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C H A P T E R 1 

INTRODUCTION 

1.1 In the past 20 years there has been consistent effort  expended 

in the definition  of  the mechanisms which initiate and sustain the 

progress of  immune injury in various organ systems in both 

experimental animals and man. The research embodied in this thesis 

explores the role of  nephrotoxic antibody (NTab), complement (C) 

and immune complexes (IC) in human and experimental glomerular 

disease, and in addition studies circulating IC in normals, renal 

transplantation, systemic lupus erythematosus and myocardial 

infarction.  These studies highlight the author's research interests in 

this field  over a period of  years and as such show a progression of 

ideas through experimental models to clinical studies and applications. 

1.2 Glomerular Disease 

Ever since Dixon et al (1961) and Lerner et al (1967), made popular 

the succinct dissociation of  humoral attack on the renal glomerulus 

into antibody directed at the basement membrane or the deposition of 

IC, there has been intense interest in defining  the role of  circulating 

antibody, IC, other humoral factors  and cellular elements in the 

proteinuria, histological changes and renal impairment associated with 

glomerular disease. It was suggested (Lerner et al, 1967) that 

approximately 5% of  human glomerular disease was produced by 

anti-glomerular basement membrane (GBM) antibody and more than 70% 

from  IC which presumably had deposited from  the circulation. 

Unfortunately  this concept, although simple and a useful  basis for 

further  investigation, has now had to be superseded by a greater 



host of  possibly important factors  - humoral, cellular and physical. 

Thus some of  the experimental concepts of  the 1960's and early 1970's 

now appear passe in the light of  more recent findings.  Nevertheless, 

the earlier observations  are still valid even if  the conclusions  gleaned 

from  the observations were over simplified.  The early observations 

form  part of  an increasingly strong framework  of  knowledge on which 

new structures can be built. The newer concepts include a 

recognition of  the importance of  tubular and interstitial targets in 

glomerular disease (Andres and McCluskey, 1975), the role of 

intrinsic and planted glomerular antigen in 'granular' forms  of 

glomerulonephritis (GN) (Hoedmaeker et al, 1982, Neale and Wilson, 

1982 (a) (b), Border et al, 1982), the role of  macrophages in 

crescentic nephritis, proliferative  GN and acute serum sickness 

(Schreiner et al, 1978 and 1982, Bhan et al, 1978, Atkins et al, 1976 

and 1982, Holdsworth et al, 1980,81), the identification  of  antigens 

other than the classical non-collagenous glomerular antigens 

(Scheinman and Michael, 1981, Neale and Wilson 1982 b, Wilson 1981a) 

and the importance of  host responsiveness in the expression and 

incidence of  GN (Cameron et al, 1982). These new concepts are 

exciting in themselves but are not directly relevant to the work 

presented here on guinea-pig nephrotoxic nephritis, complement 

activation and the significance  of  circulating IC. They have been 

reviewed extensively elsewhere (Neale, 1983, Wilson and Dixon, 

1981b, Cameron et al, 1982) and will not be dealt with in detail 

except where they offer  further  explanation for  observations made in 

earlier studies. 
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1.3 Anti-GBM antibody disease 

Although anti-GBM antibody disease in most societies accounts for  less 

than 2% of  human diasease (Berger et al, 1971) the simple and 

reproducible models of  this disorder have proved particularly helpful 

in defining  the role of  various mediators of  glomerular injury 

(Cochrane et al, 1965, Henson and Cochrane 1971, Henson 1971, 

Vasalli et al, 1964). The information  produced with anti-GBM 

antibody experimental models provides analogies which aid in forming 

concepts about the mechanisms of  disease produced by deposited IC 

as well as by anti-GBM antibodies in man. 

The experiments described in Chapter 3 define  injury independent of 

both complement (C) and polymorphonuclear leucocytes (PMN) and 

further  define  the importance of  the divalent antibody fragment  and 

its effect  on the basement membrane structure when producing 

proteinuria. This model emphasises the importance of  structure and 

charge in determining the permeability barrier to protein. 

It has been known for  many years that low C levels were associated 

with some forms  of  glomerular disease. Later, immunofluorescence 

showed C to be present in the glomeruli in many forms  of 

glomerulonephritis and it was assumed that C deposition was important 

in the production of  the inflammatory  process. Animal experiments 

using the nephrotoxic nephritis model in rabbits and rats confirmed 

that C (together with PMN) was important in the mediation of  immune 

injury (Cochrane et al, 1965, Henson, P.M. 1971). However, it soon 

became evident that there was no simple relationship between C 

consumption, C deposition in glomeruli, serum C levels and the 

3 



severity of  glomerular disease. Models of  experimental GN in g-p and 

rabbits showed that there could be C and PMN independent injury 

(Simpson et al, 1975, Couser et al, 1977), C independent injury, 

(Thompson et al, 1976), C dependent, PMN independent injury, 

(Salant et al, 1980 a and b) terminal C component dependent (Groggel 

et al, 1983) and even C deposition without injury (Simpson et al, 

1977a). In man, in mesangiocapillary glomerulonephritis (MCGN), the 

glomerular disease was not related to the severity of 

hypocomplementaemia. Hypocomplementaemia was shown to impair the 

solubilisation and clearance of  IC in experimental GN (Bartolotti and 

Peters, 1978, Bartolotti et al 1979), and in addition patients with 

hypocomplementaemia or congenital deficiency  of  isolated C components 

were found  to have a higher than expected incidence of  glomerular 

disease (Peters and Lachmann, 1974). It was obvious that C had a 

far  more complicated role in GN than had previously been anticipated. 

The description of  the autologous phase injury in the g-p (Chapter 4) 

demonstrates C fixation  without injury and confirms  the study of 

Couser et al (1973) in experimental autoimmune GN in the g-p. 

Apparently C fixation  does not necessarily cause PMN or monocyte 

accumulation and injury. The g-p is capable, however, of  mounting 

C dependent injury in the kidney as is demonstrated in autoimmune 

tubulointerstitial disease (Rudofsky  et al, 1975). The demonstration 

of  C3 deposition in the absence of  IgG in dense deposit MCGN and 

the association of  C3 nephritic factor  (C3 Nef)  with this disease 

suggested that fluid  phase C activation might produce glomerular 

injury. Direct evidence for  a nephrotoxic effect  of  intravascular C 

activation was lacking and prolonged alternative pathway activation 

with inulin or zymosan did not produce significant  glomerular disease 

4 



in rabbits (Verroust et al, 1974). In order to examine this problem, 

studies were carried out on the effect  of  prolonged decomplementation 

with cobra venom factor  (CVF) in thymectomised, irradiated, bone 

marrow protected mice (T depleted mice) (see Chapter 5). 

The experiments described in this thesis do not address the role of 

coagulation factors  in renal diseases. Fibrin/fibrinogen  deposition is 

associated with extracapillary proliferation  in human rapidly 

progressive glomerulonephritis and in the autologous phase of  NTN in 

rabbits. Atkins et al (1976) were able to show the importance of  the 

macrophage at this site. Heparin or dicoumerol in very high doses 

afford  protection in autologous phase NTN in rabbits (Vasalli and 

McCluskey, 1964, Halpern et al, 1965). The role of  fibrin/fibrinogen 

was defined  more precisely by defibrinating  animals with ancrod. 

This effectively  reduced crescent formation  in autologous phase NTN 

and in chronic BSA-induced IC disease in the rabbit (Naish et al, 

1972, Thomson et al, 1975, 1976). Protection appeared to be 

exclusively due to defibrination  and could not be attributed to any 

effect  on PMN or C fixation.  Furthermore, the protective effect  of 

defibrination  was still present when the animals were treated after 

crescent formation  had started. In experiments comparing heparin 

and ancrod, protection by heparin could only be detected at doses of 

2000U/kg/day giving a 15-20 times prolongation of  clotting time. At 

300U/kg/day or at lOOU/kg/day when clotting was prolonged 4 to 6 

times normal heparin afforded  no protection (Thomson et al, 1975). 

However, Nakamoto et al (1978) were able to show benefit  from 

heparin in rat Masugi nephritis. The mechanisms responsible for  the 

accumulation of  fibrin  in Bowman's space remain uncertain. In 

experimental GN this process is largely PMN dependent and 
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PMN-mediated glomerular damage or release of  PMN-derived 

procoagulant factors  could be involved. C can also produce platelet 

bystander lysis leading to coagulation. In addition, exposed 

collagen-like material in basement membrane could activate platelets or 

Hageman factor.  However, C6 deficient  rabbits (which may have an 

impaired ability to produce C mediated bystander lysis of  platelets in 

allergic inflamation)  are not protected and develop the same degree of 

fibrin/fibrinogen  deposition and crescent formation  (Rother et al, 

1967). It has been shown that antihaemophilic globulin (factor  8) is 

not present in fibrin  associated with crescents (Hoyer et al, 1974) 

suggesting that activation of  the extrinsic coagulation system may be 

responsible for  fibrin  deposition. Studies have also been carried out 

on the role of  platelets in human and experimental glomerular disease 

but although platelet activation and reduced platelet survival have 

been demonstrated the evidence that platelets initiate glomerular 

damage in most glomerular disease is lacking (George et al 1974, 

Parbtani et al,1980). 

The role of  PMN in immune injury has been emphasised by Cochrane 

et al (1965) and Henson (1971) in the heterologous phase of  NTN. In 

the autologous phase of  NTN in the rabbit, although C depletion does 

not afford  protection, depletion of  PMN with nitrogen mustard or 

anti-PMN serum reduces fibrin  deposition, crescent formation  and 

proteinuria and preserves renal function  (Thomson et al, 1975). 

PMN can thus cause injury in the virtual absence of  circulating C3 

and without demonstrable fixation  of  C3 on the GBM. The nature of 

the injury has not been elucidated, though it seems likely that 

polymorph adherance is mediated directly through Fc receptors 

(Messner and Jelinck, 1970, Henson, 1969). 
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Experiments using repeated injection of  NTab (Chapter 3) were aimed 

at producing a model similar to anti GBM disease in man where there 

is continuous production of  antibody. The inability to produce 

glomerular proliferative  changes was presumably related to the failure 

to produce macrophage accumulation in this system. However, the 

prolonged proteinuria and nephrotic syndrome emphasise the 

deleterious nature of  continued NTab injury. It seemed logical 

therefore  to explore the possibilities of  removal of  circulating antibody 

to the GBM with plasma exchange in patients with anti GBM disease -

in this case patients with classical Goodpasture's syndrome (see 

Chapter 6). The clinical features,  course and levels of  anti GBM 

antibody were compared. These studies showed the significance  of 

the anti GBM level in predicting the histological severity and C 

deposition but surprisingly not the incidence or severity of  lung 

haemorrhage. The relationship between these aspects of  anti GBM 

disease and anti GBM levels was obviously not a simple one as has 

been demonstrated by the description and review (Bailey et al, 1981) 

of  high NTab levels without renal injury in Goodpasture's syndrome. 

We are thus reminded of  the ancillary and as yet poorly defined 

factors  that influence  progressive injury in the presence of  anti GBM 

antibody (Rees et al, 1977, Lockwood et al, 1979) 

1.4 Immune Complexes 

Although the study of  NTab and the humoral and cellular events that 

accompany it are relevant to anti-GBM disease in man, a much larger 

percentage of  human subjects show a granular pattern of  glomerular 

or other site immunofluorescence  apparently associated with deposition 

of  antigen and complexed immunoglobulin as IC. The attraction of 

this concept was that it comfortably  explained a whole range of 
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inflammatory  conditions through the invocation of  a common 

pathogenetic mechanism - the deposition of  circulating IC. These 

soluble, antigen excess, IC could be used to explain such diseases as 

glomerulonephritis, rheumatoid arthritis, SLE and the other collagen 

diseases, some peripheral manifestations  of  bacterial endocarditis and 

parasitic diseases, immune liver disease and the prognosis of  various 

types of  neoplastic disease. Moreover, there was even an association 

with disorders which were less likely to be "immune" in origin such 

as myocardial infarction  and diabetes mellitus. The measurement of 

circulating IC would presumably provide clear evidence as to the 

aetiology, diagnosis and pathophysiology of  disease and would also 

provide progress reports on the efficacy  of  treatment and the likely 

outcome. As will be shown in Chapters 7-11, this expectation, 

unfortunately,  has not been realised. IC are normal constituents of 

human plasma and as such represent the humoral response to 

unrecognised antigen or perhaps antibody-antibody interactions as a 

consequence of  the production of  anti-idiotype antibodies or 

rheumatoid factors.  In normal circumstances the immobilisation and 

removal of  foreign  antigens is a constant and harmless activity of  the 

mononuclear phagocytic system. It is only in unusual circumstances 

that IC deposit in tissues and produce the so called IC diseases. 

The first  disconcerting problem in the study of  circulating IC was 

that in not all of  the patients with classical IC glomerulonephritis 

(such as the idiopathic membranous glomerulonephritis) was it possible 

to demonstrate circulating IC (Couser and Salant, 1980). The 

question arose as to whether the IC assays were too insensitive, or 

lacked an appropriate reagent for  IC detection. Another possibility 

was that IC were only present in plasma intermittently. Many of  the 

most robust and popular assays required an IC which would fix  C 
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while others required complexes of  a certain size or were more 

sensitive in antibody or antigen excess. In some diseases the IC 

seemed to be limited to one antibody class such as IgA and unless the 

assay was designed specifically  for  IgA then the IC could not be 

detected. Furthermore, in the WHO collaborative study the 

correlation between IC assays was amazingly poor (Lambert et al, 

1978). 

Animal experiments in which preformed  IC were injected have failed  to 

produce consistent glomerular injury - particularly sub-epithelial 

deposits. There are also remarkable discrepancies between the 

presence of  circulating IC and renal injury in classical animal models 

such as acute serum sickness where the injury appears to preceed the 

appearance of  circulating IC. Such discrepancies led to the search 

for  further  information  about IC and the recent emphasis on IC 

formation  in situ from  intrinsic GBM antigens or planted antigens such 

as cationised albumin, DNA and similar materials. Cameron et al 

(1982) have suggested an important role for  circulating insoluble IC 

in glomerular disease. In a review of  the literature, they point out 

the alternative explanations for  the classical experiments of  Dixon et 

al (1961) and Germuth et al (1973) would be that the deposited IC 

were formed  near equivalence and such IC would not be present in 

the circulation for  long - whereas soluble antigen excess IC would be 

more likely to circulate for  long periods - and thus be detected in the 

IC assays. 

It seems reasonable to assume as has been shown in Chapter 8 that 

some IC glomerular disease is associated with circulating IC and some 

with IC accumulation in situ. Are soluble IC a marker of  the severity 
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of  disease, of  prognosis, of  transplant rejection or of  the 

complications of  myocardial infarction?  These problems have been 

addressed in Chapters 8-11, as have attempts at the description of 

fluctuations  of  circulating IC in normals (Chapter 7). The assays 

used in these studies are to some extent very limited in that those 

used routinely require that the IgG of  the IC fix  Ciq. The cadre of 

IC which fix  Ciq may have quite a different  spectrum of 

pathophysiological activity to those which do not fix  Ciq (Levinsky et 

al, 1978). It is well known that C fixation  (Nussenzweig 1980 and 

Schiffleri  et al, 1981) alters IC lattice formation,  solubility and 

presumably pathogenicity. These physical differences  in IC may be 

important in determining pathogenicity as well as explaining the poor 

correlation between the various assays. 

Although there has been considerable progress in our understanding 

of  IC it is hard to show much direct clinical benefit  from  the 

measurement of  circulating IC. Pussell et al (1978) were able to 

demonstrate some correlation between disease activity in various forms 

of  vasculitis and glomerulonephritis. However, they do not suggest 

that the detection of  IC has been of  any greater clinical advantage 

than less specific  measures of  an inflammatory  process such as serum 

complement levels, other acute phase proteins or the erythrocyte 

sedimentation rate. This is also the experience in SLE (Williams, 

1981, Simpson unpublished data). The detection of  specific  IgA class 

IC in Berger's disease (IgA nephropathy) has been reported to 

correlate well with disease activity (Coppo et al, 1982) but there is 

no information  as to whether similar information  could have been 

obtained from  urine sediments or proteinuria. Soiling and Olsen 

(1981) were not able to show any correlation between the clinical 
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activity of  various forms  of  primary glomerulonephritis and circulating 

IC levels using more than one IC assay. These results are in 

keeping with my own as discussed in Chapter 8. Many papers have 

appeared on the association between circulating IC and the activity of 

various other disorders and the outcome of  specific  types of 

neoplastic disease. However, so far  such associations have not been 

specific  enough to accrue much clinical benefit.  Antigen specific 

assays may prove more useful  in this respect. Unfortunately,  very 

few  antigens have been identified  in human IC diseases and so the 

prospect of  such assays being generally applied is remote at present. 

Although the measurement of  circulating IC has not been particularly 

helpful  in human disease, such studies have emphasised the need for 

further  information  and have stimulated re-evaluation of  other aspects 

of  glomerular injury. A discussion of  the various methods of 

detection of  IC has not been considered in this thesis as there are 

already extensive reviews by other authors (Neale et al, 1979, 

Lambert et al, 1978 and Zubler and Lambert 1978). 
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CHAPTER 2 

MATERIALS AND METHODS 

I ANIMAL MODELS 

2.1 ANIMALS 

2.1.1 Guinea-pigs: 

Three strains of  guinea-pig were used: 

(i) Dunkin Hartley outbred animals from  commercial 

suppliers.Male animals weighing 250-750g were used and 

in quantitative experiments animals were 250-400g. 

(ii) C4 deficient  animals (C4d) Ellman Green and Frank 

(1970). Male animals weighing 250-800g (300-500g in 

quantitative experiments) were used. These animals 

came from  a closed colony at the Royal Postgraduate 

Medical School. The initial pair of  homozygous 

animals were a gift  to Professor  P. J. Lachman from  Dr 

M. Frank, National Institutes of  Health, Bethesda, 

Maryland, USA. Serum from  C4d animals had no 

immunoreactive C4 or haemolytic complement activity. 

(iii) Birmingham-Heston inbred animals, 300-600g males 

came from  the colony of  the Department of  Immunology, 

Royal Postgraduate Medical School. 
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2.1.2 Rabbits 

Male 2-4kg New Zealand white rabbits were used for  the production of 

antiserum and were supplied from  Froxfield  Rabbit Co., Froxfield, 

Hants. A few  C6 deficient  rabbits from  a closed colony at the Royal 

Postgraduate Medical School were also used. 

2.1.3 Sheep 

Ten Border-Leicester ewe hoggets were used for  the production of 

antisera and for  the study of  Steblay nephritis. The animals were 

housed indoors at the Royal College of  Surgeons Buckston-Browne 

Farm at Downe, Kent. 

2.1.4 Goats 

Goat antisera were produced in castrated adult male animals from  the 

goat herd of  the National Institute for  Research in Dairying, 

Shinfield,  Berkshire. 

2.1.5 Mice 

Balb C, CBA/CA, inbred strain mice and Olac outbred strain mice 

were obtained from  commercial suppliers or from  existing colonies at 

the Royal Postgraduate Medical School. NZB/W hybrids five  weeks 

old were obtained from  the Otago University Animal Breeding Station. 
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2.1.6 Rats 

Wag inbred strain rats were obtained from  a colony at the Royal 

Postgraduate Medical School and outbred Wistar animals from 

commercial suppliers. 

2.2 ANIMAL TECHNIQUES 

2.2.1 Guinea-pigs 

(i) Bleeding 

Small samples from  guinea-pigs (g-p) were obtained from  the ear 

veins of  unanaesthetised animals warmed under an infrared  lamp 

(Gallenkamp Ltd., London). The animals were comfortably  wrapped 

and a marginal ear vein incised with a new scalpel blade. Blood was 

collected into "Durham titre tubes" (2" x i" glass tubes) with a 

pasteur pipette. The pipette was used without a rubber bulb and the 

blood collected with capillary action and gravity. Larger volumes of 

blood were obtained from  anaesthetised animals by cardiac puncture 

(usually at sacrifice). 

(ii) Anaesthesia 

Animals were anaesthetised with open methoxyflurane  (Penthrane, 

Abbott Pharmaceuticals USA) or (at sacrifice)  with Pentobarbitone 

(Nembutal, Abbott) by i .p . injection. 

(iii) Intravenous Injection 

Intravenous injection was carried out in anaesthetised animals by 

making a small skin incision with Mayo scissors over the femoral 
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vesels in the inguinal region just below the skin crease. The 

superficial  fascia  was dissected away with scissors and watchmaker's 

forceps  and the vein entered with a 27 gauge needle while secured 

with forceps.  This method allowed visible audit of  injections of  small 

volumes and has also been used successfully  for  IV injections for 

effective  renal plasma flow  measurement in rats (Simpson and 

Richmond, 1974a and b) . The skin was closed with a single suture 

or clip. Alternatively injection was carried out via the external 

jugular vein through a skin incision or via the ear veins in animals 

warmed under the infrared  lamp. 

(iv) Renal Perfusion 

Renal artery perfusion  was performed  indirectly by isolation of  the 

aorta at the site of  origin of  the left  renal artery with proximal and 

distal clamps. The injection was made into this segment with a 27 

gauge needle. The aortic hole was closed with one or two interrupted 

sutures of  7 'o' mersilk before  release of  the aortic clamps if  recovery 

was required. 

