgG urothelial ANA titres were not 

significantly different between the IC cases without SLE or SS and BC or normal 

control cases. There was also no significant difference between the titres in BC and 

the normal control groups. However, the urothelial ANA titres were significantly 

greater in the SLE/SS associated group than in IC cases without associated SLE or 

SS (95.2% Cl, 9, 70, p=0.0009), BC (96.6% Cl, 1.01, 80.01, p=0.0085) and 

normal controls (95.9% Cl, 10.02, 80.0, p =0.0009).

IgM class antibodies to urothelial nuclei were detected in 12/37 (32.4%) of IC 

cases without associated SLE or SS, 5/8 (62.5%) of SLE/SS cases, no BC cases and
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2/8 (25%) of normal controls. There were no significant differences between the 

titres of IgM class urothelial ANA in any of the study or control groups.

IgA class antibodies to nuclei within the detrusor were present in 26/37 (70.3%) 

of IC cases without associated SLE or SS, 6/8 (75%) of cases with SLE or SS, 2/4 

(50% ) of BC cases and none of the normal controls. The titres of IgA class detrusor 

ANA in IC without associated SLE or SS were not significantly different from those 

of the BC and normal control groups. Also the titres of the BC cases were not 

significantly different from those of the normal controls. However, the group of 

patients with IC associated with SLE or SS had significantly higher titres of ANA to 

the detrusor than normal controls (95.9% Cl, 0, 40, p =0.018) but not BC. The 

difference between the detrusor IgA ANA titres in IC without SLE or SS and cases 

with SLE/SS approached statistical significance (95.2% Cl, 0, 20, p =0.0555).

IgG class antibodies to detrusor nuclei were present in 16/37 (43.2%) of IC cases 

without associated SLE or SS, 8/8 (100%) of cases with SLE or SS and in none of 

the BC cases or normal controls. The titres of IgG class ANA to the detrusor were 

not significantly different between the IC cases without SLE/SS and BC cases or 

normal controls. Also the IgG class detrusor ANA titres were not significantly 

different between BC and normal controls. However, IgG class detrusor ANA titres 

were significantly greater in the SLE/SS associated group than in IC cases without 

SLE or SS (95.2% Cl, 20, 70, p=0.0002), BC cases (96.6% Cl, 9.99, 80, 

p =0.0085) and normal controls (95.9% Cl, 20, 80, 0.0009).

IgM class ANA binding to the detrusor were present in 19/37 (51.4%) of IC cases 

without associated SLE/SS, 5/8 (62.5%) of case with SLE or SS and none of the BC 

cases or normal controls. The titres of IgM class detrusor ANAs were significantly
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greater than normal controls in the IC group without associated SLE/SS (95.2% Cl, 

0, 10, p =0.0484) and approached significance in the group with SLE or SS (95.9% 

Cl, 0, 40, p =0.0587). There were no other statistically significant differences 

between the IgM class detrusor ANA in the groups.

In summary indirect IFL has shown circulating serum ANA capable of binding to 

normal bladder in a number of cases. The titres of these ANA are significantly 

higher in cases associated with SLE or SS in most Ig classes and this suggests that 

ANA in IC are part of the SLE/SS complex. Only in IgM class detrusor ANA are 

the titres of ANA significantly higher in IC without SLE/SS than normal controls. 

Therefore, these antibodies may be significant in the pathogenesis of IC without 

related SLE/SS although the mechanism remains obscure.
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Figure 6 . 1 1 -  IgG class antibody from the undiluted serum o f  a case o f  IC associated 
with SLE (S .P .) showing binding to nuclei but no other structures within the detrusor 
muscle o f normal bladder shown by two layer indirect IFL.
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6.6 - DISCUSSION

This study has not shown a significant difference between serum immunoglobulin 

or complement levels in IC and a large normal control group. This finding 

contradicts the two previous studies that have addressed the question of Ig or 

complement levels in IC and reported hypergammaglobulinaemia in 59% (Franksson, 

1957) and a significant increase in IgG and decrease in C4 in 41 IC cases (Mattila et 

al., 1983). However, in this study there is clear heterogeneity within the IC group 

with regard to associated disorders such as SLE and Sjogren’s Syndrome and prior 

and concurrent treatment such as cystectomy and anti-inflammatory medication. 

These points were not considered in one of the previous studies (Mattila et al., 1983) 

although in the other study at least 3 cases had evidence of associated autoimmune 

rheumatic diseases (Franksson, 1957). Comparison of the IC subgroups in this study 

has revealed several significant associations. Caecocystoplasty (CCP) significantly 

increases serum IgA levels in IC and the most likely explanation for this is the 

absorption by the inflamed bladder remnant of IgA secreted by the caecum/colon. 

This hypothesis is fortified by the presence of normal serum IgA levels in patients 

N.C., G.Jo. and H.T. with inactive bladder remnants after CCP but high serum IgA 

levels in patients D.H. and F.M. with active bladder remnants leading to frequency 

of micturition after CCP. IgG levels were significantly elevated in cases of IC 

associated with SLE and/or SS and this is a well recognised feature of these 

conditions (Ritzmann and Daniels, 1975). IgG levels were significantly lower in 

patients taking anti-inflammatory drugs such as steroids and this has been 

demonstrated in other studies (Fauci et al., 1976). Although there was a trend for 

complement levels to be lower in IC cases than normal controls the difference was
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not significant and hence disagrees with the previous report at least with regard to 

changes in C4 levels (Mattila et al., 1983). In this study there were in fact four IC 

cases with elevated complement levels and this phenomenon has also been described 

in thyroiditis (S.S. has this and elevated C3 and C4), RA and UC.

CRP is an acute phase protein synthesised by the liver which can opsonise prior 

to phagocytosis. Elevation of CRP is an unequivocal sign of active tissue damage 

that does not always correlate with changes in the ESR. However, CRP is not 

usually greatly elevated in active SLE, scleroderma or UC unless accompanied by 

serositis or acute infection. Corticosteroids profoundly decrease CRP levels. A high 

CRP level (>14 mg/1) appears from this study to be 100% specific in differentiating 

from normal controls and cases of IC with SLE/SS, although specificity is low 

particularly if there is concurrent steroid therapy. CRP has also been shown to be 

significantly greater in Crohn’s disease than UC (Fagan et al., 1982) and this is 

thought to be due to fact that unlike UC Crohn’s disease is a trans-mural condition. 

IC is a trans-mural condition, although when associated with SLE there is less 

mucosal involvement. The difference in CRP levels between IC with and without 

SLE/SS is further evidence in support of the concept that they are separate conditions. 

Both steroid therapy and cystectomy appear to lead to a diminution of CRP levels in 

IC.

The ESR, like the CRP is a non-specific parameter that may be used to assess the 

degree of disease activity. This also appears to be the case with IC although it is 

only elevated in 43% of this series and appears to be reduced by systemic steroid 

therapy and cystectomy. Unlike the situation with CRP the ESR is significantly 

greater in the SLE/SS subgroup and an ESR value of >35 mm/hour is almost
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specific for associated SLE/SS. However, since CRP and ESR are of independent 

diagnostic merit in identifying SLE/SS associated IC a combined formula of ESR 

>35 mm/hour and/or CRP <13 mg/1 would be even more useful and has a 

specificity of 100%, a sensitivity of 97.5% and a positive predictive value of 89%. 

This test might well assist with identifying cases of SLE/SS in IC since anti-nuclear 

antibody titres are of limited specificity and sensitivity (vide supra).

Although CIC have been studied previously in cases of lupus cystitis (Boye et al., 

1979; Weisman et al., 1981; Haruki et al., 1988) little attention has been paid to their 

possible role in the pathogenesis in IC. Antibody deposits have been shown within 

submucosal blood vessel walls in this study and several previous studies (Mattila, 

1982; Anderson et al., 1989; Witherow et al., 1989). It has been suggested that such 

deposits are antibodies directed against intermediate filaments (Mattila et al., 1983; 

Mattila and Linder, 1984) or elastic microfibrils since electron microscopy has 

demonstrated Ig and complement in the subendothelial space and endothelial basement 

membrane (Helin et al., 1987). Other studies have described vasculitis (Franksson,

1957), apparent thickening of submucosal blood vessel walls (Oravisto et al., 1970; 

Skoluda et al., 1974) and inflammatory cell infiltrate around submucosal veins (Fall 

et al., 1987). This study is the first to assay CIC in IC and has demonstrated CIC 

in more than 70% of cases of IC. It is possible that antibody deposits within the 

walls of submucosal blood vessels arise from the deposition of CIC within the sub

endothelial layer. The persistence of CIC after total cystectomy is an interesting 

finding that introduces the possibility that IC is a local manifestation of a systemic 

disorder. This postulate will be discussed later in relation to HLA expression (see 

chapter 7).
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The finding of ANA in 56% of this series conforms quite well with previous 

studies in which 85% (Oravisto et al., 1970; Jokinen et al., 1972), 66% (Gordon et 

al., 1973), 54% (Rosin et al., 1979), 53% (Oravisto, 1980) and 46% (Anderson et 

al., 1989). However, this study differs from a single report in which ANA were 

present in only 16% (Messing and Stamey, 1978). The ANA titres in some previous 

studies were similar to those reported here (Jokinen et al., 1972; Oravisto, 1980) 

although in other series they were much lower (Messing and Stamey, 1978; Anderson 

et al., 1989) and in some the titres were not given (Oravisto et al., 1970; Rosin et 

al., 1979). In this study associated SLE was present in 7, SS without SLE in 2 and 

RA in 3 cases. However, although ANA titres were generally higher in patients with 

associated autoimmune rheumatic diseases they were also present in 49%, at titres of 

up to 1 in 640, in IC cases without evidence of other diseases. Autoimmune 

rheumatic diseases, in which ANA are always more frequently present, were present 

as polyarteritis nodosa (1) and RA (1) (Oravisto et al., 1970) and 7SLE (1) (Gordon 

et al., 1972) in previous IC series with positive ANA titres. It is therefore apparent 

that ANA in IC are not entirely due to associated autoimmune disorders but seem to 

relate to IC itself in the majority of cases. Analysis of anti-ENA antibodies has failed 

to answer the question of why ANAs are present in IC since they were only found 

in cases with associated SLE or SS. Anti-DNA and anti-cardiolipin antibody 

estimation has also failed to reveal the aetiology of ANA in IC since they are both 

rarely found in IC and are almost exclusive to SLE. However, antibodies to 

poly(ADP-ribose) have been shown to be equally prevalent in IC with and without 

SLE and even in IC cases without ANA. Poly(ADP-ribose) is a naturally occurring 

polymer that may be synthesised and antibodies against it have been shown to be as
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specific in establishing a diagnosis of SLE as anti-ds-DNA antibodies (Okalie and 

Shall, 1979) although its sensitivity has more recently been questioned (Clayton et al., 

1984). However, as a breakdown product of DNA and NAD poly(ADP-ribose) 

appears to be a marker for IC in patients with and without SLE and gives a further 

clue to the aetiology of ANA in IC. ANA and anti-poly(ADP-ribose) antibodies may 

appear secondary to destruction of cells and their nuclei inducing autoantibodies to 

DNA breakdown products or could potentially result from viral infection inducing a 

haptogenic response. Immune complexes consisting of poly(ADP-ribose)-anti- 

poly(ADP-ribose) have been shown to be present in some cases of SLE (Okolie and 

Shall, 1979). CIC were detected in 50% of IC cases with raised levels of anti- 

poly(ADP-ribose) antibodies and it is possible that some of the IgG CIC detected may 

include such poly(ADP-ribose)-anti-poly(ADP-ribose) complexes although they were 

not specifically identified in this study. It is interesting to note that IgG class anti- 

poly(ADP-ribose) antibodies were elevated in one case (E.R.) 2 years after total 

cystectomy. The RAH A and latex tests are relatively non-specific and although they 

were positive in cases of SLE, RA and some cases of IC without SLE/RA the tests 

were not of diagnostic use.

SMA and AMA were not significantly associated with IC and it is interesting to 

note that SMA titres did not correlate with antibodies to the detrusor suggesting the 

presence of heterophil SMA.

The aetiology of anti-thyroid antibodies in IC appears to relate to the recognised 

association with autoimmune thyroid disease. The underlying reason for this odd 

association remains obscure but it is well known that autoimmune conditions often 

overlap and it is interesting to note the history of pernicious anaemia and gastric
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carcinoma in one of the IC patients. The overlap of autoantibodies in the IC cases 

is similar to that seen in the well known organ-specific and non-organ-specific 

autoimmune diseases and is further evidence in support of an autoimmune aetiology 

for IC.

Early on in this study it was noticed that a number of patients with IC wore tinted 

spectacles and in each case this was because of reported photophobia. It later became 

apparent that seven of the cases had SS and dryness of the eyes was exacerbated by 

bright lights. There was no evidence of anti-ocular antibodies in the cases without 

SS who were tested. The aetiology for photophobia is unknown in these cases 

although it is interesting to note that patients who wear tinted spectacles are more 

likely to suffer from psychopathology and in particular anxiety, depression and 

psychoticism (Howard and Valori, 1989). The chronic debilitating symptoms of IC 

are sometimes associated with psychological disturbances that may respond to 

behaviourial therapy (Gil-Vemet et al., 1960; Blaivas and Blaivas, 1986) although it 

has also been suggested that psychological disturbance may cause IC (Bowers et al.,

1958).

The binding of circulating antibodies to normal bladder tissue and the fixation of 

complement in IC suggests that it is an autoimmune disease. This hypothesis is 

reinforced by the demonstration of Ig and C3 within the IC bladder biopsies. This 

is the first study that has attempted to identify in detail the tissue against which the 

anti-bladder antibodies are directed. The most likely tissue is the bladder urothelium 

in view of the fact that the urothelium is ultimately destroyed in severe cases of IC. 

However, although there is evidence of antibody binding to the urothelium, detrusor 

sarcoplasm and detrusor sarcolemma in IC the picture is not entirely clear. Firstly,
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the presence of ANA in the serum of 56% of IC cases meant that the IFL 

appearances were often difficult to interpret; secondly similar anti-bladder antibody 

binding was found in some cases of bacterial cystitis and normal control cases 

although the titres were significantly lower and thirdly the absolute specificity to the 

bladder of these antibodies cannot be determined with any certainty. Since most 

middle-aged females will have suffered a symptomatic or asymptomatic attack of 

bacterial cystitis at some time in their life the exposure of bladder-specific antigens, 

especially from the urothelium, to the immune system could potentially have induced 

autoantibody formation seen in some of the BC and normal control groups in this 

study. Not all IC cases exhibited antibody binding to bladder tissues and this lack of 

specificity mean that IC is a heterogeneous disorder or that in a situation analogous 

to that of islet cell antibodies in juvenile onset diabetes mellitus (Bottazzo et al., 

1986) the titres have already diminished late in the course of the disease. It is likely 

that binding and complement fixation by antibodies against tissues of the bladder play 

a role in the pathogenesis of IC but the picture is far from clear and it is possible that 

antibody action is a secondary phenomenon.
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CHAPTER 7

HUMAN LEUCOCYTE ANTIGENS
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7.1 INTRODUCTION AND HISTORICAL BACKGROUND

The concept of compatibility of tissues from different individuals was originally 

described in Landsteiner’s study of matching blood groups of donor and recipient red 

cells. It later became apparent that additional factors were important in the 

transplantation of other tissues and the name histocompatibility antigens was first 

coined for such antigens. The genome sequence responsible for encoding such 

antigens was later named the Major Histocompatibility Complex (MHC), in man also 

referred to as the Human Leucocyte Antigen (HLA) gene cluster located on 

chromosome 6. The HLA complex can broadly be divided into those that encode for 

Class I proteins and those that encode for Class II proteins. Class I proteins consist 

of two polypeptides, the larger encoded by the MHC and non-covalently bound to a 

smaller j82-microglobulin. Class II proteins consist of two non-covalently bound 

proteins, both encoded by the MHC, and referred to as a and /? chains. The HLA 

complex may be further subdivided into sub-regions; namely A,B and C which 

contain genes for Class I proteins and DP, DQ and DR which contain genes for Class 

II proteins. These sub-regions can be further subdivided into many specificities, 

currently over 64 are identifiable; some are not yet completely defined and are 

referred to with suffix "w" which stands for workshop. All individuals express two 

HLA A, B, C, DP, DQ and DR alleles, one from each chromosome. Further 

subdivision is the genetic polymorphism. There are two types of variability, one 

within an individual (i.e. different types of HLA molecule), and one between 

individuals (i.e. different genetic polymorphisms of the same HLA molecule).

The identification of HLA tissue typing has proved to be useful in studying the 

genetic predisposition to certain diseases and in enabling more accurate cross
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matching for organ transplantation. Well known disease associations are ankylosing 

spondylitis (AS) with HLA-B27 and coeliac disease with HLA-DR3. The HLA-DR 

loci are most commonly associated with autoimmune rheumatic diseases and are also 

the most important for matching in organ transplantation. However, tissue types 

confer only a relative risk and are not therefore the only factor required for the 

development of such conditions. A possible contributory factor to this might be 

linkage disequilibrium, which is an hereditary association of certain genes that for 

some reason are not randomly distributed during division (e.g. HLA-A1 with HLA- 

B8) - a suppression of genetic recombination within the MHC locus. Therefore, such 

disease associated HLA types may be coupled by linkage disequilibrium with the gene 

encoding the aetiological factor. Another possible explanation for the association of 

HLA types and diseases is that the disease results from the combination of an external 

environmental factor such as a viral or bacterial infection with a genetic 

predisposition.

The distribution throughout the body of Class I and Class II molecules is very 

different. Class I products are found on the surface of all nucleated cells. Class II 

molecules (in particular HLA-DR), however, are restricted to B-lymphocytes, 

Langerhans cells, macrophages (M<£), monocytes, dendritic cells, vascular endothelial 

cells and activated T cells. HLA molecules play an important role in immune 

regulation in several different ways. Cytotoxic T cells that identify and destroy 

foreign graft tissues do so by recognition of foreign Class I molecules on the cell 

surface in combination with either foreign or self antigen fragment. Also cells 

infected by viruses are recognised by cytotoxic T cells by virtue of the presentation 

of a combination of self Class I molecules and viral antigen fragment on the cell
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surface and this is the first step in the subsequent destruction of the cell. Helper T 

cells recognise foreign antigens in association with Class II molecules on antigen- 

presenting cells (APC), such as M<j>, and then by release of lymphokines stimulate the 

phagocytosis and intra-cellular destruction of antigen on micro-organisms and 

stimulate B cells to produce antibody to the antigen. Therefore, Class II molecules 

play an important role by enabling the immune system to recognise foreign antigen 

on cell surfaces and hence initiate the process of cell destruction.

The aetiology of autoimmune diseases is still incompletely understood. Some 

autoimmune diseases, particularly the endocrine organ-specific autoimmune conditions 

such as Addison’s disease, Graves’ disease and juvenile onset diabetes mellitus, are 

associated with HLA-DR3. However, this and other HLA-associations, are only 

relative risk factors and other aetiological determinants such as viral infections in 

combination with HLA specificities have been suggested. The abnormal expression 

of HLA Class II molecules by normally Class I restricted cells has been demonstrated 

in a number of autoimmune diseases such as Graves’ disease (Hanafusa et al., 1983), 

juvenile onset diabetes mellitus (Bottazzo et al., 1985) and idiopathic protracted 

diarrhoea (Mirakian et al., 1988). It has been suggested that expression of Class II 

products in combination with autologous antigens might initiate stimulation of helper 

T cells and then autoreactivity via activated T cells and B cells (Bottazzo et al., 

1986). Furthermore, enhanced expression of Class I molecules by cells involved in 

autoimmune conditions has been described and this is thought to lead to augmentation 

of destruction by cytotoxic T cells (Bottazzo et al., 1986). It should however be bom 

in mind that Class II expression may be stimulated by the potent cytokines such as 

interferon (IFN) gamma which may be released by activated T cells which are often
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present within tissues involved in autoimmune diseases (Basham and Merrigan, 1983). 

Interstitial Cystitis

Even though IC is a very rare condition it has been described in a pair of 

monozygotic twin sisters and a mother and sister (Oravisto, 1980). Although this 

could be a chance finding it introduces the possibility that there might be a genetic 

predisposition to the development of IC. No relationship has been demonstrated 

between ABO or rhesus blood groups and IC (see 6.5.1) but compared with HLA 

tissue types that is a crude reflection of genetic predisposition. Only two studies have 

investigated the HLA tissue types in IC, the first analyzed only 8 HLA-A loci and 8 

HLA-B loci in 28 cases of IC and 600 normal controls. An association with HLA- 

A10 and HLA-B17 was reported (p=0.038 for both) (Rosin et al., 1979). The second 

studied only 9 cases of IC and not surprisingly showed no associated HLA 

associations (Oravisto, 1980).

Immunohistochemical staining of normal bladder tissue has shown that the 

urothelium expresses Class I molecules and Class II molecule expression was 

restricted to a few lymphocytes within the urothelium and dendritic-like cells within 

the lamina propria (Gardiner et al., 1986). The intra-vesical instillation of Bacillus 

Calmette Guerin (BCG) has been shown to cause HLA-DR expression by urothelial 

cells in cases of carcinoma-in-situ and it has been hypothesised that this 

transformation ipso facto leads to the destruction of the carcinoma-in-situ cells by T 

cells (Prescott et al., 1989). However, the introduction of Mycobacteria was shown 

to induce T cell infiltration and it is more likely that HLA-DR molecule expression 

in these circumstances was secondary to release of IFN-gamma from infiltrating T 

cells rather than the initiating factor. No studies have so far investigated the
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urothelial expression of HLA molecules in IC.

7.2 PATIENTS AND METHODS

7.2.1 HLA Tissue Typing

A series of 31 cases of IC underwent tissue typing. In order to exclude the 

influence of racial effects patient K.G., who is of Indian origin, was excluded from 

analysis. A control group of 140 fit residents of north London of Caucasian origin 

were also tissue typed.

A sample of 20 ml of whole blood was taken from each patient and mixed with 

2 ml of sodium citrate to prevent coagulation. This was then centrifuged at 2,000 

revolutions per minute for 10 minutes and the buffy coat of white blood cells was 

removed. Testing was performed for 102 tissue types as listed in appendix 7.2. The 

tissue typing was performed within the Department of Diabetes and Immunogenetics 

of St. Bartholomew’s Hospital Medical College. A modified National Institute of 

Health micro-toxicity test was used for HLA-A,B,C typing as previously described 

(Terasaki and Park, 1979). The Dynabeads Class II cell separation method was used 

for HLA-DR typing (Vartdal et al., 1986).

