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ABSTRACT

Wegener's Granulomatosis, classically, comprises a triad of

granulomatous vasculitis in the upper and lower respiratory

tracts, and a focal and segmental, necrotising

glomerulonephritis in the kidney. In practice disease

presentation and organ involvement is widespread and

variable. The aetiology is unknown but an infectious

aetiology has been proposed, based on the especial

involvement of the respiratory tract in the disease

process. The pathogenesis is also unclear but immune

complex deposition leading to neutrophil chemotaxis and

activation causing endothelial injury has been suggested.

Recently antibodies against a component of neutrophil

cytoplasm have been described in Wegener's Granulomatosis.

This thesis records studies of the diagnosis and

pathogenesis of Wegener's Granulomatosis. The first part

of the study examined the problem of diagnosis using renal

biopsy material. Renal biopsy is important because renal

functional status is the major factor determining outcome,

yet renal biopsy appearances are not specific for the

condition and may be found in other vasculitides such as

microscopic polyarteritis. Review of the histology,

immunofluorescence studies and ultrastructure of renal

biopsies from patients with Wegener's Granulomatosis and

microscopic polyarteritis revealed no diagnostically useful

differences. In Wegener's Granulomatosis renal mast cells
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were frequently present unassociated with areas of active

inflammation, whereas in microscopic polyarteritis they

were predominantly present as part of an inflammatory

infiltrate. In both conditions the number of mast cells

was increased. The functional significance of this

difference is unclear.

The second part of the study examined the presence of

autoantibodies against neutrophils. IgG antibodies giving

coarse, granular, cytoplasmic fluorescence when incubated

with cytospin preparations of normal neutrophils were

found to be highly specific for Wegener's Granulomatosis.

Diffuse cytoplasmic fluorescence was present in a wide

variety of other diseases including some other forms of

systemic vasculitis. By differential protein extraction of

neutrophils and Western Blot analysis IgG antibodies which

gave coarse fluorescence were found to react with 4 5 kDa

and 27-31 kDa proteins in the membrane-bound protein

extract. This is consistent with the autoantibodies being

directed against a component of neutrophil granules.

An hypothesis is proposed. Wegener's Granulomatosis is the

product of an immunological response to an antigen,

possibly to an inhaled, exogenous pathogen. A

predominantly cell-mediated response results in the typical

lesions identified pathologically within the respiratory

tract including granulomata. A humoral response also may
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occur, reflected by the presence of specific autoantibodies

and this can lead to systemic injury primarily by the

formation and deposition of immune complexes. In other

systemic vasculitides, such as microscopic polyarteritis, a

variety of exogenous antigens result in humoral responses

and immune complex formation and deposition leading to the

same pattern of renal injury.
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CHAPTER 1

INTRODUCTION
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DESCRIPTION OF WEGENER'S GRANULOMATOSIS

Wegener's Granulomatosis (WG) is a syndrome classically

characterised by a triad of necrotising granulomatous

vasculitis of the upper and lower respiratory tracts and a

focal and segmental necrotising glomerulonephritis. There

may also be disseminated small vessel vasculitis (Wegener,

1931; Wegener, 1938; Godman and Churg, 1958; Crofton and

Douglas, 1982; Brennar and Lezarrus, 1988).

Clinical Features

The disease is reviewed in a number of publications

(Walton, 1958; Matthay, 1980; Appel et al. 1981; Fauci

et al, 1977; Fauci et al. 1983 ; Hall, 1985)

The disease can occur at any age, but is more common in

adults: the average age at onset of symptoms is about 40

years and males are more commonly affected than females.

The clinical manifestation of WG is related to the

anatomical location of vessels involved and the degree of

vasculitis. Since potentially any small vessel in the

body can be affected, symptoms may arise from any organ

system. There is thus a spectrum of clinical findings

associated with WG (De Remee et al, 1986; Cupps and Fauci,

1981; Fauci et al. 1983 ; Pinching et al, 1983).

Onset of disease is usually insidious and accompanied by
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constitutional symptoms such as fever, weight loss, malaise

and fatigue (Fauci et al, 1973; Howell and Epstein, 1976;

Van der Woude et al. 1982)

The upper respiratory tract is commonly affected early in

disease giving rise to symptoms such as rhinorrhoea , nasal

congestion, epistaxis, crusting, purulent discharge and

sinus pain. Such symptoms may be attributed to allergic

rhinitis and sinusitis - thereby delaying the true

diagnosis. Involvement of the upper respiratory tract is

present in about 60% of cases at presentation (Parlevliet

et al, 1988). Ulceration of the mucosa and secondary

infection, orbital infiltration and destruction of the

nasal cartilage to result in a "saddle nose" deformity are

all possible complications.

Hearing loss, which may be the presenting complaint, occurs

in up to 60% of untreated cases from Eustachian tube

obstruction and otitis media, but rarely due to

granulomatous infiltration of the middle ear. Ocular

complications include conjunctivitis and scleritis.

Involvement of the lower respiratory tract is usual as the

disease progresses and is characterised by symptoms such as

chronic productive cough, haemoptysis, dyspnoea and

pleuritic pain. The pulmonary system is affected in most

patients - 94% developing functional or radiographic

evidence of lung disease (Matthay, 1980; Leavitt and
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Fauci, 1986). Pulmonary radiographic abnormalities are

variable: they are typically nodular, but may be diffuse

and can involve any number of lobes and may be unilateral

or bilateral. Massive pulmonary infiltration with

respiratory failure and life threatening lung haemorrhage

are the major complications associated with disease of the

respiratory system (Hensley, 1977) .

Skin lesions are common clinical manifestation of WG (Ronco

et al. 1983). Most lesions are ulcerative but they may be

papular or vesicular and subcutaneous nodules and palpable

purpura may also occur (Copeman et al. 1970).

Other, less common clinical manifestations of Wegener's

Granulomatosis are pericarditis, endocarditis, coronary

vasculitis, cerebral vasculitis and even diabetes

insipidus.

Renal involvement in Wegener's Granulomatosis is usually

associated with widespread dissemination of the disease and

may occur late. The degree of renal disease at

presentation is a major factor determining outcome. At

presentation many patients are found to show evidence of

glomerular injury in the form of microscopic haematuria,

but the time over which significant renal disease develops

is extremely variable (Serra et al. 1984). Extrarenal

symptoms often precede clinical renal disease, but cases

where renal symptoms are the only manifestation of disease
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(Van der Woude et al. 1982) , reflect the spectrum of the

clinical syndrome of WG.

Pathology

Lesions in the upper and lower respiratory tract take the

form of focal necrotising granulomatous lesions which may

become confluent. Such lesions occur in the nasal and

oral cavities, paranasal sinuses, larynx, trachea and also

scattered throughout the lung parenchyma (Robbins et al,

1984) .

The focal areas of necrosis are generally surrounded by a

zone of fibroblastic proliferation with giant cell and

mixed inflammatory cell infiltration. These lesions

undergo progressive fibrosis and organisation (Godman and

Churg, 1958 ; Isreal et al. 1977; Robbins et al. 1984).

The vasculitis is predominantly fibrinoid necrosis of small

arteries and veins with early infiltration by neutrophils

followed by mononuclear cells, and healing with fibrosis

(Godman and Churg, 1958). Whilst common sites to be

affected are the respiratory tract and kidney, vasculitis

may occur in spleen, skin, liver, epididymis, prostate and

lymph nodes (Godman and Churg, 1958; Walton, 1958).

The classical renal appearances of a focal and segmental

necrotising glomerulonephritis may not be identified in all

renal biopsies, but there is often a degree of diffuse

mesangial proliferation (Robbins et al. 1934). Crescentic
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glomerulonephritis may be superimposed on the necrotising

lesion (Heptinstall, 1983), and in older lesions segmental

or total glomerulosclerosis may occur. Necrotising

vasculitis is rarely demonstrated in biopsy material but

may be demonstrated at autopsy (Heptinstall, 1983; Brennar

and Lezarrus, 1988). Granulomata are rarely demonstrated

(Godman and Churg, 1958; Appel et al. 1981; Novak,

Christiansen and Sorenson, 1982; Weiss et al. 1984).

Immunofluorescence studies on renal biopsies are not in

agreement. In some cases focal deposits of IgG and C3

have been identified (Baker et al, 1978), as have deposits

of C3 alone (Ronco et al. 1983). However, many studies

have not found immune deposits (Mcintosh, 1971; Juncos et

al, 1979; McClusky and Feinburg, 1983; Brennar and

Lezarrus, 1988). Fibrinogen can be demonstrated in areas

of necrosis and in crescents (Howell and Epstein, 1976;

Hensley, 1979; Juncos et al. 1979; Ronco et al. 1984).

The origin of glomerular crescents is not clear.

Electron microscopy studies demonstrated focal disruption

of the glomerular basement membrane and small

subendothelial deposits (Aldo and 3enson, 1970; Juncos et

al. 1979).

Treatment and Course

Untreated WG is a rapidly fatal condition (Kjellstrand et
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al. 1974) : the mean survival time of patients with

generalised untreated WG is five months, with over 80%

mortality in 1 year and over 90% in two years (Walton,

1958; Aldo and Benson, 1970). However, the time course

over which there is progression from the "limited" form of

the disease - defined as consisting of only pulmonary

involvement - to the generalised disease is extremely

variable (De Remee et al . 1976; Appel et al. 1981;

Feinberg, 1981; Pinching et al. 1983). Around 85% of

patients treated survive for 1 year (Coward et al, 1986).

The use of corticosteroid therapy alters the survival time

to a mean of 12.5 months with a 1 year mortality of 66%

(Aldo and Benson, 1970). However, immunosuppressive

therapy has improved the prognosis markedly (Reza et al.

1976; Fauci et al, 1983). Chronic low dose

cyclophosphamide therapy (2 mg/kg body weight) induces

remission in 93% of cases with an average duration of 4

years (Fauci et al. 1983). A proportion of these patients

subsequently remain in remission for around three years

without therapy (Fauci et al. 1983).

Immunosuppressive therapy is toxic and side effects are

serious. It increases the risk from opportunistic

infections, which may be fulminant and fatal (Fauci, 1983).

gonadal dysfunction, haemorrhagic cystitis and hair loss

are all common complications (Fauci et al. 1983. There

have also been reports of leukaemia (Wheeler, 1981;

7



Ohyashiki et al. 1986) and lymphoma (Sart et al; 1983;

Ambrus et al. 1984 ; Colburn et al. 1985) in WG patients

following treatment with immunosuppressive therapy. Such

therapy should not be administered inappropriately and this

emphasises the need for correct diagnosis.

In addition immunosuppressive therapy does not induce

remission in all cases, especially where there is advanced

renal disease or presentation with acute renal failure

(Kjellstrand et al. 1974 ; Appel et al. 1981; Pinching et

al. 1983) . Mortality rates of 44% at 3 years (Pinching et

al, 1983) and 50% at 5 years (Appel et al, 1981) have been

reported for patients on treatment.

Early disease with severe acute injury appears more

responsive to therapy (Wolff et al. 1974), indicating the

necessity for early diagnosis.

Diagnosis

Diagnosis of WG is based upon a combination of typical

clinical findings and characteristic histology (Howell and

Epsten, 1976; Appel et al. 1981; Fauci et al. 1983 ;

Pinching et al, 1983 ; Serra et al. 1984; Parlevliet,

1988) . In view of the spectrum of clinical features

associated with WG, diagnosis cannot be established on

clinical findings alone. Diagnostic histological evidence

of WG is the presence of granulomatous lesions in the upper
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and lower respiratory tract. Renal involvement is not

always evident or specific. Lesions are focal so that the

biopsied area may not contain diagnostic tissue; the

diversity of clinical presentation means that certain

biopsied tissue may not be involved in the disease process.