(v) Prolonged Intravenous Infusion 

A small polyethylene catheter (Portex Ltd., Kent, England) was 

inserted into an external jugular vein and advanced to the right 

atrium. The catheter was tied in place with 5 'o' mersilk ligatures 

and then brought through a subcutaneous track to above the 

shoulder. The animal was lightly restrained in a 'crush cage1 with 

food  and water and the infusion  carried out with an infusion  pump 

(Palmer Ltd., England) running at approximately lml/hr. 
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(vi) Urine Collection 

Animals were housed in metabolic cages with free  access to pelleted 

diet and water. Faeces and urine were separated by a glass bulb 

(see plate 2.1) . Normal 24hr urine volumes ranged from  10-40mls. 

(vii) Feeding 

Guinea-pigs were given free  access to pelleted RGP feed  and were 

given hay once or twice weekly. In experiments where radioisotopes 

were used; for  three days prior to the experiment and during the 

experiment the animals were given drinking water with 0.45% sodium 

chloride and 0.01% potassium iodide to help block tubular absorption 

and thyroidal uptake to promote the clearance of  free  iodide 

(McFarlane, 1963). 

2.2.1 Rabbits 

(i) Bleeding 

Animals were bled from  marginal ear veins or at sacrifice  with cardiac 

puncture under pentobarbitone anaesthesia. 

(ii) Feeding 

Animals were fed  exclusively with pellets and had free  access to 

water. In isotope studies 0.45% sodium chloride and 0.01% potassium 

iodide was given three days before  and during the study. 
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METABOLIC CAGES FOR URINE COLLECTION 

Plate 2.1 

(a) Guinea pig cage with glass separation bulb suspended from 

cage funnel. 

(b) Mouse cage with self-supported  glass separation bulb 

standing in a "bijou" bottle. The small urine volumes 

require a system with less surface  area to limit 

evaporation. 



Plate 2.1 



2.2.2 Sheep and Goats 

(i) Bleeding 

Animals were bled from  the external jugular veins with the animal 

standing and restrained by an assistant. It was necessary to shear 

and or clip the neck to aid identification  of  the vessel. A 50ml 

syringe with 19 gauge needle, blood taking sets, or dialysis fistula 

needles were used. The fistula  needles were most successful  and up 

to 500ml could be removed easily from  adult sized animals. At 

sacrifice  sheep were anaesthetised with IV pentobarbitone and a 

canula placed in the internal carotid artery. It was usually possible 

to obtain 21 litres of  blood from  an adult animal. 

(ii) Feeding 

Sheep were given a pelleted diet and hay and had free  access to 

water. The goats were grazed during the day but were also given 

hay and pelleted diet. 

2.3.3 Mice 

(i) Thymectomy in mice 

Animals: 3-4 week old CBA mice or 4-6 week old NZB/W mice were 

anaesthetised with veterinary Nembutal diluted 1:10, O.lml/lOg i .p . 

Instruments required: suction pipette, pointed iris scissors, Mayo 

scissors, curved forceps,  venturi suction with sump flask  to catch 

thymus, beaker containing cleaning water, hibitane to wet and cleanse 

skin, rubber band on rigid plastic strip to hold head (Ethicon suture 

box lid). 
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Method: The skin between the salivary gland is cut and the glands 

are pushed apart with the scissor blades. The connective tissue is 

divided with scissors without cutting the salivary glands and the 

trachea is exposed. The connective tissue on the trachea is lifted 

and a small slit made. One blade of  the scissors is placed in the slit 

and the scissors are slid down the trachea so that the sternum can be 

cut in the midline. It is very important to obtain the tissue plane on 

the trachea. The sternum is pushed upwards so as not to cut the 

heart and is steadied with the thumb and forefinger  of  the left  hand. 

The thymus is a very pale yellow structure and the left  and right 

lobes can now be removed with the sucker. The finger  should be 

withdrawn from  the coverhole of  the sucker as soon as the thymus 

lobe is inside. The release must be carried out at the appropriate 

time or the lungs and heart will be drawn into the sucker as well. 

After  the thymectomy the skin is pinched together with forceps. 

Suturing is not required but the animals must be kept warm. 

(ii) Irradiation and bone marrow protection 

Two weeks after  thymectomy the animals are irradiated with 850 rads 

and given bone marrow by intravenous injection into the tail vein. 

Marrow is harvested from  the femur  of  donor animals. The ends of 

the bone are removed and the marrow flushed  out with the aid of  a 

syringe and needle. Marrow from  two back legs will give sufficient 

cells for  three animals. 

(iii) Plasma C3 depletion 

CVF was injected i .p . in four  equal doses at 8 hour intervals to 

initiate decomplementation and thereafter  it was injected as a single 
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dose twiGe weekly. The dose required to maintain plasma C3 levels at 

<10% of  normal was usually four  units per mouse (20yg of  CVF). 

C3 concentrations were assayed by single radial immunodiffusion  using 

a monospecific  rabbit-anti-mouse C3 (see 2.10). This antiserum was 

raised in rabbits by two injections of  zymosan-C3 washed 12 times in 

2m saline. 

2.3 ISOLATION OF GLOMERULAR BASEMENT MEMBRANE 

2.3.1 Guinea-pig 

Guinea-pig glomerular basement membrane (GBM) was prepared using 

a modification  of  the methods originally described by Krakower and 

Greenspon (1951) and as modified  by Westberg and Michael (1970). 

100 kidneys that had been stored at -20°C were rapidly thawed, 

trimmed of  fat,  capsule and pelvis and cut into small pieces with 

scissors. The kidney fragments  were then pressed through a sieve 

mesh size 150 microns (Endecotts Test Sieves Ltd., London, England) 

aided by liberal washing with ice cold 0.15M sodium chloride 

containing 0.01% sodium azide. The kidney pressings were then 

poured through a 250 micron sieve on to a 63 micron sieve which 

retained the glomeruli. The material retained on the 63 micron sieve 

was washed into a 250ml centrifuge  bottle and washed three times with 

cold distilled water at 2000 x g for  15mins in a MSE Major centrifuge 

(Measuring Scientific  Instruments, Crawley, Sussex) and then 

resuspended in about 50ml of  1M saline. Microscopic examination of  a 

diluted suspension of  this material with dark field  or phase contrast 

illumination showed whole glomeruli with few  tubular fragments  (see 

plate 2 .2 ) . The glomerular suspension was divided into 15-20ml 

portions in 50ml pyrex beakers and kept at 0-4°C in melting ice. 
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Plate 2.2 

PHASE CONTRAST MICROSCOPY OF ISOLATED GLOMERULI 

REPARED BY DIFFERENTIAL SIEVING AND CENTRIFUGATION. 

(a) 3 normal glomeruli and probable hyalinised glomerulus 

(Magnification  x 185). 

(b) 2 normal glomeruli, one with adherent Bowman's capsule. 

(Magnification  x 185) 



Plate 2.2 

(a) 



The material was sonicated using a MSE L6/66 sonicator set to a probe 

amplitude of  5 microns at 20-25Kc/sec with 30 second bursts. 

Sonication was repeated for  a total of  5-10 minutes so that more than 

80% of  the glomeruli were disrupted on microscopic examination. The 

sonicated material was pooled and made up to 250ml with ice cold 1M 

saline then centrifuged  at 100 x g and the supernate discarded. 

After  a further  wash at 100 x g in cold 1M saline the GBM was 

washed three more times in ice cold distilled water (15mins at 3000 x 

g) . The precipitate of  GBM was suspended in phosphate buffered 

saline pH 7.3 (PBS) (Dulbecco 'A', Oxoid Ltd., London) with the 

addition of  0.01% sodium azide, divided into aliquots and stored at 

-70°C. 

2.3.2 Human, Rabbit and Sheep GBM 

Human, rabbit and sheep GBM were prepared by pressing minced 

kidney cortex rather than whole kidney, but otherwise the method 

was identical to that described above. Human, rabbit and sheep GBM 

material was also lyophilised and some was made soluble by digestion 

with collagenase (Sigma type 1, Sigma Chemical Company, London) 

using the method of  Spiro (1967a and b) or Marquardt et al (1973). 

Westberg and Michael (1970) showed that the low g centrifugation  was 

a most important step in the purification  of  GBM by this method. 

However, this material still produces antisera with anti RBC and anti 

plasma component activity. 
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2.4 PRODUCTION OF ANTISERA 

2.4.1 General 

Antisera were produced in rabbits, sheep or goats. Antigens were 

dissolved or suspended in aqueous solutions which were added to an 

equal volume of  Freunds complete (CFA) or incomplete adjuvant (IFA) 

(Difco  Laboratories, Detroit, Michigan, USA). A water in oil emulsion 

was achieved by squirting the materials backwards and forwards 

between two glass luer lock syringes joined by a double ended 20 

gauge needle. If  a drop of  the material remained discreet when 

placed on water then the water in oil emulsion was judged adequate. 

Blood collected from  immunised animals was allowed to clot and 

separate in glass containers at room temperature. Sodium azide 0.01% 

was added prior to storage at -20°C or -70°C. 

2.4.2 Anti GBM antibody 

Nephrotoxic antibody (NTab) was produced by repeated two weekly 

IM or SC injections of  sheep, rabbits or goats with particulate GBM in 

complete Freunds adjuvant (CFA). This immunisation schedule in 

turn produced a Steblay-type autoimmune glomerulonephritis in sheep 

(Steblay, 1962). The best antibody titres occurred at a time when 

the animals became uraemic. Sheep 5 and goat 659 were given the 

GBM equivalent of  2-5 guinea-pig kidneys at each injection ( i .e . the 

GBM obtained from  2-5 kidneys by the described method). Sheep 

sensitised to human, rabbit and sheep glomerular basement membrane 

were given 25-50mg of  lyophilised material at each injection. Plates 

2.3 and 2.4 show H & E Sections of  sheep kidney during Steblay 

nephritis (Sheep 1 and Sheep 5). 
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HISTOLOGY OF SHEEP KIDNEY IN STEBLAY NEPHRITIS 

(Animals used in antisera production) 

Plate 2.3 

(Sheep 1) Animal injected with human GBM in complete 

Freund's adjuvant (CFA) (H & E magnification  x 150). 

End-stage glomerulonephritis with diffuse  exudative and 

proliferative  glomerulonephritis and 100% crescents. 

Plate 2.4 

(Sheep 5) Animal injected with guinea-pig GBM in CFA. 

(H & E magnification  x 150). Mesangial proliferation  and 

lobular appearance in an earlier phase of  glomerulonephritis 

than Sheep 1. There is minimal interstitial disease and no 

crescents. 



Plate 2.3 

Plate2.4 



2.4.3 Anti guinea-pig C3 

Antiserum against g-p C3 (B1C) was raised in rabbits using two IM 

injections of  g-p zymosan-C3. The first  injection was in CFA and the 

second two weeks later in IFA. Zymosan (Sigma Chemical Company, 

London) was incubated at 37°C for  30mins with fresh  g-p serum 

(2.5mg/ml of  serum). The material was then washed twelve times 

with 2M saline to remove and passively absorbed serum protein 

reactants other than C3b. Rabbits were given 2.5mg of  C3 zymosan 

complex per injection and were bled after  24 days. The same method 

was used for  the production of  anti mouse and anti sheep C3. If 

necessary, absorption was carried out against decomplemented serum 

from  CVF treated animals. 

2.4.4 Anti guinea-pig Fibrin 

Guinea-pig fibrin  was prepared from  heparinised g-p blood 

centrifuged  to remove cells and platelets. Barium sulphate 5% was 

added twice to remove prothrombin activity and the serum diluted by 

the addition of  an equal volume of  PBS. The fibrinogen  was 

precipitated by the addition of  an equal volume of  50% saturated 

ammonium sulphate to the diluted serum. The suspension was allowed 

to stand for  30mins at 4°C, and the precipitate was then washed twice 

with 25% ammonium sulphate. Precipitation and washing was repeated 

three times and the final  precipitate dissolved in l-2ml of  0. 3M 

potassium chloride. The fibrinogen  concentration was determined 

using the OD at 280nm: 1.117 = lmg/ml (to exclude influence  of  serum 

turbidity it is necessary that at 400nm OD should equal 0). The 

rabbits were given lOOmg of  fibrinogen  in CFA and this was repeated 

at 2 weeks in IFA. Animals were bled after  24 days. A single 
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precipitation line was obtained in Ouchterlony double diffusion  against 

g-p plasma but no line against serum. 

2.4.5 Anti sheep immunoglobulin 

The first  part of  the peak of  the normal sheep IgG2 subclass 

prepared on DEAE cellulose (see details section 2.6.1) was injected 

into rabbits in CFA and followed  at two weeks with a further  injection 

in IFA. Both injections contained lOOmg protein. 

2.4.6 Anti guinea-pig polymorphonuclear leukocyte serum (anti PMN 

serum) 

Anti-PMN serum was prepared by the injection of  six rabbits with 2 x g 

10 g-p PMN in IFA. The PMN were harvested from  g-p peritoneum 

four  hours after  the instillation of  0.1% glycogen as described by 

Cochrane et al (1965). Excessively blood stained samples were 

discarded. Animals were bled out at five  weeks after  three injections 

of  cells. The antiserum was absorbed against g-p RBC, plasma and 

minced lymph nodes and thymus from  PMN-depleted animals (PMN 

depleted animals for  use as donors of  lymph node and thymus tissues 

were produced by treatment with lethal doses of  the partially 

absorbed antiserum i . e . serum only absorbed against plasma and 

RBC). 

2.5 PREPARATION OF NEPHROTOXIC GLOBULIN (NTg) 

2.5.1 Sheep anti guinea-pig NTg 

Two and one half  litres of  blood was obtained from  sheep 5 at the 

time of  sacrifice  and the serum was frozen  in 250 and 20ml portions. 
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Four 200ml batches of  NTg were prepared from  this serum. The 

serum was decomplemented by incubation for  30mins at 56°C and then 

absorbed against 10% v /v of  g-p RBC, buffy  coat cells and plasma. 

Absorption was carried out at 37°C for  30mins then overnight at 4°C. 

After  centrifugation  at 3,000 x g for  30mins the precipitate and cells 

were discarded and the serum was precipitated with 40% ammonium 

sulphate. The precipitate was washed twice in 40% ammonium sulphate 

then redissolved in PBS and the precipitation and washing repeated. 

The precipitate was finally  dissolved in PBS and dialysed for  48 hours 

at 4°C against tap water then 2-3 changes of  PBS containing 0.01% 

sodium azide. The NTg was then centrifuged  at 38,000 x g (18,000 

rpm MSE High Speed 18) for  60 mins and the euglobulin precipitate 

discarded. The supernate was divided into 20ml portions and stored 

at -70°C. 

2.5.2 Goat and rabbit anti guinea-pig NTg 

The goat and rabbit NTg were prepared as above. 

2.5.3 Sheep anti rabbit NTg 

The sheep anti rabbit NTg was prepared as above. 

2.6. CHROMOTOGRAPHIC FRACTIONATION AND DIGESTION OF 

THE SHEEP ANTI GUINEA-PIG AND ANTI RABBIT NTg 

2.6.1 DEAE Cellulose Chromotography 

The NTg was dialysed for  48 hours at 4°C against changes of  0.01M 

phosphate buffer  pH 7.2, conductivity 1.8 mMhos (at 20°C), and 

containing 0.01% sodium azide. The euglobulin precipitate was 

removed by centrifugation  at 18,000 x g for  30mins and the NTg 
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applied to a DEAE cellulose anion exchange column (DE52, Whatman, 

Balston Ltd., Springfield  Mill, Maidstone, Kent, England) 

equilibrated with the phosphate buffer  at 4°C. In general a 50 x 

2.5cm column was used for  25-30ml of  the NTg (protein concentration 

approximately 30mg/ml). The O.D. at 254nm of  the eluted material 

was monitored with an UV Absorptionmeter, Uvicord 1 with chart 

recorder, (LKB Instruments Ltd., South Croydon, Surrey). The 

flow  rate was 20-30ml/hr and fraction  volume 5-8ml. Where accurate 

monitoring of  fractions  was required the O.D. at 280nm was read with 

silica cuvettes in a UV spectrometer (SP 500, Pye Unicam Ltd., 

Cambridge, England). The y2 IgG subclass of  sheep immunoglobulin 

was eluted with starting buffer  while the yl IgG subclass eluted with 

0.3M sodium chloride in 0.01M phosphate buffer  either as a gradient 

or as a single step, see figure  2.1 (Henson and Cochrane, 1971). 

The yl and y2 subclass fractions  were pooled and concentrated using 

positive pressure ultracentrifugation  in an Amicon Diaflo  Cell with UM 

or PM 10 ultrafilters  (Amicon Ltd., Lexington, Massachusetts, USA) 

with membrane retentivity greater than 10,000 molecular weight. 

Smaller samples were concentrated by negative pressure with collodion 

bags (Sartorius-Membranfilter  SM 13200, Gottingen, West Germany). 

2.6.2 Digestion of  NTg 

a. Pepsin 

A modification  of  the method described by Nisonoff  (1960) was used 

for  pepsin digestion. The yl NTg was diluted with an equal volume 

of  sodium acetate buffer,  0.2M pH4.5 and 1% w/w twice crystallised 

pepsin added (Sigma Chemical Co., London) and digestion allowed to 

continue for  24 hours at 37°C with stirring. Digestion was stopped 

by returning the pH to 8 with sodium hydroxide. The digested NTg 
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FIGURE 2.1 

FRACTIONATION OF SHEEP NEPHROTOXIC GLOBULIN 

(Ion exchange chromatography of  Ammonium Sulphate Cut on DE52) 

y2 (slow) subclass which is non complement fixing  elutes with 

starting buffer. 

Y 2 a and y 2 b fractions  are from  arbitary division of  as 

shown (see Chapter 3). 

Ŷ  (fast)  subclass which is complement fixing  elutes with a 

simple sodium chloride gradient, [see also plate 2 .6(b)] 



Fig 2.1 

Fractionation of sheep NTg on DEAE - Cellulose (DE 52) 

(0.01M phosphate buffer pH 7.3 1.7 millimho gradient to O.JM NaCI in 0.01M phosphate buffer) 

O.D. 
280nm 

1.6 -i 

1.4 -

1 7 

1 . 0 -

0.8 

0.6 -

0.4 

0.2 

t. 

2a 

» « 

12b 

w 

\ . 

gradient 

•m 

\ 

W \ 

\ 
tfi  I 

\ 

- - - - - t — ~ t 

10 20 30 40 50 60 70 80 W 100 110 
Tube No. 



was re fractionated  on a further  DE52 column equilibrated as described 

above. The yl F(ab')2 fragments  now eluted with the low molarity 

buffer  while undigested yl material was retained. Fc fragments  and 

other peptides were removed by final  chromotography on a column of 

sephadex G100 (Pharmacia Fine Chemicals Ltd., Sweden). The 

sephadex column was calibrated with dextran blue and BSA and the 

sample size limited to 1% of  the column volume. Fab' fragments  were 

produced by the addition of  0.01M cysteine at the time of  digestion 

then Sephadex G100 fractionation.  The F(ab')2 and Fab' material 

moved as a single arc on Immunoelectrophoresis and was of 

appropriate molecular size on SDS polyacrylamide gel electrophoresis 

(PAGE), (see plate 2 .5) . 

b. Papain 

Papain digestion of  the sheep NTg was carried out using a 

modification  of  the method described by Porter (1959). The NTg was 

dialysed against 0.1M phosphate buffer  pH 7.0 and 1% w/w 

mercuripapain (Sigma Chemical Company, London) added, together 

with 0.01M cysteine and 0.002M EDTA. The digestion was allowed to 

proceed for  18 hours at 37° C with stirring. Digestion was stopped 

by dialysis against distilled water for  24-48 hours then PBS. The 

material was then finally  fractionated  on Sephadex G100 using a 1% 

column volume on a column calibrated as above. The Fab peak was 

concentrated using an Amicon Diaflo  cell. The Fab material gave a 

single arc on immunoelectrophoresis and was of  appropriate molecular 

size on SDS PAGE (See plate 2.5) . 
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DIGESTION OF SHEEP y, NEPHROTOXIC GLOBULIN 

Plate 2.5 

(a) top well: whole sheep NTg 

bottom well: F(ab')2 fragment  after  digestion of  NTg with 

pepsin for  18 hours at pH4 

trough: rabbit anti-sheep yg 

(b) top well whole sheep NTg 

bottom well Fab and yg fragments  after  18 hours digestion 

at 37 °C in mercuripapain. 

trough: rabbit anti-sheep yg. 

These latter two slides demonstrate the change in mobility 

of  the fragments  as compared with the whole NTg 



Plate 2.5 
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2.7 COBRA VENOM FACTOR 

Cobra Venom (Naja Naja venom) was obtained from  Sigma Chemical 

Co., London and the anticomplementary factor  purified  as described 

by Ballow and Cochrane (1969). Briefly;  3g of  powdered venom was 

dissolved in 60ml of  0.1M phosphate buffer  pH7.5 and dialysed for 

several days at 4°C with frequent  buffer  changes. A 2.5 x 100cm 

column was packed with DEAE cellulose (DE52) and equilibrated with 

the 0.01M phosphate buffer.  The neurotoxic fraction  eluted with the 

void volume and was heat inactivated and discarded. All handling of 

the venom up to this stage should be with extreme care because of  its 

potential toxicity. The anticomplementary activity was eluted from  the 

column with a linear gradient to 0.5M sodium chloride in 0.01M 

phosphate buffer.  The fractions  which showed anticomplementary 

activity were pooled and concentrated in an Amicon Diaflo  Cell 

(Amicon, Lexington, Massachusetts, USA) and then further 

fractionated  by gel filtration  with Sephadex G200 (Pharmacia Uppsala, 

Sweden). Fractions with anticomplementary activity were pooled and 

concentrated as above. 