The results were analyzed using the x2 test.

7.2.2 Class I and II Expression

A total of 18 cases of IC, two of whom had associated SLE (A.B., D.M.), were 

studied along with a control group of bacterial cystitis (BC) (n=5) and normals (n= 6) 

as shown in appendix 7.4. Cryostat sections of bladder biopsies were analyzed 

synchronously in the same batch by indirect immunofluorescence (IFL) (see 6.4.3). 

The serial 4 ^m sections on four-well glass microscope slides were dried and then 25
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fil of mouse monoclonal antibodies (MoAb) to HLA-A,B,C (W6/32), HLA-DP 

(B7/21), HLA-DQ (TU22) and HLA-DR (MID3) (see appendix 8.9) were placed on 

each well and allowed to incubate for one hour. The slides were then washed with 

PBS (pH 7.2) and soaked for 15 minutes. Next, FITC-conjugated rabbit anti-mouse 

MoAb (Wellcome) was applied for 20 minutes to reveal the reaction and the slides 

were again washed and then mounted prior to examination. The slides were read 

blindly and double checked by a second observer and photographed using a Zeiss 

photomicroscope under UV epi-illumination.

7.3 RESULTS

7.3.1 HLA Tissue Typing

The tissue types of IC cases are shown in appendix 7.1 and their relative 

frequencies are shown in appendix 7.2. A total of 64 tissue types were positive for 

at least one of the cases. Tissue type frequencies of the 140 normal endemic controls 

are shown in appendix 7.3. The tissue types most closely associated with IC are 

listed below in table 7.1. The p value is calculated from the x2 test. In addition 

because 64 different haplotypes were tested a corrected p value (p value multiplied 

by 64), is also shown.
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Table 7.1 HLA Tissue Type - IC cases and Normal Controls

Patients Controls
Antigen +VQ -ve +ve -ve

B38 2 27 0 140
B41 1 28 0 140
Cw7 10 19 82 58
Cw8 2 27 0 140
DR6 13 17 21 119
DRw53 13 17 92 48
DQ3 19 11 55 85

Relative x! p value
Risk

25.54 7.63 0.00599
14.78 4.70 0.02837
0.38 5.45 0.01860

25.54 7.63 0.00599
4.28 11.72 0.00099
0.40 5.18 0.02167
2.61 5.66 0.01659
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Corrected 
p value

0.3838
1.8156
1.1901
0.3838
0.0634
1.3869
1.0618



The only tissue type that has a corrected p-value approaching statistical 

significance is the HLA-DR6 haplotype. Since the IC group studied also includes two 

cases of SLE (A.B., D.M.), which may be a separate condition and certainly has its 

own associated tissue types (e.g. HLA-DR3), a further analysis has been performed 

excluding these two cases. This reveals a relative risk of 4.91 for HLA-DR6, a x2 

value of 14.28, and a corrected p-value of <0.05. A statistically significant 

association between IC (without SLE) and HLA-DR6 has been shown.

7.3.2 HLA Class I and II Expression

The expression of Class I and Class II molecules within the bladder in IC, BC and 

normal controls is summarised in appendix 7.4.

Class I Expression

In IC, BC and normal controls almost all cells throughout the biopsies showed 

surface expression of Class I molecules throughout the bladder biopsies. In 6/16 

(33%) of IC cases, one case of BC but none of the normal controls, there was 

evidence of HLA Class I hyperexpression in the urothelial cells.
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Figure 7.1 Urothelial Class I hyperexpression in IC (E.G .). Two layer indirect IFL
using mouse MoAb (W6/32) and FITC-conjugated anti-mouse MoAb.
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Class II Expression

In the normal control bladders the urothelium was negative for HLA Class II 

molecule expression and the positivity was restricted only to dendritic-like cells and 

Langerhans cells along the basement membrane, a few lymphocytes and M<£ within 

the submucosa and vascular endothelial cells (see figure 7.2), as previously described 

(Gardiner et al., 1986). In biopsies of patients with BC again urothelial cells were 

negative for HLA Class II but more cells expressing these HLA products were found 

along the basement membrane. The majority of these cells were CD3 +  T cells and 

macrophages (see figure 7.3).

The most striking difference between the bladder tissue of the IC patients and the 

normal and BC control groups was the expression of HLA-DR by urothelial cells and 

these were positive with all three MoAb employed (MID3, DA6.164 and RFDR 

antibodies) (see figure 7.4). This was demonstrable in 14 (77.8%) of the 18 cases 

studied and 14 (87.5%) of the 16 cases in which the urothelium was not absent due 

to ulceration. There was a statistically significant association between urothelial 

HLA-DR expression and IC (x2= 19.99, p < 0.001). The urothelium is progressively 

thinned in the course of chronic IC but HLA-DR expression persisted in both acute 

and chronic cases.

One of the cases not expressing HLA-DR on the urothelium (H.C.) had IC 

associated with SLE which may be a separate condition and the other (S.D-E.) had 

only just started to develop symptoms at the time of biopsy and her condition 

progressed later.

Quite surprisingly, the single IC patient that had persistent symptoms after 

caecocystoplasty, with histologically proven inflammatory cell infiltrate within both
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the caecal substitution adjacent to the trigone and the bladder remnant, showed 

aberrant HLA-DR expression on the surface of urothelial cells within native bladder 

as well as the caecal mucosa (see figure 7.5).

Another feature of IC biopsies was an increase in the number of cells expressing 

Class II products within the submucosa. Such cellular infiltrates were greater in the 

more severe cases of IC, particularly those with ulceration of the urothelium (see 

figure 7.6). In most cases the cells stained positively for HLA-DR, HLA-DP and 

HLA-DQ. Large numbers of the infiltrating cells expressing HLA Class II were 

CD3 +  T cells compared with smaller numbers of M<t> (UCHM1+) (see also chapter 

7). Cellular infiltrates were predominantly within the submucosa (figures 7.4 and

7.6).

Angioneogenesis within the superficial layers of the bladder wall is a recognised 

feature of IC (Witherow et al., 1989) and proliferation of vascular endothelial cells 

was observed in both mild and severe cases of IC. Interestingly, all capillary cells 

hyperexpressed Class II molecules (see figures 7.4 and 7.6).
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Figure 7 .2  H LA-DR expression by normal bladder (J.R.) showing restriction to 
dendritic-like cells along the basement membrane, a few lym phocytes, macrophages 
and vascular endothelial cells within the submucosa. Two layer indirect IFL using 
mouse H LA-DR M oAb (M ID3) and FITC-conjugated anti-mouse M oAb.
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Figure 7.3 HLA-DR expression in BC (D .L .). Two layer indirect IFL using mouse
HLA-DR MoAb (MID3) and FITC-conjugated anti-mouse MoAb.
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Figure 7 .4  H LA-DR expression in IC (B .H .) showing abnormal urothelial H LA-DR  
expression. Two layer indirect IFL using mouse H LA-DR M oAb (M ID3) and FITC- 
conjugated anti-mouse M oAb.
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Figure 7.5 H L A -D R  expression in caecal portion o f  a caecocystoplasty in IC 
(D .Sm .). Tw o layer indirect IFL using mouse H LA-DR M oAb (M ID3) and FITC- 
conjugated anti-m ouse M oAb.
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Figure 7.6  HLA-DR expression in ulcerative IC (F.M .). Two layer indirect IFL
using mouse HLA-DR M oAb (MID3) and FITC-conjugated anti-mouse MoAb.
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7.4 DISCUSSION

The hypothesis that there might be hereditary factors in the aetiology of IC was 

introduced after a study of over 200 cases revealed a pair of monozygotic twins and 

a mother and daughter with IC. Nine patients from the same series also underwent 

HLA tissue typing revealing no obvious association (Oravisto, 1980). In this series 

of IC cases there is no association with blood group (see chapter 5). However, there 

was a statistically significant association between IC and the HLA-DR6 tissue type. 

The previous report, which did not examine the HLA-DR antigens, suggested an 

association with tissue types HLA-A10 and HLA-B17 (Rosin et al., 1979) which has 

not been confirmed in this series in which no significant relationship exists between 

IC and HLA-A10 (p>0.5) or HLA-B17 (p>0.1). The relative risk value for the 

relationship between IC (without associated SLE/SS) and HLA-DR is 4.91 in this 

series which is greater than that for myasthenia gravis and HLA-DR3 (2.5), similar 

to the that for SLE and HLA-DR3 (5.8) but considerably less than that for AS and 

HLA-B27 (91). The absolute risk for females of HLA-DR6 type to develop IC, 

calculated using epidemiological figures from Finland, is 4.1 per 10,000 (compared 

to 4 per 100 for HLA-B27 and AS). It is apparent that although there is a statistically 

significant link between IC and HLA-DR6 tissue type the association is far from 

absolute. This relatively weak association could be due to linkage disequilibrium 

between a specific gene encoding for susceptibility to IC and HLA-DR6. An 

alternative explanation is that HLA-DR6 tissue type confers an increased susceptibility 

to develop IC after exposure to an environmental factor such as an infective agent. 

The latter theory might explain how monozygotic twins came to develop IC at 

approximately the same time (Oravisto, 1980) and why the year onset of IC appears
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to be a cyclical phenomenon such as found in influenza epidemics (see chapter 2).

The de novo presence of urothelial HLA-DR expression in IC but not in BC or 

normal control patients has been clearly demonstrated. Although there are no 

previous reported studies of Class II expression in IC, urothelial cells in radiation 

cystitis (Prescott et al., 1989) and normal bladder (Gardiner et al., 1983) have been 

shown to express Class I but not Class II molecules. This suggests a possible role 

for urothelial HLA-DR expression in the pathogenesis of IC. Inappropriate HLA-DR 

expression is a feature of a number of autoimmune conditions (Bottazzo et al., 1986), 

and when present on epithelial cell surfaces may favour direct presentation of 

autoantigens causing induction of helper T cell activation, ultimately leading to their 

destruction by humoral and cellular mechanisms (Bottazzo et al., 1983). HLA-DR 

expression on epithelial cells could be induced directly by release of IFN-gamma from 

activated T cells infiltrating the affected tissue, and it has been suggested that this is 

the cause of inappropriate Class II expression in certain autoimmune conditions 

(Basham & Merrigan, 1983). However, it is important to emphasise that equal 

numbers of activated T cells are present within the bladder submucosa in IC as well 

as BC (see chapter 8) and urothelial HLA-DR expression is not found in BC. The 

increased number of CD4+ T cells found within the submucosa in IC (MacDermott 

et al., 1989; chapter 8) are, therefore, likely to be present in response to 

inappropriate urothelial HLA-DR expression, which could also account for activation 

of the CD4+ T cells. In BC, with an absence of urothelial HLA-DR expression, the 

T cells may be attracted and activated by bacterial antigens rather than urothelial 

molecule expression.

The finding of HLA Class I hyperexpression in some of the IC cases but in none
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of the normal controls and the large majority of BC cases suggests a role for this 

additional change in the pathogenesis of IC. CD8+ T cells are present in increased 

numbers within the submucosa in IC (MacDermott et al., 1989; chapter 8) and direct 

cytotoxicity by these cells against urothelial cells might be favoured by increased 

expression of Class I molecules which bind to CD8+ T cell receptors.

The single case fulfilling the diagnostic criteria for IC but with associated SLE did 

not express HLA-DR on urothelial cells. There is now evidence to suggest that 

chronic cystitis in SLE results from deposition of immune complexes in the bladder 

wall and hence is a separate disorder from classical IC, although the clinical and 

histological features are usually similar (Boye et al., 1979; Orth et al., 1983; chapter

6.5.6). This would account for the absence of urothelial HLA-DR expression in the 

case with chronic cystitis and associated SLE in this study and is further evidence 

suggesting a different pathogenesis for SLE cystitis.

When symptoms of IC are severe and unresponsive to local or systemic medication 

then subtotal cystectomy and augmentation of the bladder with caecum, colon or small 

bowel is indicated. Cases in which chronic inflammation has apparently spread from 

the residual IC bladder tissue to the caecal augmentation have been reported (McGuire 

et al., 1973), although this is an unusual finding that may also occur within bowel 

segments after augmentation cystoplasty for conditions other than IC (MacDermott 

et a l., 1990). Inappropriate HLA-DR expression is a feature of ulcerative colitis and 

it has been shown that mucosal HLA-DR expression is absent during remissions but 

is usually present during exacerbations of the disease (Selby et al., 1983). The case 

in this study in which there was inflammation within the caecal portion of the 

caecocystoplasty immediately adjacent to an inflamed IC bladder remnant surprisingly
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showed inappropriate HLA-DR expression by mucosal cells. This abnormality could 

be due to hypersensitivity of large bowel mucosa to locally released cytokines, 

leading to mucosal cell HLA-DR surface expression, and this could also be the case 

in ulcerative colitis.

The aetiology of inappropriate HLA-DR expression has been a matter of some 

dispute. Viral infection has been postulated and a recent study of Graves’s disease, 

in which aberrant HLA-DR expression is known to occur (Hanafusa et al., 1983), has 

identified retrovirus-like DNA sequences in nuclear DNA from such cases 

(Ciampolillo et al., 1989). The hypothesis is that incorporation of viral DNA within 

the genome following viral infection might trigger HLA Class II genes, otherwise 

silent in normal epithelial cells. Virological studies of bladder wall tissue from IC 

cases has failed to show evidence of infection by known viruses (Hanash and Pool, 

1970; Fall et al, 1985; chapter 5), although this does not exclude the possibility of 

a previous viral infection responsible for triggering the onset of the disease. 

Superficial carcinoma and in-situ carcinoma of the bladder is often treated by intra

vesical instillation of Bacillus Calmette-Gu6rin (BCG) which initiates a chronic 

infection leading to profuse inflammatory reaction culminating in destruction of the 

malignant urothelium. Urothelial cell HLA-DR surface expression and bladder wall 

T cell infiltrates have been demonstrated after BCG therapy (Prescott et al., 1989) 

and it is likely that similar cellular immune mechanisms take place in IC. Both BCG 

therapy and IC may ultimately progress leading to urothelial destruction. A search 

for Mycobacteria in the urine and bladder tissues of patients with IC has been 

negative on microscopy, culture (Hanash & Pool, 1970) and using DNA probes 

(chapter 5) although this does not absolutely exclude atypical fastidious Mycobacteria
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as a possible aetiology of IC.

The inappropriate expression of HLA-DR by bladder urothelium in IC is a new 

finding which adds to the list of autoimmune conditions in which this phenomenon 

has been described. Although the finding of atypical urothelial HLA-DR expression 

does not contribute to current knowledge of the aetiology of IC, it reinforces the other 

evidence supporting the role of cellular autoimmunity in the pathogenesis of IC.

This study has revealed two novel and important aspects of the HLA system in 

which IC cases differ from normal controls. The high incidence of the HLA-DR6 

haplotype suggests a genetic predisposition to the development of IC and this might 

explain the earlier finding of IC in monozygotic twins. The aberrant surface 

expression of HLA-DR molecules by the urothelial cells may be linked to the HLA- 

DR6 haplotype and is a potential trigger for the mechanism by which immune 

mediated destruction of the urothelium occurs in IC.
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CHAPTER 8

THE CELLULAR IMMUNE SYSTEM 

IN THE PATHOGENESIS OF INTERSTITIAL CYSTITIS
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8.1 - MAST CELLS IN IC

8.1.1. - Introduction

The mast cell (MC) was first identified by Ehrlich in 1877 using innovative tissue 

staining techniques, although at that time its function was not understood (Ehrlich, 

1877). MC have been demonstrated in most tissues in mammals and the distribution 

varies from one species to another. In the mouse and rat MC are widely distributed 

within loose connective tissue while in the dog they are most abundant in the liver 

and in the cat and guinea-pig they are predominantly found in the lungs and skin. 

The rabbit is exceptional having few tissue MC but many circulating in the blood 

stream (Michels, 1938). In humans MC are found within connective tissue, around 

blood vessels, within adipose tissue, in the submucosa of the gastro-intestinal tract 

and bladder and within the sheaths of peripheral nerves and meninges. Circulating 

basophils have been shown to be a form of MC with similar functions within the 

blood stream and they also migrate into tissues. MC are also diffusely present within 

connective tissue in organs of the reticulo-endothelial system.

It was not until 1937 that heparin production by MC was described and this was 

the first physiological function to be attributed to the cell (Holmgren and Wilander, 

1937). Tissue MC were later shown to produce histamine (Riley and West, 1953). 

A review of the functions of the human MC follows below.

MC function

The MC has been shown to have surface receptors (105-106 per cell), which bind 

the Fc portion of IgE, and to have large cytoplasmic granules containing biologically 

active substances. Attachment of antigen (or allergen) to these univalent IgE receptor 

sites leads to degranulation of the MC by exocytosis, releasing active agents such as
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histamine and it is via this pathway that the MC is thought to play an important role 

in the aetiopathogenesis of allergic and anaphylactic phenomena. Pharmacological 

agents and MC degranulating peptide from bee venom are able to bring about MC 

degranulation independent of immunological mechanisms. Some T-lymphocytes (via 

IL3) and eosinophils are able to stimulate the MC. Stimulation via intermediate 

pathways involving calcium ions, cyclic-guanosine monophosphate (cGMP)and cyclic- 

adenosine monophosphate (cAMP) finally leads to degranulation of the MC. A rise 

in cAMP levels, as produced by stimulation of j3-adrenergic receptors by adrenaline, 

isoprenaline or via prostaglandin (PG) E1? leads to an inhibition of MC mediator 

release. However, stimulation of a-receptors by phenylephrine or noradrenaline leads 

to a decrease in cAMP levels and hence stimulation of the release of MC mediators. 

Stimulation of cholinergic receptors by acetyl choline or carbachol causes an increase 

in cGMP levels which again stimulates release of MC mediators. The control of MC 

degranulation is therefore a complex matter with contributions from the humoral and 

cellular immune system, direct chemical stimulation and the autonomic nervous 

system. There may also be some control of MC via neuropeptide immunoreactive 

nerve fibres, particularly those containing substance-P (S-P) (Hukkanen et al., 1989).

The effects of MC degranulation with a list of the active agents released is outlined 

below. MC granules contain four groups of active agents:-

1. Chemotactic factors

These substances attract other cells along a concentration gradient. Eosinophil 

chemotactic factor-A (ECF-A), a tetrapeptide, leads to an influx of eosinophils which 

dispose of antigen-antibody complexes and exert control over feedback mechanisms. 

High molecular weight neutrophil chemotactic factor (HMW-CF) specifically attracts
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neutrophils which then phagocytose cellular debris and release lysosomal enzymes.

2. Enzymes

These may be separated into three groups; exoglycosidases, proteases and the 

remainder. The exoglycosidases include arylsulphatase, /3-glucuronidase, ]3- 

hexosaminidase and /3-galactosidase. The proteases are tryptase, carboxypeptidase, 

elastase and cathepsin. The other enzyme group consists of peroxidases and 

superoxide dismutase. These enzymes contribute to tissue damage and repair.

3. Vasoactive substances

The main active agent in this group is histamine, an amine (MW 111) which 

causes an increase in capillary permeability and smooth muscle contraction. It is 

found within the granules of both MC and circulating basophils. After release from 

MC granules the maximal reaction occurs after 1-2 minutes and its duration is only 

10 minutes. Another vasoactive substance released by MC is slow-reacting substance 

of anaphylaxis (SRS-A) which is a mixture of the arachidonic acid metabolites 

leukotrienes (LTC4, LTD4 and LTE4). 5-hydroxytryptamine (serotonin) is found 

within rat MC but not those of humans as had once been suggested.

4. Anticoagulant

Heparin, a well known anti-coagulant, is an acidic mucopolysaccharide or 

proteoglycan containing glycosaminoglycans (GAGs) which enhances local vascular 

permeability. It account for the metachromatic staining of MC granules by basic 

dyes. Its release enhances the movement of migrating cells by preventing blood clot 

formation. It also possesses chemical properties that enable it to produce a protective 

coat over cell membranes.
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MC and the nervous system

The factors controlling the release of active agents from MC were poorly 

understood in early experiments. However, an intimate morphological association 

between MC and peripheral nerve fibres as well as the basement membranes of 

capillaries has been described. This suggests that MC might play a part in a 

neuroendocrine feedback system (Heine and Forster, 1975). It was later again shown 

that MC were intimately associated with adrenergic nerves and it was suggested that 

they might also play a role in the development of the adrenergic nervous system 

(Nyiri et al., 1977). An electron microscopic study of a glomus tumour of the thumb 

showed a very close morphological relationship between MC and unmyelinated nerve 

fibres. It was suggested that MC might play a part in the function of peripheral 

neurones as had previously been hypothesised (Olsson, 1968; Wiesner-Menzel et al., 

1981). Recently a close relationship has been demonstrated between substance-P 

immunoreactive nerve fibres, which are known to be sensory, and MC in the 

synovium (Hukkanen et al., 1989). The relationship between MC and the peripheral 

nervous system is largely speculative and has been proposed from morphological 

findings although there are theoretical reasons why it might be appropriate for the 

function of such a chemically powerful cell to be controlled by the nervous system.

8.1.2. - Historical Review

The first description of an increase in the numbers of MC in the bladder wall in 

IC was in 1958. Pyribenzamine had been shown to reduce histamine release from 

MC and treatment with this drug was shown to improve symptoms in IC, although 

this was often not long-lasting (Simmons and Bunce, 1958; Simmons, 1961). Soon
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after a similar increase in the numbers of submucosal MC was described in ulcerative 

colitis (UC), a condition histopathologically similar to IC (McAuley and Sommers, 

1961). A further similarity between IC and UC was described in a skin window 

technique which showed a predominance of basophils (circulating MC) in the 

leucocyte reaction in IC and UC whilst normal controls produced mainly neutrophils 

in identical conditions (Priest et al., 1960; Bohne et al., 1962).

The number of MC within the bladder wall in IC was not comprehensively studied 

until 1982 when 43 patients with clinical features of IC and 67 controls (47 male, 

three with bacterial cystitis) were studied. Frozen sections of bladder wall biopsies 

were stained with Masson’s trichrome and naphthol ASD chloroacetate. Of the 43, 

32 had the classical cystoscopic findings of IC and 27 of these had an increased 

number of MC between detrusor muscle bundles when compared with the controls. 