If only the kidney is involved the diagnosis of WG cannot

be established since the histological findings are

identical to those of microscopic polyarteritis

(Heptinstall, 1983).

Aetiology and Pathogenesis

The aetiology of WG is not known and the pathogenesis is

unclear. An immunological mechanism is thought to be

involved in the disease process (Fauci et al. 1983) and

there is an increased frequency of subjects with HLA-B8

(Katz et al. 1979) and HLA-DR2 (Elkon et al. 1983).

However, the literature is scanty and speculative and no

comprehensive picture exists.

A type IV delayed hypersensitivity type reaction has been

proposed to account for the lesions in the respiratory

tract (Berrnan et al. 1963; Fauci et al. 1971; Douglas

et al, 1976) and a type III hypersensitivity reaction to

explain the systemic vasculitis (Fauci, 1973) . However,

immune complexes are not demonstrated in all lesions

(Isreal et al, 1977; Ronco et al. 1983) and their

significance in pathogenicity remains unclear (McClusky and
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Feinburg, 1983) .

A role for polymorphonuclear leucocytes is suggested by

models of immune complex disease in experimental animals

(Henson and Cochrane, 1971). The granule contents of

neutrophils are potentially able to cause vascular injury

(Harlan et al. 1981) and in particular elastase is able to

detach and lyse endothelial cells in vitro (Harlan et al.

1981; Smedley et al. 1986) and degrade subendothelial

matrix even in the presence of alpha-l-proteinase inhibitor

(Weiss and Regiani, 1984). Ultrastructurally intravascular

lysis of neutrophils has been observed in active disease

(Donald et al. 1976).

Recently the discovery of IgG autoantibodies directed

against a component of neutrophil cytoplasm (Van der Woude

et al. 1985) has led to hopes of more accurate diagnosis of

WG and a fuller understanding of pathogenesis.

Aims

This thesis is the result of studies of WG with particular

reference to diagnosis of the disease, and an attempt to

elucidate immunopathogenetic mechanisms involved.

Chapter 2 centres on the nature and significance of renal

changes in WG, in terms of both diagnosis and possible

pathogenesis.
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Chapter 3 of the thesis examines the recently described

autoantibodies in WG; in diagnosis, monitoring of disease

activity and nature of the target antigens.

Chapter 4 attempts to interpret these new data and

speculates on the nature of immune responses implicated in

WG.
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CHAPTER 2

RENAL BIOPSY IN WEGENER7S GRANULOMATOSIS
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2.1.1 INTRODUCTION

The first description of WG in 1931 by Klinger described it

as a variant of polyarteritis. Since then the

relationship between these two conditions has continued to

be controversial and unclear (Berman et al. 1963 ; Savage

et al. 1985; Rasmussen et al. 1987). Both conditions are

systemic necrotising vasculitides (Davidson et al. 1948)

with a poor prognosis if not treated rapidly (Walton,

1958) . Whereas granulomata are present in respiratory

tract lesions in WG they are not present in MPA . This

has led to the suggestion that Type IV delayed

hypersensitivity is involved in the pathogenesis of WG

(Berman et al. 1963; Fauci et al. 1971; Douglas et al.

197 6) . MPA is thought to be caused by immune complex

deposition as part of Type III hypersensitivity reaction

(Magil et al. 1978; Freedman et al. 1960; Rich, 1942,

(a) ; Rich, 1942 (b) ; Gocke et al. 1970) although the

aetiological antigen is freguently unknown (Brentjens et

al, 1979). Most reports have found no difference between

the renal biopsy findings in WG and MPA (Dunnill, 1984;

Heptinstall, 1983; Cupps and Fauci, 1981). In particular

most authors have not found granulomata in WG (Novak et al.

1984) although some have (Pinching et al. 1983). Because

different hypersensitivity reactions may be involved in the

pathogenesis of WG and MPA renal biopsy material from

patients WG and MPA was reviewed by light microscopy,
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immunofluorescence and electron microscopy .The findings

were compared to discover (i) whether any difference

existed histologically or ultrastructurally between the two

diseases and (ii) whether immunofluorescence studies

demonstrated any differences and whether they gave clues to

possible pathogenetic mechanisms involved.
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2.1.2 GLOMERULAR CRESCENTS

In some cases of both WG and MPA crescents were seen within

glomeruli. The precise origin of cells in crescents is

unclear and the mechanism of their generation unknown.

Many attempts have been made to determine the histogenesis

of the cells found in glomerular crescents, both in animal

models and in human biopsy material. Histological and

ultrastructural observations have suggested an origin from

the parietal epithelial cells of Bowman's capsule (Morita,

Suzuki & Churg, 1973; Min et al. 1974;), though not

excluding a role for monocytes (Magill and Wadsworth,

1982). Glomerular culture and histochemical methods have

favoured a monocytic origin (Atkins et al. 1976;

Holdsworth et al. 1980; Ferrario et al. 1985), while

cytogenetic studies have shown that crescent formation

cannot be explained entirely by macrophage migration

(Schiffer and Michael, 1978). An experimental rabbit model

of serum nephritis has demonstrated monocytic involvement

(Cattell and Aldridge, 1981), but indicated that parietal

cells are also present, particularly in the late stage of

development of crescents (Cattell and Jamieson, 1978).

More recently, monoclonal antibodies have been used as

investigative tools and have suggested that, in cultured

glomeruli, epithelial cells make little contribution

(Handcock and Atkins, 1984). In frozen sections, use of a

monoclonal antibody against cytokeratin intermediate
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filaments, a constituent of epithelial cytoplasm (Sun, Shih

and Green, 1979; Holthofer et al. 1983), suggested that

epithelial cells contribute significantly to crescent

formation (Magil, 1985), although macrophages were also

detected by non-specific esterase histochemistry.

The histological appearance of crescents varies from purely

cellular to completely fibrous. Fibrocellular crescents

have been shown to posses an antigenic determinant in

common with renal tubular cells and natural killer cells,

whereas the cells of cellular crescents appeared to bear

mainly macrophage markers (Nolasco et al. 1984). This is

supported by the work of Cattell and Jamieson (1978) on an

experimental rabbit model.

This section investigated the differentiation of cells in

glomerular crescents in paraffin embedded human renal

biopsies, including four cases of WG, by the use of

monoclonal antibodies against cytokeratin, leucocyte common

antigen and epithelial membrane antigen, and of a

polyclonal antibody against muramidase, a marker of

monocytes/macrophages (Mason and Taylor, 1975). This last

antibody has previously been used to investigate the

significance of monocytes in normal kidney (Marshall and

Maclver, 1984).
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2.1.3 MAST CELLS

Although the aetiology of WG is uncertain some patients

have raised serum IgA (Fauci et al. 1985) and others have a

raised serum IgE (Conn et al. 1976; Singh, Yap and Douglas,

1982). Circulating immune complexes are sometimes found

(Fauci et al, 1983; Conn et al. 1976; Hu, O'Laughlin and

Winkelmann, 1977) and some renal biopsies show deposition

of immunoreactants within the glomeruli (Fauci and Wolff,

1977). The success of antimicrobial therapy in some cases

of WG has led to the suggestion that a hypersensitivity

response to an underlying infection may trigger the disease

(De Remee, McDonald and Weiland, 1985).

The interstitial inflammatory infiltrate in renal biopsies

in WG is predominantly T cell (Berge et al. 1985) . This

is not inconsistent with the hypothesis of increased

hyperactivity to inhaled antigens or pathogens (Douglas et

al, 1976; Godman and Churg, 1954).

Although immune complexes are not always found in glomeruli

from patients with MPA , there are well documented

associations of MPA with exogenous antigens, especially

hepatitis B, and the vasculitis is thought to result from

immunoglobulin deposition in the vessel wall (Cupps and

Fauci, 1981). No such associations have been recorded for

WG.

In view of the possible implications of the role of IgE and
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mast cells in WG and MPA by precipitating vascular injury ,

we investigated a series of renal biopsies to find the

distribution of deposited or cell-associated IgE and

compared them with the findings in renal biopsies from

patients with MPA and diffuse endocapillary

glomerulonephritis.
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2.1.4 NASAL BIOPSY

Although the syndrome of classical WG is a triad of

necrotising granulomatous vasculitis of lung and upper

respiratory tract and a focal and segmental necrotising

glomerulonephritis (Cupps and Fauci, 1981) patients often

present to otolaryngologists or respiratory physicians with

non-specific signs and symptoms of a systemic inflammatory

disease, as well as complaints of sinusitis, nasal

ulceration and discharge, or haemoptysis (Fauci and Wolff,

1983). On some occasions renal failure may precipitate

presentation (Caralis, Falanga and Pardo, 1981) and up to

85% of cases at presentation will have renal involvement,

albeit asymptomatic even in so-called limited WG (Fauci et

al. 1983): since it is important to diagnose WG rapidly

Tenal biopsy has been performed in some centres routinely.

Its value has been questioned because biopsy appearances

are frequently non-specific (Leavitt and Fauci, 1986),

showing anything from minimal glomerular changes through

focal and segmental glomerular lesions to crescentic

glomerulonephritis with a small vessel vasculitis. We

studied 19 patients where both renal biopsy and respiratory

tract biopsy had been performed as a part of the clinical

evaluation. The contribution of renal biopsy to diagnosis

and prognosis was assessed.
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2.2 MATERIALS AND METHODS

2.2.1 Histological Assessment of Renal Biopsies

Selection of Patients: Both the WG and MPA groups

consisted of patients who had presented at Edinburgh

hospitals over the period 1968-1987. Patients were

allocated according to the working clinical diagnosis

supplied by a clinician based on biopsy findings, clinical

assessment , and response to therapy. All patients

allocated to the WG group had clinical evidence of upper

and/or lower respiratory tract involvement, and most had

biopsy evidence confirming the clinical suspicion. None

of the cases included had clinical features of atypical

disease.

Using these criteria 26 biopsies from 26 cases of MPA were

included, and 23 biopsies from 22 patients with WG. A

brief clinical summary was made for each patient.

Light Microscopy: Paraffin sections of buffered formalin-

fixed tissue were stained with haematoxylin and eosin,

periodic acid-Schiff, and Martius Scarlet Blue.

Immunofluorescence: Cryostat sections were examined using

antisera to IgG, IgM, IgA, fibrin, complement Clq, C3, C4,

and immunoglobulin light chain kappa and lambda (Scottish

Antibody Production Unit, Carluke, Scotland). Standard

techniques were employed (Harrison, Thomson and MacDonald,

1986) .
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Electron Microscopy: Tissue was available from 11 cases

of WG and 14 of MPA. Tissue was fixed in gluteraldehyde,

post-fixed with osmium tetroxide, stained with uranyl

acetate and embedded in Araldite resin. Sections (40nm

thick) were examined on Corinth 275B or Jeol S200 electron

microscopes.

2.2.2 Renal Biopsies in the Diagnosis of WG

Three cases did not have respiratory tract biopsies.
To assess the value of routine renal biopsy in the

diagnosis of WG 19 patients were included , in whom

diagnosis had been made by clinical assessment including

histopathological findings. These patients had originally

presented at otolaryngological, respiratory or renal

clinics. A summary was made of clinical records.

Percutaneous renal biopsies were dealt with as described.