Anticomplementary activity was tested as follows: 

Normal human serum was diluted 1/20 with complement fixation  test 

buffer  (CFT) (Oxoid) and 0.5ml was added to glass tubes together 

with 0.1ml of  the cobra venom fraction.  The mixture was incubated 

for  20mins at 37°C then 0.4ml of  2% EA (see 2.10.2) cells were added 

and incubation continued for  a further  15mins. Two ml of  PBS were 

added, the tube centrifuged  at 1,000 x g for  lOmins and the O.D. of 

the supernate read at 541nm. Standards for  100, 50 and 0% lysis 

were established with tubes without cobra factor  (undiluted and 

diluted 1/1) and tubes without diluted serum. One unit of  cobra 
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venom was defined  as the material which produced a 50% inhibition of 

lysis in this system. A yield of  24mg/g of  crude venom was obtained 

and the cobra venom factor  had anticomplementary activity of  1 

unit/4-5yg of  protein. 

2.8. PROTEIN CONCENTRATION MEASUREMENT 

2.8.1 Protein concentration <5mg/ml were measured using a 

modification  of  the Folin phenol method of  Lowry et al (1951) and 

Folin-Ciocalteu reagent (B.D.H. Chemicals, Poole England). The 

unknown protein 10mg-200mg and standards of  twice crystallised 

bovine serum albumin (Armour Pharmaceuticals, Eastbourne, England) 

were added to duplicate tubes containing 5ml of  Folin C solution over 

ten minutes. (Folin C: 2% sodium carbonate in 0.1M sodium chloride 

with freshly  added copper sulphate 0.05% and sodium tartrate 0.1%). 

0.5ml of  Folin-Ciocalteu reagent diluted one in one was added to each 

tube with a fixed  volume syringe and the O.D. read after  30-45mins 

at 750nm against a reagent blank. A standard curve was constructed 

and the unknown values read off. 

2.8.2 Protein concentrations >5mg/ml were added to 1ml of  water in 

duplicate tubes. 2.5ml of  Biuret reagent (BDH) was added and after 

30 minutes the O.D. of  the solution was read at 540nm against a 

reagent blank. A standard curve was constructed and the unknown 

concentration calculated. 
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2.8.3 Urine Protein Estimation 

a. Biuret Method 

Urines were stored at -20°C and were thawed and measured in 

batches using a Biuret method: 

0.5ml of  urine supernate diluted one in two with distilled water was 

precipitated with 0.5ml of  20% trichloracetic acid (TCA). The tubes 

were then centrifuged  at 2,000 x g for  10 mins, the supernate 

carefully  decanted and the tubes left  inverted to drain. The 

precipitate was dissolved in 0.5ml of  M sodium hydroxide and 2.5ml of 

water and 5ml of  Biuret reagent (BDH) added. After  30 minutes the 

O.D. of  the tubes was read at 540nm against a reagent blank. The 

standard error of  this method on two groups of  15 replicate samples 

with protein concentrations of  1.2 and 8mg/ml was <10% and recovery 

of  BSA added to normal urine 107 + 3% on 5 samples. The method 

was unsatisfactory  for  the detection of  protein concentrations of 

<0.5mg/ml or where a precipitate was not visible after  addition of  20% 

T.C.A. 

b. Mancini single immunodiffusion 

Where protein concentration was too low to be measured by the Biuret 

method urine albumin concentrations were estimated by a single 

immunodiffusion  technique using BSA standards and rabbit anti 

guinea-pig albumin in 1.5% agar as described below for  the estimation 

of  C3. 
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2.9 Immunodiffusion  and Immunoelectrophoresis 

2.9.1 Ouchterlony Double Immunodiffusion  in gel 

Double immunodiffusion  analysis was performed  in 1.5% agar (Ion agar 

No 2 Oxoid Ltd., London) on 2.5 x 2.5cm glass slides. 

2.9.2 Immunoelectrophoresis 

Immunoelectrophoresis was performed  on 1.5% agarose (Sigma) made 

up in 0.02M barbitone buffer  pH 8.6 (0.04M barbitone buffer  used in 

the tank) with 0.01% sodium azide added. Bromphenol 0.2% was added 

as an albumin marker. A potential of  6 volts/cm was applied for 

45-90 minutes before  addition of  the antiserum to a central trough cut 

in the agar. The precipitation lines were allowed to develop for  24-48 

hours. If  staining was required the agar was washed in 0.15M saline 

then distilled water to remove unprecipitated protein. The slides 

were then wrapped in moist filter  paper and dried at 37°C. Slides 

could then be stained for  4-5 minutes with 0.5% Amido black in 5 

parts methanol 4 parts water and one part acetic acid. Excess stain 

was washed off  with the methanol and acetic acid mixture without the 

amido black. It was usually possible to photograph the slides without 

staining using indirect lighting. (Plate 2 .6) , 

2.10. COMPLEMENT STUDIES 

2.10.1 C3 (B1C) Determination 

Serum C3 levels were determined by a modification  of  the Mancini 

single immunodiffusion  technique (Mancini, Carbonara and Heremans, 

1964). Anti C3 antiserum (See above 2.4.3) was incorportaed into 

1.5% agar in PBS (2-10% v /v ) and poured on to 3*" x 3i" 
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transparency cover glass plates on a levelling board. Twenty five  or 

thirty-six 2mm wells were cut with the aid of  a template (see plate 

2 .6) . Pooled normal serum stored at -70°C was used as a standard 

and 2-4yl samples were added to wells using a Hamilton syringe. All 

standards and samples were assayed in duplicate. The plates were 

read at 48 hours without staining using a calibrated lens (Bausch and 

Lomb) and indirect illumination. Two diameters were read at right 

angles and the mean of  four  diameters used for  the sample value. A 

standard curve was plotted on 3 cycle semilog paper and the results 

expressed as a percentage of  the pooled normal serum. In 

sequential studies C3 levels were expressed as percentages of  the 

levels at To. The standard error of  the method was ± 5-10% for 

multiple replicates. 

2.10.2 Functional Complement Activity 

Functional complement activity was measured in Dunkin Hartley g-p 

using a plate haemolytic assay (Lachmann, Hobart and Aston, 1974). 

Rabbit-anti-sheep erythrocyte haemolytic serum (Wellcome Reagents 

Ltd., Beckenham, Kent) was used to sensitise sheep red blood cells 

(SRBC) (E) (Tissue Cult Services, Slough, Buckinghamshire) to 

produce EA. Each batch of  antibody was titrated for  haemolytic 

activity using 1/50 g-p serum as a source of  complement to determine 

the minimal haemolytic dose (MHD). SRBC were washed carefully  in 

CFT until the supernate was clear. Equal volumes of  10% SRBC and 

antibody diluted to give 6-10 MHD were incubated for  15 minutes at 

4°C then washed three times in CFT. There should be no 

spontaneous lysis and with addition of  1/50 g-p serum at 37°C lysis 

should be complete in two minutes. 
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Plate 2.6 

IMMUNODIFFUSION AND IMMUNOELECTROPHORESIS 

(a) Mancini single radial immunodiffusion  plates for  C^ serum 

level determination. Similar plates were used for 

measurement of  other proteins. Note the clearly defined 

single precipitation rings viewed by indirect illumination 

without staining. 

(b) Serial fractions  from  DE52 (DEAE cellulose ion exchange) 

chromotography of  NTg subjected to immunoelectrophoresis 

using anti-sheep IgG in the troughs. 

The (slow) and y^ (fast)  components are well separated 

(y« first  3 slides y-i last 5 slides). 
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EA, 0.5% was incorporated in 1.5% agarose in CFT at 42°C and poured 

on to 2i" x 2i" transparency glass slides. The test samples and 

dilutions of  pooled fresh  g-p serum were added to 2mm wells and left 

to diffuse  overnight at 4°C. The plates were then warmed at 37°C 

for  1-2 hours and diameter of  the ring of  lysis used as a measure of 

total haemolytic activity. Alternatively some samples were tested 

using the 50% haemolysis time assay (Fischer 1965 as modified  by 

Lachmann, Hobart and Aston 1974). The complement fixing 

characteristics of  the various NTg were tested by incubation with 

particulate GBM in the presence of  known amounts of  g-p complement. 

The remaining C was then estimated using a back titration with EA. 

2.11 SERUM UREA ESTIMATION 

Serum urea was determined by a microurease method, (McArthur 

1965). Released ammonia was determined spectrophotometrically by 

the phenol hypochlorite reaction of  Berthelot using sodium 

nitroprusside as catalyst. Urea standards of  50mg/ml (6.3mmol/l) 

were stored at -20°C and thawed only once. A known serum was 

used as a control between batches. The sample size was 10yl. The 

O.D. was 630nm (Beer's law was obeyed up to an absorbance of  3). 

For higher values dilution was required. The standard error was ± 

10% with replicates at high and low values. 

2.12 RADIO IODINATION 
125 125 Proteins were trace radioiodinated with I from  carrier free  Na I 

131 

(IMS 30 Radiochemical Centre, Amersham, Bucks, England) or Na I 

(IBS 30) by the chloramine-T method (McConahey and Dixon 1966) 

and freed  from  non-protein bound iodine by passage through 2-5ml 
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plastic syringe barrel columns of  chloride phase anion exchange resin 

(Zerolit FFIP SRA65 Standard Resin 14-52 Mesh Permutit Company 

Ltd., London or Ag 1- X8 200-400 Mesh resin Bio-Rad Laboratories, 

Richmond, California,  USA) and dialysed against frequent  changes of 

PBS with sodium azide 0.01%. The specific  activities at the time of 

labelling were 5-30yCi/mg for  both isotopes. 

2.13 QUANTITATION OF NEPHROTOXIC ANTIBODY FIXATION IN 

THE GUINEA-PIG. 

Antibody fixed  in the kidney was calculated using a double isotope 

method. The nephrotoxic antibody was labelled or trace labelled with 
12 5 131 

I (as above) and normal sheep globulin with I. The NTg 

injected contained both labelled proteins and the fractions  of  each 

isotope fixed  in the kidney were used to calculate the NTab fixed. 

This technique allowed correction for  that fraction  of  the NTg or label 

that would be present in the kidney by chance in blood plasma, RBC, 

interstitial fluid,  tubular fluid,  tubular cells and urine. This 
131. 125 

correction assumed that the non-antibody I and I labelled 

proteins would have the same distribution and metabolic degradation 

rate. In most quantitation experiments the kidneys were counted 24 

hours after  the injection of  the NTg. At sacrifice  the kidney was 

sliced and placed in 2ml counting vials. Counting was carried out in 

a Packard auto-gamma counter 3003 (Packard Instrument Inc., 
131 125 

Illinois, USA) with channel windows for  I and I such that the 
1 O 1 1 nc 

count cross-over from  I to I was 18-20%. The dose count ratio 
125 131 125 

1/ I was adjusted to 5-10:1 so that the I count cross-over 

correction was <3%. The tissue and fluid  absorption differences  for 

the two isotopes were calculated but a correction was not required. 
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remove non-fixed  activity were not successful  as a large proportion of 

the non-antibody activity was still present after  more than five 

washes. After  the appropriate correction for  free  activity, 

cross-over and background the percentage of  the injected NTg fixed 

in the kidney was calculated from  the formula: 

%Ab fixed  = 1 2 5 I kidney - ( 1 3 1 I kidney x 1 2 5 I serum) 

serum 

X 100 
125t , , I dose l 

The results were then expressed as yg/kidney or nanomoles/kidney 

using the known protein concentration of  the NTg. Although the 

counted kidneys were weighed the antibody fixed  was not expressed 

per g of  kidney but per whole kidney as it was found  that kidney 

weight was increased up to 100% with oedema from  NT injury. In 

addition, kidney size and proteinuria did not increase proportionally 

to total body weight so this was also an inappropriate correction. 

Glomerular numbers are probably relatively constant and thus total 

dose per glomerulus can probably be taken as very nearly the same 

in animals of  different  size. 

2.14 HAEMAGGLUTINATION TECHNIQUE FOR ANTI-SHEEP 

IMMUNOGLOBULIN 

Guinea-pig (or other species) RBC were coated with sheep anti-RBC 

antibody by 30 min incubation at room temperature with a dilution of 

decomplemented antiserum that did not produce agglutination (sheep 

5, 1:4,000). The cells were then washed and resuspended in PBS to 
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make a 1% suspension. Doubling dilutions of  the test sera were made 

with PBS containing 2% absorbed and decomplemented normal rabbit 

serum as a stabiliser. The test was performed  in disposable 

microtitre plates. ('Microtitre', Cooke Engineering Co., Alexandria, 

Virginia, USA). Each sample was tested in duplicate and each plate 

contained appropriate normal saline controls and a known reference 

standard. The role of  2-mercaptoethanol (2ME) sensitive antibody 

was measured by the addition of  0.07ml of  2ME to 5ml of  sensitised 

RBC to give a final  2ME concentration of  0.0028M in the test well 

(Lehmann et al 1969). 

2.15 HISTOLOGY 

2.15.1 Light Microscopy 

Tissue for  light microscopy was fixed  in 15% buffered  formol-saline 

and processed in the usual manner. 3y sections were stained with 

Haemotoxylin and Eosin, PAS, Martius Scarlet Blue (MSB), or Silver 

Methenamine. (The slides were coded and assessed by Dr D. J. 

Evans who was not aware of  the code). PMN accumulation was 

quantitated by counting 25 successive glomeruli in each kidney under 

oil immersion. 

2.15.2 Electron Microscopy 

Material from  representative animals was fixed  in 

formaldehyde-gluteraldehyde  fixative  (Graham and Karnovsky 1966) or 

Paraformaldehyde  4% in 0.1M phosphate buffer,  post-osmicated, 

dehydrated and embedded in Epon resin. Some kidneys were fixed 

by perfusion  with fixative. 
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2.15.3 Immunofluorescence 

Tissue for  immunofluorescence  was placed on cork in OCT Compound 

(Ames Co. Ltd., Indiana, USA) and snap frozen  in liquid nitrogen 

or in precooled Arcton 12 (ICI, England) and stored in air tight 

plastic containers at -70°C. 4y sections were cut at -20°C to -25°C 

in a cryo-microtome (Slee Ltd., London) and air dried on microscope 

slides. Tissue was fixed  in dry acetone for  10 minutes (acetone dried 

with molecular sieve type 4 A (Aluminum Sodium Silicate, BDH, 

Poole,England) and washed in three changes of  PBS, each wash being 

about 5 minutes. Washing did not exceed 20 minutes at this tended 

to encourage a linear glomerular capillary staining artefact  especially 

with human and monkey renal tissue. 

The sections were then stained for  30 minutes at RT with the 

appropriate Fitc conjugate. After  a further  3 washes in PBS the 

sections were mounted with 95% glycerol 5% saline and the edges of 

the cover slip sealed with nail varnish to avoid evaporation. Normal 

tissue controls were included in each batch for  each Fitc reagent. 

All conjugates were pre-absorbed with pig-liver powder (Burroughs 

Wellcome Ltd., Beckenham, Kent) before  dilution. Fitc conjugates of 

anti-sheep immunoglobulin, anti-guinea-pig immunoglobulin, and 

anti-rabbit immunoglobuliln were purchased from  Burroughs Wellcome 

Ltd., Beckenham, Kent. Anti-goat y globulin was purchased from 

Behringwerke-Marburg-Lahn, Germany but was not superior to the 

anti-sheep y globulin. Fitc conjugates were also prepared from  the 

anti-guinea-pig C3 and anti-guinea-pig fibrin  anti-mouse 

immunoglobulin anti-mouse C3 and anti-sheep C3 anti-rabbit C3 using 

the method described by Fothergill (1969): Sodium sulphate was 

added to 5-20ml of  antiserum to a concentration of  18% and flocculation 
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was allowed to occur while the solution was stirred at 37°C for  three 

hours. The precipitate was washed three times in 18% sodium 

sulphate and then dissolved in a minimal volume of  0.9% saline and 

dialysed against 0.9% saline overnight. The protein concentration of 

the immunoglobulin should be >25mg/100ml. 

Reagents 

1. 0.2M Na2HP04 1,000ml 

2. 0.2M NaH2P04 1,000ml 

3. 0.2M Na0PO„ 50ml 
3 4 

4. Phosphate buffer  pH 9.3 (made by mixing 0.2M Na2HPC>4 20ml 

and drops of  0.2M Na 3 P0 4 to pH 9.3) . 

5. Fluoroisothiocyanate (Fitc) isomer I (BDH., Poole, England). A 

solution of  2mg/ml in conjugation buffer  (4) made up just before 

use. 

6. 0.01M Phosphate buffer  pH 7.6 

7. 0.01M Phosphate buffer  pH 7.6 with 0.2% NaCl 

8. 0.01M Phosphate buffer  pH 7.6 with 0.9% NaCl 

9. 0.4M NaH2P04 pH 7.6 

10. G 25 sephadex (Pharmacia Fine Chamicals, Upsala, Sweden) 

equilibrated in 0.01M phosphate pH 7.6 

11. DE 52 (Whatman) 

Conjugation 

2ml of  conjugation buffer  (4) was added to each lOOmg of  protein then 

lmg of  fluoroisothiocyanate  i .e 0.5ml of  solution 5. The 

fluoroisothiocyanate  was added dropwise with stirring checking that 

the pH did not fall  below 9. Stirring is continued for  one hour then 

the solution returned to pH 7.6 with 0.2M NaH„PO.. The conjugated 
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material is then passed through a 50ml G25 column (4-5 times volume 

of  conjugate) equilibrated with 0.01M phosphate buffer  pH 7.6. The 

first  protein peak was collected while the second peak containing 

unbound fluorocein  isothiocyanate was discarded. If  the conjugate 

needs absorption this should be done before  application to the DE 52 

column. In this circumstance the G25 column should be equilibrated 

with 0.9% saline and the conjugate run down a second G25 

equilibrated with the low molarity phosphate buffer  after  the 

absorption. 

The conjugate is now applied to a DE 52 column equilibrated with the 

same buffer  then eluted with one column volume of: 

1. Starting buffer  and the effluent  discarded 

2. 0.2% NaCl in 0.01M phosphate pH 7.6 and discarded 

3. 0.9% NaCl in 0.01M phosphate pH 7.6; This portion was 

kept together with the more dilute material. These latter 

fractions  had optimal fluoroscein  conjugation. 

Immunofluorescent  preparations were viewed with an Orthoplan Large 

Research Microscope (E. Leitz (Instruments) Ltd., Wetzlar, West 

Germany) with water immersion objectives using incident-light 

illumination from  a 200 watt HBO mercury-vapour source. Vertical 

illumination was through a Ploemopak 2.1 with filter  system I (2 x KP 

490 and 1mm 455 exciter filters,  TK 510 dichroic mirror and K 5.5 

supression filter).  In addition a 4mm BG 38 and diffusing  filter  were 

included in the lamphouse. When counterstaining with methyl green 

was being used the GG 455 filter  was omitted. 
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2.15.4 Photography 

(i) Fluorescent Microscopy 

Fluorescent preparations were photographed with as Orthomat W fully 

automatic microscope camera using Ilford  HP4 ASA 400 DIN27 

panchromatic monochrome film  or High speed Ektachrome daylight type 

ASA 160 DIN 23 for  colour transparencies. 

(ii) Light Microscopy 

Histology slides were photographed with the Orthomat W camera using 

Kodak Photomicrography colour film  2483 (Eastman Kodak Company, 

Rochester, NY, USA) ASA 16 DIN 13 or Agfacolour  ASA 50 DIN 18 

for  colour transparancies. Ilford  FP4 was used for  monochrome 

photography. 

(iii) Specimens 

Specimens were photographed with a Praktika LB (Penticon, Dresden, 

GDR) 35mm reflex  camera with Zeiss Jena Tesser 2.8 lens. 

Ochterlony double immunodiffusion  and other agar preparations 

required indirect illumination from  a special light box. 

2.16 Pharmaceuticals: 

Promethazine hydrochloride (Phenergan, May and Baker Ltd., 

England) 

Nitrogen Mustard - Mustine hydrochloride Injection (Boots Ltd., 

England) 

Aprotinin (Trasylol injection 100,000 KI units, Bayer Pharmaceuticals, 

Hay woods Heath, Sussex) 
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Indomethacin (Indocid) suspension (Merck, Sharpe &Dohme, U.K. 

Ltd) 

Chorpheniramine (Piriton injection, Allen & Hanburys Ltd., England) 

2.17 EXPERIMENTAL PROTOCOLS 

2.17.1 Guinea-pig experiments 

Group 1 

Dunkin-Hartley, C4d and Birmingham Heston animals were placed in 

metabolic cages for  24 hours to establish normal values for  urinary 

excretion of  albumin. Mancini single immunodiffusion  plates were used 

to estimate the albumin concentration in centrifuged  urine and all 

urines were examined qualitatively by TCA precipitation in Durham 

titre tubes. 