Of the eleven patients without the usual cystoscopic findings seven had an increase 

in the MC count and two were similar to controls. It was concluded that there is a 

highly significant increase in the numbers of MC within the detrusor muscle in IC and 

that this could be used to confirm the diagnosis (Larsen et al., 1982). In a further 

study from the same centre using similar methods a series of sixteen cases of IC were 

compared with 44 patients with "other types of chronic cystitis" of similar age and 

sex distribution. MC counts within muscle were significantly greater in the IC groups 

than the controls. A count of >20 MC/mm2 showed diagnostic specificity of 88% 

and diagnostic sensitivity of 95% for IC. The histamine content in the bladder wall 

was significantly greater in the IC group than the other types of chronic cystitis. The 

amount of Masson’s trichrome positive collagen staining material was found to be 

significantly greater in the intra- and inter-fascicular muscle tissue in IC than in
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controls. It was suggested that this increase in collagen was due to release of 

histamine from MC (Kastrup et al., 1983). Heparin is known to stabilise MC 

granules thereby reducing degranulation and its subcutaneous administration has been 

reported to bring about symptomatic improvement in IC, hence suggesting the 

importance of the MC in the aetiology of symptoms in IC (Lose et al., 1983). 

Heterogeneity in MC was first described in rodents by Enerback as long ago as 1966 

and differential staining was later shown to depend upon the ionic linkages between 

glycosaminoglycans (GAG) molecules within granules but the differences could be 

overcome by lengthy staining with toluidine blue (Enerback, 1966; Wingren and 

Enerback, 1983). However, this finding was not demonstrated in humans until 1981 

when a comparison of fixation techniques in counting human intestinal MC revealed 

a huge disparity between counts after using formalin and other fixatives such as basic 

lead acetate (BLA). Mucosal MC counts, when previously fixed with Camoy’s or 

BLA will be at least ten times greater than after fixation with 10% formalin. This 

disparity does not occur in the so-called connective tissue MC, the staining of which 

are not as dependent upon fixation technique and are therefore histochemically 

distinguishable from mucosal MC. This inequality between mucosal MC and 

connective tissue MC is thought to result from the amount of sulphation of GAGs 

which is different between the two cell types. Staining of MC depends upon the 

affinity of cationic dyes for MC granule GAG. Optimal fixation should precipitate 

the GAG but leave polyanionic sites available for binding of dye. Camoy’s and BLA 

penetrate tissues readily and precipitate both GAG and proteins facilitating ionic 

linkages between GAG and basic cationic proteins. It was concluded that for light 

microscopy of mucosal MC the best results would be obtained after fixation with



BLA or Camoy’s. In biopsies fixed with formalin-based fixatives MC are more 

readily stained with toluidine blue (Strobel et al., 1981). In a similar study in the 

human large and small intestine mucosal MC were found to predominate in numbers 

over the connective tissue MC in all layers of the bowel wall (Befus et al., 1985). 

In rats the mucosal type of MC were shown to significantly increase in number after 

mechanical trauma, parasitic infestation and bacterial infection (Cornish et al., 1986).

It was not until 1986 that MC heterogeneity was studied in IC. In this report from 

Goteborg, MC distribution in sixteen cases of IC and fourteen normal controls was 

described. Bladder biopsies were fixed with 4% buffered formaldehyde (BF) or an 

iso-osmotic mixture of 0.6% formaldehyde in 0.5% acetic acid (IFAA) and stained 

with toluidine blue pH 0.5 for 30 min. The formaldehyde-fixed sections were also 

stained for five days in toluidine blue at pH 0.5 (long toluidine blue - LTB). With 

BF fixation and short staining MC were found in detrusor muscle and lamina propria 

but never in the mucosa. MC numbers in the lamina propria in IC and controls were 

not different but were significantly increased within detrusor muscle in IC cases. 

More MC were found in tissues fixed with IFAA and BF fixed tissues stained with 

LTB and the increase in numbers was 30% within the lamina propria and 25% within 

the detrusor. IFFA-fixation with LTB staining also led to an increase in MC counts. 

The degree of "aldehyde-blocking" in the control groups was about 24% in the 

mucosa and muscle; while this figure in IC cases was similar in the muscle area it 

was 65% in the mucosal counts. MC counts from bladder washings were high in 

cases of IC but very low in controls. Electron microscopy of MC in the urine and 

biopsies showed them to have lamellar structure to their granules which distinguishes 

them from blood-borne basophils. It was concluded that there are two distinct MC
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populations in IC, the "formaldehyde-sensitive" (or mucosal MC) that were present 

in the lamina propria and migrated through the mucosa into the bladder and less 

sensitive cells distributed throughout the bladder wall but abundant in the muscle in 

IC (Aldenborg et al., 1986). The suggestion that BF fixation and LTB staining 

produced optimal MC staining and counts was later reinforced by a study of various 

staining and fixation techniques of the appendix in thread worm infestation (Crow and 

Howe, 1988).

The above findings were apparently ignored by the latest two studies. The first 

fixed biopsies with BF and stained with haematoxylin phloxine saffron and sulphated 

alcian blue, and were able to conclude that MC density within the detrusor muscle 

was increased in IC as compared to other forms of cystitis and normal controls (Feltis 

et al., 1987). The second multi-centre prospective study of 22 cases of IC and ten 

undefined control patients stained biopsies with pinosulium erythrosuxinate and 

demonstrated an increase in muscle MC counts but no significant increase in 

eosinophil numbers. Bladder tissue histamine levels were increased in IC as was 

urinary prostaglandin E2 excretion (Lynes et al., 1987).

From the previous studies outlined above it is apparent that the MC plays an 

important role in the pathogenesis of IC and indeed has been shown to be a diagnostic 

marker for the condition when present at a density of > 20/mm2 within the detrusor 

muscle. MC within the bladder in normals and IC cases appear to be of at least two 

types, those that stain less readily (except with LTB) after fixation with BF and those 

that stain normally. The former may be referred to as mucosal MC, although this is 

a poor description since they are found away from the mucosa, and the latter are 

sometimes called connective tissue MC. Both types are apparently increased in IC,
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the connective tissue variety particularly within muscle and the mucosal MC is 

predominant within the mucosa from which it apparently migrates into the lumen of 

the bladder. The MC within the bladder are distinct from circulating basophils since 

their granules do not show characteristic lamellar scrolling on electron microscopy.

8.1.3. - Patients and Methods

Biopsies were taken from the lateral wall of the bladder in 22 cases of IC, eight 

normal controls, six chronic bacterial cystitis (BC), three chronic cystitis associated 

with SLE and one case of active rheumatoid arthritis with associated cystitis. 

Sequential biopsies taken from two patients with IC over a period of two years were 

also studied.

Biopsies were immediately fixed in 4% formaldehyde in a 0.5M phosphate buffer 

(pH 7.2) (BF) and basic lead acetate (BLA) (1 g basic lead acetate, 50 ml ethanol, 

50 ml distilled water, 0.5 ml glacial acetic acid) for 24 hours and then imbedded in 

paraffin wax and 5 /xm sections cut prior to storage. These were later deparaffmated 

in xylene, washed with absolute alcohol, alcohol dilutions and water and then stained 

simultaneously for 30 min or seven days in 0.5% toluidine blue [C.I. 52040, Merck] 

in 0.5M hydrochloric acid (pH 0.5). After washing with alcohol dilutions the 

sections were mounted prior to microscopy. This technique specifically stains MC 

granules dark blue by virtue of the chemical properties of glycosaminoglycans 

contained within the granules whilst background tissues stain very pale blue (Wingren 

and Enerback, 1983). The slides were examined and photographed using an Olympus 

BH-2 microscope at 25x magnification.

In order to quantify the MC present the biopsies were screened using a
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computerised video image analysis (CVIA) system obtained from Flinders University, 

Adelaide, Australia. This utilises a Zenith Z100 microcomputer (Zenith Data 

Systems, Michigan) with 30 megabyte hard disk memory (Jarvis, 1986) (see figures 

4.3 and 4.4). Each biopsy was screened using the same microscope with Olympus 

video camera attached to an ancillary imaging port. The number, area (in pixels) and 

integrated optical density (IOD) of the MC were evaluated. The pixel is a unit of 

area represented on the video image screen which has a total screen area of 65,536 

pixels. The IOD is measured in arbitrary units calculated from the reciprocal of light 

transmission x stained area.

The whole of the biopsies were screened and counts from the 

urothelium/submucosa and detrusor muscle layers were measured separately. In order 

to confirm the accuracy of the CVIA in counting MC the first 10 biopsies were also 

counted by eye and there was 100% correlation with the CVIA counts. This was not 

surprising since no artefacts, or appreciable background staining were present.

Results were analyzed using the Mann-Whitney U test and Wilcoxon’s test since 

the collected data were not of Gaussian distribution.
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Figure 8.1 Mast cells within the detrusor muscle in IC (D .S m .) - BF fixation and 
LTB stain (x400).
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Figure 8.2 CVIA image o f mast cells in the submucosa in IC.
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Figure 8.3 CVIA count and measurement o f MC (Blue squares erase artefact).
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8.1.4. - Results

The MC within the urothelium/submucosa and detrusor muscle fields were counted 

throughout the whole biopsies and then adjusted to be equivalent to ten fields ( =  

1.665 mm!). In most cases the biopsies contained sufficient tissue to scan ten fields 

of both urothelium/submucosa and muscle. However, eleven biopsies were not 

sufficiently deep and therefore assessment of the muscle layer was not possible in 

some instances. In a single case of SLE cystitis (S.P.) the urothelium had become 

detached leaving only muscle available for counting.

The MC counts, their area in pixels and their IOD after BF fixation and LTB 

staining are shown in appendices 8.1 and 8.3. The same measurements after BLA 

fixation and LTB staining are shown in appendix 8.2. Since BF fixation and LTB 

staining produced the better staining characteristics and contrast against background 

the results of this technique are presented below. Results after BF fixation and STB 

staining are shown in appendices 8.4 and 8.5.
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BF Fixation. LTB Staining

MC Analysis Comparison. IC and Control Groups

The characteristics of MC were compared between the IC group and the BC, 

SLE/RA cystitis and normal control groups. Since the groups were not of Gaussian 

distribution all statistical comparisons utilised the Mann-Whitney U-test.

MC were more abundant within the urothelium/submucosa in IC than in normal 

controls (95.5% C.I. 50, 161, p =0.0005). The urothelium/submucosal MC count 

in BC was also significantly greater than that in normal controls (95.5% C.I. 19, 156, 

p =0.0067). However, there was no significant difference between the counts in IC 

and BC (95.2% C.I. -37, 102, p=0.33), SLE/RA cystitis (95.0% C.I. -43, 176, 

p=0.218) and SLE/RA/BC (95.5% C.I. -20, 102, p=0.157). The

urothelium/submucosal MC count in SLE/RA was not significantly different from that 

in normals (96.8% C.I. -47, 146, p=0.307) or BC (97.2% C.I. -198, 101, 

p=0.519).

MC counts within the detrusor muscle layer were quite different and are shown in 

appendix 8.1. The detrusor count in IC was significantly greater than in normals 

(95.6% C.I. 49, 174, p=0.0081), BC (95.4% C.I. 56, 137, p=0.0005), SLE/RA 

cystitis (95.6% C.I. 15,140, p=0.026) and the combined SLE/RA/BC group (95.4% 

C.I. 55, 129, p=0.0001). The detrusor MC count in SLE/RA cystitis was not 

significantly different from normals (91.9% C.I. -16, 113, p=0.19). Similarly the 

detrusor count in BC was not different from normals (97.2% C.I. -32, 80, p=0.25). 

The combined SLE/RA/BC group count was also not significantly different from 

normal (95.8% C.I. -77, 23, p=0.36). Furthermore, there was no difference
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between the detrusor MC count in SLE/RA and BC (97.2% C.I. -40, 89, p=0.25).

The size of MC within the urothelium/submucosa in the various subgroups is 

shown in appendix 8.3. The urothelium/submucosa MC size in IC was significantly 

greater than in normals (95.5% C.I. 2.75, 6.64, p=0.0009) but not significantly 

different from SLE/RA cystitis (95% C.I. -1.4,5.5, p=0.157), BC (95.2% C.I. -1.8,

3.8, p=0.26) or the combined SLE/RA/BC group (95.5% C.I. -0.48, 3.95, 

p =0.104). The MC size in SLE/RA cystitis was not significantly greater than in 

normals (96.8% C.I. -1.1, 6.8, p=0.185). However, the MC size was greater than 

normal in both the BC (95.5% C.I. 1.1, 7.3, p=0.0055) and combined SLE/RA/BC 

groups (95.1% C.I. 0.7, 5.3, p=0.0061).

The MC size within the detrusor muscle layer in the subgroups is shown in 

appendix 8.3. The size of MC within the detrusor layer in IC was not significantly 

greater than in normals (95.6% C.I. -1.8, 16.3, p=0.11) but this may have been due 

to the small number of normal cases in which muscle was included in the biopsy. 

The MC size in IC was also not significantly greater in IC than in BC (95.4% C.I. -

1.8, 9.0, p=0.13) or SLE/RA cystitis (95.6% C.I. -5.8, 7.7, p=0.83). However, 

detrusor MC size was significantly greater in IC than in a combined group of 

normal/BC (95.4% C.I. 0.2, 9.0, p =0.047) and this probably due to the increase in 

size of this group. Muscular inflammatory infiltrate was not a feature of normals or 

BC and for this reason formation of a combined group is justified. There was no 

other statistically significant difference between the groups, although the difference 

between MC size in the SLE/RA and normal groups approached significance (91.9% 

C.I. 1.7, 12.0, p=0.08).

The integrated optical densities (IOD) of the MC within the urothelium/submucosa
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in the various subgroups is shown in appendix 8.1. The urothelium/submucosal MC 

in IC were of significantly greater IOD than normals (95.5% C.I. 0.82, 2.59, 

p=0.0032). There was however no difference between the MC in IC and BC (95.2% 

C.I. -0.54, 1.35, p=0.35), SLE/RA cystitis (95% C.I. -0.89, 2.33, p=0.29) or the 

combined bacterial/SLE/RA cystitis group (95.5% C.I. -0.35, 1.37, p=0.195). The 

urothelium/submucosal MC in BC were also of greater IOD than normals (95.5% 

C.I. 0.44, 2.09, p=0.0037). In addition the MC IOD of the combined SLE/RA/BC 

group was greater than normals (95.1% C.I. 0.43, 1.94, p=0.0061). However, the 

IOD of urothelium/submucosal MC in SLE/RA cystitis was not significantly different 

from normal controls (96.8% C.I. -0.4, 2.67, p=0.26).

The IOD of MC within the detrusor muscle in the subgroups is shown in appendix 

8.1. The intra-detrusor muscle MC were of significantly greater IOD in IC than in 

the other combined groups (95.1% C.I. 0.05, 2.81, p =0.049). Owing to the low 

number of normal muscle biopsies the IC versus normal difference in MC IOD 

approached but did not quite reach statistical significance (95.6% C.I. -0.02, 5.39, 

p =0.057). There was also no statistical difference between the MC IOD in IC and 

BC (95.4% C.I. -0.68, 3.06, p=0.20) SLE/RA cystitis (95.6% C.I. -1.61, 3.5, 

p=0.46) and the combined SLE/RA/BC group (95.4% C.I. -0.46, 2.68, p=0.16). 

Furthermore, the IOD of the detrusor MC in BC (97.2% C.I. -1.55, 3.79, p=0.25), 

SLE/RA cystitis (91.9% C.I. -0.05, 3.05, p=0.20) and the combined SLE/RA/BC 

group (95.8% C.I. -0.24, 3.05, p=0.14) were not statistically different from normal. 

There was also no statistically significant difference between the detrusor MC IOD 

in SLE/RA and BC (97.2% C.I. -1.62, 2.37, p=0.90).
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MC Analysis Comparison. Urothelium/submucosa versus Muscle.

On examination of the slides it was noted that more degranulating MC were 

present within the urothelium/submucosa than in the detrusor muscle layer in IC. 

Since MC granules contain a number of biologically active agents (vide supra) 

determination of their site of degranulation is of major importance in elucidating the 

role of MC in the pathogenesis of IC. For this reason a comparison was made 

between the characteristics in IC and controls of MC within the 

urothelium/submucosa and detrusor layers.

In normal cases there was no significant difference between the number of MC 

within the urothelium/submucosa and detrusor (Wilcoxon test, p = 0 .18). There was 

also no difference between the size and IOD of MC in the urothelium/submucosa and 

detrusor in normal bladder (p = 1.0 for both). Although the evaluable numbers are 

small these findings suggest a uniform distribution of similar MC throughout all 

layers of the normal bladder as is the general impression on examining specimens.

In BC MC were significantly more abundant within the urothelium/submucosa than 

the detrusor muscle (p=0.036). There was however no significant differences 

between the size (p = 1.0) and IOD (p=0.6) of MC in the two layers. It can therefore 

be concluded that in BC MC within the bladder in BC are similar in size and IOD 

throughout the bladder wall but are present in greater numbers within the 

urothelium/submucosa than the muscle layer.

Since there were only two cases with SLE or RA in which biopsy material was 

available from both the submucosa and detrusor it was not surprising to find that 

there was no significant differences between urothelium/submucosa and detrusor with 

regard to MC counts, MC size or MC IOD.
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The numbers of MC within the urothelium/submucosa and detrusor were compared 

in the 18 evaluable IC biopsies and were not significantly different between the two 

layers (p=0.71). Comparison between MC size (in pixels) in urothelium/submucosa 

with that within the detrusor muscle suggested that MC were larger within the 

detrusor than in the urothelium/submucosa and this difference approached statistical 

significance (p=0.061). In IC detrusor muscle MC appeared to be of greater IOD 

than MC within the urothelium/submucosa and this difference also approached 

statistical significance (p=0.061). These results suggest a uniform distribution of MC 

numbers throughout the bladder wall in IC. However, MC within the detrusor 

appeared to be larger and more densely staining within the detrusor than in the 

urothelium/submucosa although the difference did not quite reach statistical 

significance.

BF Fixation. STB Staining

MC Analysis Comparison. IC and Control Groups

The results of MC analysis after BF fixation/STB staining were very similar to 

those after BF fixation/LTB staining and are shown in full in appendix 8.4 and 

analysis of the results in appendix 8.5.

There were significantly more MC within the urothelium/submucosa in both IC 

(95.3% Cl, 40.0, 124, p=0.0003) and BC (96.1% Cl, 3.98, 132, p=0.031) than in 

normal controls. There were no other significant differences between the IC, BC and 

control urothelium/submucosal MC numbers. Detrusor MC counts were significantly 

greater in IC than in BC (95.8% Cl, 48, 212, p=0.0026), SLE/RA (96.1% Cl, 60,
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504, p=0.028) and normal controls (95.6% Cl, 88, 216, p=0.0001). The areas of 

MC within the urothelium/submucosa were not significantly different between the 

various groups. However, detrusor MC were significantly larger in IC than in BC 

(95.3% Cl, 0.08, 9.95, p=0.043) and the combined SLE/RA/BC group (95.5% Cl,

1.08, 9.2, p=0.02).

The IOD of MC within the urothelium/submucosa were not significantly different 

between the groups. However, intra-muscular MC were of greater IOD in IC than 

in SLE/RA/BC (95.5% Cl, 0.35, 8.57, p=0.028) and normal controls (95% Cl, 

0.56, 8.59, p=0.04).

MC Analysis Comparison. Urothelium/submucosa versus Detrusor Muscle.

In normal control bladder there was no difference between MC counts within the 

urothelium/submucosa and detrusor (p=0.09) but unlike the situation with LTB 

staining the detrusor MC were of significantly greater area (p=0.014) and of greater 

IOD (p=0.03) than the MC within the urothelium/submucosa.

In BC there was no significant difference in MC numbers, size and IOD between 

the urothelium/submucosa and detrusor. However, the BC group was small and in 

one of the patients in this group (HS) the urothelium suffered from artefact which 

appeared to reduce the MC count. In BC there were no differences between MC area 

and IOD in the urothelium/submucosa and detrusor layers.

In IC the MC counts were not significantly different between the 

urothelium/submucosa and detrusor (p=0.22). However, intramuscular MC were 

significantly larger (p=0.0001) and of greater IOD (p=0.0001) than those within the 

urothelium/submucosa.
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Comparison of Staining Techniques

A comparison between the MC counts after BF fixation/STB staining and BF 

fixation/LTB staining suggested a lower MC count with STB but the difference in 

the number of MC within the urothelium/submucosa was not statistically significant. 

The same applied to intra-muscular MC. On comparing the MC area in the IC group 

after STB and LTB, LTB stained MC were significantly larger by a mean of 60.1 % 

in the urothelium/submucosa (p=0.001) and by a mean of 13% within the detrusor, 

the difference within the detrusor approached statistical significance (p=0.061). This 

suggests that MC within the urothelium/submucosa stain less readily with toluidine 

blue than the detrusor MC.
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Figure 8.4 Mast cell numbers, area and IOD after BF fixation/LTB stain
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8.1.5 - Discussion

MC are best known for their role in immediate hypersensitivity reactions. 

Allergens may stimulate MC degranulation by attachment to surface IgE receptors in 

conditions such as bronchial asthma. Earlier suggestions that IC might be a form of 

allergic reaction were based upon the finding that MC were present within the bladder 

wall (Simmons, 1961; Bohne et al., 1962) and that IC patients were more likely to 

suffer from allergies of various sorts than normal people (Hand, 1949). However, 

anti-histamine therapy is of great therapeutic benefit to bronchial asthma sufferers but 

does not have a lasting effect in IC (Simmons, 1961). It is now appreciated that MC 

also play a role in delayed (cell-mediated) hypersensitivity reactions in conjunction 

with other chronic inflammatory cells (Galli and Dvorak, 1984). A study of the 

potent MC and its action within the bladder wall in IC and matched controls is 

potentially important in determining the pathogenesis of IC.

Fixation of bladder biopsies with BF followed by staining with toluidine blue at 

pH 0.5 for 7 days has been shown to demonstrate all MC, including the so-called 

aldehyde-resistant MC. Using this technique it appears that all MC are stained and 

the findings of this study conform with those of previous workers in this regard 

(Wingren and Enerback, 1983, Aldenborg et al., 1986). Also BLA fixation and LTB 

staining do not appear to produce any significantly different staining result from the 

BF/LTB technique. This finding is different from previous studies in which prior 

fixation with BLA was shown to result in more effective staining of MC, although in 

comparing BLA with BF fixation the STB technique was used on bowel MC while 

we have used the LTB method (Strobel et al., 1981).