Nasal or lung biopsies were routinely fixed in formalin for

paraffin sections. Tubular atrophy in biopsies was scored

on four point scale where 0 was no atrophy, 1 was minimal

atrophy, 2 was moderate diffuse or severe focal atrophy,

and 3 was severe atrophy.

2.2.3 Glomerular Crescents

Selection of Cases for Inclusion in the Study of Glomerular

Crescents

For a diagnosis of crescentic glomerulonephritis it was
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necessary for at least 70% of glomeruli to possess

crescents. Control renal tissue was obtained from five

nephrectomy specimens, removed because of renal carcinoma:

none of these showed any significant glomerular or tubulo-

interstitial lesion. Four cases of crescentic

glomerulonephritis with an underlying focal and segmental

necrotising glomerulonephritis as a result of WG had

sufficient paraffin-blocked material to be included in the

study. A further 14 cases showing a crescentic

glomerulonephritis were also studied. The underlying

diagnoses of these other cases of crescentic

glomerulonephritis, were anti-glomerular basement membrane

disease, (on the basis of linear immunofluorescence

staining) and diffuse endocapillary proliferative

glomerulonephritis. In six cases no underlying diseases

was established.

Reagents and Techniques

The antibodies used were a polyclonal anti-muramidase

raised in rabbit (Dako Antimuramidase, Dako Ltd, High

Wycombe, UK) (Mason and Taylor, 1975) and mouse monoclonal

antibodies against epithelial membrane antigen (EMA), which

is a surface marker on many epithelial cells (Dako EMA,

Dako Ltd) (Heyderman, Steele and Ormerod, 1979) , against

cytokeratin (CCK), which is a cytoplasmic intermediate

filament (Dako PKK1, Dako Ltd.) (Holthofer et al. 1983),

22



and against leucocyte common antigen (LCA), which is

present on the surface of most lymphoid and many monocytic

cells (Dako LC, Dako Ltd.) (Dalchau, Kirkley and Fabre,

1980). Immunoperoxidase methods were employed, and were

the standard techniques for paraffin sections (Sternberger

et al. 1970; Salter, Krajewski and Dewar, 1985), sections

being trypsinized before incubation with the primary

antisera.

Assessment

The number of crescents per case was recorded and ranged

from 2 to 24 (Table 1) . The cells staining with the

antibodies were noted and a count of the number of LCA

positive cells in the glomerular tuft and the crescents was

made. Cytokeratin positivity in the crescent was graded

on a four point scale (0-3) where 0 indicated no positive

staining, and 3 signified that more than 50% of the

crescent cells were positive. No attempt was made to

guantify EMA and muramidase positivity, but their

distribution was noted. Assessment was made by two

observers and was found to be readily reproducible.

i

2.2.4 IqE in Renal Biopsies

Renal tissue from a variety of conditions was investigated

for the presence of IgE. Nine cases of WG (seven male, two

female; median age 49 years, range 19-63 years), and nine
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of MPA (seven male, two female; median age 56 years, range

30-69 years) were included, as well as six cases of

proliferative glomerulonephritis (Four male, two female;

median age 30 years, range 18-46 years. Initial renal

function, as assessed by blood urea, was not significantly

different between the WG and MPA groups (WG urea 21.8 —

6.4 mmol/1; MPA were 21.9 — 5.5 mmol/1). In addition,

blocks from four normal kidneys were studied as controls.

Percutaneous renal biopsies were processed routinely and in

addition an assessment of the degrees of inflammation

(using a semiquantitative scale 0-4) was made by two

independent observers. A score of 0 was assigned when no

inflammation was seen, 1 when there was minimal

inflammation, 2 when a diffuse infiltrate or aggregates of

inflammatory cells were seen, 3 when up to half the

interstitium consisted of inflammatory cells, and 4 when

areas of inflammation became confluent and were associated

with severe tubular atrophy. The use of renal biopsies

rather than nasal biopsies avoided the complication of non¬

specific inflammatory change related to secondary

infection. Polyclonal rabbit anti-human IgE (Dako Ltd)

was used in an immunoperoxidase system to localise IgE.

No IgE-containing immune complex deposits were identified.

Two types of cell staining were seen. Plasma cells were

recognised morphologically and by cytoplasmic staining for

IgE. Mast cells were recognised by staining of the
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cytoplasmic membrane for IgE. Because percutaneous

biopsies were used there was insufficient tissue to permit

an accurate quantitative assessment such as that used by

Colvin and colleagues (1974) and so mast cells were scored

according to whether or not the cells were solitary or

associated with other inflammatory cells. The number of

mast cells in each biopsy and the proportion of these cells

associated with areas of inflammation was recorded. All

renal biopsies studied contained renal cortex.
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2.3 RESULTS

2.3.1 Comparison of Renal Biopsies from WG and MPA

Clinical

The WG group comprised 22 patients (16M:6F) with a mean age

[range] of MPA group comprised 26 patients (16M:lOF) with a

mean age [range] of 52 years [13-73 years]. Apart from

the absence of upper respiratory tract lesions in patients

with MPA there was no difference between the two groups in

terms of general symptomatology and evidence of multi-organ

involvement. Three patients from each group had low

levels of circulating immune complexes and all patients had

a raised erythrocyte sedimentation rate. Renal function,

as assessed by blood urea, creatinine and creatinine

clearance was worse in the MPA patients.

Light Microscopy

Results are summarised in Table 2.3.1 for WG. Thirteen of

23 biopsies had evidence of a focal and segmental

glomerulonephritis, and only three biopsies from

patients with WG were normal, In only one case

was active vasculitis seen; this was in an afferent

arteriole. Associated with the glomerular changes there

was an active chronic interstitial nephritis of variable

degree. Although some eosinophils were present they were

never the predominant inflammatory cell type.

26



All the cases of MPA were classifiable as microscopic form;

that is, there was a focal and segmental necrotising

glomerulonephritis with no evidence of major vessel

involvement. Only one case showed an active vasculitis in

an arteriole and approximately one third of cases had

significant crescent formation. Most cases had an active

interstitial nephritis and this tended to be more severe

than in the WG biopsies, in keeping with clinical

assessment of renal function. It was noted in this regard

that biopsies from WG patients were obtained as part of the

diagnostic assessment of systemic disease even if there was

no overt renal disease whereas in MPA renal biopsy was

usually prompted by deterioration of renal function. Cases

of MPA tended to have a higher proportion of eosinophils in

the inflammatory infiltrate, but this was of no diagnostic

significance when semiquantitative scores where compared.

One case of MPA had a marked venulitis but this was never

observed in WG.

Immunofluorescence

This was available in 22 WG biopsies and 26 MPA. In 73% of

WG biopsies and 86% of MPA biopsies there was evidence of

deposition of immunoglobulins; but in all cases this was

in small amounts. Complement was present in 59% of WG and

52% of MPA, again in small amounts. Deposited material

was almost invariably glomerular and was seen in mesangium

and/or basement membrane. Only 18% of WG and 14% of MPA
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biopsies had no evidence of complement or immunoglobulin

deposition. Ig<S was the most frequently present

immunoglobulin, (present in 45% of WG and 38% of MPA).

Fibrin was associated with areas of necrosis and crescent

formation.

EM Results

The EM results in the two groups were broadly similar and

showed no distinguishing features at the ultrastructural

level (Table 2.3.2) (Figures 2.3.1 - 2.3.8).

(i) Glomerular Basement Membrane: Intramembranous

deposits were seen in both conditions. In five

cases of WG and one of MPA these deposits were

pale and diffuse but small, dense, discrete masses

in the GBM were also observed in three cases of

MPA. Subendothelial deposits were seen in five

cases of WG and one case of MPA but subepithelial

deposits were rare in both conditions, being seen

in only one case of each.

A rarefied zone of variable thickness containing

scattered fibrils was seen on the endothelial

aspect of the GBM in 4 cases of MPA and 2 cases of

WG, although focal thickening of the GBM was

observed in only one case of MPA. Breaks in the

GBM were very rare, being seen in only one case in
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each of the two conditions and no holes in the GBM

were seen in either group.

(ii) Mesanoium: An increase in mesangial matrix was

found in over half the cases studied in both

groups but cellular proliferation was observed in

only three cases of MPA and one case of WG

Collagen fibres were seen in the mesangial regions

in two cases of WG and one case of MPA.

Mesangial deposits were seen in only one case of

WG.

(iii) Epithelial Cells: Foot process (pedicel) fusion

was observed in the majority of cases in both

groups. Intracytoplasmic granules were found

only once, in a case of WG.

(iv) Endothelial Cells; In over half of the cases in

each group endothelial cell swelling was present.

(V) Capillary Lumina: Although single platelets were

seen in the capillary lumina of four cases of WG

and one case of MPA, clumps of platelets were

observed in only one case of each. Neutrophils

were present in three cases of MPA and in four

cases of MPA intraluminal fibrin was observed.
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TABLE

Renal

22 Cases

2.3.1:

Histopathological Diagnosis by Light Microscopy in 23 biopsies from

of Wegener's Granulomatosis

DIAGNOSIS NUMBER

Focal and segmental necrotising
glomerulonephritis -

superimposed crescentic
glomerulonephritis

Focal and segmental

necrotising glomerulonephritis

Focal and segmental

proliferative glomerulonephritis

Diffuse mesangial proliferative
glomerulonephritis

Histology normal

23 TOTAL
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TABLE 2.3.2 Summary of Electron Microscopy Findings

in MPA and WG

number of cases

MPA (n = 14 ) UG (n =11 )

Mesangium Cell proliferation 3 1

Increase in matrix 8 7

Presence of collagen 1 2

Endothelial cells Cell swelling 9 8

Epithelial cells Loss of pedicel structure 10 6

Intracytoplasmic granules 0 1

GBM Thickening 1 0

Breaks 1 1

Holes 0 0

Subendothelial deposits 1 5

Intramembranous deposits
(i) pale, diffuse 1 5
(ii) dense,discrete 3 0

Subepithelial deposits 1 1

Rarefied sub-

endothelial zone 4 2

Capillary lumina Platelets-single 1 4

Platelets-clumps 1 1

Fibrin 4 0

P M N 3 0
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FIGURE 2.3.1 A break in the GBM in an MPA case.

(X 23,900)
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FIGURE 2.3.2 MPA case showing pale, diffuse and

dense discrete intramembranous deposits,

(x 25,000)
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FIGURE 2.3.3 An intramembranous deposit in a case of

WG. The vacuolated appearance is

caused by epithelial cytoplasmic

surrounding the deposit.

(x 30,000)
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FIGURE 2.3.4 WG case showing epithelial foot process

fusion and a small subepithelial deposit

surrounded by mesangial cell processes,

(x 7,000)
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FIGURE 2.3.5 WG case showing deposits which are

partially subendothelial and partially

intramembranous. Foot process fusion

is also seen.

(x 7,000)
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FIGURE 2.3.6 Rarefied subendothelial zone suggestive

of fibrin deposition, containing a small

deposit in a case of MPA. Loss of

pedicel structure is also seen.

(x 35,000)
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FIGURE 2.3.7 MPA case showing a subendothelial

deposit and epithelial foot process

fusion.

(x 12,000)
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FIGURE 2.3.8 WG case showing fibrils probably of

collagen in the mesangium.