Group 2 

D-H and C4d animals were injected with sheep anti-guinea-pig NTg in 

doses equivalent to 0.25-4.5ml of  the original antiserum per 700g body 

weight (total protein content 6-75mg/700g). Subsequently animals 

were given 1ml per 700g (38-42mg/700g) in most experiments. See 

plate 2.7 for  schematic explanation of  nephrotoxic nephritis model. 

Group 3 

D-H animals were injected with goat anti-guinea-pig NTg 5-6ml/700g 

(80-240mg/700g) and studied as above. 

Group 4 

D-H and C4d animals were injected with rabbit anti-guinea-pig NTg 

(10-20mg/700g). 
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Plate 2.7 

NEPHROTOXIC NEPHRITIS PROTOCOL 

Schematic representation of  the basic nephrotoxic nephritis 

protocol used in these experiments. 
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Group 

D-H and C4d animals were decomplemented with i/p injections of 

Cobra Venom Factor (CVF) starting four  days prior to the induction 

of  NTN (as in Group 2). 

Group 6 

D-H animals were depleted of  polymorphonuclear leucocytes (PMN) 

with mustine hydrochloride 1.75mg/kg IV three days prior to the 

induction of  NTN. 

Group 7 

D-H animals were PMN depleted with 5ml of  rabbit anti-guinea-pig 

PMN serum ip one hour prior to the NTg. 

Groups 8 and 9 

D-H and C4d animals were given the 

or the IgGy2 (slow) subclass (Group 

appropriate normal sheep yl and y2 

above. 

IgGyl (fast)  subclass (Group 8) 

9) of  the NTg together with the 

IgG as markers and studied as 

was injected in equivalent molar 

Group 10 

The pepsin digest F(ab")2 of  yl NTg 

dose to the native parent yl NTg. 

Groups 11 and 12 

The Fab' (pepsin-cysteine) and Fab (papain) digestion fragments  were 

injected in equivalent molar dose to the undigested yl NTg. 
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Group 13 

D-H animals were given promethazine hydrochloride 15mg/kg ip or 

chlorpheniramine maleate 4mg/kg ip one hour before  the NTg and at 3 

and 16 hours. 

Group 14 

Aprotinin 100,000 Kallikrein inactivator units per 24 hours was given 

by continuous IV infusion  prior to the NTN induction and until 

sacrifice  at 24 hours (within Group, control animals were infused  with 

0.9% sodium chloride). 

Group 15 

D-H animals were given indomethacin 5mg by gavage 1-2 hours before 

the NTg and 2.5mg at 1-2 hours, lOmg at 8 hours and 5mg at 19 

hours after  the NTg. 

Group 16 

D-H animals were given 10-20mg of  sheep Fab NTg followed  24 or 48 
125 

hours later by rabbit-anti-sheep IgG labelled with I and normal 

rabbit IgG labelled with " A I . 

Group 17 

D-H animals were given NTg 0.7ml per 700g then challenged 5 days 

later with rabbit-anti-sheep IgG globulin (double radio-isotope label 

as in Group 16). 
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Group 1 

D-H animals were given 10-30mg of  Fab or Fab' NTg followed  10-15 

minutes later by whole NTg (double radiosotope label). 

Group 19 

D-H and C4d animals were given NTg lml/700g and proteinuria, 

anti-sheep immunoglobulin titre, serum urea and serum C3 followed 

for  16 days. Animals were sacrificed  for  histology at intermediate 

times. 

Group 20 

D-H and C4d animals were given NTg lml/700g together with the im 

injection of  1 or 2mg of  normal sheep IgG in CFA and followed  as for 

Group 19. Some animals were killed at 28, 35, 42 and 49 days. 

Group 21 

D-H and C4d animals were given NTg lml/700g four  days after  im 

normal sheep IgG 1 or 2mg in CFA and followed  as for  Group 19. 

Group 22 

D-H animals were given daily or alternate day doses of  NTg either ip 

or iv or both and killed from  5 to 16 days later. 

2.17.2 MOUSE EXPERIMENTS 

There were five  groups of  animals in C3 depletion studies: 

1. Normal CBA animals injected with saline. 

2. Thymectomised (TXB) and irradiated CBA animals injected 
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with saline. 

3. TXB CBA animal injected with CVF 

4. Normal CBA animals injected with CVF 

5. TXB NZB/W animals injected with CVF 

After  an initial settling down period when blood was taken twice 

weekly for  C3 estimation, complement levels were measured once 

weekly, before  the next injection of  CVF. Thus, the C3 levels taken 

at this time would be expected to be at the highest during that week. 
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MATERIALS AND METHODS 

II HUMAN STUDIES 

2.18 IMMUNOLOGICAL REAGENTS 

2.18.1 Human Ciq: 

Human Ciq was prepared by two methods. The first  was based on 

that described by Yonemasu and Stroud (1971). Fresh whole human 

blood, was kindly donated by the Auckland Blood Transfusion  Centre. 

It was allowed to clot in glass and then 130ml of  fresh  serum was 

dialysed against U of  0.026MEGTA pH 7.5 conductivity 3.48mMho/cm 

for  four  hours at 4°C. The buffer  was changed to a second litre of 

the same solution and dialysis continued for  another eleven hours at 

4°C. The precipitate was separated and washed once with a small 

amount of  fresh  EGTA buffer  and then dissolved in 32ml of  0.75M 

NaCl in 0.02M acetate buffer  containing 0.1M EDTA pH 5, 

conductivity 71mMho/cm. The solution was then centrifuged  to 

remove insoluble aggregates and the clear solution dialysed against 4£ 

of  0.06M EDTA pH 5, conductivity 7.25mMho/cm for  four  hours at 

4°C. The new precipitate is separated and washed once with fresh 

0.06M EDTA buffer  then dissolved in 32ml of  0.75M NaCl in 0.005M 

phosphate buffer  containing 0.01M EDTA pH 7.5, conductivity 

71mMho/cm. This solution is centrifuged  to remove insoluble 

aggregates and then dialysed against 4z of  0.035M EDTA pH 7.5, 

conductivity 7.5mMho/cm for  5 hours at 4°C. The precipitate is 

separated and washed once with fresh  0.035M EDTA buffer, 

redissolved in a minimum amount of  0.75M NaCl in 0.02M acetate 

buffer  containing 0.01M EDTA ph 7.5, conductivity 71mMho/cm. The 
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Plate 2.8 

LOW MOLARITY PRECIPIATION OF Clq 

(a) Ochterlony double diffusion 

1 
4 5 2 

3 

1 
4 6 2 

3 

1. Whole human serum 

2 Supernate first  precipitation of  Clq (conductivity 3.48 

mMho) 

3 Supernate second precipitation of  Clq (conductivity 7.5 

mMho) 

4 Dissolved precipitate second precipitation 

5 (left)  anti human Clq 

6 (right) anti whole human serum 

Note the complete precipitation of  Clq in the first  dialysis but 

subsequent loss in the second supernate. Contamination with 

other serum proteins is still evident in the second precipitate. 

(b) supernate final  dialysis 

anti human serum • • . antihuman Clq 

precipitate final  dialysis 

Note the contamination of  the final  precipitate with at least one 

serum component. The Clq has variable diffusion  velocity 

suggesting aggregation in the band nearest the well. 
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insoluble aggregates are removed by centrifugation  and then the 

solution is dialysed against Uof  0.1M phosphate buffer  pH 7, 

conductivity 25mMho/cm for  4 hours at 4°C. After  dialysis the 

protein concentration is estimated, the Ciq placed in suitable aliquots 

and stored at -70°C until needed. See plate 2.8. 

Alternatively, Ciq was prepared from  human serum by affinity 

chromotography on heparin-sepharose and rabbit IgG-sepharose 

(McKay, 1981). In brief,  normal human serum was added to a 

heparin-sepharose column after  equilibration with 0.05M Tris/HCl, 

0.15M NaCl, 0.02M EDTA. The proteins bound to the 

heparin-sepharose were eluted by an increasing linear NaCl gradient. 

The Ciq containing fractions  were pooled and dialysed against 0.05M 

Tris hydrochloride, 0.02M EDTA in 0.1M NaCl and applied to a column 

of  rabbit IgG-sepharose (total IgG bound 250mg), equilibrated with 

the same buffer.  The Ciq was eluted from  the IgG column with an 

increasing linear NaCl gradient. The eluted Ciq was stored in a 

buffer  containing 0.05M Tris, 10% sucrose, 0.05M EDTA in 1M NaCl 

pH 8. Aliquots of  2-4mg/ ml stored at 4°C retained their activity for 

more than 90 days. This preparation was less contaminated with 

other serum proteins and had less aggregated Ciq. 

Some human Ciq prepared as above was received as a kind gift  from 

Dr E. J McKay, Department of  Immunobiology, University of  Auckland 

School of  Medicine. 
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2.18.2 CONGLUTININ (K) 

Bovine conglutinin was prepared from  fresh  Ox serum by elution from 

baker's yeast using the method described by Lachmann and Hobart 

(1968). 

2.18.3 AGGREGATED HUMAN IMMUNOGLOBULIN 

Aggregated human immunoglobulin was prepared by heating normal 

human immunoglobulin (CSL Australia) at 63°C (measured inside the 

reaction tube) for  20 minutes at a concentration of  20mg/ml in PBS 

(oxoid). The resultant solution was centrifuged  at 2,000 x g for  30 

minutes and stored at -70°C until use. Aggregates were incubated at 

37°C in the presence of  fresh  normal human serum for  30 minutes 

immediately before  use in the assays. 

2.18.4 ANTI-HUMAN IgG 

Anti-human IgG was raised in NZW rabbits. Human IgG was purified 

on DEAE cellulose (Watman DE 52) followed  by gel filtration  on 

sephacryl S300 (Pharmacia). Animals were injected with lmg pure 

IgG in 1ml PBS emulsified  with CFA. Serum obtained from  animals was 

passed through an affinity  column of  sepharose 4B (Pharmacia) 

coupled with the IgG preparation used for  immunisation. Specific 

antibody was eluted with 0.56M glycine/HCL buffer  pH 2.8 in 0.15M 

NaCl and brought to pH 7 immediately by the addition of  4M Tris 

buffer.  Eluted protein was concentrated to 4mg/ml using Lyphogel 

(Gelman) and after  dialysis against PBS was stored in aliquots at 

-20°C. The antibody gave a single precipitin arc in 

immunoelectrophoresis against normal human serum. 
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2.18.5 Other antisera 

Antisera to lipoprotein fractions  were raised in NZW rabbits as 

described above. Antisera to serum proteins were obtained as 

follows: 

Normal human serum, IgG, HDL and C-reactive protein 

(Behringwerke), orosomucoid, ctl antitrypsin, oi2 macroglobulin, IgM 

and IgA (Dako), C3 (Kallestad), fibrinogen  and albumin (Atlantic 

antibodies). 

2.19 RADIO IODINATION 

Ciq, K and anti-human IgG were all labelled using the lactoperoxidase 

method of  Marchalonis (1969). 

2.20 ELECTROPHORESIS METHODS 

2.20.1 Immunoelectrophoresis (IEP): was carried out on preprepared 

plates (Kallestad). Agarose electrophoresis (AEP) was performed  in 

0.5 and 1% agarose (Induboise, IBF, France) horizontal slabs using 

Gel Bond Film (Marine colloids) as support medium in 0.05M barbital 

buffer  pH 8.6 (Kallestad) containing 0.5% triton X100. A modified 

charge/shift  electrophoresis after  Helenius and Simons (1977) was 

performed  as follows:  agarose gels as described above were 

supplemented with 0.5% deoxycolate (DOC) (Sigma) as was the 

electrophoresis buffer.  Samples for  these gels were pre incubated 

before  electrophoresis with an equal volume of  5% DOC and 0.05M 

barbital buffer  pH 8.6 at 35° for  120 minutes. Sodium dodecyl 

sulphate polyacrylmade gel electrophoresis (SDS-PAGE) was performed 

in flat  horizontal gels using a LKB multiphore apparatus and the 

method supplied with the equipment (Fehrnstrom and Moberg, 1977). 
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SDS-PAGE high and low molecular weight calibration kits (Pharmacia) 

were run in all gel slabs in order to determine molecular weights. 

Agarose and polyacrylamide gels were stained with Coomassie brilliant 

blue (R250) (Chroma). 

2.20.2 Microzone electrophoresis 

Microzone electrophoresis for  lipoprotein was performed  on cellulose 

acetate strips (Chemetron, Italy) in 0.05M barbital buffer  pH 8.6 as 

described by Kohn (1957) using a Beckman R101 zone electrophoresis 

cell. Electrophoresis strips were stained with oil red 0 by the method 

of  Papadopoulous and Kintzios (1969). 

2.21 Chemical analyses 

Initially crude chemical composition of  high molecular weight IC 

activity was determined by drying samples in pre-weighed tubes at 

60°C until no further  weight loss occurred. Extractions were 

performed  twice with diethyl ether and water after  which tubes were 

centrifuged,  the supernatants transferred  to other tubes, all tubes 

dried at 60°C and re-weighed. Control tubes were included for  all 

operations. Protein estimations were performed  by the Folin-Lowry 

method and lipids were extracted by the method of  Folch, Lees and 

Sloane-Stanley (1957). After  extraction lipids were chromatographed 

on thin layer plates obtained commercially (Merck) by the method of 

Hannan et al (1980). After  the plate had been developed and dried 

the coloured area corresponding to each class of  lipid was scraped 

from  the plate with a small spatula, and after  treatment to produce 

methyl esters was analysed by gas-liquid chromotography using an HP 

5700A gas chromatograph (Hewlett Packard). 
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2.22 Chromotography 

Preparative gel filtration  chromotogrpahy was performed  on sepharose 

2B, 4B and 6B (Pharmacia) on 100cm columns (Pharmacia K16/100). 

Analytical gel filtration  chromotography with the same gels plus 

sephadex G200 (Pharmacia) was performed  on 50 and 15cm columns 

(Pharmacia SR10, 50/15). In both preparative and analytical 

separations flow  rates and sample volumes were i those recommended 

to the manufacturer. 

Sucrose density gradients of  10-40% were prepared as described by 

Hames (1978) in polyallomer tubes using a simple two-chamber 

gradient mixer. Samples (0.5ml) were loaded and the tubes were 

centrifuged  at 100,000 x g for  15 hours (SW65L Rotor, L265B 

Beckman ultracentrifuge). 

2.23 Isolation of  lipoproteins 

Lipoproteins were separated from  serum and plasma by the method of 

Havel, Eder and Bragdon (1955) (HEB) using one modification.  An 

equivalent density sucrose solution was added to the bottom of  each 

tube in place of  the 2M NaCl as high ionic strength solutions 

produced interference  in the CDV. 

2.24 Preparation and Storage of  sera 

Serum and plasma were stored at -20°C or -70°C in small aliquots and 

thawed only once. Blood was allowed to clot in glass for  two hours 

at RT prior to separation and storage. 
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2.25 IMMUNE COMPLEX ASSAYS 

The immune complex assays were often  developed and improved so 

where relevant the initial and subsequent methods are included. 

Examples of  standard curves and distribution of  normals for  Clq 

deviation and Clq solid phase assays are published in Smith and 

Simpson (1984). 

2.25.11 Clq DEVIATION TEST (CDV) 

The CDV was carried out as described by Sobel, Bokisch and 

Muller-Eberhard (1975) with the following  modifications: 

The test sera was centrifuged  at 2000rpm for  30 minutes to remove 

aggregates. Each sample was tested in triplicate together with 

positive and negative controls. 50yl of  serum lOOyl normal saline and 

lOOyl sucrose veronal buffer  were mixed in a disposable plastic tube 

(mixture pH 7.2, conductivity 9mMho/cm). The tube was incubated 

for  30 minutes at 56° C then cooled to room temperature. A 
125 

previously determined dilution of  I Clq was added and incubated 

for  15 minutes at RT. 200yl of  freshly  sensitised sheep red blood 

cells were added and incubated for  a further  15 minutes at RT. 150yl 

of  40% sucrose in phosphate buffer  were added to microfuge  tubes and 

200yl from  each test was carefully  layered on to each prepared 

microfuge  tube which was then spun for  5 minutes in a microfuge 

(13,000 x g) . The whole tube was then counted in the gamma 

counter, the supernate removed and the tube cut off  just above the 

pellet using wire snippers. The pellet was then counted in the 

gamma counter. 
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125 To calculate I Ciq uptake: 

Counts in pellet X 100 

Total (Whole tube) counts 

To calculate the percentage inhibition of  Ciq upkake: 

% Ciq uptake in neg. control - % Ciq uptake in test x 100 

% Ciq uptake in neg. control 

125 

To determine appropriate dilution of  I Ciq (Uptake Test) 

After  labelling a fresh  batch of  Ciq, it was tested using sensitised 

SRBC and various dilutions of  1 2 5 I Ciq in order to determine the 

dilution that gave the optimum uptake and a satisfactory  number of 

counts per second. 

Sensitised sheep red blood cells 

Sheep red blood cells were purchased from  a commercial source 

(Laboratory Services, Auckland Ltd) and a standing weekly or 

fortnightly  order was maintained. Rabbit haemolytic serum was 

purchased from  either Wellcome or Hoechst Behringwherke. To 

reduce the number of  standardisation experiments necessary a large 

quantity of  haemolytic serum from  the same batch was ordered. The 

optimal amount of  antibody for  maximum uptake of  Ciq was calculated 

using various dilutions of  the haemolytic serum. 

52 



To sensitise cells: 

1. 10ml SRBC in Alsevers are washed three times with 

gelatin veronal buffer  (GVB). 

2. A 10% dilution of  SRBC pellet and GVB is made ( i .e . 2ml pellet + 

18ml GVB). 

3. Rabbit haemolytic serum is added (approximately 150yl Wellcome 

or approximately 75yl, Hoechst) to7.5ml GVB and added to 2.5ml 

of  the 10% dilution of  SRBC. 

4. Incubate for  30 minutes at 37°C. 

5. Wash three times with sucrose veronal buffer  (SVB). 

6. Make a 10% dilution of  the pellet in SVB. This yields 

approximately 1ml of  pellet or 10ml of  diluted sensitised SRBC 

for  the CDV. 

Buffers  for  Clq deviation test (First Method): 

40% sucrose in 0.05M phosphate buffer,  pH 7.0 

A. (500ml) 3.549gm Na2HP04 

200gm sucrose 

B. (500ml) 3.9gm NaH2P04 

200gm sucrose 

Mix to pH 7.0 (approximately 200ml A and 100ml B). Aliquot into 

10ml quantities and freeze  at -20°C. 

Sucrose Veronal Buffer,  pH 7.2 (fresh  each week) 

92.5gm sucrose 

5.1545gm barbitone sodium 

lml 10% w/v MgCl9 
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FIGURE 2.2 

Ciq DEVIATION ASSAY 

(a) Percentage inhibition of  Ciq uptake in response to 

aggregated human IgG added to normal serum. 

(b) Graph showing relative sensitivity of  assay in situations of 

antibody and antigen excess. Fixed amounts of  rabbit 

anti-BSA were mixed with doubling dilutions of  BSA. 

After  precipitation the precipitate protein concentration 

and the Ciq deviation of  the supernate were plotted as 

shown. The assay was strongly positive in all tubes but 

more so in antibody excess. Haemolytic complement 

activity was not inhibited by the supernate - showing that 

this assay technique is often  not as sensitive as the Ciq 

assays for  the detection of  IC. 
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0.25ml 10% w/v CaCl2 

Adjust to pH 7.2 with conc. HCL, and conductivity to 3mMho/cm with 

NaCl. One litre. 

Gelatin Veronal Buffer,  pH 7.5 (fresh  each week) 

4.191gm NaCl 

0.15gm barbitone sodium 

0.26gm barbituric acid 

0.5gm gelatin (dissolve before  adding) 

Dissolve in 500ml distilled H 2 0 , and adjust to pH 7.5. 

Graphs of  original standard curve, sensitivity in antibody excess and 

antigen excess, DNA sensitivity and responses in 3 patients with SLE 

are shown in figures  2.2-2.4. 

2.25.12 Ciq DEVIATION ASSAY (CDVE) 

Method 2 using enzyme linked Ciq: 

In this method solid phase AHG is substituted for  sensitised sheep 

red blood cells and enzyme linked Ciq used. Serum (25yl) was added 

to lOOyl of  complement fixation  test diluent (Oxoid) containing 0.05% 

Tween (CFT-Tween) and incubated at 56°C for  30 minutes in an 

uncoated microtitre tray. After  the wells had returned to RT, lOOyl 

of  a suitable dilution of  enzyme-labelled Ciq was added. Fifteen 

minutes later a 200yl aliquot from  each well was transferred  to 

corresponding wells which had previously been coated with AHG at 

lOyg/ml. 
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FIGURE 2 .3 

(a) Clq DEVIATION ASSAY IN RESPONSE TO DNA 

A dose response curve for  native DNA added to normal 

serum. The assay is shown to be very effective  in 

detecting as little as 5yg of  native DNA/ml of  serum. This 

is a potential source of  false  positive results. 

(b) This second dose response curve shows the complete 

abrogation of  DNA reactivity in the assay by the addition 

of  DNAse. 
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After  a further  15 minutes incubation the wells were washed three 

times with CFT-Tween and 200yl of  substrate added. After  a 45 

minute incubation at room temperature the reaction was stopped and 

the developed colour measured on an automated ELISA plate reader. 