Background staining with toluidine blue is very pale and no other cells apart from
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MC stain positively making assessment by CVIA particularly convenient. Toluidine 

blue stains MC so effectively by virtue of the fact that the dye binds to 

glycosaminoglycans within MC granules (Enerback, 1966) rather than the MC nuclei. 

Therefore, the density (IOD) of TB staining within MC reflects the density of 

granules within the MC cytoplasm. Also, since MC nuclei are of uniform dimensions 

in the bladder where there is no evidence of MC division or aneuploidy, the cross- 

sectional area of MC will vary according to the number or volume of granules within 

the cytoplasm. Actively degranulating MC are smaller and less densely LTB positive. 

MC that are either in a granule production phase or storage phase will be larger and 

more densely stained by LTB. There must be a spectrum of MC sizes and density 

and intermediate cases will include both those MC that are partially degranulated and 

those in the early stages of granule manufacture. However, estimation of MC granule 

volume should represent the relative degree of degranulation activity.

In normal bladder MC are evenly but quite sparsely distributed throughout the 

urothelium/submucosa and detrusor muscle. In normal tissues there is a low level of 

background activity among MC and this is considerably less than in inflamed or 

allergically stimulated tissue.

MC infiltration of the urothelium/submucosa is a recognised feature of BC 

(Cornish et al., 1986). In BC MC are concentrated within the submucosa. BC 

originates from within the lumen of the bladder and therefore affects the superficial 

layers first before penetrating more deeply. Usually deep seated infection is 

prevented by the action of phagocytic inflammatory cell infiltrates within the mucosa 

and submucosa as well as humoral factors. It is likely that the preponderance of MC 

within the urothelium/submucosa is in response to the presence of other inflammatory
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cells and chemotactic factors. MC do not seem to be actively discharging or storing 

granules within the muscle in BC since their dimensions and IOD are not different 

from MC in normal bladder.

In the very small connective tissue-associated group with SLE or RA cystitis there 

was no significant difference from MC counts in normal controls. Although this is 

a small group the finding that there was no significant increase in MC infiltration 

could be used to support the suggestion that these disorders are distinct from IC 

rather than associations.

In IC MC were significantly more abundant within the detrusor than in the normal 

control groups. This finding conforms with previous studies (Larsen et al., 1982; 

Kastrup et al., 1983; Aldenborg et al., 1986; Lynes et al., 1986; Lynes et al., 1987). 

This study has also shown a significantly greater MC density within the 

urothelium/submucosa in IC than in normal controls and this finding conflicts with 

some previous studies in which no such difference was apparent (Larsen et al., 1982; 

Kastrup et al., 1983; Lynes et al 1987), although the staining technique used in these 

studies were different {vide supra). A similar high urothelial/submucosal MC count 

in IC has been shown after toluidine blue (Aldenborg et al., 1986) and saffron/alcian 

blue (Feltis et al., 1987) stains and it is likely that failure to demonstrate MC within 

the superficial layers in the other studies relates to the inefficiency of the staining 

technique in demonstrating small MC within the urothelium/submucosa. Detrusor 

MC counts in IC after BF/LTB ranged from 30-228 per mm2 in this study as 

compared to 13-103 per mm2 using naphthol-ASD-chloroacetate stain (Kastrup et al.,

1983). The mean detrusor MC count in this study was 99.5 per mm2 as compared 

to 62 per mm2 using naphthol-ASD-chloroacetate (Larsen et al., 1982), 18.5 per mm2
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using haematoxylin phloxine saffron and alcian blue (Feltis et al., 1987) and 57.6 per 

mm2 using pinosulium erythrosuxinate stain (Lynes et al., 1987). This comparison 

reveals the huge variability in the efficiency of fixation and staining techniques in 

demonstrating MC as previously described (Strobel et al., 1981) and confirms that 

LTB appears to be the most comprehensive stain for MC (Wingren and Enerback, 

1983; Aldenborg et al., 1986).

Although urothelium/submucosa MC counts in IC were significantly greater than 

those in normals there was no significant difference between MC abundance in IC and 

BC. Previous studies of MC in IC have either not included a BC control group 

(Aldenborg et al., 1986; Lynes et al., 1987), or merged BC cases with other forms 

of chronic cystitis as a control group (Kastrup et al., 1983) or included only three 

cases of BC in the study (Larsen et al., 1982). However, all of the studies in which 

forms of chronic cystitis other than IC were included as control groups have, as in 

this study, failed to show a significant difference between MC numbers within the 

urothelium/submucosa in IC and all other forms of cystitis.

Therefore, it can be concluded that only detrusor MC counts may be interpreted 

as a feature of IC but the specificity and sensitivity of this finding would have to be 

confirmed using considerably more normal and abnormal control material. Although 

large numbers of MC were present within the detrusor the counts were not 

significantly greater than urothelial/submucosal counts. It is therefore apparent that, 

as in normal bladder and unlike BC, MC are uniformly distributed throughout the 

bladder wall in IC. MC are a feature of many chronic inflammatory reactions apart 

from purely allergic phenomena. Their increased numbers throughout the bladder 

wall in IC and specifically within the urothelium/submucosa in BC, where other
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chronic inflammatory cells are present, suggests that their presence is secondary to 

the underlying inflammatory process. The population of MC in the bladder wall have 

only recently been reported to be heterogeneous (Wingren and Enerback, 1982) and 

subgroups of MC have been classified as mucosal or connective tissue according to 

their staining characteristics after aldehyde-fixation (Aldenborg et al., 1986). It has 

been suggested that the active MC in IC are mucosal MC and that they migrate 

through the bladder wall to the lumen while connective tissue MC remain within the 

detrusor (Aldenborg et al., 1986). The results of this study conflict with that 

suggestion since there was no significant difference between MC counts within the 

urothelium/submucosa or detrusor layers after STB and LTB staining using identical 

techniques to those described in the previous study (Aldenborg et al., 1986). 

However, although the STB/LTB stained counts were not different, the MC area 

measurements were significantly smaller within the urothelium/submucosa after STB 

as compared to LTB (but not the detrusor) in IC. This suggests a differential uptake 

of STB by MC within urothelium/submucosa and detrusor muscle which could relate 

to MC heterogeneity between the two areas. A possible explanation for these findings 

is that CVIA is more sensitive than the naked eye in detecting small partially 

degranulated MC, particularly in the absence of a counter-stain as in this study, and 

that normally aldehyde-resistant MC were counted even when relatively few granules 

had taken up the TB stain. The failure to show different counts after STB/LTB does 

not necessarily imply that MC are not heterogeneous within the bladder wall in IC, 

particularly in view of the difference in the size of MC within the mucosa after 

STB/LTB. However, some doubt has been cast upon the suggestion that in IC there 

is a difference in the location and activity of mucosal and connective tissue MC as
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defined by BF fixation and toluidine blue staining characteristics.

Previous studies of MC in IC have concentrated upon the numbers and locations 

of MC. Examination of individual MC characteristics in IC is clearly of some 

importance to determine the activities of these cells within the bladder wall. 

Morphometric image analysis techniques have not to date been used to investigate the 

size or staining density of MC in IC or any other conditions. CVIA is now well 

established as an accurate and consistent morphometric technique that may be used 

to count cells and estimate their sizes, staining density and even their ploidy using 

DNA nuclear stains. This technique relies upon the assumption that tissues are 

uniformly stained without artefact or excessive background staining. Thresholds can 

be set to pick out particular cells which may be accurately counted and analyzed, 

assuming that they are readily differentiated from all other tissue (Jarvis, 1986). 

Toluidine blue staining of MC is particularly amenable to CVIA as MC take up the 

stain well and there is very little background staining. MC exert their activity by 

exocytosis of granules within the cytoplasm. The granules contain a variety of active 

agents outlined earlier. Since toluidine specifically stains glycosaminoglycans within 

the granules it is reasonable to conclude that the size and staining intensity of MC 

after this stain is related to the activity of the cell.

In normal bladder, in which MC are thought to be relatively dormant, MC have 

been shown to be of uniform size and IOD. This suggests a homogeneous level of 

activity throughout the bladder wall. In BC the submucosa/urothelial MC were larger 

and of greater IOD than in normals after LTB staining (but not STB) suggesting that 

there might be an increase in granule manufacture, infiltration by larger MC of a 

different subtype or conceivably also infiltration by very large MC that have
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undergone degranulation. No such differences were apparent in MC within the 

muscle layer in IC. BC is in most cases confined to the superficial layer, having 

originated from the luminal surface. Since MC are increased in both area and IOD 

within the superficial layers but not muscle it seems reasonable to conclude that they 

are playing a part in the chronic inflammatory process in that layer. In BC the 

urothelium/submucosa is also infiltrated by neutrophils and eosinophils; chemotactic 

factors for these are contained within MC granules and their release may account for 

the attraction of these cells to the site of infection.

Only one previous study has examined the degree of degranulation of MC in IC 

and this was done by counting the proportion of MC that appeared to be 

degranulating. It was concluded that MC were degranulating uniformly throughout 

the bladder wall in IC, although no reference was made to the possibility of inducing 

MC degranulation by biopsy handling, fixation or staining techniques. Furthermore, 

the size and staining density of the MC were not examined (Lynes et al., 1986). In 

this more comprehensive study using different fixation and staining techniques the 

characteristics of individual MC in the layers of the bladder wall have been 

objectively evaluated. MC within the urothelium/submucosa are both larger and of 

greater IOD in IC than in normals after LTB. This finding might be due to 

infiltration by MC from elsewhere (particularly the adjacent muscle layer where they 

are even larger) or increased synthesis of granules in MC of local origin. Since the 

MC in IC, unlike circulating basophils which are otherwise quite similar, show 

characteristic scrolling within the granules on electron microscopy, the bladder wall 

MC are unlikely to originate from the pool of circulating basophils. Within the 

detrusor layer in IC MC were very much larger and of greater IOD than in any of
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the other control groups. This is likely, in some way, to be related to the large 

counts in the same area. Furthermore, the significantly greater dimensions and IOD 

of muscle MC as compared to adjacent MC within the urothelium/submucosa may be 

due to migration towards the luminal surface where degranulation might occur. An 

alternative explanation could be the presence of different MC subtypes within the 

layers, but this is perhaps less likely since the MC counts are similar after STB and 

LTB staining, suggesting that there is a relatively homogeneous distribution of MC, 

at least as far as mucosal and connective tissue subgroups are concerned. Further, 

but perhaps circumstantial evidence to support the theory of selective degranulation 

of MC within the urothelium/submucosa is that neutrophil, eosinophil and T cell 

infiltration is almost exclusively restricted to the superficial layers in IC. MC 

granules contain neutrophil and eosinophil chemotactic factors, the local release of 

which would attract them to superficial layers. T cells are entirely restricted to the 

urothelium/submucosa in IC (MacDermott et al., 1989; chapter 8.2.4) and have been 

shown to promote MC growth and proliferation by release of granulocyte/monocyte 

colony-stimulating factor (GM-CSF) (Watson and Prestidge, 1983), and this is an 

important factor in delayed (type-IV) hypersensitivity reactions (Galli and Dvorak,

1984). MC granules contain potent vasoactive agents such as histamine and 

bradykinin and release of these within the urothelium/submucosa would explain the 

vascular ectasia that appears to be a feature specific to this area in IC. Furthermore, 

the putative sensory nerve plexus lies within the sub-urothelial tissues (Dixon et al., 

1983; Kirby et al., 1985) and release of pain-inducing agents such as histamine and 

bradykinin from MC within the submucosa might lead to the chronic pain in IC.

The surface of the urothelium is thought to resist permeability to water and solutes
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contained in urine by virtue of its glycocalyx. An important constituent of the 

glycocalyx are glycosaminoglycans (GAG) which in normal circumstances originate 

from the kidney (Hurst et al., 1987). It has been postulated that a primary deficiency 

of the GAG is the aetiology of IC (Parsons, 1986), although this theory has been 

refuted by electron microscopic studies that have shown the layer to be intact in early 

IC (Dixon et al, 1986). The GAG layer is however disrupted in ulcerating IC, and 

treatments with intra-vesical heparin (Weaver et al., 1963) and with oral sodium 

pentosanpolysulphate (Parsons et al., 1983; Parsons and Mulholland, 1987; Holm- 

Bentzen et al., 1987; Fritjofsson et al., 1987) are thought to reconstitute the GAG 

layer, hence reducing the irritative effect of urine upon the denuded urothelium. 

Heparin is a proteoglycan composed of protein and GAG (Hook, 1984) contained 

within MC cytoplasmic granules. Since MC degranulation has been shown to occur 

within the superficial layers of the bladder in IC it would be tempting to speculate 

that MC are attempting to reconstitute the destroyed native urothelial GAG layer by 

excreting GAG from their granules.

MC degranulation may be induced by attachment of allergen to IgE receptors, 

complement C3a or C5a or various drugs and chemicals (including DMSO). It has 

also been suggested, largely because of an intimate anatomical proximity, that MC 

granule exocytosis may be stimulated by autonomic nerve fibres (Heine and Forster, 

1975). This study has demonstrated a proliferation of both MC and nerve fibres (see 

chapter 4) as well as close contact between the two throughout the bladder wall in IC 

and it is tempting to speculate that the autonomic nervous system might in some way 

control MC function in IC. This might account for the otherwise inexplicable but 

well known relationship between disturbed emotional state and exacerbations of IC
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(Gil-Vemet et al., 1960). A similar relationship has been shown between stress and 

exacerbation of inflammatory bowel diseases (Grace et al., 1951), which are in many 

ways similar to IC and also associated with MC and autonomic nerve proliferation 

(vide infra). An increase in the numbers of MC has been shown throughout the 

bowel wall in both ulcerative colitis (McAuley and Sommers, 1961) and Crohn’s 

disease (Dvorak et al., 1978). In Crohn’s disease MC degranulate within all layers 

of the bowel and are often adjacent to and within proliferating autonomic nerve fibres 

(Dvorak et al., 1978). It therefore appears that MC might play a similar role in the 

analogous conditions of IBD and IC.

Conclusion

MC numbers are increased throughout all layers of the bladder wall in IC when 

compared to normal controls. In BC MC are selectively increased within the 

urothelium/submucosa. In IC MC are larger and of greater optical density within the 

detrusor than the urothelium/submucosa, where they appear to degranulate. This 

difference in the characteristics of MC in the two layers is not apparently due to site 

specificity of mucosal, connective tissue or other MC sub-types. The degranulation 

of MC within the urothelium/submucosa would explain the presence of other 

inflammatory cells specifically in this area, as well as vascular ectasia, by virtue of 

the release of potent agents from MC granules. The accumulation of MC within the 

detrusor layer appears to be a specific feature of IC. MC do not appear to 

degranulate in muscle and it is probable that within this layer they are peripheral to 

the hub of activity in the urothelium/submucosa. It is possible that MC within the 

detrusor may be stimulated to synthesise granules and their contents by an unknown 

factor prior to migration towards the urothelium and degranulation.
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8.2 - LYMPHOCYTES. PLASMA CELLS AND MACROPHAGES IN IC

8.2.1 Introduction

All cells of the immune system are derived from pluripotential stem cells. There 

are two main lines of differentiation; the myeloid lineage that differentiate into 

phagocytes and MC and the lymphoid lineage. Lymphocytes are produced within the 

primary lymphoid organs, namely the thymus and bone marrow and migrate to 

secondary lymphoid organs such as the spleen and lymph nodes. Lymphocytes 

represent only 20% of the circulating leucocytes but are widespread throughout the 

body to the extent that lymphoid tissue represents 2% of the total body weight. There 

are three major types of lymphocytes; T cells that differentiate within the thymus, B 

cells that differentiate within the bone marrow, liver and spleen and null cells about 

which less is known. Lymphocyte subgroups can be identified by virtue of their 

different surface antigens. All T cells express the surface glycoprotein CD3 and 

monoclonal antibodies (MoAb) to this can be utilised to identify T cells. T cells can 

be sub-divided into two major groups according to their function and other minor 

groups. Cytotoxic T cells express both the CD3 and CD8 surface markers, recognise 

antigens in combination with HLA Class I molecule surface expression and are able 

to destroy cells exposing antigens in such a manner without the assistance of 

antibodies or complement. Helper T cells carry both the CD3 and CD4 surface 

markers, recognise antigens when displayed by antigen presenting cells (APC) such 

as macrophages (M</>), Langerhans cells and dendritic cells and are activated by the 

combination of antigen and HLA Class II molecule expression. Suppressor T cells 

control and modulate the function of other T cells and also B cells. MoAb to T cell 

surface antigens have enabled differentiation of T cells subtypes. CD4 is a surface
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glycoprotein that is thought to be a receptor for Class II molecules and is found 

predominantly on helper T cells. CD8 is also a surface glycoprotein, but of larger 

molecular weight than CD4, is thought to be a receptor for Class I molecules and is 

found on cytotoxic and suppressor T cells. A further clone-specific heterodimer 

termed a/3 T cell antigen receptor (TCAR) and non-covalently linked to the CD3 

glycoprotein has been identified on T cells. A MoAb to this called /3F1 has been 

developed. Recently lymphocytes have been identified that do not express detectable 

a/3TCAR on their surface but instead have yd TCAR which is associated with the 

CD3 glycoprotein. The yd TCAR has been found on CD3+ CD4- CD8- T cells in 

the circulation and within tissues. Murine MoAb to the d chain of the human 

75TCAR have been developed. The TCR51 antibody identifies all yd T cells by 

binding to the d framework while 5TCS1 demonstrates a subset of yd T cells by 

virtue of the VS1 gene. The role of yd T cells is not understood but their numbers 

are increased within affected tissues in rheumatoid arthritis (Smith et al., 1989; 

Holoshitz et al., 1989) and coeliac disease (Spencer et al., 1989). Recently a MoAb 

has been produced that binds to a subset of lymphocytes that appear to be specific to 

mucosal surfaces of the intestine, the intra-mucosal lymphocyte (IML) that is thought 

to be important in immune surveillance.

B lymphocytes (B cells) represent about 10% of the lymphocyte pool and 

characteristically each B cell is specifically related to a particular class of antibody - 

IgA, IgD, IgG or IgM. IgA bearing B cells are particularly common in the gut. 

Most B cells also express HLA Class II molecules on their surface. B cells may be 

stimulated to develop into plasma cells, each of which produces antibody of a single 

specificity and class. Plasma cells may be identified within tissues by direct IFL to
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the particular class of antibody. B cells play an important role in the recognition of 

antigen and the production of antibody.

Mononuclear phagocytic cells can be sub-divided into two groups; phagocytic M<t>s 

and antigen-presenting cells (APC). When present within the circulation M<t> are 

called monocytes. M<f> contain within their cytoplasm lysosomes which are capable 

of killing phagocytosed microorganisms by virtue of enzymes such as acid hydrolases 

and peroxidase. M<f> express HLA Class II molecules on their surface (some may 

also express CD4 molecules) and may be activated by factors released from T cells. 

M</>s also produce components of complement, prostaglandins, interferon (IFN-a) and 

interleukin (IL-1). M<f> may cause tissue damage by virtue of the enzymes within 

cytoplasmic lysosomes and they also secrete other enzymes such as elastase, 

collagenase and hyaluronidases which cause reorganisation of tissues. In addition, 

M<f> secrete fibroblast stimulating factor and angioneogenesis factor which are 

important control factors within chronically inflamed tissues. APC are present within 

lymph nodes, the spleen and beneath epithelial surfaces. Their main role is to present 

antigens to antigen-sensitive lymphocytes. APC express a large amount of HLA 

Class II products on their surface which is co-expressed with antigen to activate the 

lymphoid series. APC are migratory and travel from epithelial surfaces to draining 

lymph nodes where they interdigitate with and activate lymphocytes. The best known 

examples of APC are the Langerhans cell within the skin and dendritic cells. M<f>s 

and APC may be identified in tissue sections by immunohistochemical staining for 

HLA-DR. Also specific M<£ MoAb such as UCHM1 are available.

Little is known about activity of the cellular immune system in the normal human 

bladder. The normal urothelium contains a few scattered CD3+/CD8+ T cells the
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exact function of which is poorly understood. Along the basement membrane HLA- 

DR+ cells that resemble Langerhans cells are found and these are thought to have 

the same role as Langerhans cells in the skin. In the submucosa/lamina propria 

CD3+/CD4+ and CD3+/CD8+ T cells are present and the latter are more 

numerous. M</>s presenting HLA-DR are also present in this layer (Gardiner et al., 

1986). A small number of mast cells are scattered throughout the wall of the normal 

bladder (see chapter 8.1). The immunologically active cell population of the bladder 

is very similar to that found in the skin and bowel.

8.2.2 Historical Background

Although a large amount of research has been devoted to IC little reference has 

been made to the role of lymphocytes and M<j>s in the pathogenesis of the disorder. 

The first reference to the presence of these cells in the bladder wall in IC described 

an infiltrate of round cells and other leucocytes within the submucosa (Hunner, 1918). 

At that time IC was thought to result from bacterial infection and it was assumed that 

such cells were present to assist in combating this. Other studies later confirmed the 

presence of lymphocytes, often in follicles, as well as plasma cells within the 

submucosa of the bladder in IC (Fister, 1938; Hand, 1949; Franksson, 1957; 

Simmons, 1961; Silk, 1970; Skoluda et al., 1974; Oravisto, 1980; Anderson et al., 

1989). Lymphocytes from a single patient with IC were shown to undergo 

lymphoblastoid transformation after exposure to a protein extract of autologous 

bladder (Gordon et al., 1973). However, electron microscopic study of lymphocytes 

within the bladder wall in IC showed few cytoplasmic mitochondria and this was 

thought to suggest a low level of activity (Skoluda et al., 1974). A large number of
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IgA, IgG and IgM positive plasma cells have been described within the submucosa 

in IC and it was suggested that these cells might be producing Ig as a protective 

mechanism in response to denudation of the urothelium (Chantepie et al., 1986; 

Anderson et al., 1989). Lymphocyte migration testing of IC patients using bladder 

mucosa as antigen showed significantly reduced lymphocyte migration in IC as 

compared to normal controls, suggesting lymphocytic anti-urothelial activity in IC 

(Hald and Holm-Bentzen, 1986). A study of B cells, T cells and monocytes/M^s 

within the circulation and in bladder biopsies in six cases of IC showed no significant 

change in the numbers of circulating cells, whilst within the bladder there was a large 

increase in CD4+ T cells and a small increase in CD8+  T cells, B cells and 

monocyte/M</>. There was no alteration from normal in the population of circulating 

lymphocytes in IC (MacDermott et al., 1989). The lymphocytic and monocyte/M</> 

elements of the immune system appear to play a role in the pathogenesis of IC 

although to date the picture is unclear since no previous study has addressed the role 

of these cells in great detail.