(x 11,700)
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2.3.2 Results of the Study : the Contribution of Renal

Biopsy to diagnosis of WG

Clinical Features: See Table 2.3.3

There were 16 male and 6 female patients with a median age

[range] at presentation of 45 years [19-68y]. The median

[range] duration of symptoms before presentation was 6

months [l-60m]. Seventeen patients had presentation

symptoms related to upper and/or lower respiratory tract

disease. In addition 2 cases had significant cutaneous

involvement and in 4 cases part of the initial

symptomatology was due to severe renal failure. Many

patients had haematuria and proteinuria. Only 2 urine

specimens from 16 patients examined microscopically were

normal. At presentation 10 of 16 chest radiographs were

abnormal, showing diffuse non-specific shadowing in 5,

consolidation of a single lobe in 3, and cavitating lung

lesions in 2. Nine patients had normal blood urea at

presentation (< 7mmol/l) and 10 had raised blood urea (>7

mmol/1).

All patients received cytotoxic drug therapy and the lyear

survival was 82%. In 17 cases followed up for at least 1

year, 5 have died, 1 who had a normal blood urea at outset

(1 out of 8 patients), and 4 who had a raised blood urea (4

out of 9 patients). Death was caused by septicaemia in 3

cases, gastrointestinal haemorrhage and renal failure in 1

case, and pulmonary embolus in the context of active
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widespread vasculitis despite cytotoxic drug therapy in 1

case.

Pathological Findings

Sixteen patients had nasal biopsies, and a firm or strongly
suspected diagnosis of WG was made in 8 of these because of

e

the presence of a necrotising vasculitis, multinucleate

giant cells, granuloma formation, and florid chronic

inflammation. In the remaining biopsies no specific

features suggestive of WG were identified. Two patients

had transbronchial lung biopsies and one of these showed a

necrotising granulomatous vasculitis. Another patient had

a lung biopsy in addition to a nasal biopsy and this showed

legionella pneumonia. Four of the 19 renal biopsies

showed a crescentic glomerulonephritis, 5 showed a focal

and segmental necrotising glomerulonephritis, 4 had a focal

and segmental proliferative or sclerosing glomerular

lesion, 4 had a diffuse mesangial proliferative

glomerulonephritis, and only 2 were histologically normal.

Respiratory tract and renal biopsy findings are summarised

in Table 2.3.4.

When biopsies were scored for tubular atrophy on a 0-3

scale it was found that the average score for biopsies from

cases with normal blood urea at presentation was 0.9,

compared with 1.9 for cases with raised blood urea.

!
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TABLE 2.3.3

SUMMARY OF CLINICAL DATA OF 19 PATIENTS WITH

WEGENER'S GRANULOMATOSIS

Patient Age

(Y)

Sex Length of
ProdromaI

Illness
(months)

Initial

Urea

(mmol/l)

Presenting

Symptoms
\

Chest

X-ray

Urine

Analysis

1 23 M 3 50 Haemoptysis
URT*

B i lateral

i nf i Urates

RBC casts

Proteinuria

2 50 F 1 0 4 UR T N a d + Nad

3 45 M 20 8 URT Nad RBC casts

Proteinuria

4 39 M 5 3 URT

Pyoderma

Nad Haematuria

Proteinuria

5 24 F 1 5 Arthritis

Skin vascu¬

litis

Nad Not available

6 56 M 36 1 2 URT Not

a v a i I a b I e

Haematuria

Granular

Casts

7 64 M 1 1 1 0 URT Not

a v a i I a b I e

Proteinuria

WBC and

hyaline casts

8 3 1 M 3 9 Haemoptysis
Cough

Right
lower

c o n s o I i d -

ation

Proteinuria

Micro-

haematuri a

9 22 M 1 4 Haemoptysis
URT

Nad Granular

casts

1 0 43 M 6 30 URT

Renal

f ai lure

Right
shadowing

Proteinuria

WBC casts

continued overleaf
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Patient Age Sex Length of Initial Presenting Chest Urine

(Y) PromromaI Urea Sympt oms X-ray Analysis
I I I n e s s (mmoI/I)

C*n)
1 1 54 F 24 5 URT D i f f u s e Nad

i ncreased

marki n g s

1 2 68 M 60 7 URT Nad RBC casts

1 3 57 F 5 30 URT Right Haematuria

pleural RBC cases

effusions

Atelectasi s

1 4 39 M 6 5 Haemoptysis Not Haematuria

URT a v a i I a b I e

1 5 1 9 M 3 3 Cavitating Haematuria

URT lesions Proteinuria

Haematuria right lung Proteinuria

1 6 63 M 1 22 Pyrexia Non¬ Anuric

Renal specific
f a i lure shadowing

right base

1 7 54 F 6 3 Haemoptysis Cavitating Haematuria

Pleuritic lung lesions
pain

1 8 39 M 1 25 Cough Consolid¬ Haematuri a

Haemoptysis ation

Renal failure

URT

1 9 54 M 2 4 URT C o n s o I i d - Nad

Pulmonary at i on

embolus

* URT: Upper Respiratory Tract

+ Nad: No Abnormality Detected
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TABLE 2.3.4

SUMMARY OF RENAL AND RESPIRATORY TRACT i Pathology

Nasal/Transbronchial Renal Number of

Biopsy Biopsy Cases

Segmental necrotising GN 5

very suspicious of WG Segmental sclerosis/ 0
prot iferation

Non-specific/normaI

Segmental necrotising GM 3

Non-specific active
chronic inflammation

Segmental sclerosis/
proliferation

Non-specific/normal

Two of these cases had > 70% crescents
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FIGURE 2.3.9

This shows the presentation urea plotted with the degree of

tubular atrophy scored on the renal biopsy from no

significant atrophy (score 0) to severe tubular atrophy

(score 3). Also recorded is the direction of change of the

urea concentration on follow-up.

so

Urea

(mmo1/1)

40

20

10

No significant change in renal function
Deterioration of renal function

Improvement of renal function

3 Tubular
atrophy
score
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2.3.3 Results of Investigation into the Differentiation of

Glomerular Crescents

Control Kidney

Muramidase

This was distributed in the cytoplasm of cells of most

convoluted tubules, in monocytes and in neutrophils.

Glomerular capillaries contained an average of 5.5

intraluminal positive cells per tuft (range 0-18).

Epithelial Membrane Antigen

The cytoplasmic membrane of cells of collecting tubules and

many convoluted tubules reacted positively. Occasional

glomeruli contained very small foci of positive staining,

as previously described by Howie (1986).

Cvtokeratin

The cytoplasm of cells of collecting tubules were strongly

positive and many convoluted tubules also reacted, but some

parietal epithelial cells of Bowman's capsule did react

strongly (mean 32%, range 0-100%) Figure 2.3.10.

Leucocyte Common Antigen

Monocytes, interstitial and intravascular lymphocytes

reacted and each glomeruli tuft contained an average of

three positive intraluminal cells (range 0-9). No renal
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elements and, in particular , no cells in mesangial regions

reacted.

Crescentic Glomerulonephritis

Significant results are summarized

Crescents were also classed as

fibrocellular or fibrous.

Muramidase

The anti-muramidase antibody reacted with convoluted

tubules, some capsular parietal epithelial cells in

glomeruli in which crescents were not present, many intra-

and extravascular polymorphs and macrophages, and many

crescent cells. The reaction of crescent cells was not

uniform; a few cells reacted strongly, more reacted

weakly, but most were negative. Quantification was not

attempted.

Epithelial Membrane Antigen

The antibody reacted with some convoluted tubules and

collecting tubules but no crescents, with the exception of

three cells in a glomerular crescent in one case.

Cvtokeratin

Overall, 34% of crescents contained cytokeratin (CK)

positive cells. The median grade of positive crescents

in Table 2.3.5.

being cellular,
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with reacting cells was grade 1 (mean 1.5). Fibrous

crescents did not react with the antibody, and in

epithelial and fibroepithelial crescents the intensity of

reaction varied considerably within a single crescent (Fig

2.3.11). Crescents with marked mitotic activity tended to

have a higher proportion of positive cells, although it was

not possible to determine the nature of the mitotic cells.

It was noted that on occasions CK positive cells were

concentrated on the aspects of the crescent adjacent to the

glomerular tuft.

Leucocyte Common Antigen

Glomerular capillaries contained an average of 1.7 positive

cells per glomerulus and these were all intraluminal (range

0-11). Thirty percent of crescents contained positive cells

(mean 1.1 cell per crescent) and these tended to be in the

outer part of the crescent. In eight cases, positive

cells in the crescent were associated with a ring of

positive cells lying just outside Bowman's capsule

suggesting that the intracrescentic cells may have entered

through Bowman's capsule (Fig 2.3.12).
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FIGURE 2.3.10 A normal glomerulus showing a positive

reaction for cytokeratin by most

parietal epithelial cells. Note the

variation in reaction intensity. PAP x

500.
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FIGURE 2.3.11 A glomerulus containing a cellular

crescent which is strongly positive for

cytokeratin. The glomerular tuft does

not react but some nearby tubular cells

are positive. PAP x 320.
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FIGURE 2.3.12 A fibrocellular crescent, compressing

the glomerular tuft, surrounded by

numerous leucocyte common antigen

positive mononuclear cells. Some

reacting cells are present in the

crescent and also in the lumina or tuft

capillaries. PAP X 320.
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TABLE 2.3.5

Tabulation of crescent ic glomerulonephritis (CGN) cases

giving diagnosis associated with CGN, the number of

crescents examined, the number of glomeruli containing

crescents with varying grades of cytokeratin positivity and

the average number (and range) of leucocytes in tuft

capillaries and crescents. Cases 1, 6, 16 and 18 were of

WG .

Case No of Grade of Staining* Capillary Crescent
No Crescents 0123 Tuft Leucocytes

Leucocytes

1 FSN 1 3 8 5 0 0 2 . 4 (1-5) 2 (0-5)
2 N L 1 3 6 4 3 0 0 . 7 (0-5) 0.5 (0-3)
3 N L 4 3 1 0 0 2 . 5 ( 0- 5 ) No tissue

4 N L 1 0 9 0 1 0 0 . 4 (0-2) 0

5 aGBM 8 8 0 0 0 0 . 4 (0-2) 0.3 (0-2)
6 FSN 1 3 8 0 2 3 5 . 5 (2-11) 2.0 (0-6)
7 N L 9 2 3 3 1 2 . 0 (0-5) 3.0 (0 - 9 )

8 DEPGN 9 9 0 0 0 0 . 3 (0-2) 0

9 DEPGN 9 7 2 0 0 2 . 8 (1-3) 0.3 (0-1 )
1 0 GBM 2 Insuffici e n t t i s s u e 5 . 0 (1-2) 6.0 (6)
1 1 aGBM 3 2 0 1 0 2 . 5 (105) No tissue

1 2 aGBM 7 7 0 0 0 1 . 4 (0-4) 0.1 (0- 1 )

1 3 N L 6 5 1 0 0 1 . 0 (0-2) 0

1 4 N L 3 3 0 0 0 0 . 7 (0- 1 ) 0

1 5 aGBM 5 Insuffici e n t tissue 1 . 8 (0-4) 0.9 (0 - 2 )

1 6 FSN 3 2 0 1 0 1 . 6 (0-3) No tissue

1 7 aGBM 9 8 0 1 0 1 . 9 (0-5) 0.9 (0-3)
1 8 FSN 24 7 11 6 0 1 . 2 (0-3) 1.5 (0 - 4 )

FSN = Focal and segmental necrotising glomerulonephritis (UG)

NL = No obvious lesion;

aGBM = Anti-glomerular basement membrane disease;

DEPGN = Diffuse endocapiI lary proliferative glomerulonephritis;

* 0 = No positive staining;

* 3 = More than 50% crescent cells positive.
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2.3.4 Results of Investigation of IqE

General

Biopsies were scored for inflammation by two independent

observers on two separate occasions and results were never

more divergent than one grade on the 5 point scale. The

median scores were 2.0 (WG), 2.0 (MPA), 1.5 (proliferative

glomerulonephritis) and 1.0 (control) respectively. There

was no significant difference between the WG and MPA

groups.