The assay results were expressed as yg equivalents of  AHG. For the 

CDVE an exponential regression analysis was performed  on the AHG 

standard curve and values for  test results interpolated. 

Coating of  wells with AHG 

The coating was carried out with an overnight incubation with AHG 

20mg/ml at 4°C and then the wells were washed three times in PBS 

and incubated with 380yl of  1% BSA (Sigma A-2153) in PBS for  two 

hours at RT to block any remaining protein binding sites. The wells 

were washed three times with PBS, 0.05% Tween 20 (PBS-Tween) and 

either used immediately or stored dry at 4°C. 

2.25.21 THE Ciq SOLID PHASE ASSAY (CSP First Method) 

The Ciq solid phase was initially carried out as described by Hay, 
125 

Nineham and Roitt (1976) using a I labelled affinity  purified 

anti-human IgG and the following  modifications: 

The assay involves the binding of  Ciq to plastic tubes which in turn 

allows the isoloation of  immune complexes on the tube wall. Purified 

human Ciq was stored in aliquots suitable for  coating 120 tubes. The 

aliquot was thawed and added to 120ml of  PBS (Oxoid). 1ml volumes 

of  the Ciq solution were incubated in polystyrene tubes for  three 

days at 4°C. After  three washes with PBS the tubes were filled  with 

0.1% gelatin in PBS and incubated at room temperature for  two hours. 
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FIGURE 2. 

TYPICAL Clq DEVIATION ASSAY RESPONSES IN 3 PATIENTS WITH 

SYSTEMIC LUPUS ERYTHEMATOSUS 

(a) Patient S: male aet 22 with lupus nephritis. Clq 

deviation before  and during treatment. Heavy proteinuria 

disappeared about the time the Clq deviation test became 

negative in November. In general the assay became 

negative in patients with inactive disease. 

(b) Patient R: female  aet 19 with severe active lupus 

nephritis and vasculitis. Disease remained active despite 

therapy with prednisone and azathioprine. Addition of 

DNAase to serum did not alter the degree of  reactivity. 

This suggests that free  native DNA was not an important 

contributor to the Clq deviation. 

(c) Patients H and S: females  aet 28 and 19 with systemic 

lupus erythematosus. Note that the addition of  DNAase 

made no difference  to the Clq deviation. This suggests 

the detection of  'true' immune complexes in this assay. 
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After  three more washes with PBS the tubes were used in the assay 

and can be stored at 4°C for  no longer than two weeks. 

Test Procedure: 

50yl of  test serum was mixed with lOOyl 0.2M disodium EDTA pH 7.5 

in polystyrene tubes and incubated for  30 minutes at 37°C. The 

mixture was then transferred  to an ice bath. Duplicate 50yl samples 

from  these were placed in the Clq coated plastic tubes together with 

950yl of  PBS-Tween. The tubes from  the first  incubation were now 

discarded. The Clq tubes were incubated at 37°C for  one hour and 

30 minutes at 4°C. Unbound proteins were removed by washing three 

times with cold PBS. The washing procedure was simple, the wash 

fluids  being tipped out simultaneously from  a whole rack. 1ml of 
125 

PBS-Tween was then added to each tube followed  by 50yl of  I 

anti-human Fab. The tubes were incubated again at 37° for  60 

minutes and at 4°C for  30 minutes after  which the tubes were washed 

three times with cold PBS-Tween. For this wash the contents of  the 

tubes were aspirated using suction. The tubes were counted for 
125t 1 • 

The results were expressed as ng of  anti-human Fab bound per tube 

or in AHG equivalents from  a standard curve. 

2.25.22 Clq SOLID PHASE (CSPE) 

Second method using enzyme labelled Clq: 

1. A 25yl sample (serum, AHG or PBS) was added to uncoated 

microtitre wells followed  by 200yl 0.2M EDTA pH 7.5, 0.05% 

Tween and incubated at 37°C for  30 minutes. 
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2. 25yl was transferred  to Ciq coated wells and 175yl CSP 1 added. 

An incubation was carried out at 37°C for  30 mins followed  by 

4°C for  30 mins. 

3. Wash 3X with CSP 1 and 200yl peroxidase-labelled anti human 

IgG diluted in CSP 1 (dilution of  this reagent was determined by 

using the AHG standard curve so that lOyg AHG = OD 1.5-2.0) . 

Incubation at 37°C for  60 mins followed  by 4°C for  30 mins. 

4. Wash 3X with CSP 1 and appropriate substrate added (200yl/well) 

and after  incubating for  15 minutes, reaction stopped and read 

in plate reader. 

Materials and buffers  for  CSP 

Ciq coated wells 

(i) Microtitre trays were incubated with Ciq 5yg/ml 

(200yl/well) diluted in PBS (Oxoid). Incubation for 

48 hrs at 4°C. 

(ii) Wells washed 3X with PBS. Incubation for  2 hrs at RT 

with PBS, 1% BSA. 

(iii) Wells washed 3X with PBS, 0.1% gelatin, 0.05% Tween, 

pH 7.2 and stored at 4°C. 

0.2M EDTA pH 7.5 

Dissolve 33.62g Na2 EDTA in 400ml distilled H 2 0 and add 5ml 5% 

Tween 20. Adjust pH with IN NaOH and make up to 500ml with 

distilled H 2 0 . 

CSP1 

PBS (Oxoid) containing 0.05% Tween 20. 
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2.25.31 Clq BINDING ASSAY (CBA) 

Zubler et al (1976). This test relies on the insolubility of  Clq bound 

macro-molecules in the presence of  polyethyleneglycol. 

1. 50yl of  test serum was added to lOOyl of  0. 2M disodium EDTA pH 

7.5 in a 75 x 12mm test tube and incubated at 37°C for  30 

minutes. 
125 

2. The tubes were left  for  one hour at RT and then 50yl of  I 

Clq together with 0.2ml of  cold CBA PEG solution was added and 

the tubes placed in the fridge  or cold room for  60 minutes. 

3. All tubes were centrifuged  at 3000 x g for  ten minutes at 0°C. 

4. After  centrifugation  the supernatants were aspirated using 
suction in the radioisotope lab and the complete tubes counted 

125 

for  I. Results were expressed as the % of  added Clq 

remaining or as yg equivalents of  AHG. 

CBA-PEG buffer 

Dissolve 31.25g of  PEG 6000 in 500ml PBS stock. Add 10ml 5% Tween 

20, check the pH is 8.3 and make up to 1 litre. The conductivity 

should be <15mMho. 

BBS STOCK (2 times strength) 

Dissolve 13.93g anhydrous boric acid, 19.07g Na2 B407.10 H 2 0 , 8.77g 

Na CI, 20mls 5% Tween 20 in 800mls distilled water and make up to 1 

litre. 

2.25.32 Clq BINDING ASSAY (CBAE) 

Second Method Clq binding assay using enzyme linked Clq: 

This is a modification  of  the above method substituting 

enzyme-labelled Clq and adapted to a microtitre plate system. Serum 
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(30yl) and 50yl of  0. 2M disodium EDTA pH 8.2 were added to 

"Removawells" (Dynatech Laboratories) and incubated at 37°C for  30 

minutes. Enzyme labelled Ciq (20yl suitably diluted in BBS-Tween 

(see above) was added followed  by 200yl of  3.75% PEG in 

BBS-Tween. The PEG was dissolved in BBS-Tween on the day of 

testing and the final  PEG concentration was 2.5% in the well. The 

wells were incubated at 4°C for  60 minutes and then centrifuged  at 

3000 x g for  30 minutes at 4°C. In order to centrifuge  Removawells 

the removawell holders were cut to fit  the bottom of  a centrifuge 

bucket. The supernatants were removed by aspiration. The 

appropriate substrate dilution (200yl) was added to each well and 

incubated for  20 minutes at room temperature and then the reaction 

stopped. Appropriate dilutions for  the Ciq conjugates were 

determined for  each batch using dilutions of  the Ciq conjugate and 

the AHG standard curve. The approximate usage of  conjugates was 

50ng/test. For the CBAE a logarithmic regression analysis was 

performed  on the AHG standard curve and the values for  test results 

interpolated. 

2.25.4 CONGLUTININ BINDING ASSAY (KBA) 

This method is a modification  of  that described by Macanovic and 

Lachmann (1979). 50yl of  test serum was mixed with lOOyl of  buffer 

(made up from  1 Oxoid complement fixation  test buffer  tablet 

dissolved in 50ml of  warm distilled water and with the addition of  1ml 

of  1M calcium chloride and 1ml of  5% Tween-20 and made up to 100ml), 
125 

and 50yl of  I conglutinin in 75 x 12mm polystyrene tubes and 

incubated at 37°C for  15mins followed  by 90mins at 4°C (ice bath in 

cold room or fridge). 
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0.8ml of  cold KBA-PEG buffer  was then added and mixed. The 

buffer  consisted of  25g of  PEG 6000 in 500ml BBS stock with the 

addition of  10ml 5% Tween-20, 10ml IM Calcium chloride and distilled 

water to 1 litre. It is necessary to check that the pH is 8.3 and 

conductivity <15mMho. BBS stock is described above in the CBA 

assay. 

The tubes were incubated in the cold room or fridge  (still in the ice 

bath) for  another 90 minutes and then centrifuged  at 5000 x g for  20 

minutes. 

After  centrifugation  the tubes for  this test were handled identically to 

the CBA. Results were expressed in terms of  the % of  conglutinin 

precipitated as described for  the CBA. 

2.25.5 POLYETHYLENE GLYCOL PRECIPITATION ASSAY (PEG) 

lml of  4% PEG 6000 (BDH) was added to an equal volume of  serum and 

incubated overnight at 4°C before  centrifugation  at 5000 x g for  10 

minutes. The pellet was washed x 3 with cold 2% PEG and 

redissolved in 0.5ml of  saline. IgG and IgM in the redissolved 

precipitate were measured in a fluoronephelometer  (Technicon) using 

monospecific  nepholometric antisera (Technicon). The results were 

expressed as a % of  the total serum IgG and IgM. 

2.25.6 Bovine spermatozoa Fc receptor binding assay was carried out 

as described by Witkin et al (1980) 
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2.25.7 Platelet aggregation test (PAT): 

0.1ml of  test serum was mixed with 0.5ml of  platelet-rich group 0 

plasma and placed in a stirred siliconized glass cuvette in an 

aggregometer (model AG2 Bryston Manufacturing  Ltd, Canada) which 

had previously been set to 0 with platelet rich plasma diluted to 50% 

and to a maximum with platelet free  plasma. 

2.25.8 Inhibition of  rheumatoid factor  Assay (RF): 

RF inhibitory activity was demonstrated by measuring the ability of 

sera and lipoprotein fractions  to prevent the aggregatation of  IgG 

coated latex particles by a standard rheumatoid factor  (Ortho RA 

test, Ortho Diagnostics, Belgium). 

2.25.9 Practical information  for  performing  the immune complex 

assays: 

Introduction: 

Usually four  assays were performed  on the same set of  samples on the 

same day. In order to achieve this it was necessary to label tubes 

and racks and make up any solutions required the day before.  GVB 

must be made up fresh  each week. Sucrose veronal buffer  and 40% 

sucrose phosphate buffer  were stored in aliquots in the -20° freezer 

and were thawed at 37°C on the day of  the test. Any excess of  the 

latter two buffers  was discarded and a new aliquot used when the 

test was next performed.  All other buffers  were renewed monthly if 

they were not used up. 

61 



Schedule: 

1. Start sensitation of  sheep red blood cells. 

2. Remove samples from  freezer,  if  at -20°C they can be thawed 

immediately at 37°C. If  at -70°C they were left  at room 

temperature until begining to thaw and then placed in 37° water 

bath. 

3. When test samples were thawed they were mixed with the vortex 

mixer and spun at RT at 2000rpm for  30 minutes (Haraeus Christ 

Cryofuge).  Immediately after  this spin the centrifuge 

temperature was adjusted to 4°C. 

4. While samples were spinning appropriate buffers  were added to 

the tubes for  each assay and AHG dilutions prepared and 

incubated. 

5. 50yl of  each sample was added to the tubes for  each assay using 

the Oxford  microdoser repeating pipette and a new tip used for 

each sample. 

6. Thereafter  the individual assay instructions were followed. 

7. The microdoser pipette was always used for  radioactive solutions 

(disposable tips). 

8. The KB A was started first  since it required the longest 

incubation. 

9. Incubations at 4°C and room temperature were not critical in 

length as long as they were not shortened. 5-10 minutes longer 

at these temperatures did not alter the assays. Incubation times 

at higher temperatures however, were strictly observed. If  time 

was not available to carry out the next step immediately, then 

the tubes were put in the cold room in the interim. 
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2.25.10 Normal ranges for  immune complex assays 

The normal range for  each assay was determined from  80 normal blood 

donor sera and abnormal results were considered to lie more than 2SD 

above the mean. Saline and known positive controls were used to 

control inter-assay variation. See Smith and Simpson 1984. 

2.26 Substrates for  enzyme-labelled reagents 

2.26.1 Peroxidase 

2.26.11 O-phenylenediamine (Opd) (for  ELISA) 

Opd 40mg/100ml total solution in 25ml 0.2M Na 2 HP0 4 , 25ml 0.1M citric 

acid and 50ml was dissolved in distilled water on the day of  use. 

This solution was stored in a dark cupboard if  it was not going to be 

used within 20 minutes. Immediately before  use 40yl/100ml of  a 

solution of  30% H 2 0 2 , was added. The reaction was stopped with 

3.125M sulphuric acid at the rate of  40yl/200yl substrate. 

2.26.12 0-dianisidine (for  electrophoretic blots) 

Approximately 1ml 1% 0-dianisidine in methanol was made and 780yl of 

this solution was added to 100ml 0.1M acetate buffer  pH 5 at room 

temperature. Immediately before  use, 20yl of  30% H2C>2 was added. 

Blots should develop in about 5 minutes. The reaction was stopped 

by washing in water. 

2.26.2 Alkaline Phosphatase 

p-nitrophenylphosphate 

Buffer:  97ml diethanolamine, 800ml H 2 0 , 0.2g NaNg, lOOmg MgCl2. 

6H 2 0 . Bring pH to 9.8 with 1M HCL and made up to U . Stored at 

room temperature in an amber bottle. 
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p-nitrophenyl phosphate (lmg/ml) was dissolved in the above buffer 

on the day of  use with 3M NaOH (50yl substrate). 

2.27 Patients and normal controls 

Patient groups are described in the relevant chapters. 

2.28 Anti-GBM antibody 

Anti-GBM antibody was measured with a radioimmunoassay employing 

collagenase solubilised human GBM as antigen. A standard double 

antibody technique was used and the results were expressed as % 

binding of  the radiolabeled antigen (Wilson et al 1974 "and 1980). 

Normal sera showed <1% binding. These assays were carried out in 

Dr Curtis B. Wilson's Laboratory at the Scripps Clinic and Research 

Foundation La Jolla, California. 

2.29 Statistical analyses 

Statistical analysis was usually carried out using the Mann Whitney 'U' 

test or Wilcoxon Rank Sum test for  population differences  and the 

Kendall Tau test for  correlation of  non-parametric distributions 

2.30 C-Reactive Protein (CRP) 

Serum CRP was measured using an enzyme-linked immunosorbent 

assay (ELISA). Microtitre trays (Nunc Immunoplate I) were coated 

with goat anti CRP (Atlantic IgG fraction)  1:1000 in PBS (Oxoid), 

200yl/well, at 4°C, for  18 hours. The wells were then blocked using, 

PBS 1% BSA, 380yl/well, for  2 hours at 25°C. Serum samples diluted 

1:4000 in PBS 0.05% Tween 20 (Sigma) were then added (200yl/well) 

and incubated for  1 hour at 25°C. The wells were then incubated 

with 
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200yl of  biotin labelled anti CRP (Atlantic IgG fraction,  labelled as 

described by Bayer et al, 1979) for  1 hour at 25°C. After  a final 

incubation for  30 minutes with horseradish peroxidase-Avidin D 

(Vector Laboratories) 50ng/well, colour was developed using 

O-phenylenediamine, (Voller et al, 1979). Following each of  the above 

incubations the wells were washed three times with PBS-Tween except 

for  the coating incubation where Tween was omitted. A suitable 

standard curve was constructed using a nephelometric standard serum 

(Atlantic CA7). 

2.31 Enzyme Conjugation 

2.31.1 Conjugation of  human Clq to horseradish peroxidase (HRP) 

was carried out by a modified  method after  Wilson and Nakane (1978). 

HRP (Sigma type VI) (1.5mg), was dissolved in 200yl distilled water 

and 60pl fresh  0.1M NaI04 was added and the mixture stirred for  20 

minutes at room temperature. This solution was dialysed against IM 

NaCl, ImM sodium acetate pH 4.4 overnight. The activated 

peroxidase solution was removed from  the dialysis bag which was then 

rinsed with lOOyl of  dialysis buffer.  The dialysed solution and 

rinsings were added to 60mg of  sucrose and mixed with 1ml of  0.1M 

Na 2 C0 3 , IM NaCl, 10% sucrose pH 9.2 containing 3mg of  Clq. The 

pH of  the mixture was adjusted to 9.2 if  necessary with 0.2M 

NagCOg. After  stirring for  two hours at room temperature 0.1ml 

fresh  4mg/ml NaBH4 was added and after  2 hours at 4°C, free 

peroxidase was removed on a column of  sephacryl S-300 (Pharmacia) 

equilibrated with 0.05M Tris, IM NaCl, 0.02M EDTA and 10% sucrose. 

This conjugate is best stored diluted 1:10 in PBS (Oxoid) with 1% 

BSA and 0.05% Tween 20. 
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2.31.2 Conjugation of  Alkaline Phosphatase (ALP) to human Ciq was 

carried out by a modified  method of  Avrameas (1969). ALP (150yl 

Sigma type VII-T) (2mg) was added to an equal volume of  double 

strength PBS (Oxoid) containing 2.5% glutaraldehyde and incubated at 

room temperature overnight. This mixture was dialysed twice for  4 

hours, against 1 litre 0.1M N a 2 C 0 3 , 1M NaCl, 10% sucrose, pH 9.2 

and added to lmg Ciq in 300yl of  the dialysis buffer.  After 

incubation at room temperature overnight 80yl of  0.2M lysine 10% 

sucrose pH 7.5 was added followed  by 680yl of  glycerol (final 

concentration 50%). The resulting conjugate can be stored succesfully 

in this form. 

2.31.3 Testing of  the Ciq conjugates: Functional activity was 

confirmed  by binding to solid-phase AHG. 'Removawells' (Dynatech 

Laboratories) were coated with 200yl AHG in twofold  dilutions in PBS 

(Oxoid) (twelve dilutions beginning at lOyg/ml). After  an overnight 

incubation at 4°C the wells were washed three times in PBS and then 

incubated with 380yl of  1% bovine serum albumin (Sigma A-2153) in 

PBS for  two hours at room temperature to block any remaining protein 

binding sites. The wells were then washed three times with PBS 

(Oxoid), 0.05% Tween 20 (Sigma) (PBS-Tween) and either used 

immediately or stored dry at 4°C. Rows of  wells each corresponding 

to a dilution series of  AHG were incubated with a range of  dilutions 

of  the Ciq conjugate to be tested (ALP or HRP) in PBS-Tween for  15 

minutes at room temperature. After  this incubation the wells were 

washed three times with PBS-Tween and the appropriate substrate 

added to the wells. After  15 minutes the reaction was stopped. 
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2.31.4 Enzyme substrate mixtures: HRP and ALP activities were 

measured using O-phenylenediamine (Sigma)/H202 and p-nitrophenyl 

phosphate (Sigma) respectively as described previously (Voller et al 

1979). 
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CHAPTER 3 

3.0 GUINEA-PIG NEPHROTOXIC NEPHRITIS EXPERIMENTS 

Heterologous Phase 

3.1 Normal Urine Protein Excretion Group 1 

The majority of  stock guinea-pigs (g-p) examined in this study had 

less total proteinuria than could be detected by 10% TCA precipitation 

(>250yg/ml). The urine albumin excretion in normal Dunkin-Hartley, 

C4 deficient  and Birmingham Heston Strain animals averaged 0.5, 1.2 

and 0.4mg/24 hrs respectively (fig.  3 .1) . A correction for  size 

(sage) made no substantial difference  to the ranking of  animals (fig. 

3.2) . The C4d animals had higher mean excretion of  albumin than 

the other two strains and this difference  was significant  (p <0.05) 

using the Wilcoxon rank sum test (Wilcoxson 1945). A few  C4d 

animals had considerably higher excretion rates than others in the 

group. Unfortunately  these animals were lost to further  study and so 

the kidneys could not be examined by light or immunofluorescent 

microscopy. In the rat and mouse, excretion of  non serum proteins 

in the urine in male animals produces elevation of  total urine protein 

excretion (Lambert 1971). This was not a problem in the g-p. 