8.2.3 Patients and Methods

A total of 21 cases of IC, four cases of BC and five normal controls were 

investigated in this part of the study. Cryostat sections of bladder tissue obtained as 

described earlier were used (see 6.4.2). Indirect IFL was performed using murine 

anti-human MoAb as listed in appendix 8.9 to study T cell subsets (CD3, CD4, CD8, 

TCR51, 5TCS1, /3F1 and IML), B cells and M4> (UCHM1). Since lymphocyte and 

M<f> surface antigens were in some cases quite sparse the technique was modified 

increasing incubation time with MoAb to eight hours and staining with rabbit anti

mouse FITC-conjugated antibody for 1 hour. Plasma cells of IgA, IgG and IgM class
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specificity were identified by direct IFL using FITC-conjugated goat anti-human 

MoAb (as described in 6.4.2) by virtue of the antibody contained within their 

cytoplasm. However, IgG class plasma cells were in most cases poorly visualised 

due to background staining of free IgG within the submucosa. Also since urothelial 

cells often contain protective IgA, particularly in the umbrella layer, it was impossible 

to differentiate urothelial cells containing IgA from IgA specific plasma cells within 

the urothelium (see figure 8.4). In order to overcome this problem a double IFL 

stain was performed using direct IFL with FITC-conjugated goat anti-human IgA and 

indirect IFL using rabbit anti-human cytokeratin (which specifically binds to epithelial 

cells) followed by TRITC-conjugated goat anti-rabbit antibody (see figures 8.6, 8.7 

and 8.8). Cells were counted and photographed using a Zeiss photomicroscope as 

described before (6.4.2). Peripheral blood cell counts were performed on a routine 

Coulter counter and also blood films were examined routinely in each case.

The results were analyzed by the x2 test as well as the Mann-Whitney U test and 

Wilcoxon test since they were not of Gaussian distribution.
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Figure 8.5 IgA deposits and IgA +  plasma cells in IC shown by direct IFL using
FITC-conjugated MoAb to human IgA.
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Figure 8.6 Normal control urothelium shown by two layer indirect IFL using mouse
anti-cytokeratin MoAb and TRITC-conjugated anti-mouse MoAb.
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Figure 8.7 IgA deposits and IgA +  plasma cells in IC (J.D.) shown by in direct IFL
using FITC-conjugated rabbit anti-human IgA MoAb.
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Figure 8 .8  D ouble IFL o f  the same field as above showing remaining urothelium  in 
red and IgA  in yellow  using FITC-conjugated rabbit M oA b to human IgA , m ouse  
M oA b to human cytokeratin and TRITC-conjugated anti-m ouse M oA b.
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8.2.4 Results

T-Lymphocvtes

T cells stained well with the IFL technique enabling counts to be made in each 

case. An example is shown in figure 8.9. The results of CD3, CD4 and CD8 

positive T cell counts per single field are shown in appendix 8.7 and figure 8.10. In 

normal controls only CD3+/CD8+ cells were found within the urothelium whilst 

both CD4+ and CD8+ cells were found within the submucosa as previously 

described elsewhere (Gardiner et al., 1986).

There was an apparent disparity between CD3+ total counts and CD4+ and 

CD8+ counts in normal controls and this appeared to be due to the presence of 

CD4-F cells of the monocyte/M</> class (which is a known feature of some of these 

cells). For this reason the CD3+/CD4-/CD8- counts are negative for all normal 

controls. In IC and BC CD4+ and CD8+ appeared to be distributed throughout the 

urothelium and the submucosa, with the greatest concentration within the submucosa 

(see figure 8.4), but no positively staining cells were seen deep within the detrusor 

muscle layer. Unfortunately only one BC control was successfully stained to the 

extent that accurate cell counts could be performed.

There was a significant increase in CD3 + T cell numbers in IC as compared to 

normal controls (95.6% Cl, 40, 164, p=0.0007). Also, CD4+ cell counts were 

significantly greater in IC than in normal controls (95.6% Cl, 6.0, 57.0, p=0.0123) 

as were CD8+ cell counts (95.6% Cl, 5.9, 57, p=0.012). In the IC cases there was 

no consistent difference between CD4+ and CD8+ cell counts (p=0.38). The ratio 

of CD4+ to CD8+ cells was not significantly different between IC and normal 

controls (95.6% Cl, -0.5, 0.76, p=0.63). However, it was apparent that in IC there
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were in many cases a large number of cells that were CD3+ but CD4- and CD8-. 

The counts of CD3+/CD4-/CD8- cells were significantly greater in IC than in normal 

controls (95.6% Cl, 9.0, 55.0, p=0.002). However, four of the IC cases had 

associated SLE and analysis of CD3+/CD4-/CD8- cell counts in the IC group 

without SLE were significantly greater than in the IC group with associated SLE 

(95.6% Cl, 10.99, 57.01, p=0.01), providing further evidence that IC cases with 

SLE are distinct from other IC cases.

Since CD3+/CD4-/CD8- is the cell surface phenotype of most yd T cells further 

analysis was performed using murine MoAb to TCR51, 5TCS1 and /3F1 and then 

FITC-conjugated rabbit anti-mouse antibodies. The j8Fl MoAb was used as a 

positive control since all but the yd T cells stained with this. The results of these are 

shown in appendix 8.8. TCR51+ and 6TCS1+ T cells were absent from all the 

normal controls, two of the three cases of BC and two cases of IC, one of whom has 

SLE (O.H.) and the other being the only IC case without urothelial HLA-DR 

expression (S.D-E). There was a significant association between the presence of both 

TCR51+ and 5TCS1+ T cells and IC (x2=6.0, p<0.02). The number of TCR51 + 

cells in IC was not quite statistically significantly greater in IC than normals (96.6% 

Cl, 0, 27.9, p =0.075) and was not significantly greater than in BC (96.8% Cl, - 

2.99, 28, p=0.126). Similarly, the number of 5TCS1+ cells was not quite 

significantly greater in IC than normals (96.6% Cl, 0, 25.9, p=0.075) and was not 

greater than in BC (94.8% Cl, -0.1, 4.0, p=0.86). However, after exclusion of the 

SLE case (O.H.), which had no TCR51+ or STCS1 +  cells, the IC group had 

significantly greater TCR51+ cell counts than normal controls (95.3% Cl, 0, 27.9, 

p=0.038). Also the 5TCS1 count was significantly greater in IC without SLE than
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in normal controls (95.3% Cl, 0, 25.9, p =0.038). There was no statistical difference 

between TCR51 +  and 5TCS1 + counts in the IC cases (p=0.86) and there was in fact 

a strong correlation between the two (r=0.979). This suggests that the yd T cells 

infiltrating the urothelium/submucosa in IC are mostly, if not all, positive for the V51 

gene. The finding of y6 T cells was not an exclusive feature of IC since small 

numbers were also demonstrated in one case of BC.

The MoAb to intra-mucosal lymphocytes (IML) has been shown exclusively to 

demonstrate intra-mucosal T cells within bowel mucosa (Cerf-Bensussan et al., 1987) 

but has not been tested previously on the bladder. IML have been identified within 

the urothelium in small numbers in three of the eight IC cases, one of the three BC 

cases and two of the four normal controls. The role of these cells is thought to be 

immune surveillance but in the bladder they are scanty and their presence or absence 

does not appear to be associated with any disorder.

The peripheral blood counts in the IC cases showed no evidence of increase in the 

numbers of circulating lymphocytes in any of the cases, suggesting that in IC the 

cellular activity is localised to the bladder.
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TABLE 8.1 - Mean (4-SE1 counts of T cell subsets per field

Normal
Controls
n = 5

Bacterial 
Cystitis 
n =4

SLE
Cvstitis
n=3

Interstitial 
Cvstitis 

n = 18

CD3+ 40.4 (±6.5) 286 129.8 (±43.9) 139.9 (±15.2)

CD4+ 19.4 (±5.1) 215 52.0 (±15.7) 49.8 (±6.1)

CD8+ 26.0 (±4.6) 80 76.2 (±34.8) 55.7 (±8.2)

CD3 +  ,4-,8- -5.0 (±1.5) -9 1.5 (±2.7) 34.4 (±5.9)

TCR51 + 0.0 1.0 ( ± 1.0) 0.0 14.3 (±3.8)

6TCS 14- 0.0 1.3 (±1.3) 0.0 13.3 (±3.2)
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Figure 8.9 CD3 +  T cells in IC (M.Bu.) shown by two layer indirect IFL using
mouse MoAb and FITC-conjugated anti-mouse MoAb.
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Figure 8.10 T cell subtypes in IC
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Plasma Cells

The number and Ig specificities of plasma cells within the urothelium/submucosa 

are shown in appendix 8.8. Plasma cells were restricted to the urothelium and 

submucosa in IC; none was seen within the detrusor layer. No plasma cell was seen 

in the normal controls and few were seen in the BC cases. Because of the presence 

of free-IgG within the submucosa and urothelial layers in IC and BC plasma cells 

manufacturing IgG could not be readily discerned due to background staining. 

However, IgA and IgM class plasma cells were usually readily discernible. Double- 

staining techniques permitted differentiation of IgA plasma cells from urothelial cells 

containing IgA. There were significantly greater numbers of IgA+ plasma cells in 

IC than BC (95.6% Cl, 0.998, 15.99, p=0.023) and normal controls (95.2% Cl, 6.0, 

19.9, p=0.0006). The IgA+ counts in BC were also significantly greater than in 

normals (96.3% Cl, 2.0, 8.0, p=0.02). The numbers of IgM-F plasma cells was 

significantly greater in IC than in BC (95.3% Cl, 3.0, 8.0, p=0.0031) and normal 

controls (95.3% Cl, 4.0, 8.0, p=0.0008). There was however no significant 

difference between IgM+ plasma cell counts in BC and the normal controls (96.3% 

Cl, -0.1, 2.0, p=0.9).

Macrophages

M</> were predominantly located within the submucosa in IC. There were 

significantly greater numbers of M<f> in IC than in normal controls (95.3% Cl, 6.0, 

18.0, p =0.002). There was however no significant difference between M<f> counts 

within the urothelium/submucosa in IC and BC (95.5% Cl, -19.0, 14.99, p=0.473) 

and between BC and normal controls (96.3% Cl, -1.99, 31.0, p=0.136). The 

number of M<f> within the detrusor layer however was not significantly different
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between the IC and BC (95.5% Cl, -2.0, 4.0, p=0.534), IC and normal controls 

(95.3% Cl, 0.0, 5.0, p=0.07) and BC and normal controls (96.3% Cl, -2.0, 4.0, 

p=0.456). The increase in M</> numbers in IC and BC is therefore restricted to the 

urothelium/submucosa.

The cellular infiltrate in BC and IC as compared to normal controls is summarised 

in table 8.2.
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Table 8.2 - Summary of cellular infiltrates in IC. BC and normal bladder.

NORMAL BACTERIAL INTERSTITIAL

Uro Subm Muse Uro Subm Muse Uro Subm Muse

Mast Cells - + + + + + + + + + + + + + + + + + + + + + +

T cells
CD3 + + + + + + + + + + + - + + + + + + -
CD4 + - + + + + + + + + + - + + + + + + -
CD8 + + + ■+■ + + + + + + + + + -
76+ - - - - + + -

B cells - - + + + + + + + + -

Plasma Cell
IgA+ - - + + + + + + + + -
IgG+ - - 7 7 - ? + + -
IgM + - - ± ± - + + -

Macrophages - + + + + + + + + + + +

Other APC + + + + + + 7 + + + -

Eosinophils - _ + + _ + + _

247



8.2.5 Discussion

The normal bladder contains few T cells. Those within the urothelium are 

CD3+/CD8+ T cells which are thought to be important in immune surveillance and 

this is similar to the situation in bowel (Mirakian et al., 1988). Within the 

submucosa both CD4+ and CD8+ T cells are found in normal controls. The results 

presented here conform with the only previous study that has investigated the 

distribution of T cell subsets in the normal bladder (Gardiner et al., 1986). In BC 

the urothelium and submucosa are infiltrated by predominantly CD4+ T cells and this 

is presumably in response to the release of cytokines from APC. In IC the 

urothelium and submucosa are infiltrated by CD4+, CD8+ and in most cases 

CD3+/CD4-/CD8- T cells. The only previous study of T cell subsets in IC showed 

a preponderance of helper/inducer T cells but also some cytotoxic/suppressor T cells 

in the infiltrate. The numbers of cells positive for the pan-T cell marker but negative 

for the helper/inducer and cytotoxic)suppressor markers were not apparently evaluated 

(MacDermott et al., 1989). In this study it is interesting to note that the 

CD3+/CD4-/CD8- T cell subset were not a feature of SLE related cystitis which is 

further evidence in favour of the hypothesis that this is a separate disorder. Further 

testing has shown that many of the CD3+/CD4-/CD8- T cells are yd cells. 

Infiltration with yd cells appears to be a particular feature of IC. The function of yd 

cells is not fully understood but they are known to be present within joints in RA 

(Smith et al., 1989; Trujillo et al., 1989; Holoshitz et al., 1989), within the bowel 

wall in coeliac disease (Spencer et al., 1989) and within tissues infected with 

mycobacteria (Modlin et al., 1989). It has been suggested that yd T cells home 

towards, and are therefore specifically enriched in epithelial surfaces, although this
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is a contentious theory (Brandtzaeg et al., 1989). Some 76 T cells have a specificity 

for mycobacterial antigens (Holoshitz et al., 1989; Modlin et al., 1989; Haregenoin 

et al., 1989), some of which show a high degree of homology with human heat shock 

proteins, induced specifically at temperatures of 41-42°C (Raulet, 1989). The 

presence of yd T cells might therefore fit in with the theory that IC results from viral 

or mycobacterial infection of the bladder with resultant local hyperpyrexia and then 

formation of autologous heat-shock proteins leading to activation of 75 T cells.

Although the role of 78 T cells is poorly understood the function of the other T 

cell subsets has been extensively researched. The CD4+ T cells are mostly of the 

helper T cell group which are able to recognise antigen on APC when presented in 

association with Class II molecules. This stimulates the APC to release IL-1 which 

in turn induces proliferation of IL-2 receptors on helper T cells and the release of 

IL-2 leading to proliferation of antigen-activated cells. The aberrant expression of 

Class II expression by the urothelium may bypass the need for APC to present antigen 

in IC and lead to T cell activation. However, the submucosa also contains an 

increased number of APC in IC permitting further activation of helper T cells. 

Helper T cells also stimulate B cell proliferation and differentiation by the release of 

IL-4 and IL-6 and this is evidently a feature in IC since a lot of plasma cells are 

present within the urothelium and submucosa. A further function of helper T cells 

is the activation of M<f> by release of IFN-7 and this also appears to be a feature 

within the urothelium and submucosa in IC. Helper T cells are able to stimulate MC 

by release of IL-3 and this may be an important factor in the control of MC that are 

known to be present in large numbers throughout the bladder wall in IC (see chapter 

8.1). Helper T cells clearly play a pivotal role in the pathogenesis of IC and
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activation of these cells by the aberrant expression of Class II antigens by the 

urothelium appears to be the trigger for cellular infiltration and activation. The 

CD8+ marker is present on cytotoxic and suppressor T cells and in IC these are 

increased although we do not know the precise function of these cells. It is 

conceivable, but difficult to prove, that all these cells are cytotoxic and that there is 

a relative deficiency of suppressor T cells leading to unrestrained cellular activity in 

IC. However, it is more likely that the cytotoxic cells are responding to antigen 

presented with Class I molecules on urothelial or submucosal cells and such 

cytotoxicity and destruction of the urothelium by cytotoxic T cells may be enhanced 

by the hyperexpression of Class I products by the urothelium in some cases of IC. 

There is no consistent alteration in the CD4+/CD8+ count ratio in IC, suggesting 

that the underlying aetiology is not an imbalance of T cell subsets as has been 

hypothesised in other disorders.

The numbers of M<J> in the bladder wall is increased in IC, particularly within the 

submucosa. These cells are likely to have been activated by helper T cells. Their 

role is to induce an inflammatory reaction by release of mediators such as 

prostaglandins and complement. They can also act as APC in the activation of helper 

T cells and release of IL-1. M</> are likely to be responsible for tissue damage within 

the urothelium and submucosa in IC by virtue of release of destructive enzymes and 

phagocytosis. The characteristic submucosal angioneogenesis that has been 

recognised in IC by this and other studies (Hand, 1949; Witherow et al., 1989) is 

most likely to be the result of release of angioneogenesis factor by local M<f>. The 

increased blood supply brought about by the proliferation of local blood vessels 

permits easier access to the area for circulating inflammatory cells. The small

250



numbers of other phagocytes, namely eosinophils and neutrophils which are found 

within the submucosa in IC are presumably attracted to the area by the release of 

eosinophil and neutrophil chemotactic factors from mast cell granules.

The presence of a profound cellular infiltrate within the bladder wall in IC as 

compared to normal bladder suggests that the cellular immune system plays a major 

role in the pathogenesis of the disorder. Although it has been argued that cellular 

infiltrates in the bladder wall are a secondary phenomenon related to healing of 

previous biopsies (C.L. Parsons, personal communication) the presence of large 

numbers of infiltrating cells at first biopsy in this study contradicts that hypothesis. 

The predominant cellular infiltrate in IC is lymphocytic rather than neutrophilic or 

eosinophilic suggesting that if an infective agent were responsible for the aetiology 

of IC viral agents or mycobacteria would be more likely candidates than other 

organisms. The cellular infiltrate found in IC is similar in constitution to that found 

in autoimmune conditions and other chronic inflammatory disorders such as Crohn’s 

disease. An intriguing finding is the presence of y<5 T cells in the bladder wall in IC. 

The attraction of these cells to mycobacterial antigens, and to tissues previously 

exposed to hyperpyrexia as might occur in viral infection, is further evidence in 

favour of an initial infective trigger in IC.
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GENERAL DISCUSSION

The conclusion of this thesis is that the immune system does indeed play a major 

role in the pathogenesis of interstitial cystitis through a number of pathways. The 

association between IC and the HLA-DR6 haplotype suggests that there is a genetic 

predisposition to the development of IC with a risk factor of 4.91. It is interesting 

to note that most autoimmune conditions are associated with the alleles DR2, DR3, 

DR4 and DR5. The risk factors of these associations are similar - Addison’s disease 

(DR3 - risk 6.3), juvenile onset diabetes mellitus (DR3 - risk 5.6), rheumatoid 

arthritis (DR4 - risk 4.2) and Hashimoto’s thyroiditis (DR5 - risk 3.2). It is 

interesting that an association between IC and autoimmune diseases was found in 

sixteen of the 51 IC cases including Hashimoto’s thyroiditis, Graves’ disease, 

pernicious anaemia, rheumatoid arthritis and systemic lupus erythematosus, although 

the latter condition, so-called lupus cystitis may be a separate disorder (vide infra). 

No other condition has so far been reported with a DR6 association. It is therefore 

conceivable that the gene encoding for IC is associated by linkage disequilibrium with 

DR6. However, this would not account for the higher incidence of IC in females 

since there is no evidence of linkage between X or Y chromosomes and chromosome 

6. An alternative possible explanation for the higher incidence of IC in females is 

hormonal influence, either immunosuppressive effects due to testosterone or immune 

enhancing action of oestrogen, although there is no information available to support 

either of these concepts. One could also speculate that since bacterial cystitis is much 

commoner in the female, due to the shortness of the urethra, that retrograde trans

urethral passage of an unknown infective agent could account for the high incidence 

of IC in females. However, this and other studies (Hanash and Pool, 1970; Fall et
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al., 1985; Lynes et al., 1989; Siegel et al., 1989) have failed to demonstrate an 

infective aetiology for IC by histological or culture techniques. Specific DNA probes 

for atypical mycobacteria and the HIV-1 retrovirus gag DNA sequence have also 

failed to demonstrate evidence of concurrent or prior infection in IC.

The infiltration of the bladder wall by chronic inflammatory cells that this study 

has shown in IC, without evidence of infection or previous trauma, suggests that there 

is cellular autoreactivity in IC. The aberrant urothelial HLA-DR expression in IC 

appears to trigger the autoreactivity and the focus of the attack is the urothelium 

which ultimately may be completely denuded to form the so-called Hunner’s ulcer. 

Although the predominant cellular infiltrate consists of T cells and macrophages, 

which are capable of destroying target cells without opsonisation, there are also many 

B cells and plasma cells. The production of antibody directed against bladder tissues 

by plasma cells may well contribute to the disease process in IC but some of the 

antibodies produced, particularly of the IgA class, may play a part in protecting the 

partially denuded urothelium and combating secondary infection. Although the titres 

of circulating antibody capable of binding to normal bladder tissue (blood group O) 

are significantly higher in IC than in normal controls they are not an exclusive feature 

of IC since they were also detected in patients with bacterial cystitis and some normal 

controls. In some cases of IC there was no evidence of IgG class antibody binding 

to urothelium but this could represent a reduction in autoantibody activity in the later 

phases of the disease as may occur with anti-islet cell antibodies in juvenile onset 

diabetes mellitus (Bottazzo et al., 1986). The cellular infiltration and antibody 

deposition is much greater within the urothelium and submucosa than the detrusor 

muscle, which would fit in with the concept that the urothelium is the focus of
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autoreactivity.

Angioneogenesis, also a prominent feature within the submucosa in IC, is likely 

to be stimulated by the release of angioneogenesis factor by local macrophages and 

enables greater access for infiltrating inflammatory cells. Proliferation of PGP 9.5 

immunoreactive nerve fibres within the bladder wall in IC is an interesting finding, 

the significance of which is not understood, but it seems possible that these fibres 

play a part in the transmission of pain since extra-vesical denervation operations 

deplete the nerve fibre count and ameliorate pain in IC.