Cytoplasmic IqE Plasma Cells

These were infrequent and were always associated with other

inflammatory cells (Fig 2.3.13).

Surface IcrE-Bearing Mast Cells

Normal renal tissue contained very infrequent surface IgE-

bearing mast cells in close proximity to peritubular

capillaries and the vascular pole of glomeruli. In

proliferative glomerulonephritis, WG and MPA there was an

increased number of mast cells demonstrated by anti-IgE

immunoperoxidase (Figure 2.3.14), compared to controls,

although the frequency of mast cells varied widely between

biopsies (Table 2.3.6). It was also noted that the

intensity of staining varied widely, even within the same

biopsy. As expected, the proportion of mast cells
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associated with an inflammatory cell infiltrate increased as

the degree of inflammation increased. However, at each

grade of inflammation the proportion of mast cells found in

association with inflammatory cells was lower in WG group

than in the MPA and proliferative glomerulonephritis groups

(Table 4.1), indicating that WG mast cells were more often

unassociated with areas of inflammation. This difference

between WG and MPA was statistically significant (P< 0.02),

Mann-Whitney U Test, two-tailed) (Figure 2.3.15).
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FIGURE 2.3.13 Group of mixed inflammatory cells with

one plasma cell showing cytoplasmic

staining for IgE (Case of microscopic

polyarteritis). X 225.
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FIGURE 2.3.14 Mast cells in a peritubular distribution

with a rim of surface IgE stained by

immunoperoxidase and unassociated with

other inflammatory cells (Case of

Wegener's Granulomatosis). X 225.
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I I I I

WG MPA PGN Control

DIAGNOSIS

FIGURE 2.3.15 Proportion of mast cells in areas of

inflammation for each of the diagnostic

groups. WG, Wegener's Granuloma; MPA,

microscopic polyarteritis; PGN,

proliferative glomerulonephritis. The

difference between the Wegener's

Granuloma and microscopic polyarteritis

groups is significant (P< 0.02; Mann-

Whitney) .
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TABLE 2.3.6

The number of mast cells present in renal biopsies and the

proportion in areas of inflammation grouped according to

the grade of inflammation and diagnosis.

Grade of WG MPA PGN Control

Inflammation i/N (P) i/N (P) i/N ( P ) i/N (P )

0 - - 0/3 (0.00)
1 2/7 (0.29) 18/38 (0.47) 9/1 2 (0.75) 5/15 (0.33)

7/42 (0.17) 0/1 (0.00) 1/3 (0.33)

2/28 (0.07) 3/8 (0.38) 0/25 (0.00)
2 5/15 (0.33) 1/2 (0.50) 7/ 1 1 (0.64)

1 6/74 (0.22) 5/7 (0.71 ) 11/25 (0.44)

6/1 0 (0.60) 7/12 (0.63)

2/2 (1.00)

1/3 (0.33)
3 2/9 (0.22) 4 1/64 (0.64)

3 1/66 (0.47)
4 6/15 (0.40) 35/43 (0.81)

54/96 (0.56) 19/24 (0.79)

i, mast cells in inflamed areas; N, total number of mast cells;

P , proportion of mast cells in inflamed areas; WG,Wegener's

granulomatosis; M P A , microscopic polyarteri tis; PGN,

proliferative glomerulonephritis,
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2.4 DISCUSSION

2.4.1 Renal Biopsies in WG and MPA

Examination of the renal biopsies in WG and MPA by light

microscopy and conventional stains revealed no significant

qualitative difference in the type of renal damage, nor was

any pathognomonic feature of either identified. Focal and

segmental glomerular necrosis, sclerosis or proliferation,

mesangial cell proliferation, mesangial matrix increase,

periglomerular and interstitial inflammation or fibrosis,

and tubular atrophy were present in both conditions and

have all been previously recognised (Paronetto et al. 1962;

Davson et al. 1948; Whitaker et al. 1973; Heptinstall,

1983; Dunnill, 1984). In accordance with the findings of

Novak and colleagues (1984) no granulomata were identified

in renal biopsies. However in another study six of 15

cases of WG with severe renal involvement have been

described as containing peri- or para-glomerular

granulomata (Pinching et al, 1983). In terms of severity

of lesions the MPA biopsies showed a greater degree of

damage. This reflects the clinical severity of renal

involvement at presentation, and also the fact that whereas

renal biopsies were performed in all cases of MPA because

of symptomatic renal involvement, in a proportion of WG

patients renal biopsy was taken in the absence of renal

symptoms either to confirm the systemic nature of disease

or to include subclinical renal injury. Small amounts of
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immunoreactants were identified in the majority of cases of

both WG and MPA but there was no difference between the

two. These results are comparable to those of Horn et al.

(1974), Pinching et al. (1983), although some groups report

that positive immunofluorescence is uncommon (Ronco et al.

1983; Novak et al. 1984).

The findings of electron microscopy are similar to those

previously reported (Aldo et al. 1970; Horn et al. 1974;

Weiss et al. 1984 ; Magil 1978) with no distinctive

features being identified (Norton et al. 1968). The

presence of small subendothelial, intramembranous and

subepithelial deposits supports the involvement of immune

complex deposition in the pathogenesis of the renal lesions

in WG and MPA (Horn et al. 1974; Magil et al. 1978;

Churg and Grishman, 1972). The paucity of deposits seen

both by immunological and electron microscopic methods may

reflect rapid clearance of complexes by mesangium (Ronco et

al, 1983) or merely the age of the lesion (Cochrane et al.

1959). The rarification of the subendothelial zone seen in

two cases of WG and four of MPA is consistent with fibrin

deposition (Heptinstall, 1983). This study failed to

confirm the findings of Weiss and colleagues (1984), Juncos

and colleagues (1979) and Watanabe and colleagues (1983)

that glomerular thrombosis and not immune complex

deposition is the primary event in the pathogenesis of

renal lesions in WG. Intravascular lysis of neutrophils
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(Donald et al. 1976) was not observed in WG biopsies.

In summary conventional light microscopy,

immunofluorescence and electron microscopy failed to show

any significant gualitative differences between WG and MPA.

The findings are consistent with an immune complex

pathogenesis for both diseases, but do not help to

elucidate why the kidney should be involved in both

diseases, and why the rates of progression of disease and

responses to therapy for WG and MPA are often different.

2.4.2 The Value of Routine Renal Biopsy in Diagnosis of

WG

Our clinical findings are in accord with series in the

literature in terms of age, sex ratio, clinical

presentation, survival and cause of death (Cupps and Fauci,

1981) . In a review of more than 100 cases of WG

significant renal involvement was present clinically in

more than 40% (De Remee et al. 1986).

Whilst only 9/19 (47%) of nasal or transbronchial biopsies

were very suggestive of WG by themselves, the combination

of respiratory tract and renal biopsy findings would have

suggested the possibility of WG in a further 8/19 (42%)

cases. This is because 3 of these cases with non-specific

active chronic inflammation respiratory tract biopsies had

a focal and segmental necrotising lesion in glomeruli and a
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further 5 had a focal and segmental glomerular lesion,

either proliferative or sclerotic.

The degree of renal tubular atrophy has been regarded as a

useful prognostic indicator in other renal diseases, such

as membranous glomerulonephritis (Stanziale et al. 1985).

Thus renal biopsy has been shown to provide additional

evidence to suggest the diagnosis of WG because it can

demonstrate the systemic nature of the inflammatory process

even if the classical features are not present in tissue

studied. The degree of renal tubular atrophy may be useful

in assessing permanent renal damage at presentation. Renal

biopsy should therefore be considered as a useful

investigation when confronted with cases of possible WG.
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2.4.3 The Histogenesis of Crescents

We have shown that a small proportion of crescent cells

contain cytoplasmic cytokeratin, and are therefore likely

to be epithelial in origin (Sun et al. 1979; Holthofer et

al, 1983). Thirty-two percent of normal parietal cells

have been shown to contain cytokeratin. This is

consistent with epithelial cells of the glomerular crescent

being derived from the parietal epithelium of Bowman's

capsule. The presence of large numbers of cytokeratin

negative cells in the crescent is in keeping with the

intermittent demonstration of cytokeratin in the parietal

epithelium of the normal Bowman's capsule. This supports

the work of Magil (1985) using frozen material, and of

those who have used electron microscopy to demonstrate an

epithelial origin (Morita et al. 1973; Min et al. 1974;

Magil and Wadsworth, 1982) . Our findings are not in

disagreement with previous studies on cultured glomeruli

(Atkins et al. 1976; Holdsworth et al. 1980; Handcock and

Atkins, 1984) which demonstrated the importance of

monocytes, because these studies did not specifically

investigate parietal epithelial cell involvement, but were

more concerned with the identification of podocytes (Magil,

1985). The muramidase positive staining seen in some

parietal epithelial cells in crescentic glomerulonephritis

is difficult to explain. One may postulate that these

cells either produce muramidase normally in small
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quantities, with the enhancement of production in

crescentic glomerulonephritis, or that muramidase is

excreted into Bowman's capsule and reabsorbed leading to a

non-specific reaction (Balazs and Roepke, 1966).

Leucocytes can be identified in crescents, as others have

shown, by histochemical or immunohistochemical methods

(Atkins et al. 1976; Holdsworth et al, 1980; Handcock and

Atkins, 1984; Nolasco et al. 1984; Magil, 1985; Ferrario

et al. 1985) . These were found frequently in the outer

part of the crescent associated with leucocytes outside

Bowman's capsule, in which there are known to be breaks in

crescentic glomerulonephritis (Bohman, Olsen and Peterson,

1974) .

The controversy surrounding the histogenesis of crescents

has not been completely resolved, but we have confirmed

that both mononuclear leucocytes and epithelial cells are

present. This is consistent with the simple proposition

that crescents are fundamentally epithelial in origin, and

that leucocytes are entering the crescents as part of the

overall reactive inflammatory process.

2.4.4 Mast Cells in Renal Biopsies

Mast cells identified by metachromatic stains or

electronmicroscopy are found only rarely in the normal

kidney, although their numbers increase in chronic
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inflammation and neoplasia (Pavane - Macalusco, 1960;

Colvin et al. 1974).

In one study showing an increased number of mast cells in

various inflammatory and vascular lesions, a quantitative

assessment was made on biopsy and nephrectomy material

(Colvin et al. 1974).

In some of these cases vacuolated cells, thought to be

degranulated mast cells, were seen actually within tubular

epithelium. We have identified mast cells by their

binding of IgE, and failed to see any in an intraepithelial

position.

The distribution of mast cells detected in our cases was

similar for MPA and proliferative glomerulonephritis, the

majority of mast cells being present as part of a general

inflammatory cell infiltrate. In WG however, the pattern

was different, the mast cells being identified

predominantly without an associated inflammatory

infiltrate, although still in the typical perivascular

sites seen in normals. This suggests that the increase in

mast cells in WG is a phenomenon preceding the

inflammation, and may therefore be of some pathogenetic

significance. It is unlikely that IgE immunoperoxidase

demonstrates all mast cells, and the variability of

staining intensity we have seen would support this view.

There may be other mast cells present in the biopsies but
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not in an activated state, with insufficient bound IgE to

be detectable by this technique.