These studies established that normal urine protein excretion in the 

g-p would not interfere  with assessment of  glomerular injury produced 

by NTab as it accounted for  only about 1% of  the minimal proteinuria 

(100mg/24 hr) used in comparative experiments. 
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FIGURE 3.1 

URINE ALBUMIN IN THREE GUINEA-PIG STRAINS 

Albumin excretion (mg/24 hours) in Dunkin-Hartley, C4 

deficient  and Birmingham-Heston guinea pigs (Mancini single 

radial immuno diffusion).  The significantly  higher excretion 

rates in the C4-deficient  animals could represent a greater 

tendency to immune-complex glomerulonephritis in this group 

because of  impairment in the classical pathway activation of 

complement. 
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FIGURE 3. 

URINE ALBUMIN CORRECTED FOR WEIGHT 

Albumin excretion rates corrected for  weight (age) between the 

three guinea pig strains. The C4-deficient  animals still show 

significantly  greater albuminuria. 
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3.2 Definition  of  the System and Methodology 

3.2.1 Proteinuria (Groups 2 ,3 ,4) . 

The sheep NTg produced heavy transient proteinuria lasting 2-3 

days. In D-H and C4d control groups proteinuria plotted against 

antibody fixed  in the kidney had approximately linear relationship 

over the dose range shown (fig  3.3) . The threshold for  proteinuria 

was approximately 15yg of  antibody per kidney. Where the antibody 

fixed  exceeded 150yg/kidney the animals developed acute renal failure 

with oliguria and a subsequent fall  in the relative protein excretion 

(but normally a rise in the urine protein concentration). For 

comparative experiments a dose of  NTab was chosen to fall  in the 

middle of  the range shown in fig.  3.3 (30-40mg/700g body weight 

which was equivalent to 1ml of  NT serum from  sheep 5 at sacrifice). 

This dose produced a mean proteinuria of  790mg/24hrs (range 

128-2682). To simplify  the assessment of  glomerular injury; 

proteinuria (mg/24hr) was divided by the antibody fixed  (yg/kidney) 

to give a ratio. This ratio simplified  comparison between groups. 

The proteinuria/antibody ratio for  animals of  different  weights - ages, 

given 1ml of  NTg/700g body weight is shown in figure  3.4. Although 

the regression line suggested that proteinuria/antibody fixed  was 

relatively independent of  animal size there was some decrease in the 

larger animals and so as far  as possible weight matched animals were 

used in comparative experiments. This avoided the necessity for 

applying a size correction. 

In group 2 the C4d animals developed slightly less 

proteinuria/antibody fixed  than D-H animals but this difference  was 

not significant  (fig.  3.3, tables 3.1, 3 .2) . 
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FIGURE 3.3 

PROTEINURIA RELATIVE TO ANTIBODY FIXATION 

Urinary protein excretion (mg/24hrs) in relation to yg of 

antibody fixed  in the kidney. 

The C4d animals show less proteinuria than the DH animals but 

the difference  did not reach significance. 

FIGURE 3.4 

PROTEINURIA PER ANTIBODY FIXATION AND ANIMAL WEIGHT 

Proteinuria per antibody fixed  ratio for  animals of  different 

body weights. There is only a slight decrease in sensitivity 

with increased body weight - presumably due to increased 

kidney size but in practice weight correction was not required. 
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The mean weight of  the C4d animals was greater than the D-H animals 

and this would tend to increase the difference.  In Groups 3 and 4 

goat and rabbit NTg also produced proteinuria. A comparison of  the 

sheep and goat antisera is shown in fig.3.5.  The goat antisera 

showed considerably reduced activity (approximately one fifth  of  that 

of  sheep antibody). Measurements of  antibody affinity  were not 

attempted. 

3.2.2 Antibody fixation  and quantitation 

A comparison of  the NTg dose (mg) with the pg of  antibody fixed  is 

shown in figs.  3.6 and 3.7. The results do not suggest that 

saturation of  the antigenic sites in the basement membrane has 

occurred over the range studied. There appears to be a greater 

discrepancy between dose and antibody fixation  at the higher dose 

levels. The reason for  this is not clear but may be related to the 

rate of  injection or magnification  of  systematic errors at the higher 

levels. Goat and rabbit antibody showed lower fixation  fractions, 

perhaps suggesting lower affinity  antibody or lower percentages of 

specific  antibody in the NTg. 

125 131 

The energies of  I and I are large enough to minimise 

discrepancies from  tissue and liquid absorption. However the 

counting errors produced by tissue and liquid absorption of  yrays 

were examined in experiments 1 and 2 (see Table 3.3) . A 'point 
125 131 

source' of  radio-activity was produced by sealing I and I in 

capillary tubes. The capillary tube was then counted in a plastic vial 

in air, saline, serum or inserted through the centre of  a whole 

guinea-pig kidney. The capillary was then broken and washed into 

serum or saline to obtain 'dispersed in saline' counts. In all animal 



FIGURE 3. 

PROTEINURIA IN RELATION TO ANTIBODY FIXED COMPARING 

GOAT AND SHEEP ANTISERA. 

The sheep antiserum is considerably more effective  at producing 

proteinuria yg for  yg. (Neither immunoglobulin fixed  complement 

in the glomerulus) 

FIGURE 3.6 

A COMPARISON BETWEEN ANTISERA IN TERMS OF ANTIBODY 

FIXED. 

The sheep antibody appears to have a much higher affinity  than 

either the rabbit or goat antibody or has a greater percentage 

of  antibody in the NTg fraction. 
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125 131 

experiments the 'dose counts' for  I and I were calculated from 

appropriate dilutions of  the dose counted in 2mls of  saline i . e 

analogous to the 'dispersed in saline' counts in Table 3.3. The 

kidney tissue, serum and dose samples were kept at a volume of 

approximately 2mls in order to reduce any geometric counting error in 

relation to the detector crystal. Experiments 1 and 2 showed that the 
125 131 

reduction in counts from  a point source of  I or I was 

approximately the same whether the source was counted in saline, 

serum or from  the centre of  a whole kidney. Moreover, the reduction 

in counts was even less if  the point source was broken and dispersed 

in saline as would be the case in the NTab experiments where the 

radionuclide was dispersed throughout the kidney. In view of  the 

small reduction in counts no correction factor  was required for  either 

In addition there were no systematic differences  between the 

proteinuria/antibody ratios in experiments with NTab trace labelled or 

completely labelled. This demonstrated that the labelled NTab 

behaved similarly to unlabelled antibody. 

3.2.3 Serum urea and serum C3 

The rise in serum urea and falls  in immunoreactive C3 in each group 

are shown on Tables 3.1, 3.2, 3.4, 3.6 and 3.8. Most animals were 

examined at 24hrs but serial values were recorded in animals followed 

in the autologous phase (see Chapter 4). In general there was a rise 

in urea and a fall  in C3 in control animals in the heterologous phase. 

These changes were equivalent in DH and C4d animals (see fig.  3 .8) . 



FIGURE 3.7 

ANTIBODY BOUND IN THE KIDNEY (SHEEP ANTISERA) 

RELATIVE TO THE DOSE OF NTg. 

There does not appear to have been any saturation effect  at 

higher doses suggesting that there are still vacant binding 

sites. There is some separation between C4d and D.H. animals 

at higher doses. 
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FIGURE 3.8 

SERUM C3 IN NEPHROTOXIC NEPHRITIS 

Fractional changes in C3 levels in Dunkin-Hartley and C4 

deficient  animals in relation to the amount of  antibody fixed  in 

the kidney. There was no difference  between the two strains, 

which suggested that C4d animals were capable of  fluid  phase 

C3 activation - perhaps via the alternative pathway of 

complement activation. 
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3.2.4 Histology-

Light Microscopy: 

The changes on light microscopy were minor and were confined  to the 

demonstration of  protein in Bowman's space and tubules (plates 3.1 

and 3.2) . Polymorphonuclear (PMN) accumulation was not a factor  of 

the heterologous phase. Animals killed 1, 2, 4 and 24hrs after  the 

NTg showed mean increases over normal animals of  <0.5 PMN/ 

glomerulus (range 0.1-1.2) see tables 3.1 and 3.2 for  PMN counts. 

Immunofluorescence: 

Most g-p developed mesangial deposits of  g-p C3 and IgG with age as 

described by Steblay and Rudofsky  (1971). Allowing for  this 

background fluorescence  it was found  that in Groups 2, 3 and 4 

there were no capillary or mesangial deposits of  C3 or g-p IgG or g-p 

fibrin.  Strong staining for  C3 and g-p IgG was found  in proximal 

tubular cells of  proteinuric animals. The C3 and IgG appeared to be 

in cytoplasmic granules and were presumably taken out from  the 

tubular fluid  by pinocytosis (plate 3 .3) . There was linear deposition 

of  sheep IgG, goat IgG or rabbit IgG along the capillary walls in all 

animals in Groups 2, 3 and 4 (plate 3 .4) . When very high doses of 

NTg were used (LD100, 4mls/700g) faint  linear staining for  C3 could 

be detected (plate 3.4 (b) and 3.13). 

Electron Microscopy: 

Normal g-p kidney was found  to have rather thin basement membrane 

with discrete foot  processes and endothelial fenestre  (plates 3.5 and 

3.6) . Animals examined from  Groups 2 and 3 (no animals from  Group 

4 examined) had foot  process fusion  when there was proteinuria 

(plates 3.7 and 3 .8) . Endothelial cells and epithelial processes were 
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Plate 3.1 

LIGHT MICROOSCOPY NORMAL GUINEA-PIG KIDNEY 

(a) Normal guinea-pig kidney cortex. (Haematoxylin and eosin 

magnification  x 400) 

(b) Normal guinea pig kidney cortex. (P.A.S. x 400) 
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sometimes found  to be stripped away from  the basement membrane but 

this may have been a fixation  or cutting artefact.  A few  specimens 

showed localised thickening of  basement membrane and areas of 

radiolucency (plates 3.9 and 3.10) as described by Couser et al 

(1973). PMN accumulation or platelet aggregates were not identified 

in the specimens examined nor were cells with the morphological 

appearance of  monocytes or macrophages frequently  seen. 

3.3 Complement depletion with cobra venom factor  (Group 5) 

D-H animals depleted of  C by alternative pathway activation with 

cobra venom factor  (CVF) had a mean 94.2% (range 84-98) reduction 

in C3 before  the production of  NTN and a mean 95.3 (range 90-98) % 

reduction when the animals were sacrificed  at 24hrs. C4d animals had 

a mean reduction of  96.4% (range 93.5-97.3) before  the NTN and 

96.9% (range 94.5-99.5) after  24 hrs (see Table 3.4) . CVF treated 

DH animals had no functional  haemolytic activity before  the NTN or at 

sacrifice.  High doses of  CVF given IV to g-p cause haemolysis and 

haemglobinuria. However, none of  the animals had haemglobinuria or 

proteinuria before  the NTg was administered. 

Neither DH nor C4d animals were protected from  proteinuria by 

complement depletion with CVF. In fact  proteinuria/antibody fixed 

was greater in this group than in control animals (fig.  3.9, Table 

3.4) although the differences  were not significant  (p>0.1). 

3.4 Polymorphonuclear leucocyte depletion (Group 6,7) 

PMN depletion with nitrogen mustard (NM) and anti-PMN serum did 

not abrogate the heterologous phase proteinuria. PMN counts before 
3 

and 24hrs after  the administration of  the NTg were less than 500/mm 
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FIGURE 3.9a 

DECOMPLEMENTATION WITH COBRA VENOM FACTOR (group 5) 

Proteinuria per microgram of  antibody fixed  in Dunkin-Hartley 

and C4 deficient  animals with and without decomplementation 

with cobra venom factor.  Decomplementation does not produce 

protection - in fact  mean values for  proteinuria are slightly 

higher in the decomplemented group. This may be because of 

the decomplemented animals are protected from  the temporary 

adverse circulatory effects  of  the nephrotoxic globulin and thus 

maintain better renal blood flow.  The C4d animals have 

limitation of  both the classical pathway of  C3 activation and the 

terminal attack sequence. 

FIGURE 3.9b 

POLYMORPHONUCLEAR LEUCOCYTE DEPLETION (Groups 6 & 7) 

Proteinuria per microgram of  antibody fixed  in Dunkin-Hartley 

control, and polymorphonuclear leucocyte-depleted animals. 

Depletion was achieved with prior injection of  nitrogen mustard 

or anti PMN serum. In neither instance was there a reduction 

in proteinuria. 
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and this represented a mean reduction of  more than 90% as compared 

with control values (Table 3.5, fig.  3 .9) . Animals in which there 

were virtually no circulating PMN fared  no better than others with 

less complete depletion. There was some reduction in proteinuria in 

the NM group but this difference  did not reach statistical 

significance.  The NM treated animals were given an LD50 dose of  NM 

and all animals had poor peripheral perfusion,  did not feed  or drink 

well and had low urine volumes. 

3.5 Nephrotoxic globulin subclasses 

The y2 (slow) IgG subclass fraction  of  the NTg (Group 9) produced 

equivalent injury to the yl (fast)  fraction  (Group 8) (Normal and C4 

deficient  animals included in Group 9). The first  half  of  the y2 

elution peak (y2a) on DEAE cellulose chromatography produced 

equivalent proteinuria/antibody fixed  to the second half  (y2b). Thus 

the antibody subclass fractions  all produced equivalent proteinuria 

and this was independent of  the complement fixing  characteristics of 

the antibody (in the sheep the yl subclass is C fixing  but the y2 

subclass is not). See fig  3.10 and Table 3.6. The Group 9 animals 

(D-H and C4d) had a greater fall  in C3 than the group 8 animals 

suggesting that there was greater C activation. However the 

immunofluorescence  data suggests that this must have been at sites 

outside the kidney. 

3.6 Nephrotoxic globulin Digestion Fragments 

The F(ab')2 pepsin digest of  the yl NTg fraction  (group 10) also 

produced proteinuria and in molar terms was as potent as the intact 

yl fraction.  In these experiments the proteinuria was divided by the 

nanomoles of  protein injected. The Fab' (Group 11) and Fab (Group 
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FIGURE 3.10 

EFFECT OF NEPHROTOXIC GLOBULIN SUBCLASS ON PROTEINURIA 

(Groups 8 and 9) 

Proteinuria per microgram of  antibody fixed  in Dunkin-Hartley 

and C4d animals given whole NTg of  the Yx (fast)  or Y2 (slow) 

fractions  of  sheep NTg. The Y2 subclass does not fix 

complement by the classical pathway. There was no difference 

between the two fractions  in terms of  proteinuria in either D-H 

or C4d animals. These findings  further  emphasise the relative 

complement independence of  proteinuria in this model. 
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12) did not cause proteinuria although they could be shown to fix  in 

the kidney. Fig. 3.11, Table 3.7. Animals given F(ab')2 antibody 

had very little change in C3 and animals given Fab or Fab' had a nett 

rise in C3 (mean +0.37). This was significant  as compared with 

control animals given whole NTg (p< 0.02). Group 11 and group 12 

animals had no change in serum urea (mean 0.2mmol, range 

1.5-2.3mmol) while group 10 animals had changes in blood urea 

equivalent to controls. 

3.7 The effect  of  Antihistamines, Aprotinin and Indomethacin 

Antihistamines (group 13) produced no reduction in proteinuria 

although the animals appeared to be protected from  other 

consequences of  NTg administration. They ate and drank more, and 

were more active and alert. The three animals infused  with Aprotinin 

(Trasylol) (group 14) over 24 hours and the animals given 

indomethacin (group 15) were not protected and developed equivalent 

proteinuria to the controls (see Fig. 3.12 and Table 3.8) . 

Histological and immunofluorescent  findings  were no different  from  the 

control animals. 

3.8 Fab protection 

Large doses of  Fab NTab were demonstrated to reduce the fixation  of 

whole NTab but could not be shown to cause any reduction in the 

relative proteinuria/antibody fixed.  Changes in serum urea and C3 

were not significantly  different  from  controls but the numbers of 

animals used was small (Table 3.9) . 
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FIGURE 3.1 

NEPHROTOXIC GLOBULIN DIGESTION FRAGMENTS (Groups 10, 

11 and 12). 

Proteinuria per nanomole of  nephrotoxic globulin injected for 

whole Y-̂  NTg, pepsin F(ab')2 Y-̂  NTg and pep sin/cysteine 

F(ab') and papain F(ab) Yj_ NTg. Molar quantities chosen 

because of  the variation in molecular sizes of  the fragments. 

F(ab')2 Ŷ  NTg produced equivalent proteinuria to whole Ŷ  

NTg while the F(ab) and F(ab') fragments  although fixing  to 

the glomerulus did not produce any proteinuria. 
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3.9 Repeated Heterologous Nephrotoxic Antibody Insult 

Animals given repeated injections of  sheep NTab developed a 

nephrotic state with ascites and oedema. Changes in serum urea and 

C3 were dependent on the frequency  of  NTg administration. 

Histology Light microscopic examination did not show changes apart 

from  protein in Bowman's space or in tubules in animals killed before 

the autologous phase. There was no endothelial or extracapillary 

proliferation.  Animals allowed to continue to the autologous phase 

had a greater incidence of  mesangial proliferation  (see Chapter 4). 

The majority of  animals showed marked mesangial deposits of  g .p . 

IgG and C3 on immunofluorescent  examination, particularly if  the 

injections of  NTab were continued for  more than 5 days (plates 

3.11-3.13). The electron microscope appearance in these animals is 

shown in plates 3.14 and 3.15. There is marked foot  process fusion 

and a possible increase in mesangial cells or mesangial cytoplasm. In 

plate 3.15 the proximal tubule microvilli are well demonstrated and the 

protein containing vesicles so prominently seen on immunofluoresence 

are also well seen. Three animals were injected with monomeric 

normal sheep IgG in an attempt to make them tolerant. This material 

was prepared by ultracentrifugation  at 60,000 x g for  60 mins and 

was injected ten days prior to the NTab. Only one animal survived 

the NTab injection (the others developed anaphylaxis). When the 

'tolerant' animal was sacrificed  at 10 days there was glomerular 

fixation  of  gp Ig and C3 in a linear capillary distribution showing 

that the tolerance was incomplete. The important negative finding  in 

this experiment was that repeated injection of  NTab did not produce 

endothelial, mesangial or extracapillary proliferation  as might be 

expected in human anti GBM nephritis. 
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FIGURE 3.12 

EFFECT OF ANTIHISTAMINE, APROTININ AND INDOMETHACIN 

Groups 13, 14 and 15 

Proteinuria per yg of  antibody fixed  in control animals and 

those given aprotinin (Trasylol) by infusion,  indomethacin and 

chlorpheniramine or promethazine. None of  these agents 

reduced proteinuria. 
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3.10 Fixation of  Nephrotoxic Antibody to Other Tissues 

In plates 3.16, 3.17, and 3.18 kidney, lung and liver sections taken 

from  a gp given NTg are shown for  comparison stained for  sheep IgG 

with Fitc labelled anti sheep IgG. The kidney basement membrane 

shows increased binding as compared with liver and lung but the 

basement membrane cross reactivity is definite.  In rabbits high doses 

of  nephrotoxic antibody sometimes produce lung haemorrhage (P. 

Naish personal communication) but no macroscopic lung haemorrhage 

was seen in g-p . Very large doses of  NTg produced shock, 

dyspnoea and death within a few  minutes but the mechanism of  these 

events was not defined.  Lungs examined showed oedema but not 

frank  haemorrhage. Liver function  was not studied. 

3.11 Discussion 

These experiments cast light on the mechanism of  proteinuria in the 

heterologous phase of  NTN in in the g-p . Normal C4d g-p have 

significantly  more proteinuria than DH or BH animals but the amounts 

of  protein excretion is still very small - <5mg/24hrs. Normal male 

NZB/W mice have a urine protein excretion of  about 5mg/24 hrs while 

normal female  NZB/W excrete 0.1-0.3mg/24 hrs (Lambert, 1971). In 

the male mice the proteinuria is mainly due to an al globulin not 

present in serum and which can be removed by castration. Normal 

rats (Dr J. F. Bach, personal communication) and rabbits (own 

unpublished data) also have significant  proteinuria. The low urine 

protein excretion rate in male gp was of  considerable advantage in the 

comparative experiments described above. 
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Plate 3.2 

LIGHT MICROSCOPY GUINEA-PIG NTN 

Guinea-pig kidney (C190 - high dose of  NTg) (P.A.S. x 400) 

The proximal tubules show P.A.S. positive granules (serum 

proteins) and several dilated tubules filled  with P.A.S. positive 

casts. The glomeruli appear poorly perfused. 

Plate 3.3 

IMMUNOFLUORESCENT MICROSCOPY NTN 

Guinea-pig kidney with immunofluorescent  staining for  Cg 24 

hours after  NTg. There is virtually no glomerular fluorescense 

(top right) but extensive deposits of  C 3 in proximal tubular 

cells. 
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The fact  that C4d animals have a higher excretion rate than DH and 

BH is interesting. It may be merely a strain difference  or may 

represent an increased tendency towards immune complex disease in 

these animals because of  C4 deficiency.  The defect  in the classical 

pathway could lead to a relative defect  in the animal's ability to 

remove IC from  the circulation or to solubilise deposited immune 

complexes (Bartolotti and Peters, 1978). This must remain 

speculative as the kidneys from  the animals with the highest protein 

excretion were lost for  subsequent histological examination. However, 

in general terms the C4d animals had no more depostion of  IgG or C3 

in the glomerular capillaries than control animals matched for  age. 