The diagnosis of SLE in seven of the cases in this series, with associated 

Sjogren’s syndrome, again raises the question as to whether or not SLE-associated 

chronic cystitis, or lupus cystitis, is a separate disorder from IC or merely an 

association. Although the symptoms of lupus cystitis were generally milder in this 

series the pain in one case was severe enough to warrant extra-vesical denervation 

(O.H.) and bladder contracture occurred in another necessitating subtotal cystectomy 

and ileocaecocystoplasty (D.M.), as in a previously reported case (Boye et a l., 1979). 

The bladder appeared normal on cystoscopy in four of the SLE cases and none had 

Hunner’s ulceration. There was ECDULGA and post-distension bleeding in each 

case. Urodynamic assessment was performed in three cases, all of which showed 

hypocompliance during filling but no post-micturition residual urine. Comparison 

between serological tests in lupus cystitis and IC without SLE has revealed a number 

of differences. In lupus cystitis the ESR was significantly higher with a specificity 

of 96.2% for values >35 mm/hr, the CRP level tended to be lower, CIC levels were 

significantly higher and ANA (and anti-DNA Ab) were present more frequently and 

their titres were significantly greater. ENAs were significantly associated with lupus

254



cystitis but this was because of the presence of SS. Although intra-vascular deposits 

of Ig and C3 were not unique to lupus cystitis they were prominent in all cases on 

direct IFL. Indirect IFL using patients’ serum against normal bladder tissue showed 

prominent nuclear binding in lupus cystitis but otherwise no difference from other IC 

cases. Aberrant urothelial HLA-DR expression was detected in one of the lupus cases 

(O.H.) but not the other (H.C.). In general terms the cellular infiltrates in lupus 

cystitis and IC were similar apart from greater numbers of MC in IC without SLE, 

especially in the detrusor layer, and the absence of y5 T cells in lupus cystitis, 

although only one case (O.H.) was examined. It is concluded that lupus cystitis does 

appear to have a different pathogenesis from classical IC and the most likely 

mechanism is deposition of CIC within the bladder wall leading to chronic 

inflammatory cell infiltrate as previously suggested (Boye et al., 1979; de la Serna 

and Alarcon-Segovia, 1981; Weisman et al., 1981). SLE may present with chronic 

cystitis and is best differentiated from IC by measuring ANA, ESR and CIC levels 

although, apart from the possible advantage of high dose systemic steroid therapy in 

lupus cystitis, the long term management of the two conditions is similar.

A number of similarities between IC and the inflammatory bowel diseases (IBD) 

ulcerative colitis (UC) and Crohn’s disease, particularly UC, have become apparent 

in the course of this study: a positive family history, fluctuating symptoms,association 

with autoimmune disorders, aberrant mucosal HLA-DR expression (Selby et al., 

1983), B cell, T cell and macrophage infiltration, apparent autoantibody binding to 

mucosal cells (Hibi et al., 1983) and proliferation of the myenteric nerve plexus 

(Storsteen et al., 1950). An infective agent modified by host immune and genetic 

factors seems to be a likely aetiology for both conditions. The end stage of both IC
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and UC is mucosal ulceration with a submucosal florid inflammatory cell infiltrate 

and currently the only cure is surgical resection.
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FUTURE WORK

A number of topics are worthy of consideration in further investigation

1. Functional studies of the bladder are by nature painful in IC but further studies 

of detrusor function in IC patients before and after treatments such as intra-vesical 

DMSO and extra-vesical denervation are warranted since the number of individuals 

studied in this way were limited.

2. The precise nature and function of the PGP 9.5 immunoreactive nerve fibres 

found to proliferate within the bladder wall in IC is not yet known. Further specific 

stains for neuropeptides are in progress. Muscle strip experiments are indicated to 

determine the neuro-muscular effect of these nerve fibres.

3. The search for infective agents within the bladder in IC tissues has so far been 

unproductive. As other DNA probes become available further investigation is 

indicated since an infective environmental trigger for IC is still a possibility.

4. This study has comprehensively studied cellular infiltrates in IC. In the future 

tissue culture techniques would enable more precise typing of the cells and the factors 

that control their function.
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SUPRA NIGHT
PUBIC PERINEAL DAY-TIME TIME SURGICAL INTERVENTION

NAME PAIN PAIN FREO. FREO.
Pre-CCP 1959

D.A. 3 0 12 3 Post-CCP 1987
0 0 6 1 Pre-CCP 1989

E.B. 2 0 14 15 Post-CCP 1989
0 0 8 2 Pre-Denervation 1986

G.B. 4 2 13 8 Post-Denervation 1989
0 0 8 4 Pre-Denervation 1986

M.B. 5 0 30+ 8 + Post-Denervation 1987
3 0 25 + 8 Post-Cystocystoplasty 1989
2 0 20+ 8

M.B1. 3 0 5 2
G.Bo. 4 3 12 1 Pre-CCP 1986
S.B. 4 3 30+ 4+ Post-CCP 1988

0 0 7 3
D.B. 2 0 3 0
A.B. 3 1 6 0
M.Bu. 2 0 16 3 Pre-CCP 1987
N.C. 4 0 12 3 Post-CCP 1988

0 0 7 1 Pre-Denervation 1974
V.C. 3 1 16 8 Post-Denervation 1988

1 0 20 6
H.C. 1 0 10 2
A.C. 3 1 14 3 Pre-Denervation 1988
S.D-E. 4 0 12 3 Post-Denervation 1989

2 0 10 2 Post-Cystocystoplasty 1989
0 0 7 2 Pre-Denervation 1981

J.D. 2 2 14 6 Post-Denervation 1989
1 0 6 2

E.E. 1 0 16 4
H.E. 3 0 8 2
M.E. 1 0 5 1
J.F. 2 0 10 1
E.G. 3 0 16 3
M.G. 2 1 20 6
K.G. 4 1 24 4 Pre-CCP 1986
D.H. 2 1 25 20 Post-CCP 1988

0 0 8 3 Pre-Detubularisation 1989
0 0 18 incon Post-Detubularisation 1989
0 0 6 2 Pre-Denervation 1987

O.H. 5 2 24 15 Post-Denervation 1988
2 0 15 10

B.H. 3 0 14 3
M.H. 4 2 15 8
G J. 1 0 10 2 Pre-CCP 1984
G.Jo. 5 4 20 6 Post-CCP 1989

0 0 6 1
M.K. 2 0 10 4 Pre-CCP 1988
K.K. 4 1 25 10 Post-CCP 1989

0 0 8 2



SUPRA
PUBIC PERINEAL DAY-TIME

NIGHT
TIME SURGICAL

NAME PAIN PAIN FREO. FREO. INTERVENTION

D.M. 2 0 14 3 Pre-CCP 1984
0 0 10 3 Post-CCP 1989

F.M. 2 0 30 5 Pre-CCP 1987
0 0 Cath. Cath. Post-CCP 1989

H.M. 5 2 12 4
A.M. 4 1 12 3
T.N. 3 1 25 + 12 Pre-Ileocystoplasty 1988

1 0 12 2 Post-Ileocystoplasty 1989
I.P. 3 0 10 2
D.P. 2 1 7 0
S.P. 1 0 14 1
E.R. 3 1 40 + 14 + Pre-Denervation 1985

1 1 2 0 12 Post-Denervation
M.R. 5 1 14 4 Pre-Denervation 1986

2 1 12 2 Post-Denervation 1988
M.S. 3 1 12 5
D.S. 2 0 10 3
S.S. 2 0 12 3
H.S. 2 0 10 2
M.S1. 4 1 25 + 7 Pre-CCP 1987

0 0 14 4 Post-CCP 1987
0 0 12 3 Post-Detubularisation 1988

D.Sm. 4 2 2 0 5 Pre-CCP 1984
0 0 10 1 Post-CCP 1988

B.S. 3 2 12 5
H.T. 3 2 25 + 15 Pre-CCP 1988

0 -1 0 6 3 Post-CCP 1989
M.W. 1 0 7 1
M.Wh. 1 0 10 3



Onset Onset Years
NAME SEX AGE AGE YEAR of IC ASSOCIATED CONDITIONS

D.A. F 84 54 1958 30
E.B. F 74 24 1938 50 Rheumatoid Arthritis (RA)
G.B. F 51 43 1980 8 Parkinson’s Disease
M.B. F 63 42 1967 2 1

M.B1. F 84 80 1984 4 Pernicious Anaemia, Gastric Ca
G.Bo. F 71 65 1982 6
S.B. F 73 67 1982 6
D.B. F 59 54 1983 5 SLE, Sjogren’s Syndrome(SS)
A.B. F 71 59 1976 12 SLE, Sjogren’s Syndrome
M.Bu. F 39 35 1984 4
N.C. F 57 49 1980 8
V.C. F 51 33 1970 18 Thyrotoxicosis ->  Thyroidectomy, SS
H.C. F 55 52 1985 3 SLE, Congenital Dislocation of Hip
A.C. F 56 44 1976 12 Thyroiditis
S.D-E. F 36 32 1984 4
J.D. F 78 63 1973 15
E.E. F 70 55 1973 15
H.E. F 45 37 1980 8
M.E. F 74 6 8 1982 6
J.F. F 41 31 1978 10
E.G. F 72 6 6 1982 6
M.G. F 49 36 1975 13
K.G. F 38 35 1986 3
D.H. F 54 44 1978 10
O.H. F 67 61 1982 6 SLE, Sjogren’s Syndrome
B.H. F 67 57 1978 10
M.H. F 6 6 56 1978 10
G J. F 71 65 1982 6 Thyroiditis -* Myxoedema, RA
G.Jo. M 60 52 1981 8
M.K. F 64 54 1978 10 B-cell Non-Hodgkin’s Lymphoma
K.K. M 56 48 1980 8 Raynaud’s Disease
D.M. F 72 65 1981 7 SLE, SS, Autoimmune Haemolytic Anaemia
F.M. F 83 75 1980 8
H.M. F 29 27 1986 2
A.M. F 79 75 1984 4
T.N. F 59 52 1981 7 Thyroiditis -* Myxoedema
I.P. F 72 64 1980 8 Osteogenesis imperfecta tarda, SS
D.P. F 40 14 1963 25
S.P. F 25 23 1986 2 SLE (+ Thrombocytopenia), SS
E.R. F 73 49 1964 24
M.R. F 58 46 1976 12
M.S. F 56 53 1985 3
D.S. F 80 76 1984 4
S.S. F 32 30 1986 2 Thyroiditis -* Myxoedema
H.S. F 77 69 1980 8
M.S1. M 72 69 1985 3
D.Sm. F 53 44 1979 9
B.S. F 62 59 1985 3 Rheumatoid Arthritis
H.T. F 47 42 1983 5
M.W. F 44 43 1987 1 SLE, Thyrotoxicosis -*  Thyroidectomy
M.Wh. F 56 51 1983 5



NAME RESIDUAL CAPACITY MUCOSA SIGNS ECDULGA BLEEDING

D.A. 0 150 RED + , ULCER + + +
E.B. 50 180 RED + ,UOs OPEN + +
G.B. 0 250 RED + + + +
M.B. 0 400 RED, ULCER + + +
M.B1. 0 500 RED + + + +
G.Bo. 150 600 RED + + +
S.B. 1 0 0 350 RED + + + +
D.B. 80 400 PALE +
A.B. 1 0 0 750 NORMAL +
M.Bu. 50 550 RED + + +
N.C. 0 320 RED + + + +
V.C. 0 400 RED + + +
H.C. 50 340 NORMAL +
A.C. 0 280 RED + + +
S.DE. 10 400 RED + + +
J.D. 1 0 0 250 RED + , ULCER + + +
M.E. 0 400 RED + +
E.E. 80 280 RED + +
H.E. 0 350 RED + + + +
J.F. 0 420 RED +
E.G. 2 0 450 RED + + +
M.G. 0 300 RED + + +
K.G. 0 500 RED +
D.H. 0 150 RED + , ULCER + + +
O.H. 10 0 190 RED + + + +
B.H. 1 0 0 480 RED + + +
M.H. 0 400 RED + + +
G.J. 10 400 RED +
GJo. 0 1 00 RED + , ULCER + + +
M.K. 150 500 RED +
K.K. 50 360 RED + + + +
D.M. 0 250 RED + +
F.M. 0 10 0 RED + + + +
H.M. 50 300 RED + + + +
A.M. 0 350 RED + +
T.N. 2 0 2 0 0 RED + + +
I.P. 10 0 500 RED + + +
D.P. 25 600 RED +
S.P. 0 500 NORMAL +
E.R. 0 2 2 0 RED +
M.R. 0 250 RED + , ULCER + + +
M.S. 50 300 RED + + +
D.S. 1 0 0 600 RED +
S.S. 0 550 SL. RED +
H.S. 1 0 0 400 RED + +
M.S1. 0 175 RED + +
D.Sm. 0 80 RED + , ULCER + +
B.S. 1 0 0 400 RED + + +
H.T. 0 250 RED + + + +
M.W. 0 400 NORMAL ?
M.Wh. 0 450 RED +

+ + + 
+ +
+ + + 
+ + +  
+ + +  
+ +
+ + + 
+
+
+ +
+ + + 
+ + + 
+
+ +
+ +
+ +
+ +
+
+ + + 
+
+
+ +
+
+ + + 
+ + + 
+ +
+ +
+ +
+ + + 
+
+ + + 
+ +
+ + + 
+ + + 
+ +
+ +
+ + + 
+
+ +
+
+ + + 
+ +
+
+
+ +
+ +
+ +
+ +
+ + + 
+
+



APPENDIX 4.1

NERVE COUNTS - BF FIXATION. PGP 9.5 STAIN (10 fields!

NAME SUBMUCOSA MUSCLE
IC UNTREATED No. SIZE No.
G.Bo. 146 31.1 197
S.B. 109 23.1 109
A.C. 156 50.3 60
E.G. 112 28.1
M.G. 210 37.7 156
M.R.86 163 30.6 150
H.T. 158 29.7 236
M.W. 148 21.4 90

IC CYSTOLYSIS
G.B. 149 62.0
M.B. 83 19.8 223
V.C. 79 16.1 215
S.D-E. 27 18.2 70
J.D. 6 21.7
D.H. 70 58.7 99
V.L. 85 19.8 173
M.R.88 77 20.4

IC DMSO
M.B1. 48 42.3 98
M.Bu. 26 18.7 44
M.K. 82 34.1 86

BACTERIAL
G.N. 75 23.0
I.S. 172 33.4 17
V.S. 189 30.9 63

SLE
S.P. 50 25.5 85

SLE CYSTOLYSIS
O.H. 7 37.7

NEUROPATHIC
E.K. 232 58.2 78
M.W. 127 34.3

NORMALS
J.C. 69 31.7 36
J.E. 12 24.2 22
M.E. 73 25.8 97
J.F. 55 21.5 50
J.K. 97 33.6

SIZE IN PIXELS

SIZE
27.2
27.2
83.4

60.0
34.7
28.4
34.4

25.9
28.9 
19.6

38.0
24.3

27.6
22.6 
34.1

24.9
41.2

44.5

53.9

45.3
32.0 
41.2
23.1



APPENDIX 4.2

PGP 9.5 IMMUNOREACTIVE NERVE FIBRE COUNTS

SUBMUCOSA

No. per 10 fields (mean 4- SE)

All Interstitial Cystitis (IC) - 101.8 ± 12.6

Untreated IC - 150.2 ± 11.2

IC after Extra-vesical denervation - 72.0 ± 15.0

IC after DMSO - 52.0 ± 16.3

Chronic Bacterial/SLE Cystitis - 98.6 ± 35.3

Normal Controls - 61.2 ± 14.0

DETRUSOR MUSCLE

All Interstitial Cystitis (IC) 

Untreated IC

IC after Extra-vesical denervation 

IC after DMSO 

Chronic Bacterial/SLE Cystitis 

Normal Controls

No. per 10 fields (mean + SE)

- 133.7 ± 16.4

- 142.3 ± 23.2

- 144.3 ± 27.7

- 76.0 ± 16.4

- 55.0 ± 20.0

- 51.2 + 16.3



APPENDIX 4.3

PGP 9.5 IMMUNOREACTIVE NERVE FIBRE SIZE

SUBMUCOSA

Area in pixels (mean + SE')

All Interstitial Cystitis (IC) - 30.7 + 3.17

Untreated IC - 31.5 + 3.22

IC after Extra-vesical denervation - 29.6 ± 6.8

IC after DMSO - 31.7 + 6.9

Chronic Bacterial/SLE Cystitis - 30.1 + 2.65

Normal Controls - 27.4 ± 2.29

DETRUSOR MUSCLE

Area in pixels (mean -I- SEI 

All Interstitial Cystitis (IC) - 33.9 ± 4.3

Untreated IC - 42.2 + 8.1

IC after Extra-vesical denervation - 27.3 + 3.1

IC after DMSO - 25.4+1.5

Chronic Bacterial/SLE Cystitis - 36.9 + 3.8

Normal Controls - 35.4 + 5.0



APPENDIX 4.4

PGP 9.5 IMMUNOREACTIVE NERVE FIBRE INTEGRATED OPTICAL DENSITIES

QODL

SUBMUCOSA

IOD (mean + SE'l

All Interstitial Cystitis (IC) - 5.93 + 0.67

Untreated IC - 6.08 + 0.74

IC after Extra-vesical denervation - 5.52 + 1.29

IC after DMSO - 5.95 + 1.63

Chronic Bacterial/SLE Cystitis - 5.33 + 0.57

Normal Controls - 4.75 ± 0.37

DETRUSOR MUSCLE

IOD (mean + SE) 

All Interstitial Cystitis (IC) - 6 .5 4 + 1 .1 6

Untreated IC - 8.78 + 2.24

IC after Extra-vesical denervation - 4.83 + 0.51

IC after DMSO - 4.18 + 0.43

Chronic Bacterial/SLE Cystitis - 7 .3 0 + 1 .0

Normal Controls - 6.21 + 1.16



NAME Nuclear Smooth Mito-
Muscle chondrial Latex RAH A

D.A. 40 - - ? ?
E.B. - - - + 80
G.B. 2 0 - - + 10
M.B. 40 - - + 2 0
M.B1. 80 - 80 - -
G.Bo. 40 - - - 10
D.B. 1,280 - - - -
A.B. 40 - 10 - -
M.Bu. - - - - -
N.C. - - - - -
V.C. 10 - - - -

H.C. 1,280 - - - -
A.C. - - - - -
S.D-E. - - - - -
J.D. - - - - -
M.E. - - - -
E.E. - - - - -
H.E. 160 - - - -
J.F. 10 2 0 - - -
E.G. - 10 - - -
M.G. 10 - - - -
K.G. 10 - - - -
D.H. - 10 - - -
O.H. 80 640 - + 80
B.H. 40 - - - -
M.H. 160 - - - -

G.J. - - - - -
G.Jo. - - - + 320
M.K. - - - - -
K.K.
D.M. 320 320

-
+ 640

F.M. 40 - - - -
H.M. - - - - -
A.M. - - - - -
T.N. - - - - -
I.P. 2 0 80 - + 160
D.P. - - 10 - -
S.P. 40 - 40 - -

E.R. - - - - -

M.R. 10 - - - -
M.S. 80 - - + 160
D.S. 160 - - + 80
S.S. - - 10 - -

H.S. - - 10 - -

M.S1. - - - - -

D.Sm. 40 - - - -

B.S. 2 0 - - + 10
H.T. 10 - - - -

M.W. 320 - - - -

M.Wh. 2 0 - - - -



THYROID THYROID Gastric
TGHA _MCHA Parietal Cell

D.A.
E.B. 1,280 400
G.B.
M.B.
M.B1.
G.Bo. _l_
D.B. - . +
A.B.
M.Bu.
N.C. 1,600
V.C. - . + +
H.C.
A.C. 160 1,600
S.D-E. - . + +
J.D.
M.E.
E.E.
H.E.
J.F.
E.G. - .  +
M.G.
K.G.
D.H.
0.H .
B.H.
M.H. 640 1,600
G.J.
G Jo.
M.K.
K.K.
D.M.
F.M.
H.M.
A.M. - . + +
T.N. 80 100 +
1.P.
D.P.
S.P.
E.R.
M.R.
M.S.
D.S.
S. S. 640 400
H.S.
M.S1.
D.Sm. 640 1,600 +
B.S.
H.T.
M.W.
M.Wh.