The association found between WG and raised serum IgE in

some patients (Conn et al. 197 6; Singh et al. 1982) has

led to the suggestion that mast cells in WG may act in the

development of a vasculitis by predisposing to increased

vascular permeability and facilitating deposition of immune

complexes in the vessel wall (Leavitt and Fauci, 1986).

We have no evidence that IgE production by plasma cells in

the kidney is increased in WG, since comparable numbers of

IgE plasma cells were identified in WG, MPA and

proliferative glomerulonephritis.

In WG compared with other non-allergic inflammatory nasal

conditions, an increase in IgE-plasma cells in the nasal

mucosa has been demonstrated (J Piris, personal

communication). The serum IgE concentration was not

measured.

An increase in mast cells detectable by IgE

immunoperoxidase in inflammatory conditions such as WG, MPA

and proliferative glomerulonephritis has been demonstrated.

The distribution of mast cells in WG differs from the other

two. In WG the release of mast-cell products may permit

immune-complex deposition into vessel walls, with increased

permeability, and so initiate the progression to

vasculitis.
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CHAPTER 3

ANTIBODIES TO NEUTROPHIL CYTOPLASMIC ANTIGENS IN

WEGENER7S GRANULOMATOSIS AND OTHER CONDITIONS
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3.1 INTRODUCTION

3.1.1 Antibodies to Neutrophil Cytoplasm Antigens

Most laboratory findings in WG are non-specific and only

confirm the presence of systemic illness. Serum

complement levels are usually normal (Howell and Epstein,

1976; Pinching et al. 1983; Ronco et al. 1984) although

some patients have an increased turnover of complement

components (Roback et al. 1969). Mild anaemia, moderate

peripheral blood neutrophilia and thrombocytosis are common

(Fauci et al. 1983). Although hyper-gammaaglobulinaemia is

common (De Remee et al. 1976; Howell and Epstein, 1976;

Conn, 1976; Appel et al. 1981) significant autoantibodies

are rare. Rheumatoid factor may be present in low titres,

but have no diagnostic value (Howell and Epstein, 1976;

Ronco et al. 1984; Noritake et al. 1987; Brenner and

Lezarrus, 1988) . Both the erythrocyte sedimentation rate

and C-reactive protein concentration are raised (Fauci et

al. 1983; Hird et al. 1984) and CRP is one of the best

markers available for monitoring disease activity (Ludemann

and Gross, 1987).

In 1985, Van der Woude and colleagues described the

presence of IgG antibodies in the serum of patients with

active WG which were directed against some cytoplasmic

component of neutrophils from healthy volunteers. They

found no evidence of antibodies to neutrophil cytoplasmic
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antigens (ANCA) in any other condition or in normal

controls. The ANCA they described gave a coarse,

cytoplasmic fluorescence in an indirect immunofluorescence

test where patient serum was incubated with cytospin

preparations of neutrophils. Furthermore their

preliminary studies indicated that ANCA titres fell during

clinical remission of disease activity.They did not find,

however a very close or consistent relationship between

antibody titre and disease activity „ There was

therefore a need to evaluate ANCA in diagnosis of WG and in

monitoring of disease activity and to see if the

differences existed in the pattern of fluorescence obtained

with these newly discovered autoantibodies indicating that

a variety of different antigens may be recognised (Sayers

et al. 1979). Furthermore it was of interest to inquire

whether other diseases with a vasculitic component and

known immune disturbance (eg IgA nephropathy and Henoch-

Schonlein purpura) had ANCA of other immunoglobulin class

than IgG.

3.1.2 Enzyme Linked Immunosorbent Assay for ANCA

Immunofluorescence assay for ANCA is rapid, simple and

cheap (Van der Woude et al. 1985) , and an estimate of

antibody concentration can be made by serial dilution of

serum samples tested. Since separation of cells for

immunofluorescence and fixation of cytospins may introduce
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variations reducing the reliability and reproducibility of

immunofluorescence assays (Dighiero et al. 1987) enzyme

linked immunosorbent assay (ELISA) has become a generally

accepted method for detection and quantification of

antibodies (Wheeler et al. 1988) . In ELISA the

specificity depends on the preparation of antigen and its

purity, and the sensitivity is determined by the solid

phase used, usually plastic microtitre plates. The

background reactivity (Tijssen, 1985) and interassay

variations result from artefactual effects of the plastic

forming the plates (Stemshorn et al. 1983) . In work

described in this chapter an ELISA method was developed to

detect ANCA using microtitre plates coated with whole

neutrophils. The initial preparatory stages involved

conversion of ANCA assay on cytospins from an

immunofluorscence to an immunoperoxidase method.

3.1.3 Target antigens of ANCA

It is clear that IgG ANCA, at least as defined by indirect

immunofluorescence, are a heterogeneous group of

autoantibodies (Rasmussen et al. 1988). However it is

also evident that coarse, granular, cytoplasmic

fluorescence is highly specific for WG. Since patterns of

fluorescence may not always be reliable and reproducible

(Dighiero et al. 1987) it would be of interest to further

characterise ANCA by identifying the target antibodies in
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the neutrophil cytoplasm. If ANCA from different patients

have the same antigen-specificity then this implies a

specific antigen-disease association of possible

pathogenetic significance (Roitt and Cooke, 1987; Wick et

al . 1987) . If the antigen specificity of ANCA is

different between patients then this may help to explain

the different clinicopathological manifestations, in a way

similar to that occurring in autoimmune myocarditis

(Schultheiss and Bolte, 1985; Schultheiss and Schwimmbeck,

1986) and Grave's Disease (Kohn et al; 1986).

This study sought to characterise further the component(s)

of neutrophil cytoplasm against which ANCA are directed by

separating proteins according to solubility and molecular

weight prior to Western Blotting. It also investigated

whether "non-Wegener's" ANCA positive sera have the same

specificity to extracted neutrophil proteins.

71



3.2 MATERIALS AND METHODS

3.2.1 Detection of ANCA by immunofluorescence

Serum Collection

Clotted blood (5mls) was allowed to separate for 1 hour at

room temperature. Serum was obtained by centrifugation and

aliquots were stored at -20° until use.

Separation of Neutrophil Polymorphonuclear Granulocytes

from Whole Blood

Neutrophil polymorphonuclear granulocytes were isolated

using a modification of the method described by Segal and

Peters (1977). 3mls of fresh venous blood was withdrawn

from healthy volunteers. 15ml aliquots were mixed with

2ml of 2% EDTA in Dulbecco's modified Phosphate Buffered

Saline (PBS) (Flow Labs (UK) Ltd) in a plastic universal

container (Sterling). 7.5ml of 5% Dextran (MW 250,000D)

in PBS was added to each universal container and

erythrocytes were allowed to sediment for 45 minutes at

37°C. The supernatant, containing a leucocyte enriched

suspension was pipetted off and made up to a volume of

25mls with 10 mM EDTA in PBS. This was centrifuged at 800

rpm for 10 minutes at 4°C (Mistral, Fisons) . The

supernatant was discarded and the pellet washed once in

25ml lOmM EDTA in PBS.

The pellet obtained was then resuspended in 5ml of lOmM
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EDTA in PBS, on to 10ml of Ficoll/Hypaque (Pharmacia, UK)

and centrifuged at 1400 rpm for 20 minutes at 4°C.

Under these conditions granulocytes collect below the

Ficoll/Hypaque cushion, whereas lymphocytes and monocytes

are retarded. The granulocyte pellet was resuspended in

15ml of hypertonic buffer (0.155M NH4C1, lOmM KHC03, 0.ImM

EDTA) for 15 minutes to lyse contaminating erythrocytes.

Neutrophils were collected by centrifugation at 800 rpm for

10 minutes at 4°C, and washed twice in lOmM EDTA in PBS.

The granulocytes were washed in 10ml of PBS containing lOmM

S-mercaptoethanol (BDH,UK) 4 ug dithiothreitol (DTT)

(Sigma, UK), and 125 ug phenylmethylsulphonyl fluoride

(PMSF) (Sigma, UK) . The DTT and PMSF were added to the

solution just prior to use. The final pellet was obtained

by centrifugation at 800 rpm for 10 minutes at 4°C

(Mistral, Fisons).

Its composition was confirmed by preparing smears of the

final solution, fixed for 5 minutes in ethanol and stained

with Giemsa.

Immunofluorescence Technique to Demonstrate IcrG ANCA

The technique used was an adaption of the method of Van der

Woude et al (1985).

Cytospin slides were prepared from a granulocyte cell
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suspension containing 50 x 104 neutrophils per ml PBS

containing lOmM EDTA using Shandon Cytospin 2 (Shandon

Southern Products, UK). Slides were placed in the cytospin

and a 100 ul of the granulocyte suspension was added to

each bucket and spun at 400 rpm for 4 minutes.

The slides were air dried for 30 seconds and fixed in

absolute ethanol, at 4°C for 5 minutes. The slides were

stored at -20°C until use and were kept for up to 30 days.

Test serum was diluted 1:20, 1:80 and 1:160, or until

fluorescence decreased, in PBS. 200 ul of each dilution

was pipetted onto the slide and incubated for 45 minutes at

room temperature. The slides were then washed twice in

PBS for 10 minutes. 200 ul of fluorescein isothiocyanate

(FITC) conjugated sheep anti-human IgG antibody (SAPU, UK)

diluted to 1:50 in PBS, was added and slides incubated for

30 minutes at room temperature; both incubations were in

humidified, closed slide chambers. Slides were washed in

PBS with 2 changes over 2 0 minutes, and mounted with

glycerol/PBS.

Slides were examined using incident light on Leitz Ortholux

microscope fitted with an HBO 200 lamp and HP and KP

filters with a K510 barrier filter. The pattern and

intensity of fluorescence was recorded.

Test serum was compared with known positive controls

(originally supplied from Van der Woude's laboratory) and
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known negative controls (serum from a normal healthy

individual). Slides were also incubated with FITC

conjugated sheep anti-human IgG antibody only to detect

non-specific binding.

The presence of ANCA of Ig class other than IgG was sought

in a number of cases using fluorescein-conjugated rabbit

polyclonal anti-human IgA, IgM (SAPU, UK) and IgE (Dako

Ltd, UK) in an assay similar to that described above.

Patient Diagnosis

For the purposes of assessment of the diagnostic usefulness

of the test, patients' clinical diagnoses were supplied

without knowledge of the ANCA status, based on clinical

history, examination, laboratory and histopathological

findings, and response to treatment. Whilst this may have

led to inaccuracies it was thought preferable to

reassessing cases in the light of the ANCA findings.

3.2.2 ELISA

Immunoperoxidase detection of ANCA on cytospins of

neutrophils: (Optimised method).

Endogenous peroxidase was blocked with 1% hydrogen peroxide

in methanol for 10 minutes. After rinsing in freshly made

ELISA Buffer serum, diluted 1:100 in the same buffer, was

added and incubated for 3 0 minutes at room temperature.
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After 2 further washes with ELISA buffer 1:100 horse radish

peroxidase (HRP) -conjugated rabbit anti-human IgG (Dako,

UK) was added for 3 0 minutes. Cytospins were then washed

in Tris/HCl pH7.6 for 15 minutes and peroxidase activity

was demonstrated using a freshly prepared solution of 3131
diaminobenzidine tetrahydrochloride (DAB) (Sigma, UK) as a

substrate. After couunter staining with haematoxylin

slides were mounted and examined.