Although complement and PMN have been shown to be major mediators 

in the heterologous phase of  nephrotoxic injury in both rats and 

rabbits (Unanue and Dixon, 1964; Cochrane, Unanue and Dixon, 

1965; Cochrane, Muller-Eberhard and Aiken, 1970). This does not 

hold for  the gp. The work described here has subsequently been 

confirmed  by Couser et al (1977). Furthermore recent careful  studies 

in the Munich Wistar rat (Pilia et al, 1983) showed that these animals 

also developed complement independent proteinuria when given NTg. 

The immunofluorescent  findings  in the gp did not show significant  C 

deposition and the experiments with C4d animals showed that this 

injury (as signified  by proteinuria) did not require the presence of 

an intact classical pathway of  C activation. In addition complement 

depletion with CVF also failed  to reduce the injury. Thus it would not 

appear that classical or alternative pathway C activation was 

important in this system in either normal or C4d animals. 
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Plate 3.4 

IMMUNOFLUORESCENT MICROSCOPY NTN 

(a) Guinea-pig kidney with immunofluorescent  staining for 

sheep IgG 24 hours after  NTg showing the typical linear 

deposition along glomerular basement membranes but no 

tubular basement membrane changes. 

(b) Guinea-pig kidney with immunofluorescent  staining for  Cg 

24 hours after  high dose NTg. Spots of  glomerular 

fluorescence  are shown and also some tubular basement 

membrane linear deposits. The glomerular deposits are 

predominantly mesangial and probably represent C^ 

associated with aggregates of  immunoglobulin trapped in 

the mesangium. 
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Equivalent injury was produced by the non-complement fixing  y2 

subclass "and the complement fixing  yl subclass NTab. Both these 

subclasses produced C and PMN-independent injury, whereas in the 

sheep anti rabbit GBM system (Henson 1971; Cochrane 1972), the yl 

subclass produced C and PMN-dependent injury. Furthermore in the 

gp the first  half  of  the y2 elution peak (y2a) was found  to be 

nephrotoxic which is also in contrast to the finding  of  Henson (1971), 

Cochrane (1972) and myself  (unpublished data) in rabbits. 

The F(ab')2 fragment  of  the yl NTab also produced proteinuria which 

suggested that the Fc fragment  was not important for  this injury even 

though the Fc region of  the molecule is responsible for  the activation 

of  other known mediator systems. PMN, monocytes, macrophages and 

many lymphocytes have Fc receptors and antibody-dependent K cells 

require the Fc region for  their cytotoxic action. 

The monovalent F(ab') and Fab fragments  were not capable of 

inducing injury even though glomerular fixation  was demonstrable. 

The finding  that the F(ab')2 will produce severe proteinuria contrasts 

with some earlier studies in rats using rabbit NTab (Baxter and 

Small, 1963; Taranta et al,1963; Small and Baxter, 1965) where only 

very minor and transient injury could be demonstrated. However, 

Kobayashi et al (1973) describe heavy transient proteinuria in rats 

with F(ab')2 gp NTab. 

It seems possible that the difference  in activity between the F(ab')2 

and Fab fragments  is a function  of  the avidity of  binding of  these two 

molecules. Fab (monovalent) fragments  have the same affinity  for  a 

single haptenic antigen as F(ab')„ molecules but the avidity of 
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Plate 3.5 

ELECTRON MICROSCOPY NORMAL GUINEA-PIG KIDNEY 

Electron micrograph (magnification  x 3200) of  normal guinea-pig 

kidney (C154) showing capillary loops with discrete foot 

processes on the epithelial surface  of  the basement membrane, 

intracapillary RBC, endothelial cell processes and on the right 

side a proximal tubular cell with a brush border. No 

electron-dense deposits are seen in the subendothelial or 

subepithelial spaces. 

Plate 3.6 

ELECTRON MICROSCOPY NORMAL GUINEA-PIG KIDNEY 

Electron micrograph (magnification  x 20,000) of  normal 

guinea-pig kidney (C154). The discrete epithelial cell 

foot-processes  and endothelial fenestre  of  the capillary wall are 

well demonstrated. 
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binding of  a divalent antibody molecule is more than 1000 times that 

of  the monovalent Fab (Karush 1976, Hornick and Karush, 1972) as 

determined by equilibrium dialysis. The avidity of  IgM which has a 

pentavalent structure is even greater and Dixon and Unanue (1964) 

found  that IgM NTab is more nephrotoxic than IgG NTab on a weight 

for  weight basis. 

It is also apparent in these experiments that PMN have no major role 

in causing proteinuria in this system, and their absence is a further 

indication that there is minimal complement activation in the 

glomerulus. This is in contrast to the C and PNM dependent injury 

in the heterologous phase of  NTN in rabbits and rats (Henson, 1971; 

Cochrane, 1972), the PMN dependent C independent injury in the 

autologous phase of  NTN in the rabbit (Thompson, et al 1975) and 

the C dependent, PMN independent proteinuria of  passive Heymann 

nephritis in the rat (Salant et al 1980). The nitrogen 

mustard-treated group had less proteinuria per microgram of  antibody 

fixed  than control or anti-PMN serum groups although the differences 

did not reach statistical significance.  This reduced response 

probably represented a reduction in glomerular filtration  since this 

group had low urine volumes, were clearly sick and failed  to feed. 

The dose of  nitrogen mustard sufficienct  to produce adequate PMN 

depletion is toxic in the gp, 4 of  10 animals dying before  completion 

of  the experiment. Rises in blood urea were exceedingly variable and 

were probably just as dependent on feeding,  hydration and extra 

renal effects  of  the NTab as on renal function.  The antihistamine 

and anti-PMN serum treated animals appeared less sick and fed  well 

suggesting that they may well have been protected from  the effects  of 

histamine or lysosmal enzyme release at sites other 
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Plate 3.7 and 3.8 

GUINEA-PIG NEPHROTOXIC NEPHRITIS - HETEROLOGOUS PHASE 

Electron micrographs 24 hours after  NTg. 

3.7 Guinea-pig C99 (magnification  x 3200). 

Virtually all the foot  processes are fused  and there is some 

microvillation of  epithelial cell cytoplasm. In some areas 

there is possible lifting  of  the endothelial cell processes 

from  the basement membrane. 

3.8 Guinea-pig C99 (magnification  x 12000) 

At this magnification  it is easier to identify  the complete 

foot-process  fusion. 
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than the kidney. Aprotinin and indomethacin treated animals were 

not different  from  controls. Indomethacin had been advocated as an 

agent which reduces proteinuria in the nephrotic syndrome. In 

retrospect it seems that this effect  of  indomethacin was produced 

through changes in renal haemodynamics by interference  with 

prostaglandin synthesis. Aprotinin inhibits the kallikrein system 

which has been thought to be a humoral mediator of  increased 

vascular permeability and which could also influence  glomerular 

permeability and proteinuria. However, these agents had no 

protective effect  in this model. 

Most animals given NTab had a fall  in immunoreactive C3 and this was 

probably due to complement activation in the circulation and at extra 

renal sites. However, there was no evidence concerning changes in 

C3 synthesis or tubular catabolism of  C3 although the presence of  C3 

in tubular cells raises the latter possibility. As might be expected 

animals given yl  NTab had a greater fall  in C3 than those given y2 

NTab and presumably this was due to the different  C fixing 

characteristics of  these subclasses. 

Complement and PMN-independent injury in NTN has been described 

previously with avian NTab (Kay 1940 and 1942), with some whole 

sheep NTab (Cochrane et al, 1965) and with the y2 subclass of  sheep 

NTab in rabbits and rats (Henson, 1971). In such systems the 

threshold amount of  antibody required to produce proteinuria is 

greater than in C and PMN dependent systems and there is reduction 

in the slope of  the line showing proteinuria plotted against antibody 

fixation.  In the g-p , C and PMN independent injury occurs with 

whole sheep, goat and rabbit NTab as well as with the y2 subclass of 
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Plate 3.9 and 3.10 

GUINEA-PIG NEPHROTOXIC NEPHRITIS - HETEROLOGOUS PHASE 

Electronmicrograph at 24 hours (high dose) 

3.9 Guinea-pig kidney after  high dose NTg (magnification  x 

4800) 

Note the patchy thickening and lucency of  the glomerular 

basement membrane. Fusion of  the epithelial cell foot 

processes is shown on the lower edge of  the basement 

membrane. 

3.10 Guinea-pig kidney after  high dose NTg (magnification  x 

4800) 

Note the lobulated mesangial cell nucleus left  centre field, 

fused  epithelial cell processes and very abnormal 

endothelial cell cytoplasm with separation from  the 

glomerular basement membrane in some positions. 



3.9 



sheep NTab and the slope of  the dose-response relationship is very 

much in keeping with that described by Tucker et al (1968) with C 

and PMN independent injury in the rabbit. The g-p appears more 

sensitive to nephrotoxic antibody than the rat or rabbit, only 

7-10yg/g of  kidney being required to initiate proteinuria as compared 

with 50yg/g in rats (Unanue and Dixon, 1965) and 15-25yg/g in 

rabbits (Tucker et al 1968). The sheep however, may be even more 

sensitive (Lerner and Dixon, 1967) requiring only 5yg/g. The 

amount of  antibody required to produce proteinuria in the g-p model 

was greater than would have been expected from  the available surface 

area of  the glomerulus. The total surface  area of  the antigen 

combining region of  an IgG molecule using data taken from  X-ray 

difffraction  studies (Sarma et al,1971; Labow and Davies, 1971; Poljak 

et al, 1973, Amzel et al 1974, Amzel and Poljak, 1979) could range 

from  10nm2* if  only the area of  both the V H and V L regions were 
o 

considered to 70nm for  the whole 'face'  of  an extended T-shaped 

molecule. About 30yg of  sheep NTab is required to produce 
—6 

proteinuria in the g-p (both kidneys) and this represents (30 x 10 

x 6.02 x 1 0 2 3 x 1.4 x 105) molecules of  IgG (using a molecular weight 

of  1.4 x 105 Daltons and Avagadro's number) which equals 1.29 x 

1 0 1 4 molecules. Now the g-p has 1.5 x 105 glomeruli (Renkin and 

Gilmour, 1973) and immunofluorescence  shows that most of  the 1.29 x 

1 0 1 4 molecules of  NTab are in the glomerulus. Therefore;  the 
g 

molecules per glomerulus would equal 8.6 x 10 and if  the surface 

area covered by each molecule is 10 - 70nm then the area of 
glomerulus surface  covered will be 8.6 x 1 0 1 0 to 6.02 x 101:Lnm2 and 

2 
each molecule of  NTab will be fixed  in 14.2nm . 

-9 
*nm = nanometre = 1 x 10 metres 



Plates 3.11, 3.12 and 3.13 

REPEATED HETEROLOGOUS PHASE INSULT WITH NTg (5 days) 

3.11 Immunofluorescent  staining for  sheep IgG showing typical 

very bright linear immunofluorescence  suggesting heavy 

deposition of  the nephrotoxic antibody. (C142) 

3.12 Immunofluorescent  staining for  guinea-pig IgG. The 

pattern is granular and predominantly mesangial in site. 

IgG is also present in proximal tubular cells. (C142) 

3.13 Immunofluorescent  staining for  guinea-pig C 3 which is 

present in the glomerular mesangium and proximal tubular 

cells. The mesangial position of  the guinea-pig C 3 and 

IgG suggests passive accumulation associated with 

increased glomerular permeability. (C142) 
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The surface  area of  a gp glomerulus has been caculated as 1.2 x 

1 0 U n m 2 (Renkin and Gilmour, 1973) so that the percentage of  the 

surface  that will be covered when the threshold amount of  antibody is 

fixed  will be from 

8.6 x 1 0 1 0 x 100 to 6.02 x 1 0 1 1 x 100 
1.2 x 1 0 U 1.2 x 1 0 1 1 

i . e 71.7% to 501.7%. This calculation suggests that when more than 

the threshold amount of  NTab is fixed  in the glomerulus there will be 

insufficient  surface  sites available and antibody will therefore  have to 

be distributed throughout the basement membrane and not just on the 

endothelial surface.  This would be in keeping with the 

immunoperoxidase studies of  Bariety and Druet (1972) which show 

antibody distributed throughout the basement membrane in NTN. 

However, these calculations are at variance with those of  Unanue and 

Dixon (1965) who attempted a similar calculation in rat NTN. 

Proteinuria did not occur till 45% or more of  the available surface  area 

was covered. However, they interpreted a flattening  of  the antibody 

fixed,  plotted against antibody injected as evidence that all the sites 

were now covered. There was no apparent saturation of  sites in the 

g-p with doses up to 30 times the threshold and also no saturation 

suggested in Unanue and Dixon's (1965) study of  duck NTab although 

this is not explained in their paper. Their calculations use very 

similar data and it is only by using the smaller cross section area for 

IgG molecules that the value of  45% is obtained. It would seem likely 

therefore  that proteinuria produced in the absence of  PMN or C 

83 



Plates 3 .14, 3.15 

REPEATED HETEROLOGOUS PHASE INSULT WITH NTg (5 days) 

3.14 Electron photomicrograph (C142, magnification  x 2000). 

There is some increase in mesangial cell area and numbers, 

foot-process  fusion  and an increase in proximal tubular cell 

granules. 

3.15 Electron photomicrograph (C142 magnification  x 40,000). 

Note the protein containing granules also on the 

immunofluorescent  photomicrographs stained for  guinea-pig 

IgG and C 3 (Plates 3.12, 3.13). The brush border of 

these cells is well seen. Presumably these granules are 

the result of  pinocytosis of  protein from  the tubular fluid. 

The protein would be degraded and metabolised. 
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amplification  in NTN requires a concentration of  antibody which would 

provide coverage of  at least half  the surface  area of  the capillary 

basement membrane but would be much more likely to involve multiple 

layers in the membrane. 

The mediator or mediators of  the proteinuria in this system remain to 

be identified.  Histamine, the kinin system and prostaglandins seem 

unlikely though cannot be entirely excluded as no biological assay for 

the activity of  these humoral mediator systems was carried out. Later 

work by Couser et al (1977) did confirm  that the doses of  anti-

histamine^ were sufficient  to inhibit the bluing reaction induced by 

intradermal injections of  histamine base or serotonin 30 minutes after 

IV injection of  Evans blue dye and 2 hours after  administration of  the 

drugs. Furthermore, neither Niridazole which reduces delayed hyper-

sensitivity reactions nor therapeutic doses of  sodium heparin had any 

effect  on proteinuria in the g-p NTN model (Couser et al 1977). 

The absence of  fibrin  or fibrinogen  deposits and the failure  to 

demonstrate platelet aggregation by electron microscopy renders direct 

involvement of  the coagulation system unlikely. 

Recent work by Schreiner (1978) and Holdsworth et al (1981) have 

stressed the role of  macrophages in glomerular tuft  proliferation  and 

proteinuria in various forms  of  experimental glomerulonephritis. 

However, it has never been suggested that the immediate proteinuria 

in the heterologous phase of  NTN was mediated by these cells. No 

macrophage like or mononuclear cells were seen in glomerular 

preparations on EM or on light microscopy. Glomerular tuft 

proliferation  was not seen. 
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Plates 3.16 - 3.18 

FIXATION OF NEPHROTOXIC ANTIBODY TO OTHER TISSUES 

There is definite  but reduced fixation  of  the nephrotoxic 

antibody to basement membranes other than GBM. 

3.16 Immunofluorescent  photomicrograph showing glomerular 

staining for  sheep IgG on the same animal used to 

demonstrate cross-reaction with liver and lung basement 

membrane. 

3.17 Immunofluroescent  photomicrograph of  sheep IgG in liver. 

The normal liver architecture is easily seen around a 

central vein. The IgG is localised to the "reticulin" 

basement membrane. 

3.18 Immunofluorescent  photomicrograph of  sheep IgG in lung. 

The alveolar spaces and basement membrane fixation  of  IgG 

are demonstrated. 



Plates 

3.17 



The fact  that F(ab')2 antibody is so effective  in producing proteinuria 

suggests that antibody alone may be capable of  broaching the 

permeability barrier merely by fixation  into the basement membranes. 

For this disruptive influence,  both combining sites seem to be 

required for  antibody to alter the functional  activity of  the 

permeability barrier. The factors  involved in glomerular permeability 

are still in dispute. Physiological studies suggest that the basement 

membrane behaves as if  it was an isoporous membrane which 

effectively  retains macromolecules the size of  albumin or larger. The 

structural equivalent of  this barrier is a matter of  controversy. Some 

believe that the glomerular basement membrane is the only barrier 

while others have proposed that two barriers are involved: the GBM 

acting as a coarse filter  and the interpodocyte slit diaphragm as the 

final  filter.  Ryan and Karnovsky (1975) have suggested that 

glomerular barrier function  is critically dependent on the maintenance 

of  normal blood flow.  Using ultrastructural immunoperoxidase 

techniques they showed that when rat glomeruli were fixed  during 

blood flow,  with gluteraldehyde applied to the surface  of  the kidney, 

that albumin was confined  to the capillary lumen. However, tissues 

fixed  after  blood flow  had stopped had albumin throughout the GBM 

and in Bowman's space. IgG and catalase were also found  throughout 

the basement membrane but were held up at the epithelial slit 

diaphragm. They have proposed that the change in permeability with 

flow  could be due to: 

1. A loosening of  a compacted felt  work of  GBM fibrils  as 

the hydrostatic pressure falls  or 

2. A molecular sieving effect  or 
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3. That during ultrafiltration  an unstirred layer beneath the 

endothelium would build up a flux-dependent 

concentration/polarisation layer (which in artificial  filtration 

systems is known to limit albumin penetration). 

There has also been interest in the polysaccharide-rich material - the 

glycocalyx which coats the surface  of  many cells. In the kidney this 

coats the epithelial cells and the slit diaphragm space. Named 

glomerular sialoprotein or glomerular polyanion it has been shown to 

contain sialic acid residues. Chiu and Drummond (1972) showed that 

in NTN there was a reduction in the staining for  glomerular 

sialoprotein (GSP) and similar results were noted by Couser et at 

(1973) and ourselves in g-p and more recently by Pilia et al (1983) in 

the Munich Wistar (MW) rat. It has been suggested that GSP may be 

an important nephritogenic antigen and that fixation  of  NTab causes a 

loss in its staining properties and its negative charge. These 

changes could be the result of  proteinuria or because of  a failure  of 

some aspect of  membrane synthesis during the NTN insult. Chiu and 

Drummond (1972) showed an absolute decrease in whole GSP for  10 

days after  the NTN. A glomerular polyanion or flux-dependent 

concentration-polarisation layer would fit  well with the data of  Deen et 

al (1974) from  single nephron clearance studies in the MW rat. They 

found  that the fractional  clearance value for  uncharged dextrans of 

well defined  radius (approximately 36 A) was 0.2 versus 0.01 for 

albumin. This suggested that some factor  in addition to molecular 

size retarded the trans-glomerular passage of  albumin. Albumin is a 

very strong polyanion and dextran sulphate which is also negatively 

charged had fractional  clearance values similar to those of  albumin 

and thus it was suggested that molecules were excluded from  a 
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negatively charged capillary wall. In proteinuria the clearance of 

dextran sulphate was substantially increased while the clearance of 

neutral dextrans was not changed. Thus, the loss of  fixed  negative 

charge from  the glomerular capillary wall seemed to be a more 

important cause of  proteinuria in NTN than any change in the 

effective  pore size. The loss of  GSP in NTN could account for  the 

charge loss. In summary therefore  fixation  of  a divalent nephrotoxic 

antibody fragment  could interfere  with the GBM charge or the relative 

porocity of  GBM or the slit diaphragm by the act of  fixation.  A more 

complete understanding of  the mechanisms of  increased permeability in 

these systems may lead to better understanding of  the cause of 

proteinuria in the minimal change nephrotic syndrome of  lipoid 

nephrosis where increased glomerular permeability occurs in the 

absence of  structural changes and IgG and complement fixation  do not 

seem to be necessary. The work of  Ryan and Karnofsky  (1976) and 

Ryan (1979) showed that the distribution of  endogenous albumin and 

IgG and exogenous catalase indicate first  that the major glomerular 

barrier to plasma proteins resides at the level of  the endothelial 

fenestrae  and secondly that the integrity of  the barrier is critically 

dependent upon the maintenance of  normal haemodynamic conditions. 

These experiments are discussed in detail by Ryan (1982) who points 

out that factors  involved in glomerular barrier function  may include 

molecular seiving particularly with the assistance of 

concentration-polarisation effects  and the presence of  anionic groups, 

particularly glycosaminoglycans in the basement membranes. In 

glomerular disease it can be shown that plasma proteins penetrate the 

basement membrane at sites of  endothelial or epithelial loss which 

presumably produces local disturbance of  the barrier. Our 

experiments would favour  alteration in the intrinsic anionic groups 
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rather than any particular endothelial or epithelial changes. Although 

some separation of  endothelium or epithelium was sometimes seen on 

electron microscopy this was by no means constant and could have 

been due to preparation artefact. 

Our experiments do not support the concept of  L. 0 . Simpson (1980, 

1981 a and b) that proteinuria is the consequence of  a pressure 

dependent increase in glomerular permeability because of  the 

thixotropic nature of  the GBM. Simpson has shown that proteinuria 

in the NZB x OUW F1 hybrid female  mouse follows  a rise in blood 

pressure in these animals. He postulates that the rise in blood 

pressure is due to immune complex disease which produces endothelial 

thickening and proliferation.  Although no data was obtained on blood 

pressure in the g-p NTN experiments there was certainly no 

endothelial changes similar to those described in the NZB x OUW F1 

mice. However, the possibility that in NTN the g-p plasma had a 

higher viscosity and hence required a higher perfusion  pressure has 

not been excluded. 