Pancreatic 
Islet Cell



ANTI-DNA ANTIBODY TITRES IN IC PATIENTS

DOUBLE-STRANDED DNA SINGLE-STRANDED DNA 

NAME IgM IgG IgM IgG

D.A. 4.9 3.7 4.7 0.0

G.B. 5.3 8.7 9.6 7.1

M.B. 6.9 0.5 15.6 10.4

M.B1. 4.2 0.0 7.6 0.0

G.Bo. 3.9 1.7 8 .6  2.6

D.B. 3.2 5.7 5.1 26.0

M.Bu. 2.5 3.8 11.5 0.2

N.C. 0.2 3.8 3.1 2.1

V.C. 6.5 0.0 13.7 0.0

A.C. 0.7 0.0 3.3 0.9

S.D-E. 4.6 3.2 5.9 3.2

J.D. 0.0 1.4 0.8 0.0

E.E. 1.6 0.0 1.8 0.9

J.F. 1.6 0.0 0.0 0.0

M.G. 0.0 3.3 7.4 8.7

D.H. 2.8 3.3 2.5 3.8

O.H. 0.0 0.0 3.5 0.0

B.H. 0.0 6 .8  5.9 5.0

G J. 2.3 1.0 0.0 0.0

M.K. 0.0 1.3 3.5 3.0

D.M. 2.5 0.0 26.9 0.0

F.M. 0.2 0.0 0.9 0.3

S.P. 4.6 20.5 15.2 41.3

E.R. 3.6 5.5 8.1 0.0

M.R. 0.0 4.1 4.3 9.4

H.S. 3.4 7.8 5.0 9.7

M.S1. 6.5 6.2 12.7 0.0

D.Sm. 4.8 9.7 6.9 50.7

B.S. 6.5 3.8 10.3 0.0

H.T. 20.5 9.0 34.4 0.5

M.W. 4.1 8.2 8 .6  25.0



ANTI-CARDIOLIPIN AND ANTI-POLY( ADP-RIBOSE) ANTIBODY TITRES r

CARDIOLIPIN ANTIBODIES POLY(ADP-RIBOSE) ANTIBODIES

NAME IgM IgG IgM IgG

D.A. 6 .6 9.5 11.9 3.4

G.B. 11.5 3.7 31.0 6.3

M.B. 2 .1 5.5 25.6 16.5

M.B1. 6 .6 1 .2 17.7 1 1 .6

G.Bo. 2 .1 1 2 .6 1 2 .6 1 0 .2

D.B. 2 .1 19.3 11.4 9.2

M.Bu. 1 .2 6.7 32.4 17.6

N.C. 4.1 2 .6 0 .0 0.7

v.c. 5.3 1 1 .0 34.2 1 0 .0

A.C. 0 .0 2 .6 2 2 .0 14.1

S.D-E. 5.7 11.3 18.2 12.0
J.D. 0 .0 14.2 0 .0 9.2

E.E. 17.2 2 0 .1 21.4 9.9

J.F. 2 .1 10.5 16.2 7.7

M.G. 19.3 11.3 19.6 14.1

D.H. 2 .1 13.7 11.9 0 .0

O.H. 0 .0 6 .0 18.0 0 .0

B.H. 0 .0 3.9 29.2 4.6

G.J. 4.5 8 .0 27.9 14.8
M.K. 0 .0 14.3 1 .0 20.4
D.M. 39.8 17.5 16.0 0.4
F.M. 17.2 2 .1 7.9 0 .0

S.P. 0 .0 12.4 2 1 .1 41.9
E.R. 6 .6 6 .6 11.7 13.6
M.R. 8.7 7.8 5.7 1 1 .1

H.S. 7.5 38.5 7.0 10.5
M.S1. 8.7 6 .6 23.8 16.9
D.Sm. 5.4 5.7 6.5 17.8
B.S. 8 .0 6.9 2 0 .6 0 .0

H.T. 7.4 0 .0 62.1 18.2
M.W. 20.7 0.9 1 2 .2 75.2



ANTIBODIES TO EXTRACTABLE NUCLEAR ANTIGENS DETECTED BY 
IMMUNODIFFUSION AND CHANGES IN ANTINUCLEAR ANTIBODY TITRES

EXTRACTABLE NUCLEAR ANTIGENS

NAME ANA TITRE SS-AfRcrt SS-BfLal RNP

D.A. 40 _ _ _ -

G.B. 2 0 - - - -

M.B.’87 40 - - - -

M.B.’89 10 - - - -

M.B1. 80 - - - -

G.Bo. 40 - - - -

D.B/87 1,280 + + - -

D.B.’89 640 - - - -

A.B.
V.C.’87

40 - -

V.C . ’88 10 + - - -

V.C.’89 10 + + - -

H.C. 1,280 + + + +
H.E. 640 - - - -

J.F. 10 - - - -

O.H. 80 + + + -

B.H . ’88 40 - - - -

B.H.’89 80 - - - -

M.H. 160 - - - -

D.M . ’86 320 + + - -

D.M . ’8 8 160 + + - -

D.M .’89 80 + + - -

F.M .’87 2 0 - - - -

F.M . ’88 40 - - - -

I.P. 2 0 - - - -

S.P.’87 40 + + - _

S.P.’89 40 + + - _

M.S. 80 - - - _

D.S. 160 - - - _

D.Sm.’87 10 - - - _

D.Sm.’89 40 - - - _

B.S. 2 0 - - _ _

H.T . ’88 - - - _ _

H .T.’89 10 - - _

M.W.’77 2 0 - - _ _

M.W . ’86 80 - - ~ _

M.W.’87 640 - - - _

M.W . ’88 320 - - - _

M.Wh. 2 0 _ _ _ _



NAME IgA IgG IgM C3 C4 CRP ESR

E.B. 2 .2 7.3 1 .1 1.58 0.27 6 6 54
G.B . ’8 8 2 .6 14.3 2 .2 1.14 0.23 < 6 2

G.B.’89 2.5 11.5 2 .1 1 .2 1 0.27 < 6

M.B. 1 .8 1 0 .2 0 .8 1.07 0 .2 2 < 6 10

G.Bo. ’8 8 1.9 9.9 0 .6 1 .2 1 0.27 < 6 28
G.Bo.’89 2 .0 1 1 .6 0.5 1.07 0.23 3
D.B. 5.7 30.5 0.7 1 .0 1 0 .1 0 6 62
A.B. ’8 8 1 .2 7.3 1 .6 1 .2 0 0.25 8 75
A.B.’89 1 .1 7.2 1 .6 0.99 0 .2 1 < 6

M.Bu. ’88 3.5 1 2 .6 1.5 1.28 0.39 < 6 10

M.Bu.’89 3.6 1 1 .8 1.7 1.45 0.45 13 38
N.C. 2 .0 12.3 0.5 1.25 0.29 < 6

V.C . ’88 0.9 9.2 2 .1 1.29 0.23 < 6 9
V.C.’89 0 .8 9.1 2 .0 1.43 0.27 < 6

H.C . ’8 8 3.9 19.1 0.9 1.31 0.16 11 81
H.C.’89 4.3 21.3 1 .0 1.35 0.17 13
A.C. 1.3 7.3 1 .8 1.08 0.19 < 6

S.D-E. 0.9 1 1 .1 1 .0 1.23 0.23 77 3
J.D. 0.9 4.3 0.4 0.94 0.07 < 6 12
M.E. 0.99 0 .2 1 14
E.E. 1.4 8.9 0 .6 1.30 0.28 < 6 3
J.F. 1 .2 10.9 1 .0 0.83 0.17 < 6 1
E.G . ’8 8 1.5 6.5 0.9 1.45 0.36 < 6 18
E.G.’89 1 .8 7.1 1.1 1.51 0.32 < 6 2 0
M.G .*88 3.2 1 2 .0 2 .8 1.52 0.24 9 ot00

M .G.’89 2.9 1 0 .0 2.3 1.42 0 .2 0 5
K.G.’89 2.5 1 1 .6 1.7 1.53 0.34 8 14
K.G.’89 2 .6 1 0 .6 1 .6 1.39 0.32 < 6

D.H.’87 5.0 18.2 0.9 2.04 0.33 2 1 71
D.H . ’88 4.8 16.2 1.1 1.67 0.29 33 80
D.H.’89 1.85 0.33
O.H. 1.7 28.3 1.9 1.40 0.19 11
B.H . ’8 8 1.3 14.2 2.3 0.97 0.25 < 6
B.H.’89 2 .0 9.1 1.4 0.91 0.31 6
M.H . ’ 88 2 .0 9.8 4.2 1.49 0.18 14 47
M .H.’89 2 .2 9.8 4.4 1.17 0.19 4 34

— ■ -v ■ m g / l mm /hr



NAME IgA IgG IgM C3 C4 CRP ESR

G J. 2 .1 10.7 0.9 1.43 0.27 < 6 36
GJo. 2.3 11.9 1.5 1 .2 0 0.25 < 6 1

M.K . ’88 1.4 9.7 0.4 19
M.K.’89 1.5 1 0 .2 0.5 1.30 0.19
D.M. 5.3 19.5 2 .0 1 .2 0 0.23 < 6 62-53
F.M. 7.0 14.0 0.7 1.19 0.29 2 2 0 - < 6

H.M. 2 .1 1 2 .8 1 .6 1.18 0.25 < 6

A.M. 2 .0 12.7 0.7 0.98 0.26 < 6 4
T.N. 0.7 5.9 0.4 0.59 0 .1 2 91
I.P. 3.7 20.9 1 .2 1.73 0.26 7 37
D.P. 3.2 12.4 1.9 0.99 0.18 < 6

S.P. 0.45 < 6 14—9
E.R. 4.1 1 2 .0 0 .8 1.15 0 .2 0 < 6 12

M.R. 2 .0 14.1 0 .8 1.19 0.25 < 6 15
M.S. 1.9 11.3 1 .8 1.32 0 .2 0 < 6 9
D.S. 4.8 11.9 0.7 1 .1 0 0 .2 0 < 6 2 2

S.S. 2.4 14.7 1 .0 1.77 0.37 7
H.S . ’88 2.4 13.0 0 .6 1.29 0.26 < 6 19
H.S.’89 2 .6 13.1 0 .6 1 .0 0 0 .2 0 9 12

M.S1. 1.4 1 0 .0 1.9 0 .8 8 0.14 < 6 2 - 1

D.Sm. 2 .8 13.5 0 .6 1.29 0.30 < 6

B.S. < 6 56
H.T. 2 .0 15.5 1 .6 1.13 0.17 < 6

M.W. 2.3 10.7 0 .6 0 .6 8 0 .1 0 < 6 38
M.Wh. 1.5

\_____.— —.

10.4 1 .2 1.56 0.31 < 6 28

m g / 1 mm/hr



CIRCULATING IMMUNE COMPLEX ASSAYS

Name Circulating Immune Complexes (IgG ug/mD

E.B. 365,670
G.B. 104, 180, 157, 23 (on steroids)
M.B. 0
G.Bo. 120, 350, 262, 214, 40 (on steroids), 0 (on steroids)
D.B. 114, 121, 100
A.B. 0, < 1 (both on steroids)
M.Bu. 8 8 , 83, 365, 0 (on steroids)
N.C. 103
V.C. 112
H.C. 409,410
S.D-E. 148,0
J.D. 60, 0 (both on steroids)
M.E. 190
H.E. 141
E.E. 102
J.F. 0
E.G. 110, 526, 284, 490
M.G. 45, 0, 490, 930 (all on steroids)
K.G. 160, 140, 0 (on steroids)
D.H. 200, 179
0.H . 290
B.H. 380, 0
M.H. 52, 108, 100, 209, 308, 100 (on steroids)
G J. 50, 58, 333
G Jo . 0 (post-subtotal cystectomy)
M.K. 0
D.M. 413, 2110 (all post-subtotal cystectomy)
F.M. 178, 633, 83 (post-subtotal cystectomy)
H.M. 255
A.M. 220, 789, 333, 353
T.N. 22
1.P. 2790, 1620
D.P. 0
S.P. 78 (on steroids)
E.R. 45, 0, 0 (all post-total cystectomy)
M.R. 262, 105, 240, 238 (post-cystectomy)
M.S. 402, 160, 120, 34 (on steroids), 32 (on steroids)
D.S. 84, 250, 500
S.S. 92
H.S. 180, 67, 370
M.S1. 15, 134 (all post-subtotal cystectomy)
D.Sm. 260, 184 (post-cystectomy)
H.T. 100 (post-subtotal cystectomy)
M.W. 102, 136, 137 (all on steroids)
M.Wh. 162, 80



BLADDER IMMUNOGLOBULIN & C3 DEPOSITS SHOWN BY DIRECT IFL

IgA IgA IgG IgG IgM JgM C3 C3
Name Mucosa+ 

Submuc.
Muscle Mucosa+ 

Submuc.
Muscle Mucosa+ 

Submuc.
Muscle Mucosa+ 

Submuc.
Muscle

IC UaBM V SplSlm Ur BM V SplSlm Ur BM Y SplSlm Ur BM V SplSlm

G.B. + - + - - + - + - - + + + - - + + + _
M.B. - - - - - + - - + - + - - - - + - - + +
M.B1 + + - - - + - + + - + - + + - + - + -
G.Bo. + - - - - + - + - - - - - - - + + + -
D.B. + - - - - + - + - - - - - - - + - + -
A.B. - - - - - - - + - - - + + - - + - + -
M.Bu. + - - - - + + + + + + + + +
N.C. - - - - - + - - + - - - + + - + - - -
v .c . + - + + - + - + + + + - + + + + + + + +
H.C. - + - - - + - - - - + + +
A.C. - + - + - + - - + - + - + + - + - + + +
S.D-E. + - - + - + - + + + + + + +
J.D. + - - - - + - - + + + - - - - + + - + +
E.E. + - + + - - - +
E.G. + + - - - + + + + + ± - - + + + + + + +
M.G. + + + + - + - + - - + -

O.H. + + - - - + + + + + - - + + + + + + + +
B.H. + - - - - + - - - + - - + - + + + + + +
M.K. + + - - - + + - - - - + + - - + + + -

F.M. u u - + - u u + + - u u + + - u u + + +
T.N. - - - - - + - - + - - + + - - + + + + +
S.P. - + + + + - - - - + -

M.R. + - - - - - + + + - - + + + - - + + + +
M.S1. + - - - - + - - + + - + + + - + + + + +
D.Sm. u u - - + u u + - + u u + - - u u + + +
H.T. u u - - - u u + + - u u + + - u u + + +
M.Wh.

BC

+

F.B. + - - - - + _ _ + - _ + + _ + +
J.F. + + + - _

D.L. + + + - -

J.O. + - - - - + - - + . + + + + +
J.R. + -

Norm.

J.C. +
A.D. + •  _

J.F. +
M.H. +
R.P.
J.R. +



Name IgA
MUCOSA

IgA
MUSCLE

IgG
MUCOSA

IgG
MUSCLE

IgM
MUCOSA

IC Cvt Nuc Ua Spl Nuc Cvt Nuc Ua Spl Sim Nu Cvt Nuc Ua
D.A. 20 20 00 40 40 40 40 40 00 00 20 20 20 20
G.B. 10 10 00 10 00 20 20 20 10 00 20 20 10 20
M.B. 20 20 10 10 10 20 10 20 10 00 10 10 20 10
M.B1 40 10 10 40 10 40 10 40 10 00 20 20 10 20
G.Bo. 10 10 00 20 10 10 10 20 10 00 20 20 10 20
D.B. 10 80 00 20 80 20 80 10 10 20 80 01 10 01
A.B. 10 20 10 20 40 20 10 40 00 00 40 00 40 00
M.Bu. 10 00 00 40 00 10 00 20 00 00 00 10 00 10
N.C. 00 00 10 10 00 10 00 10 20 00 00 20 00 20
v .c . 00 00 10 00 00 01 01 01 20 00 00 20 20 20
H.C. 20 40 01 20 20 40 40 40 10 10 40 20 20 20
A.C. 00 00 01 10 00 20 00 20 40 20 00 10 00 10
S.D-E. 01 00 10 01 00 10 00 10 20 10 00 10 00 20
J.D. 00 00 01 00 00 20 00 40 20 20 00 00 10 00
E.E. 10 00 00 20 00 20 00 20 20 40 00 00 00 01
H.E. 20 40 01 40 20 20 80 40 10 00 80 10 00 00
J.F. 00 00 20 01 00 10 00 10 20 00 00 00 00 10
E.G. 10 00 10 10 00 00 00 00 10 20 00 10 00 10
M.G. 10 00 10 10 00 00 00 01 00 40 00 01 00 10
D.H. 20 00 20 20 00 01 00 10 10 00 00 01 00 01
O.H. 00 20 10 00 00 40 10 40 20 40 40 01 80 01
B.H. 10 40 10 01 20 10 10 10 20 20 20 00 10 01
M.H. 10 20 10 10 20 10 40 10 00 00 20 40 10 40
G.J. 00 00 20 01 00 00 00 00 20 10 00 00 00 00
M.K. 00 00 01 10 01 01 00 10 00 00 00 01 00 01
K.K. 00 00 10 20 00 01 00 01 01 10 00 10 00 10
D.M. 10 20 20 20 10 10 80 10 80 20 80 20 01 20
H.M. 00 00 10 01 00 00 00 01 01 10 01 10 00 10
A.M. 40 00 10 10 00 01 00 01 01 10 01 10 00 20
P.M. 20 40 01 40 40 00 00 01 40 00 10 10 10 10
T.N. 10 01 10 00 10 10 00 10 20 00 00 10 00 10
I.P. 20 01 20 20 00 40 01 40 10 00 20 01 00 01
S.P. 20 20 10 10 10 20 10 20 00 00 10 20 00 20
E.R. 40 01 20 10 01 00 00 00 00 00 00 01 00 01
M.R. 10 00 20 01 00 00 00 00 20 00 10 10 00 20
M.S. 40 10 20 20 10 10 10 10 40 00 00 01 40 01
D.S. 10 80 10 20 10 10 10 20 00 00 20 01 01 01
S.S. 01 00 10 10 00 20 00 20 10 20 00 20 00 20
H.S. 01 00 20 10 01 20 00 40 10 20 00 00 00 00
M.S1. 10 00 10 01 00 10 00 20 10 20 00 10 00 10
D.Sm. 10 00 40 10 01 01 01 01 10 20 01 10 00 20
B.S. 10 10 10 20 00 10 01 10 01 00 10 01 00 01
H.T. 10 00 20 10 00 01 00 01 20 20 20 20 00 10
M.W. 20 40 20 10 10 20 80 10 10 00 80 01 00 01
M.Wh. 10 10 20 01 10 00 00 00 00 00 00 01 00 01
BC
D.L. 01 01 01 10 10 01 00 01 10 00 00 01 00 01
J.O. 10 00 10 01 00 10 00 10 20 10 00 01 00 01
J.R. 01 00 01 10 10 10 00 10 01 10 00 00 00 00
I.S. 10 00 10 00 00 10 00 10 10 20 00 01 00 01
Norm.
J.C. 01 00 10 00 00 01 00 01 01 10 00 00 10 00
T.C. 00 00 10 00 00 00 00 00 00 00 00 00 00 00
A.D. 00 00 00 00 00 00 00 00 10 01 00 01 00 01
J.F. 00 00 10 01 00 00 00 00 10 20 00 00 00 00
M.H. 01 00 01 00 00 00 00 00 00 01 00 01 00 01
R.P. 00 00 01 01 00 00 00 00 00 00 00 00 01 00
J.R. 01 00 10 01 00 00 00 00 01 01 00 01 00 01
J.S. 10 00 10 00 00 00 00 00 00 00 00 00 00 00

IeM
MUSCLE 

Spl Sim Nuc 
00 00 10 
10 00 20 
00 00 10 
01 00 20 
00 00 10
00 00 40
01 00 40 
01 00 10 
40 20 10 
40 00 20 
40 10 20 
40 10 00 
20 01 00 
00 00 01 
01 00 01 
40 01 10 
01 00 01 
01 00 00 
10 00 00 
00 00 00 
00 00 80 
10 00 01 
40 10 10 
00 00 00 
00 00 00 
40 20 00 
10 00 10 
40 20 00 
01 01 00 
01 00 20 
10 00 00 
10 00 00 
00 00 00 
00 00 00 
20 00 10 
10 00 40 
01 00 00 
40 10 00 
00 00 00 
20 10 00 
20 10 01 
01 00 00 
20 10 10 
00 00 00 
10 00 00

01 00 00 
10 00 00 
00 00 00 
01 00 00

01 01 00 
00 00 00 
01 00 00 
01 00 00 
00 00 00 
00 00 00 
01 00 00 
00 00 00



APPENDIX 6.10.

ABO AND RHESUS BLOOD GROUPS OF IC CASES

NAME ABO RHESUS

D .A. AB -
E.B. A +
G.B. 0 +
M.B. A +
M.B1. B +
A.B. 0 -
M.Bu. 0 +
N.C. A +
v.c. A -
S.D-E. A +
J.D . AB +
E.E. O +
J.F . O +
M.G. B +
D.H. O +
O.H. O +
G.J. A +
G.Jo. O -
M.K. A +
D.M . A +
F.M . 0 +
H.M . A +
A.M. O +
I.P. A +
S.P. A +
E.R. A +
M.R. 0 +
M.S. 0 +
H.S. B +
M.S1. 0 -
D.Sm. 0 +
B.S. O +
H.T. A -
M.W. B +



IC PATIENTS CELL PHENOTYPES

NAME CLASS I ANTIGENS

E.B. A2 A31 B8 B44 Bw4 Bw6 Cw2

G.B. A2 A24 B35 B44 Bw4 Bw6 Cw4 Cw5 

M.B.

G.Bo. A1 A2 B57 B60 Bw4 Bw6 Cw3 Cw6

A.B. A1 B8 B57 Bw4 Bw6 Cw6 Cw7 

M.Bu. A1 A2 B8 B50 Bw6 Cw6 Cw7 

S.D-E. A2 A31 B8 B44 Bw4 Bw6 Cw2

E.E. A2 B38 B44 Bw4 Cw5

H.E. A3 A31 B7 B35 Bw6 Cw4 Cw7 

J.F.

E.G. A24 A25 B13 B18 Bw4 Bw6 Cw4 Cw5 

M.G. A1 A3 B7 B57 Bw4 Bw6 Cw6 Cw7 

D.H. A3 A28 B44 B60 Bw4 Bw6 Cw3 Cw5

B.H.

M.H. A1 A24 B35 B37 Bw4 Bw6 Cw4 Cw6

G.J. A1 A23 B8 B18 Bw6 Cw7 

M.K. A2 A31 B13 B61 Bw4 Bw6 Cw6 

K.K. A24 A29 B35 B56 Bw6 Cw3 Cw4

D.M.