ELISA Buffer: Stock solution

NaCl

Tween 20

Gelatin

Distilled water

pH 7.4 (1M NaOH)

500

73

25

ml

g

ml

6.25 g

2000 ml

Stock Solution: NaH2P04.20

Na2HP04 (Anhydrous)
Distilled water

5 g

2.85 g

1000 ml

Tris/HCl OH7.7 NaCl 8.1 g

Tris 0.6 g

IN HC1 3.8 ml

Distilled water 1000 ml
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DAB Solution 3.31 DAB

0.2M Tris/HCl pH7.6

1% h2 o2

5 mg

10 ml

0.1 ml

Enzyme linked immunosorbent assay: (optimised method)

A neutrophil suspension prepared as before was adjusted to

give a cell concentration of 0.5 : 10 cells/ml in PBS/lOmM

EDTA. To each of the 60 inner wells of a 96 well flat-

bottomed polystyrene microtitre plate (Dynatech M-129, UK)

100 ul (104 cells) of cell suspension was added. After 3

hours at room temperature the plates were centrifuged at

400 rpm for 5 minutes in a Centor 2 (MSE) centrifuge fitted

with a two-plate rotor. The supernatant was pipetted off

using an eight channel Titertek pipette (Flow, UK) and

plates were dried at 37°C for 30 minutes. Cells were then

fixed by adding 200 ul of absolute alcohol at 4°C for 5

minutes. After drying plates were used immediately or

sealed and stored at -70°C for up to 1 week.

Endogenous peroxidase activity was blocked with 1% hydrogen

peroxidase in methanol for 10 minutes. Each well was then

washed with ELISA Buffer 10 times over a period of 15

minutes using the Titertek Manual Eight Channel Washer.

Test serum was diluted 1:100 in ELISA Buffer and 100 ul

was added to each of three wells and incubated at room

temperature for 30 minutes. Each sample was studied in
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triplicate in randomly selected wells. After a further 10

changes of ELISA buffer over 15 minutes 100 ul of HRP

conjugated rabbit anti-human IgG diluted 1:800 in ELISA

buffer was added and incubated for 3 0 minutes at room

temperature. After washing with ELISA buffer peroxidase

activity was demonstrated by adding 100 ul of freshly

prepared solution of o-phenylendiamine (OPD) (BDH Ltd, UK)

and incubating in the dark for 25 minutes at room

temperature. The reaction was stopped by adding 150 ul of

4 M sulphuric acid.

OPD Solution: Buffer Na2HP04 22.5 g

Citric acid 5.6 g

Distilled water 1000 ml

Buffer 50 ml

OPD 20 mg

30% H202 10 ul

Wells were colorimetrically read using a CLS 962 Microtitre

Plate Photomoter with a 492nm filter (Cambridge Life

Sciences, UK).

The colorimeter was zeroed on the average absorbance in six

wells not coated with neutrophils but which underwent

washes with ELISA Buffer, incubation with HRP conjugated

antibody, and development of colour with OPD substrate.
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3.2.3 Target Antigens of ANCA

Selection of Patients

Sera which showed the bright coarsely granular pattern

characteristic of WG on indirect immunofluorescence (IIF)

were classified as ANCA positive sera. Nine sera which

demonstrated this pattern of fluorescence were studied:

seven of these had been diagnosed as WG and two as MPA.

Diagnosis was based upon a combination of (i) clinical

history and findings (ii) laboratory findings: for

example erythrocyte sedimentation rate (ESR), and

concentration of C-reactive protein (CRP) (i ± i)

histopathological findings: for example necrotising

granulomatous vasculitis in nasal or lung biopsies and

focal segmental necrotising glomerulonephritis in renal

biopsies, and (iv) response to treatment (ie

cyclophosphamide, azathioprine) in some cases.

The sera in the control group demonstrated no ANCA activity

on IIF. A total of 10 ANCA negative sera were studied.

This group consisted of both normals and patients with

other conditions.

Extraction of Neutrophil Proteins

Proteins from neutrophils, obtained as for indirect

immunofluorescence, were extracted in three fractions based

upon the solubility in different solvents. Water soluble,
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urea soluble and sodium dodecyl sulphate (SDS) -soluble

fractions were obtained using a modification on the method

described by Patek et al. (1986).

Water Soluble Proteins

The neutrophil pellet obtained from 90mls of venous blood

(30ml from three different donors) was resuspended in an

equal volume of PBS containing lOmM S-mercaptoethanol and

50mg of DTT and 125ug of PMSF per 10 ml of solution.

The cell pellet was "snap" frozen in liquid nitrogen and

then thawed in a water bath at 37°C. This freeze thawing

procedure was repeated over 20 minutes after which the

water soluble fraction was obtained by centrifugation at

13000rpm for 15 minutes at 4°C (Mistral, Fisons).

The supernatant, containing water soluble proteins, was

pipetted off, snap frozen in liquid nitrogen and stored at

—70°C until use.

Urea Soluble Fraction

The pellet remaining after extraction of water soluble

protein was washed twice in a large volume of PBS

containing lOmM B-mercaptoethanol by resuspending the

pellet in the solution and centrifugation at 13000rpm for

15 minutes.

The pellet was then resuspended in 50mM Tris-HCl (BDH, UK)
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pH 7.4 containing 8M urea and incubated for 2 hours at

25°C, after which the solution was diluted to 4M by adding

an egual volume of distilled water. The urea soluble

proteins were obtained by centrifugation at 13000rpm for 15

minutes at 4°C and the supernatant was pipetted off, snap

frozen in liguid nitrogen and stored at -70°C until use.

SDS Soluble Fraction (non water/non urea soluble)

The pellet remaining after urea soluble proteins had been

extracted was washed twice in 4M urea. The pellet

obtained after centrifugation was resuspended in twice the

volume of "solubilising solution" -0.01M Tris-Acetate pH

9.0 containing 1% SDS, 0.001% EDTA and 0.1% B-

mercaptoethanol, and incubated for 3 hours at 37°C.

The opaque viscous liquid resulting was boiled vigorously

for 20 minutes, or until the viscosity had reduced. At

this stage no insoluble precipitate remained. SDS-soluble

proteins were "snap" frozen in liquid nitrogen and stored

at —7°C until use.

Protein Quantification

The protein concentration in samples was measured using the

Biorad microassaay technique.

Standard solutions containing known concentrations of

proteins were prepared using a stock solution containing

lmg/ml Bovine Serum Albumin (BSA) (Sigma, UK). 5ml of 20%
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Biorad protein assay dye solution (Biorad, UK) was added,

mixed and left for 5 minutes.

The optical density (OD) of the standards was measured

using light of 600nm wavelength (Phillips

spectrophotometer, Cambridge Instruments Ltd). A graph of

optical density versus amount of protein was plotted. The

amount of protein present in the samples was calculated

from the graph after obtaining the optical density using

the neutrophil protein extract solution.

Polvacrvlamide Gel Electrophoresis (PAGE) and Staining of

Gels for Protein

Proteins were separated on the basis of molecular weight

using SDS-polyacrylamide gel electrophoresis (PAGE),

(Laemmli, 1970).

Gels were prepared according to the method described by

Tijssen, (1987) . The resolving gel contained 15%

polyacrylamide and the stacking gel contained 5%

polyacrylamide.

Neutrophil protein samples were solubilised in

electrophoresis sample buffer prior to electrophoresis.

For water soluble and urea soluble proteins this buffer

was 125mM Tris-HCl pH 7.0 containing 4% SDS, 40% glycerol

(BDH, UK), 0.001% EDTA, 10% B-mercaptoethanol and 0.04%

Bromophenol blue (BDH, UK). An equal volume of buffer was
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added to the sample and heated for 15 minutes in a water

bath at 100°C. The SDS soluble fraction was solubilised in

twice the volume of buffer containing 0.01M Tris-Acetate pH

9.0 with 1% SDS, 30% sucrose (BDH, UK), 0.001% EDTA, 0.1%

6-mercaptoethaanol and 0.04% Bromophenol blue and heated

for 15 minutes in a water bath at 100°C.

After cooling the samples were centrifuged for 5 minutes at

13000rpm. The supernatant was decanted and stored at -70°C

until use.

Each gel lane was loaded with 3 0 mg of protein. A

"Rainbow Marker" containing proteins of known molecular

weight conjugated to a dye (Amersham (UK) Ltd) was also

run on a separate track.

A non-dissociating buffer system was used (Laemmli, 1970).

2L of electrophoresis buffer (see Appendix B) was added to

the stacking gel and separating gel reservoirs, in the LKB

vertical slab gel electrophoresis apparatus (LKB Ltd).

Electrophoresis was initially carried out at 20mA until the

protein front which was visible as a blue band had reached

the interface between stacking and resolving gel. The

current was then increased to 50mA and the electrophoresis

continued until the protein front had reached the bottom of

the gel.
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Staining of Gels for Protein

Gels were stained for total protein after electrophoresis

or after the proteins had been transferred to

nitrocellulose filters by soaking in Kenacid blue solution

(2g/l Kenacid blue (BDH, UK), 10% glacial acetic acid (BDH,

UK) , 45% methanol (BDH, UK) for 2 hours. Gels were

destained overnight in a 10% glacial acetic acid, 45%

methanol solution.

Transfer of Proteins to Nitrocellulose Paper; Molecular

Weight Calibration; Staining of Nitrocellulose Paper

for Total Protein

Proteins were transferred onto nitrocellulose paper (Hybond

C, Amersham (UK) Ltd) using electrophoresis (Bittner et al.

1980). The polyacrylamide gel was washed in transfer

buffer (0.01M Tris, 0.1M Glycine, 20% methanol) for 30

minutes.

Transfer electrophoresis was performed at 250mA overnight

at 4°C using Biorad Transblot apparatus (Biorad, UK).

Immunodetection

Immunodetection was carried out using a modification of the

method described in the Amersham guide (Amersham (UK)

Ltd) .
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The nitrocellulose filter was washed in Tris Buffered

Saline (TBS) (-25mM Tris, 125mM NaCl) - with three

changes over 45 minutes. Non-specific protein binding

sites on the nitrocellulose paper were saturated by

washing for 3 hours in TBS containing 3% BSA, 2%

reconstituted dried milk (Cadbury's UK) and 0.5% Tween

20 with three changes over 45 minutes.

The filter was cut into strips which corresponded to

the gel lanes and individual strips were incubated with

patient serum at the appropriate dilution (1:100,

1:300, 1:500 and 1:1000). Serum was diluted in TBS

containing 0.1% Tween 20, 0.25% BSA and 5% goat serum

(SAPU, UK) . Incubation was for one hour at room

temperature. This and subsequent incubations were

carried out in sealed plastic bag to reduce the volume

of reagent required.

The filter was then washed thoroughly in a large volume

of TBS containing 0.1% Tween 20 with three changes over

45 minutes, and incubated with biotinylated goat

antihuman IgG at a dilution of 1:1000 for one hour,

using the same diluent as used for patients serum.

After washing thoroughly in TBS containing 0.1% Tween

20 the filter was washed for 15 minutes in buffer 1

(0.1M Tris-HCl pH 7.5, 0.15M NaCl) after which it was

incubated with the streptavidin/alkaline phosphatase
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complex (Gibco, BRL Ltd) for 15 minutes at room

temperature.

5. The filter was washed in a large excess of buffer 1,

with two changes over 3 0 minutes and then washed in

buffer 3 (0.1M Tris-HCl pH 9.5, 0.1M NaCl) for 15

minutes.

6. Detection of bound alkaline phosphatase/streptavidin

complex was carried out by addition of a substrate for

alkaline phosphatase which gave a coloured product.