H.M. A1 A29 B14 B57 Bw4 Bw6 Cw6 Cw8

A.M. A2 A ll B51 Bw4 Cw3

F.M. A1 A31 B7 B57 Bw4 Bw6 Cw6 Cw7

I.P. A2 A24 B44 B62 Bw4 Bw6 Cw3 Cw5

E.R. A3 A24 B62 Bw6 Cw3

M.R. A26 A28 B7 B44 Bw4 Bw6 Cw7 

M.S. A1 A2 B8 B18 Bw6 Cw7 

D.S. A1 A28 B8 B55 Bw6 Cwl Cw7

H.S. A3 A ll B51 B55 Bw4 Bw6 Cwl

M.S1. A1 A19 B38 Bw4 Cw7

D.Sm. A28 A32 B14 B41 Bw6 Cw8

CLASS TI ANTIGENS

DR1 DR6 DRw52 DQ1 

DR4 DRw53 DQ3 

DR7 DQ2

DR6 DR7 DRw52 DQ1 

DR3 DR4 DRw52 DQ2 DQ3 

DR3 DR7 DRw52 DRw53 DQ2 

DR3 DR4 DRw52 DRw53 DQ2 DQ3 

DR5 DR6 DRw52 DQ1 DQ3 

DR4 DR6 DRw52 DRw53 DQ3 

DR4 DRw53 DQ3 

DR5 DR7 DRw52 DQ2 DQ3 

DR2 DR7 DRw53 DQ1 

DR4 DQ3

DR6 DR8 DRw52 DQ1 DQ3

DR2 DR4 DRw53 DQ1 DQ3

DR3 DR5 DRw52 DQ2 DQ3

DR6 DR7 DRw53 DQ2 DQ3

DR1 DR5 DRw52 DQ1

DR3 DR4 DRw52 DRw53 DQ2 DQ3

DR1 DR6 DRw52 DQ1

DR5 DR8 DRw52 DQ3

DR2 DR7 DRw53 DQ1 DQ3

DR5 DR6 DRw52 DQ1 DQ3

DR1 DR6 DRw52 DQ1

DR3 DR6 DRw52 DQ1 DQ2

DR7 DRw53 DQ2

DR2 DR3 DRw52 DQ1 DQ2

DR5 DR6 DRw52 DQ3

DR4 DR6 DRw52 DRw53 DQ1 DQ3

DR6 DR7 DRw52 DRw53 DQ2 DQ3



38
34
17
24
7
7

28
3

21
3
3
14
7
0
14
3
0
0
0
0
0
0
0
0

13 DQ1 47
13 DQ2 40
23 DQ3 63
30 
23 
43 
30 
7 
0 
0 
0 
0 
0 
0 

73 
43

B39 0
B40 10
B41 3
B42 0
B44 24
B45 0
B46 0
B47 0
B48 0
B49 0
B50 3
B51 7
B52 0
B53 0
B54 0
B55 7
B56 3
B57 17
B58 0
B59 0
B60 7
B61 3
B62 10
B63 0
B64 0
B65 0
B67 0
B70 0
B71 0
B72 0
B73 0
B858 0
B866 0
Bw4 62
Bw6 79

B5 7 Cwl 7 DR1
B7 14 Cw2 3 DR2
B8 21 Cw3 24 DIG
B12 24 Cw4 14 DR4
B13 7 Cw5 17 DR5
B14 7 Cw6 31 DR6
B15 10 Cw7 34 DR7
B16 7 Cw8 7 DR8
B17 17 DR9
B18 10 DR10
B21 3 DRU
B22 10 DR12
B27 0 DR13
B35 14 DR 14
B37 3 DRw52
B38 7 DRw53



36
50
22
13
9
10
29
3

10
5
4
7
9
4
6
3
0
0
0
0
0
0
0
0

B5 14 Cwl 9 DR1 17
B7 26 Cw2 6 DR2 31
B8 27 Cw3 24 DR3 31
B12 35 Cw4 14 DR4 33
B13 5 Cw5 15 DR5 11
B14 4 Cw6 18 DR6 15
B15 6 Cw7 59 DR7 40
B16 5 Cw8 0 DR8 2
B17 9 DR9 1
B18 10 DR10 1
B21 5 DR11 0
B22 4 DR12 0
B27 6 DR13 0
B35 12 DR14 0
B37 3 DRw52 54
B38 0 DRw53 66
B39 5
B40 12
B41 0
B42 0
B44 34
B45 1
B46 0
B47 1
B48 0
B49 3
B50 2
B51 12
B52 2
B53 0
B54 0
B55 3
B56 1
B57 9
B58 1
B59 0
B60 11
B61 1
B62 6
B63 0
B64 0
B65 0
B67 0
B70 1
B71 1
B72 0
B73 0
B858 0
B866  0
Bw4 62 
Bw6 83

DQ1 59
DQ2 45
DQ3 39



HLA CLASS I  AND II EXPRESSION IN THE BLADDER

Name CLASS I HLA-DP HLA-DO HLA-DR

I.e. Ur. Un Cells YE Ur. Cells VE Ur. Cells VE

G.B. + + + + + + + + + + +
G.Bo. + - + - - + - + + + +
M.Bu. + - - - - - - + + +
V.C. + + + - + - - + - + + + + + +
H.C. + - + - - - - - + +
A.C. + + - + + - + + + + + + + + + +
S.D-E. + - + - - - - - + + +
J.D. + - + + - - - + + + +
E.G. + + + - + - - + - + + + + + + + +
O.H. + - + - - + - + + + + + + + +
B.H. + + + - + - - + - + + + + + + +
M.K. + + + - + + - + - + + + + + + +
F.M. u u + - u + - u + + + + + +
T.N. + + - + - - + - + + + + + + + + +
M.R. + - - - - - - + + + + + + +
M.SI. + - + - - + - + + + + + + +
D.Sm. + - + - - + - + + + + +
H.T. u u + - u + - u + + + + + +

Bact’l

F.B. + - - - + _ _ + + +
D.L. + + - + - - - - - + + + +
J.O. + - - - - - - - + +
J.R. + - + - - + - - + + -
I.S. + - - - - + - - + + +

Norm.

J.C. + _ _ . _ _ _ + +
A.D. + - - - - + - - + -
J.F. + - - - - - - - + +
M.H. + - + - - + - - + +
R.P. + - + - - - - - + -

J.R. + - + - - + _ + +



MAST CELL ANALYSIS - BF FIXATION. LTB STAIN . . . .Area in pixels
Name Urothelium/ Submucosa Muscle

i.e . No. Area IOD. No. Area IOD.

G.B. 136 21.06 5.91 . • _

M.B. 85 19.53 4.95 171 28.03 7.85
M.B1. 107 16.6 4.35 138 15.9 4.17
G.Bo. 65 17.15 3.65 140 15.14 3.17
S.B. 106 19.85 5.35 90 23.78 6.49
M.Bu. 126 15.39 3.67 90 19.78 4.86
V.C .8 6 264 18.53 5.12 83 13.52 3.46
V.C.87 103 17.22 3.77 - - -

V.C .8 8 2 0 2 16.7 4.22 175 15.43 3.72
A.C. 284 20.29 6.47 380 26.0 8 .6
S.D-E. 2 0 0 17.32 4.6 2 2 0 15.04 3.56
J.D. 185 18.3 4.48 - - -

E.G. 50 10.15 1.92 - - -

M.H. 223 21.96 6.56 170 29.39 8.59
M.K. 168 13.83 2 .8 8 95 13.0 2.5
V.L. 127 19.48 5.9 176 19.5 5.77
T.N. 155 20.08 5.97 106 19.24 5.21
M.R .8 6 176 18.6 5.08 140 19.62 5.63
M.R .8 8 217 15.01 3.86 2 0 0 19.8 4.98
D.S. 53 18.83 5.07 170 25.01 7.27
S.S. 238 23.83 6.47 2 0 1 33.68 9.18
H.T. 103 15.05 3.66 - - -

M.Wh. 264 19.54 4.86 153 26.1 6 .6 6

SLE/RhA
D.B. 24 14.58 3.64 80 18.92 4.45
O.H. 88 14.66 3.58 - - -

S.P. - - - 50 21.67 5.09
H.D. 170 18.75 5.37 123 20.65 5.33

BACTERIAL
5726 83 15.55 4.64 34 17.59 4.79
G.N. 1 0 2 17.08 4.4 43 11.23 2.96
I.S. 93 17.3 4.01 85 17.06 4.12
H.S. 2 2 2 15.18 4.1 47 19.07 5.54
V.S. 2 0 0 2 2 .1 5.4 90 18.4 4.46
4194 69 16.38 4.43 34 21.06 6.07

NORMALS
J.C. 71 14.84 4.04 46 17.04 4.51
M.E. 35 9.71 1.98 - - -

J.E. 83 13.45 3.12 6 6 17.2 3.2
J.F. 15 15.78 3.97 10 9.67 2.27
J.K. 24 14.13 3.15 - - -

E.K. 6 6 14.42 3.66 - - -

M.W. 48 14.63 3.31 - - -

4392 54 11.98 2.70 - _ _



MAST CELL ANALYSIS - BLA FIXATION. LTB STAIN

Name Urothelium/ Submucosa Muscle

I.e . No. AREA IOD. No. AREA IOD.

M.B. 44 18.05 4.8 150 25.89 7.78
G.B. 372 17.47 5.12 - - -

M.Bu. 190 17.27 4.48 - - -

V.C .8 6 148 19.53 5.57 40 10.5 2.49
V.C.87 72 19.31 4.86 - - -

V.C .8 8 2 2 2 16.13 4.26 - - -

S.D-E. 148 18.34 4.81 159 19.25 4.97
J.D. 360 21.53 5.96 - - -

E.G. 124 18.58 4.58 - - -

M.H. 346 24.76 6 .8 344 37.96 11.64
M.K. 176 13.78 3.26 117 12.4 2.75
V.L. 124 15.37 4.65 165 21.05 6.41
T.N. 292 31.85 9.78 133 22.74 6.61
M.R .8 6 56 22.93 7.11 1 0 0 18.96 5.58
M.R .8 8 61 1 2 .0 2.82 - - -

D.S. 147 14.27 3.75 402 23.1 11.19
S.S. 58 17.76 4.72 60 19.23 5.7
M.Wh. 2 0 30.0 8.84 71 20.73 6 .0

S.L.E.

D.B. 219 14.97 3.46
O.H. 133 14.41 3.76 - - -

S.P. 30 13.3 3.74 18 25.36 9.13

BACTERIAL

G.N. 1 2 2 13.6 3.96
I.S. 32 17.31 4.32 18 17.56 4.24
H.S. 116 17.84 4.91 56 32.93 8 .1 1
V.S. 54 16.7 3.84 62 17.61 4.23

NORMALS

M.E. 6 14.67 3.81 2 2 13.82 3.31
J.E. 103 20.25 4.78 58 16.83 4.79
J.F. 10 2 1 .1 5.76 - - -  .

J.K. 24 14.0 3.84 42 13.14 3.65
E.K. 52 13.46 3.27 - - -

M.Wo. 114 18.75 5.42 - _ _



MAST CELL NUMBERS 

Urothelium/ Submucosa
No Median Mean + SE

IC 2 0 145.5 154.7 ± 15.6
SLE/RA 3 8 8 .0 94.0 ± 42.3
Bacterial 6 97.5 128.2 ±  26.7
SLE/RA/Bacterial 9 93.0 116.8 ± 21.9
Normal 8 51.0 49.5 ± 8.4

Detrusor Muscle
No Median Mean ■+■ SE

IC 17 170 165.6 ±  16.5
SLE/RA 3 80 84.3 ± 21.1
Bacterial 6 45 55.5 ± 10.3
SLE/RA/Bacterial 9 50 65.1 ± 10.3
Normal 3 46 40.7 ± 16.4

MAST CELL AREA IN PIXELS

Urothelium/Submucosa
No Median Mean + SE

IC 2 0 18.72 18.27 ± 0.68
SLE/RA 3 14.66 16.0 ± 1.38
Bacterial 6 16.73 17.26 ± 1.02
SLE/RA/Bacterial 9 16.38 16.84 ± 0.8
Normal 8 14.28 13.62 ±  0.68
Detrusor Muscle

No Median Mean + SE
IC 17 19.8 21.62 ± 1.42
SLE/RA 3 20.65 20.41 ± 0.80
Bacterial 6 17.99 17.40 ±  1.36
SLE/RA/Bacterial 9 18.92 18.41 ± 1.04
Normal 3 17.04 14.64 ± 2.48

MAST CELL INTEGRATED OPTICAL DENSITY

Urothelium/Submucosa
No Median Mean + SE

IC 2 0 5.01 4.86 ± 0.28
SLE/RA 3 3.64 4.19 ± 0.59
Bacterial 6 4.42 4.49 ± 0.20
SLE/RA/Bacterial 9 4.40 4.39 ± 0.22
Normal 8 3.23 3.24 ± 0.24

Detrusor Muscle
No Median Mean + SE

IC 2 0 5.77 5.83 ± 0.49
SLE/RA 3 5.09 4.96 ± 0.26
Bacterial 6 4.63 4.66 ± 0.45
SLE/RA/Bacterial 9 4.79 4.76 ± 0.30
All Non-IC 12 4.49 4.40 ± 0.32
Normal 3 3.20 3.33 ± 0.65



MAST CELL ANALYSIS - BF FIXATION. STB STAIN

Name Urothelium/ Submucosa Muscle

i.e . No. Area IOD No. Area IOD
G.B. 1 1 2 1 2 .8 6 .8 - - -

M.B. 1 2 0 10.9 6 .2 160 19.9 12.9
M.B1. 76 1 0 .0 8 .8 80 18.0 13.6
G.Bo. 6 8 9.8 3.0 192 16.0 6 .0
S.B. 108 13.7 9.6 1 2 0 13.9 7.5
M.Bu. 96 10.4 4.6 132 16.4 8.9
V.C .8 6 180 9.8 7.3 1 0 0 15.5 1 1 .0
V.C .8 8 168 11.7 6.5 1 2 0 10.5 6 .0
A.C. 336 9.6 4.8 512 19.0 16.8
S.D-E. 136 11.3 5.4 136 13.4 7.7
J.D. 64 9.7 4.8 - - -

E.G. 160 8.7 2.5 - - -

D.H. 60 12.9 4.7 236 16.8 7.5
M.H. 352 15.8 10.3 312 31.5 19.4
M.K. 104 5.7 2 .1 - - -

V.L. 180 1 0 .8 1 0 .0 240 23.1 27.6
T.N. 224 1 1 .8 7.2 184 25.7 2 0 .0
M.R.87 164 10.9 7.4 336 18.7 13.8
M.R .8 8 172 1 1 .1 6 .0 252 17.4 10.4
S.S. 172 1 1 .6 7.2 184 2 2 .0 1 1 .1
D.Sm. 160 17.0 9.6 216 21.3 1 1 .2
H.T. 1 2 0 9.0 3.9 60 26.0 15.8
M.Wh. 208 13.6 8.4 10 0 20.3 13.1

SLE/RhA
D.B. 12 6 .2 2.4 0 - -

H.C. 76 13.1 8 .2 - - -

S.P. 16 16.6 9.4 - - -

H.D. 164 13.0 7.6 8 13.2 7.0

Bacterial
F.B. 204 12.4 9.2 16 13.9 8.3
G.N. 128 1 2 .2 8.5 - 2 0 .2 1 2 .8
H.S. 36 10.5 5.9 1 00 - -

V.S. 1 2 0 9.9 5.9 40 1 0 .0 4.6
H.S. 128 11.9 6 .6 72 14.6 8 .0
J.W.
Normals

184 17.1 1 0 .6 40 11.7 5.8

C.B. 72 10.5 5.3 8 18.5 9.4
J.C. 132 10.7 5.0 32 19.1 11.4
P.D. 52 14.0 8 .2 - - -

L.E. 104 9.0 3.6 16 13.0 3.3
P.H. 72 13.0 7.8 - - -

J.K. 44 1 1 .0 4.1 48 17.2 5.2
E.K. 44 7.4 3.4 96 10.4 4.3
L.M. 32 15.1 7.9 8 2 0 .1 8 .1
J.N. 64 9.4 5.8 12 14.0 6.9
J.Ne. 32 10.4 7.8 16 26.4 15.3
M.Wo. 32 12.7 8.7 - _ _



MAST CELL COUNTS

Urothelium/Submucosa
No Median

IC 21 136.0
SLE/RA 4 46.0
Bacterial 6 128.0
SLE/RA/Bacterial 10 124.0
Normal 11 52.0

Detrusor Muscle
No Median

IC 17 184
SLE/RA 2 4
Bacterial 5 40
SLE/RA/Bacterial 7 40
Normal 8 16

MAST CELL AREA IN PIXELS

Urothelium/ Submucosa
No Median

IC 24 11.00
SLE/RA 4 12.09
Bacterial 6 1 2 .1 0
SLE/RA/Bacterial 10 12.30
Normal 11 10.70
Detrusor Muscle

No Median
IC 19 18.72
SLE/RA 1 -
Bacterial 5 13.90
SLE/RA/Bacterial 6 13.57
Normal 8 17.86

MAST CELL INTEGRATED OPTICAL DENSITY

Urothelium/Submucosa
No Median

IC 21 6.65
SLE/RA 4 7.89
Bacterial 6 7.55
SLE/RA/Bacterial 10 7.89
Normal 11 5.75

Detrusor Muscle
No Median

IC 19 12.15
SLE/RA 1 7.01
Bacterial 5 8.04
SLE/RA/Bacterial 6 7.53
Normal 8 7.51

Mean + SE
152.2 ± 17.2 
67.0 ± 35.5
133.3 ±  24.0 
106.8 ±  2 1 .8  
61.8 ±  9.7

Mean + SE 
195.3 ± 27.0 

4.0 ± 4.0 
53.6 ± 14.6
39.4 ± 13.6
29.5 ±  10.7

Mean + SE 
11.40 ± 0.50 
12.24 ± 2 .18  
12.35 ± 1.04 
12.31 ± 0.99 
11.19 ± 0.69

Mean + SE 
19.23 ± 1.15

14.07 ±  1.74 
13.93 ± 1.43 
17.34 ± 1.75

Mean + SE
6.41 ± 0.52 
6.89 ± 1.55 
7.77 ± 0.80
7.41 ± 0.74 
6.13 ± 0.60

Mean + SE 
11.15 ± 1.26 
7.01
7.91 ± 1.40 
7.76 ± 1.16 
7.98 ± 1.41



NAME

IC

CD3+ CD4+ CD8 +
(% of CD3) (% of CD3)

CD3 + .4&8- CD4/CD8
(% of CD3) RATIO

G.B. 194 77 (40%)
M.B. 75 18 (24%)
G.Bo. 152 93 (61%)
D.B. 76 37 (49%)
A.B. 74 15 (20%)
M.Bu. 128 25 (20%)
V.C. 180 61 (34%)
A.C. 65 20 (31%)
J.D. 95 45 (47%)
M.G. 81 30 (37%)
O.H. 259 81 (31%)
B.H. 219 70 (32%)
M.K. 219 94 (43%)
F.M. 184 48 (26%)
T.N. 273 55 (20%)
S.P. 110 75 (68%)
M.R. 139 66 (47%)
M.S1. 120 36 (30%)
D.S. 95 37 (40%)
H.T. 64 14 (22%)
M.Wh. 95 58 (61%)

BACT’L

J.L. 286 215 (75%)

NORMAL

A.D. 19 8 (42%)
J.F. 34 19 (56%)
A.H. 52 10 (19%)
J.R. 55 36 (65%)
J.S. 42 24 (57%)

(19%) 81 (42%) 2.14
(43%) 25 (33%) 0.56
(41%) -3 (-2%) 1.50
(47%) 3 (4%) 1.03
(86%) -5 (-7%) 0.23
(41%) 51 (40%) 0.48
(47%) 34 (19%) 0.72
(37%) 21 (32%) 0.83
(39%) 13 (14%) 1.22
(41%) 18 (22%) 0.91
(69%) 0 (0%) 0.46
(32%) 78 (36%) 0.99
(39%) 40 (18%) 1.11
(51%) 42 (23%) 0.51
(57%) 62 (23%) 0.35
(25%) 8 (7%) 2.78
(32%) 29 (21%) 1.50
(27%) 52 (43%) 1.13
(41%) 19 (20%) 0.95
(44%) 22 (34%) 0.5
(39%) 0 (0%) 1.57

(28%) -9 (-3%) 2.69

(100%) -8 (-42%) 0.4
(53%) -3 (-9%) 1.06
(83%) -1 (-2%) 0.23
(51%) -9 (-16%) 1.28
(52%) -4 (-10%) 1.09

36
32
62
36
64
52
85
24
37
33

178
71
85
94
156
27
44
32
39
28
37

80

19
18
43
28
22



TCRJSl. 5TCS1 AND INTRA-MIJCOSAT, T-T.YMPHOCYTE COUNTS (PER
FIELD)

Name

IC TCR51 Count 5TCS1 Count IML Count

G.Bo. 8 10 6
M.Bu. 9 8 0
A.C. 24 21 0
V.C. 20 15 0
S.D-E. 0 0 4
O.H. 0 0 0
M.K. 11 13 0
T.N. 28 26 9

Bacterial

J.F. 0 0 0
D.L. 3 4 0
J.O. 0 0 5

Normal

A.D. 0 0 0
J.F. 0 0 2
J.R. 0 0 0
J.S. 0 0 3



Name IgA 4- IgG+ IgM+ Macrophages
Plasma Cells Plasma Cells Plasma Cells Ur/Sm. Muse.

30 0
G.B. 12 3 6 7 0
M.B. 11 ? 5 11 0
M.B1. 6 ? 2 21 6
G.Bo. 10 6 8 5 4
D.B. 8 ? ? 16 0
M.Bu. 5 ? 7 12 7
N.C. 17 7 2 35 2
V.C. 6 7 8 15 0
A.C. 10 5 + 4 - -

S.D-E. 9 7 - 18 4
J.D. 24 7 11 - -

E.G. 38 7 7 10 2
M.G. 4 ? 4 14 3
O.H. 2 3 + ? 22 5
B.H. 16 7 4 12 2
M.K. 20 ? 3 23 8
F.M. 9 7 7 25 6
T.N. 24 ? 6 19 3
M.R. 15 7 10 7 7
M.S1. 11 7 6 14 3
D.Sm. 17 7 8 24 7
H.T.
M.Wh.

26
18

7
7

14
4

20+ 4

Bacterial

F.B. 4 7 0 34 4
D.L. 2 0 0 10 2
J.O.
J.R.

Normal

6
8

7
7

2
0

8

4

0

0
A.D. 0 0 0 8 1
J.F. 0 0 0 3 0
A.H. 0 0 0 10 1
J.R.
J.S.

0
0

0
0

0
0

6 2



MOUSE MONOCLONAT, ANTIBODIES AND ANTISERA USED IN THE
STUDY

Clone Specificity

CD3 Pan T cells
CD4 "Helper-inducer" T cells
CD8 "Cytotoxic-suppressor” T cells
0F1 a/3-complex of T cell receptor
TCR51 5-chain of yd T cell receptor
5TCS1 5-chain of 75 T cell receptor
IML Intra-Mucosal T cells
MID3 HLA-DR1
DA6.164 HLA-DR2
RFDR HLA-DR
TU22 HLA-DQ
B7/21 HLA-DP1
W6/32 HLA-A,B,C
UCHM1 Macrophages/monocytes
Cytoker. Cytokeratin-Epithelial cells

Class Preparation Source

IgGl Supernatant P.C.L.Beveriey
IgGl Supernatant P.C.L.Beverley
IgGl Supernatant P.C.L.Beveriey
IgGl Supernatant T cell Sciences
IgGl Supernatant T cell Sciences
IgGl Supernatant T cell Sciences
IgGl Supernatant Immunotech
IgGl Supernatant P. Lydyard
IgGl Ascites K.Guy
IgM Ascites P.Lydyard
IgGl Ascites Immunotech
IgGl Purified IgG W.& J.Bodmer
IgG2a Ascites W.& J.Bodmer
IgG2a Supernatant P.C.L.Beveriey
IgGl Supernatant G.F. Bottazzo

1 Non-polymorphic. 2 All DR types except for DR7.