The substrate solution used was bromochloro indolyl

phosphate/Nitro blue tetrazolium (BCIP.NBT) (TBS pH 9.5

containing 0.38M BCIP, 0.4M NBT, lOmM MgC2) (Gibco, BRL

Ltd). The reagents and nitrocellulose filter were

incubated in a sealed plastic bag.

7. The reaction was stopped by washing filters in a large

excess volume of "stop" buffer (2 0mM Tris-HCl pH 0. 5mM

Na2EDTA).

The reaction was allowed to proceed for 3 minutes using

the SDS soluble proteins and 5 minutes when the

nitrocellulose strips with water soluble and urea soluble

proteins were used. After preliminary experiments these

were found to be the times where the signal to background

ratio was highest.

A peroxidase detection method was also used:

86



Steps 1-3 were identical to those for the alkaline

phosphatase detection method except that the secondary

antibody was replaced by peroxidase conjugated goat

antihuman IgG antibody (Amersham, (UK) Ltd). The filter

was washed in TBS containing 0.1% Tween 20 and 30 minutes

and then developed using diamenobenzidine buffer (1.3mM

Diaminobenzidine, 0.02% v/v H202 in 5mM Tris pH 7.4). The
reaction was stopped by washing in water.

Controls of Experimental Conditions

Some protein strips were used in different experiments to

test the specificity of results. This included (1)

detection with omission of serum (2) detection with

omission of serum and secondary antibodies (3) detection

with only the enzyme substrate.

Analysis of Immunoblots

Blots were analysed by scanning laser densitometry using a

chromoscan III (Joyce Loebl) densitometer.

Filters were analysed on a "linear scan" set up on the

reflectance mode and using a light source of wavelength

53 0 mm with a beam size of 0.3 x 0.5mm. The gain (0.15

units) and reflectance (0.1 units) were constant throughout

all the analyses and no correction was made for background.

Data was stored on three inch floppy discs (Dysan) and the
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incorporated software was used to obtain graphs of optical

density versus distance.
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3.3 RESULTS

3.3.1 ANCA Immunofluorescence

Epitope Stability

With the combination of filters described background

fluorescence was low and there was no difficulty in

interpreting results. Although serum stored at -70°C for 4

years retained ANCA activity repeat freeze/thawing on more

than 2 occasions led to a marked fall. Cytospins were

useable up to 6 months, allowing neutrophil preparations to

be made in bulk but in practice Cytospins were always used

within 1 month.

IqG Immunofluorescence:

Cytospin preparations were scored according to the nature

and brightness of fluorescence giving four groups: a) no

significant fluorescence; b) weak, diffuse, cytoplasmic

fluorescence; c) bright but not coarsely granular

cytoplasmic fluorescence (Figure 3.3.2); d) bright, coarse

granular cytoplasmic fluorescence identical to or brighter

than, the positive control (Figure 3.3.1). The presence

of antinuclear antibodies was also recorded.

No normal volunteer had IgG ANCA activity detected at serum

dilutions of 1:20 or greater. Results and clinical

diagnoses are summarised in Table 3.3.1. The scoring
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system was reliable and reproducible and two other

pathologists not involved in the project quickly concurred

with the categories already assigned. This was helped by

the inclusion of a known positive in each assay.

Sera from 22 patients gave bright, coarsely granular,

cytoplasmic fluorescence for IgG. All these patients had

systemic vasculitis; 19 had WG, giving a specificity of 86%

for this pattern of ANCA activity. In total 26 patients

with WG were studied before any treatment. Two of these

had evidence only of upper respiratory tract lesions. The

sensitivity of the coarse fluorescence pattern for WG was

therefore 19/26 or 73%. When the dilution of positive serum

was increased the pattern of fluorescence changed from

coarsely granular to a less intense diffuse cytoplasmic

fluorescence. This made it difficult to accurately record

the antibody titre. Two positive sera gave a different

pattern of fluorescence at 1:8, most at 1:160 and only one

sample continued to give the coarse granular pattern at a

dilution of 1:500. For this reason, ANCA were designated

as either positive (ie present at serum dilution of at

least 1:20) or negative. Comment on the antibody titre

was not made routinely. When several patients with

coarse, granular ANCA underwent treatment the titre of

antibody fell, but more obviously the apparent pattern of

fluorescence changed to finely granular or diffuse. Many

conditions gave rise to a less intense, more diffuse
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cytoplasmic fluorescence which was of no diagnostic value.

Immunofluorescence for Other Classes of Ig

Thirty-five sera were studied including 9 cases of WG and

four of IgA nephropathy/Henoch-Schonlein purpura (Table

3.3.2). No serum studied had either IgM or IgE

autoantibodies detected, but three cases of IgA

nephropathy/Henoch-Schonlein purpura had weak diffuse

cytoplasmic fluorescence for IgA (Fig 3.3.3).
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TABLE 3.3.1

Summary of the results of immunofluorescence findings for
A N C A , according to the nature of cytoplasmic fluorescence
and the clinical diagnosis

Cytoplasmic
Fluorescence

No of Cases Diagnosis

A .

bright
coarsely granular 22

UG (19)

Microscopic polyarteritis (2)
Churg-Strauss (1)

B .

bright

2 1

WG (2)

Microscopic polyarteritis (5)
Mixed connective tissue disease (3)

Paget's disease of bone (1)
Churg-Strauss (1)
Bechets Syndrome (1)
Wegener's treated (2)

Nephrosclerosis (2)
Sweet's Syndrome (2)
Membranous glomerulonephritis (1)
Pulmonary Hypertension (1)

C .

weak

46

WG (2)

Microscopic polyarteritis (5)
Mixed connective tissue disease (2)
Rheumatoid arthritis (3)

Churg-Strauss (1)
Paget's disease of bone (3)

Goodpasture's (1)
Sweet's Syndrome (2)
Other (27)

D .

insignificant

220

WG ( 1 ) +

Microscopic polyarteritis (2)
Including:

Wegener's limited to the upper

respiratory tract (2)
Sweet's Syndrome (8)
P n e u m o n i a((j) nasal polyp s(5>) m y e I o m a&)
Bechets syndrom e(p) sarcoi d £j-) Good¬
pasture's Polymyalgia rheumat i caj^
Wegener's treated [)l) Polyarteritis
treated/; m a I i g n a n c y(\ 2) other
inflammatory condi tions( |lp&)

+This case had weak antinuclear antibody activity,
a typical granulomatous necrotising vasculitis.

Lung biopsy showed
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TABLE 3.3.2

Immunofluorescence findings

investigated for the presence

other than IgG

for a variety of conditions

of ANCA immunoglobulin classes

Total

Number

Wegener's
Granulomatosi s

Churg-Strauss

Microscopic
Polyarteritis

Henoch-Scholein purpura

IgA nephropathy

Systemic lupus

Glomerulonephri ti s

Normal

I gG
(includes granular
and diffuse A N C A )~^

IgM IgA I g E

9

3

4

2

2

2

7

1 0

9

3

4

1

1

0

1

0

0

0

0

1 *

2*

0

0

0

TOTAL 39 1 9

-f. Groups b , c , d , as defined in 3.3.1. (page 89)
*In these cases there was weak, diffuse cytoplasmic fluorescence
at serum dilutions up to 1:40 ( F i g u r e 33.3)
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FIGURE 3.3.1 Neutrophil cytospin showing coarse,

granular cytoplasmic fluorescence after

incubation with WG serum.
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FIGURE 3.3.2 Photomicrograph of neutrophil cytospin

showing a more diffuse cytoplasmic

fluorescence for IgG after incubation

with MPA serum.
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'

FIGURE 3.3.3 Photomicrograpb showing weak diffuse

cytoplasmic fluorescence for IgA after

incubation of cytospins with serum from

a patient with Henoch-Schonlein purpura.
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3.3.2 ELISA

Standardisation of Technique

The major initial problem was of non-specific binding of

both serum and secondary antibody. This was prevented by

alteration of the ELISA Buffer to include gelatin in

addition to Tween 20. Trypsinisation of the fixed cells

had no effect. Because of the possibility of endogenous

IgG being bound to Fc receptors on neutrophils giving a

false positive result fixed cells were pretreated with

Rabbit Fab fragment anti-human IgG. This had no significant

effect on light absorption even when used at dilutions of

up to 1:2.

The number of cells used to coat plates was determined by

experiment (Figure 3.3.4) and 5.104 cells was selected.

Patient serum at a dilution of 1:100 gave the best

discrimination between the test positive and negative sera

(Figure 3.3.5). The dilution of HRP-conjugated secondary

antibody chosen was that in use in other ELISA systems (P

Cachia, Personal Communication) . Incubation of sera for

longer than 1 hour led to significantly increased non¬

specific binding giving higher background results.

In order to minimise intra-assay variation only the central

60 wells of the 96 well plate were used to avoid edge-

effect (Stemshorn et al. 1983) and replicate samples
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Cell Number vs Primary Antibody at 1:50

No. of Cells

FIGURE 3.3.4 Graphs of optical density against cell

number showing assessment of optimal

cell number for ELISA plates at a serum

dilution of 1:50. For the actual

comparison of patient samples 5-104
cells were needed to coat plates.
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FIGURE 3.3.6 ELISA results (optical density) obtained

for each of the patient groups studied.

(The horizontal line represents the mean

+ 3 standard deviations of the ANCA

negative control group).
Cases with diffuse or negative ANCA

represented a wide variety of diagnoses.
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3.3.3 Target Antigens of ANCA

Clinical
Nine patients with

coarsely granular ANCA were studied, 5 of whom were male and

4 female. Their mean age was 49y. (31- 37y). Seven of the

ANCA patients had been diagnosed as WG and 2 as MPA.

None of these sera had shown evidence of other

autoantibodies on routine screening for anti-DNA

antibodies, anti-smooth muscle, anti-mitochondrial

antibodies and rheumatoid factor.

Eleven normal controls with no disease and who were ANCA

negative were used in this study. There were 6 males and

5 females with a mean age (range) of 39 years (22-70y).

Immunoblotting Results

Protein Extractions. SDS-Polvacrvlamide Gel Electrophoresis

(PAGE) and Transfer of Proteins to Nitrocellulose Filters

Staining of SDS-PAGE gels showed that the proteins present

in the water soluble, urea soluble and SDS soluble

fractions were different through the whole range of

molecular weights. The pattern of staining was consistent

when neutrophils from different donors were used.

Control of Experimental Conditions

Control experiments identified several potential problems.
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A B

titrating positive (A) and negative (B) sera

Water fraction

FIGURE 3.3.7 Both ANCA positive and ANCA negative

sera recognise many antigens at low

dilution of serum but at higher

dilutions the number of antigens

recognised is reduced. Densito-

metrograms of decreasing molecular

weight versus optimal density.
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Serum giving coarse,granular immunofluorescence

Density

200 -

100

69.0 46.0 30.0 21.5 14.3

Molecular weight (kDa)
(Water fraction)

FIGURE 3.3.8 Densitometrogram showing the reaction of

serum from a patient with MPA with

neutrophil proteins extracted in the

aqueous fraction. This serum (1:100)

reacted strongly with a 20-22 kDa

antigen.
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Serum giving coarse,granular immunofluorescence

200

Density
100-

92.5 69.0 46.0 30.0 21.5 14.3

Molecular weight (kDa)
(SDS fraction)

Serum giving negative immunofluorescence

200

Density
100

92.569.0 46.0 30.0

FIGURE

21.5 14.3

Molecular weight (kDa)
(SDS fraction)

3.3.11 ANCA positive serum recognised a 45kDa

and a 27-31 kDa protein in the SDS

fraction with which ANCA negative serum

did not react.
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