In experimental autoimmune glomerulonephritis in the g-p (Couser et 

al 1973), C fixation  is variable and not required for  proteinuria. 

Similarly, Rudofsky  et al (1974) found  that C4d animals are not 

protected from  experimental autoimmune tubulo-interstitial disease and 

thus in this case an intact classical pathway of  C activation is not 

required. However,C does seem to be involved in tubulointerstitial 

disease as there is C deposited in the lesion and protection can be 

obtained with CVF (Rudofsky  et al, 1975). Presumably in this case C 

activation is occuring via the alternative pathway. 
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Renal injury in the absence of  C3 depostion or an intact C system is 

well documented in man (Wilson and Dixon, 1974; Sissons et al, 1974). 

In Goodpasture's syndrome there may be severe renal injury in the 

absence of  C3 deposition and perhaps of  more interest glomerular 

disease is frequently  described in C-deficient  states (Peters and 

Williams, 1974). Similar mechanisms of  injury to that described in the 

g-p may well be important in such patients. However, the failure  to 

produce proliferative  changes by repeated NTN insult suggests that 

C-independent but PMN-dependent injury (Naish et al, 1975) and 

macrophage-dependent injury (Schreiner et al, 1982; Holdsworth et 

al, 1982) may be more important than antibody alone in most human 

disease. It would thus seem that antibody dependent, C and PMN 

independent proteinuria may give more information  on the nature of 

the glomerular capillary permeability barrier than to the nature of 

progressive renal disease in man. However, removal of  antibody by 

plasma exchange or immunosuppressive therapy (Lockwood et al, 1975, 

1976) would seem to be a more rational approact to anti-GBM disease 

than decomplementation. 

The animals in group 22 which received repeated doses of  NTab 

developed marked mesangial deposits of  g-p IgG and C. Repeated 

injections of  NTab would presumably be associated with IC formation 

both from  autologous antibody against circulating sheep IgG and also 

heterologous antibody directed at serum or cellular components of  the 

g-p as absorption of  antiserum is never complete, particularly with 

low avidity antibody. 

The attempts at Fab protection were carried out to see whether such 

therapy might be of  benefit  in man where removal of  autologous NTab 
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by plasma exchange is now possible. A replacement of  whole NTab 

by a massive infusion  of  Fab fragment  might have had some 

theoretical benefit  by blocking potential sites for  whole NTab. 

However, although Fab has a slightly higher affinity  than whole 

antibody (size effect)  its avidity as stated earlier is 1000 times less 

and it also has a short half  life  because of  glomerular filtration. 

Although the Fab could be shown to reduce whole antibody fixation  it 

was not possible to demonstrate any reduction in injury as defined  by 

proteinuria. 

The results with goat and rabbit NTg confirm  that the g-p does not 

fix  C well to heterologous NTab fixed  in the kidney. There are 

species variations in C fixing  ability as have been described by Gigli 

and Austin (1975) and Ballow (1977). 
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O01C0OCT!L0"=l -<d-O^-CM 

CO +1 o 
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CHAPTER 4 

4.0 Guinea-pig nephrotoxic nephritis experiments: 

AUTOLOGOUS PHASE 

Forty-two animals were studied in the autologous phase of  nephrotoxic 

nephritis (Groups 19, 20 and 21) and in these groups five  animals 

died early of  acute renal failure  associated with the administration of 

NTab. Only two of  the remaining thirty-seven animals (1 C4d and 1 

DH: a total of  5%) developed a progressive disease with endo and 

extra capillary proliferation. 

4.1 Development of  anti-sheep Ig antibody response 

Animals studied after  the heterologous phase of  nephrotoxic nephritis 

developed detectable antibody against sheep IgG after  5-6 days. The 

whole antibody titres are shown in Fig. 4.1 (a and b) . The maximum 

response occurred at about 10 days with a titre range of 

1.160-1.5120. The addition of  2-mercaptoethanol to the sera produced 

only a small and inconsistent decrease in the maximum titre, 

suggesting that the agglutinating antibody was predominantly IgG. 

The response of  C4d animals was not significantly  different  from  that 

of  DH animals and animals boosted with sheep y2 IgG in CFA 

developed similar, but more sustained antibody levels. 

4.2 Proteinuria 

Thirty-six of  the thirty-seven surviving animals given sheep NTab 

completely lost their proteinuria by the 4th day Fig. 4.2. One animal 
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FIGURE 4.1 (a) and (b) (Groups 19,20,21) 

HAEMAGLUTINATION TITRES OF GUINEA-PIG, ANTI-SHEEP 

IgG 

In primed and unprimed Dunkin Hartley and C 4-deficient 

guinea-pigs (vertical bars:mean ± 1 s d). 

The animals primed with sheep yg in CFA had slightly more 

sustained antibody titres. 



Fig 4.1 
(a) 
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FIGURE 4.2 

URINE PROTEIN EXCRETION AFTER NEPHROTOXIC SERUM 

By the fourth  day proteinuria has disappeared with no 

recurrence with the onset of  the autologous phase. 

FIGURE 4.3 

SERUM UREA AFTER NEPHROTOXIC GLOBULIN 

(mean ± 1 s d shaded). The urea returns to normal by the 

fourth  day and continues to fall  slightly thereafter. 



Fig 4.2 

Urine protein excretion after nephrotoxic serum 
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FIGURE 4.4, 4.5, 4.6 

C3 LEVELS IN AUTOLOGOUS PHASE ANIMALS 

Groups 19 (I), 20 (II) and 21 (III). Percentage change from 

the time of  injection of  the sheep NTg. There is a small 

plateau in C3 levels at the height of  the autologous phase at 

about seven days. However, overall there is a steady rise in 

C3 levels from  day two reflecting  an acute-phase protein 

response (Vertical bars:mean ± 1 s d). 



Fig 4.4 

Autologous Phase group 1 C3 levels (% change from time °) 

Fig 4.5 

Autologous Phase group II C3 levels (%change from time °) 
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FIGURE 4.4, 4.5, 4.6 

C3 LEVELS IN AUTOLOGOUS PHASE ANIMALS 

Groups 19 (I), 20 (II) and 21 (III). Percentage change from 

the time of  injection of  the sheep NTg. There is a small 

plateau in C3 levels at the height of  the autologous phase at 

about seven days. However, overall there is a steady rise in 

C3 levels from  day two reflecting  an acute-phase protein 

response (Vertical bars:mean ± 1 s d). 



Autologous Phase group 111 C3 levels (% change from time °) 



from  Group 3 (pre-immunized 4 days before  NTab) had sustained 

proteinuria of  less than 50mg daily until it was killed at 35 days. 

This was one of  the two animals which developed progressive disease. 

Seventeen (46%) of  animals in groups 19, 20 and 21 tested daily or on 

alternate days for  urine protein excretion, developed a trace of 

proteinuria lasting 1-3 days, 7-10 days after  the NTab. The 

presence of  proteinuria did not correlate with the anti-sheep IgG titre 

or with pre-immunization. Of  animals from  groups 20 and 21, six 

tested at 28 days, six at 35 days and nine at 56 days, only one was 

found  to have proteinuria detectable with 10% TCA. In summary, less 

than one half  of  animals developed a trace of  proteinuria at the height 

of  the autologous phase. Of  two animals which developed progressive 

disease, only one had proteinuria when killed at 35 days. 

4.3 Blood urea 

All animals showed a progressive fall  in urea after  the heterologous 

phase injury and there was no rise in blood urea during the 

autologous phase of  antibody production (see fig  4 .3) . The two 

animals which developed progressive disease had elevated blood urea 

when they were killed at 35 days; values in the remaining animals 

tested at day 35 and 56 were normal. 

4.4 Complement 

Most animals showed an initial fall  in C3 in the heterologous phase 

and then a rise to supra-normal levels after  4-5 days suggesting C 

was acting as an acute phase protein (see Figs. 4.4, 4.5 and 4.6. 

There was no fall  in C3 detectable at the onset of  the autologous 

phase (as defined  by the development of  high titre of  antibody to 

sheep IgG). 
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4.5 Histology 

Light microscopy: Two animals, both preimmunized with sheep IgG in 

CFA (Group 21) showed evidence of  progressive glomerulonephritis at 
I 

day 35 with severe focal  changes and evidence of  endo and 
l 

extra-capillary cell proliferation.  Plate 4.1 and 4.2. None of  the 

remaining fifteen  animals examined at day 35 or at dâ r 56 showed 

these changes. Three of  twenty-three animals examined at 14 or 28 

days had minor mesangial proliferation.  Plate 4.3. 

Immunofluorescence:  All animals were found  to have developed typical 

linear (capillary) staining together with variable mesangial deposits of 

g-p Ig and C after  7 days. Plates 4.4-4.7. Capillary staining 

decreased in intensity 1-2 months after  the onset of  the autologous 

phase. Only the two animals with progressive disease and crescent 

formation  had detectable deposits of  fibrin-fibrinogen  in Bowman's 

space. Plate 4.8a, b. Serum from  these two animals did not show 

anti-GBM activity by indirect immunofluorescence  on normal g-p 

kidney. 

Electron microscopy: Tissue from  one of  the two animals with 

progressive disease was examined by electron microscopy. 

Unfortunately,  the glomeruli examined were normal, indicating the 

focal  nature of  this disease. Other animals examined at 8-10 days 

showed no change or had patchy epithelial cell foot  process fusion. 

4.6 Passive 'autologous phase' experiments 

(i) F(ab) sheep NTg followed  by rabbit anti-sheep immunoglobulin. 

F(ab) and F(ab') NTg followed  24 hours later by rabbit anti-sheep 
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Plates 4 .1 - 4.2 

PROGRESSIVE GLOMERULAR DISEASE IN THE AUTOLOGOUS PHASE 

OF NEPHROTOXIC NEPHRITIS 

4.1-4.2 Light photomicrograph (M.S.B., magnification  x 400, 

C139). One fairly  normal glomerulus and a further 

glomerulus with increase in mesangial ground 

substance and a crescent. There may be some mild 

capillary loop thickening. Proteinaceous material is 

seen in one tubular lumen. In 4.2 the top glomerulus 

shows enlargement and exuberant crescent formation 

while the lower glomerulus is relatively normal. 
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immunoglobulin failed  to produce proteinuria even though (a) C3 

fixation  was readily demonstrable and (b) the amount of  rabbit 

antibody bound in the kidney was four  to five  times the amount of 

sheep NTab required to cause proteinuria (Table 4.1) (Plates 

4.9-4.11). 

(ii) Sheep NTg and anti-sheep immunoglobulin. Proteinuria did not 

recur when whole sheep NTg was used instead of  F(ab) NTg and 5 

days allowed to elapse before  rechallenge with rabbit anti-sheep 

immunoglobulin. The double isotope technique was used to 

quantitate the amount of  rabbit antibody fixed  in the kidney and this 

was again found  to be up to four  to five  times the threshold for 

proteinuria for  sheep NTab directed specifically  at the basement 

membrane (See Table 4 .1) . Immunofluorescent  examination showed 

strong C3 fixation  by the rabbit antibody. (Plates 4.12-4.14) 

4.7 DISCUSSION 

In the previous chapter, the study of  nephrotoxic injury in the g-p 

showed that proteinuria was independent of  C deposition and PMN 

accumulation (Simpson et al, 1975). In this model proteinuria seems 

to be a direct consequence of  antibody fixation  to the GBM and as 

yet, no additional humoral or cellular mediator system have been 

implicated. These findings  contrast with the studies of  the events in 

the autologous phase in the g-p, where although IgG and C 

deposition could be demonstrated, proteinuria was absent, or minimal 

and transient. Progressive renal disease was rare (two of 
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Plate 4.3 

AUTOLOGOUS PHAST OF NEPHROTOXIC NEPHRITIS 

4.3 Light photomicrograph (H & E, magnification  x 400) 

There is minor mesangial proliferation  typical of  the vast 

majority of  autologous phase guinea-pigs sacrificed  after 

the onset at anti-sheep IgG antibody production. 





thirty-seven), even when pre-immunization with the heterologous 

globulin in adjuvant was used. 

In APTN in the rabbit, even sub-proteinuric doses of  nephrotoxic 

antibody produce a rapidly progressive glomerular disease in most 

animals (Kay, 1942; Naish et al, 1972; Thomson et al, 1975). In the 

rat, proteinuria and progressive renal damage can be induced in the 

autologous phase by as little as 2yg of  rabbit nephrotoxic antibody 

per kidney in animals given rabbit immunoglobulin in adjuvant 

(Unanue & Dixon, 1965b). Unanue and Dixon emphasized the 

dependence of  renal injury in the autologous phase on two factors: 

the amounts of  heterologous nephrotoxic antibody fixed  in the kidney 

and the antibody response of  the host. In the rat a large amount of 

nephrotoxic antibody stimulated host responses as well as causing 

immediate injury, and in such cases there was progressive renal 

damage. On the other hand, smaller doses of  nephrotoxic antibody 

do not always produce immediate injury but progressive injury occurs 

if  enough immunoglobulin is present to induce an adequate immune 

response; and not surprisingly injury is accelerated by the 

simultaneous administration of  the heterologous immunoglobulin in 

adjuvant. The g-p is therefore  unusual: despite fixation  of 

relatively large amounts of  nephrotoxic antibody (30-100 g/kidney) 

and induction of  a strong host response by concurrent immunization 

of  heterologous globulin, there was no consistent injury. At the 

height of  the autologous response, only half  the animals showed 

proteinuria, and this was present in only trace quantities. There 

was a very low incidence of  continued or late proteinuria and only 

one of  twenty-one animals tested between days 28 and 56 showed 

significant  proteinuria. There was no correlation between the 
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Plates 4.4 and 4.5 

AUTOLOGOUS PHASE OF NEPHROTOXIC NEPHRITIS 

4.4 Immunofluorescent  photomicrograph (magnification  x 400) of 

guinea-pig glomerulus showing fixation  of  sheep IgG. At 

16 days the sheep immunoglobulin is still prominent. 

4.5 Immunofluroescent  photomicrograph (magnification  x 400) 

showing guinea-pig IgG deposited in a predominantly 

capillary distribution but also in the mesangium. These 

deposits at 16 days represent the autologous response to 

the sheep NTg. 
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anti-heterologous immunoglobulin titre and the severity of  the 

autologous phase. Thus, although there is a demonstrable antibody 

response against the heterologous nephrotoxic antibody, the fixation 

of  autologous antibody and subsequent complement fixation  does not 

necessarily produce injury. A corresponding finding  was the failure 

to induce injury passively. The administration of  autologous F(ab) 

and F(ab') NTg or whole sheep NTg followed  by rabbit anti-sheep 

immunoglobulin failed  to produce proteinuria, even when relatively 

large amounts of  antibody were fixed  and C fixation  was demonstrated 

by immunofluorescence.  The fixation  of  quantities of  rabbit antibody 

four  to five  times the threshold for  sheep NTab fixed  directly to the 

basement membrane did not produce injury. In molecular terms, it 

would seem that more distant interactions are less likely to produce 

injury. It is the molecular events occuring on the GBM itself  which 

appear to cause proteinuria. Also of  interest is the fixation  of  C 

without injury in the early autologous phase in this system. 

Presumably the rate and extent of  complement activation is not 

sufficient  to attract and bind PMN. The situation in this g-p NTN 

system is not unique. Couser et al, (1973) in their studies of  an 

experimental auto-immune glomerulonephritis in g-p reported that only 

about a third of  the animals developed proteinuria, whereas 

two-thirds had complement deposits. Thus the fixation  of  complement 

is not in itself  necessarily associated with renal injury. Repeated 

injections of  NTg also failed  to cause a proliferative 

glomerulonephritis. Although the animals developed a nephrotic 

syndrome and showed a greater incidence of  mesangial proliferation 

and marked mesangial deposits of  g-p IgG and C3 on 

immunofluorescent  examination, repeated injection of  NTg did not 
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Plates 4.6 and 4.7 

AUTOLOGOUS PHASE GUINEA-PIG NTN 

4.6 Immunofluorescent  photomicrograph of  guinea-pig 

glomerulus (magnification  x 280) showing the deposition of 

guinea-pig IgG at 16 days. In this animal there is 

predominantly mesangial deposition of  antibody. (Contrast 

with 4 .5) . 

4.7 Immunofluorescent  photomicrograph (magnification  x 280) of 

guinea-pig glomerulus showing the deposition of  guinea-pig 

Cg at 16 days. There is predominant capillary deposition 

but also some mesangial deposition. 

Despite this complement fixation  no proteinuria was seen in 

the majority of  animals, (see text) 
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produce - .histological changes analogous to those seen in human 

anti-GBM disease. 

C-independent injury also seems to occur in APNTN in the rabbit 

where C depletion with cobra venom factor  does not influence  the 

course of  the disease. Injury in this system is dependent on PMN, 

and proteinuria, fibrin  deposition, crescent formation  and renal 

failure  can be substantially prevented by PMN depletion (Naish et al 

1975; Thomson et al 1976a). Apparently PMN induced injury may be 

dependent upon antibody alone and not require C. 

Plate 4.8 

a and b 

FIBRIN IN CRESCENTS 

Immunofluorescent  microscopy (C139) in animal with progressive 

disease in the autologous phase showing the deposition of 

guinea-pig fibrin/fibrinogen  in two glomeruli with crescents. 

The distribution of  fibrin  is typical of  crescentic nephritis in 

man and other species. 
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Plates 4.9 - 4.11 

PASSIVE "AUTOLOGOUS PHASE" EXPERIMENTS: F(ab») and F(ab) 

Sheep NTg given followed  24 hours later by rabbit anti-sheep 

IgG. 

4.9 Immunofluorescent  photomicrograph (magnification  x 280) 

showing deposition of  sheep F(ab'). 

4.10 Immunofluorescent  photomicrograph (magnification  x 280) 

showing rabbit IgG (whole antibody) fixed  to sheep 

F(ab?). 

4.11 Immunofluroescent  photomicrograph (magnification  x 280) 

demonstrating fixation  of  guinea-pig C3. Despite the 

fixation  of  rabbit antibody and guinea-pig C3 there was no 

proteinuria. 
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Plates 4.12 - 4.14 

PASSIVE "AUTOLOGOUS PHASE" EXPERIMENTS: Sheep NTg 

given and after  cessation of  proteinuria (5 days) rechallenge 

made with rabbit anti-sheep IgG. There was no resultant 

proteinuria. 

4.12 Immunofluroescent  photomicrograph (magnification  x 280, 

day 6) showing the fixation  of  sheep NTg. 

4.13 Immunofluorescent  photomicrograph (magnification  x 280, 

day 6) showing the fixation  of  rabbit, anti-sheep IgG. 

4.14 Immunofluorescent  photomicrograph (magnification  x 280, 

day 6) showing the fixation  of  guinea-pig C3 to the rabbit 

IgG. There are modest amounts of  capillary wall and 

mesangial staining. 
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CHAPTER 5 

PROLONGED COMPLEMENT ACTIVATION IN MICE 

5.1 Introduction 

In this study, the experiments were designed to determine whether 

persistent in vivo activation of  the alternative pathway of  complement 

(C) directly damaged the kidney. Interest in this question arose 

following  the recognition that alternative pathway activation in man is 

a feature  of  membranoproliferative  glomerulonephritis (MPGN), (also 

called mesangiocapillary glomerulonephritis, MCGN) especially the 

variety characterised by electron dense deposits in glomerular and 

tubular basement membranes-"dense deposit disease" (Williams et al, 

1974; Habib et al, 1975). It has been established that activation of 

the alternative pathway in this disease is due to a serum factor,  the 

so-called C3 nephritic factor  (C^NeF) (Spitzer et al, 1969; Williams et 

al, 1973) which is a distinctive IgG autoantibody. CgNeF has also 

been found  to be associated with a curious disorder of  adipose tissue, 

partial lipodystrophy, which itself  is also sometimes associated with 

MPGN (Peters et al, 1973; Sissons et al, 1976). It is now established 

that CgNeF causes complement activation by binding to and stabilising 

the alternative pathway enzymes (C3bBb and C3bB), i . e . prolonging 

their half-lives  (Fearon and Austen, 1975; Amos et al, 1976). More 

recently an IgG autoantibody to the classical pathway convertase 

has been described (Halbwachs et al 1980). Previous studies in 

experimental animals failed  to provide evidence that systemic 

activation of  complement is nephrotoxic. Verroust et al, (1974) were 
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FIGURE 5 .1 

COMPLEMENT LEVELS CONTROL AND CVF TREATED MICE 

C3 levels as a percentage of  pooled normal CBA mouse serum. 

Closed circles denote thymectomized, irradiated, bone marrow 

protected mice treated with cobra venom factor. 

Dashed line with open circles denote thymectomized, irridiated, 

bone marrow protected mice injected with saline. 

Solid line with squares denote normal CBA mice injected with 

saline. 

Open squares with alternative dashes and dots denote normal 

CBA mice injected with cobra venom factor  (only until day 10). 
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unable to produce significant  glomerular injury in rabbits by repeated 

injection of  particulate inulin or zymosan, activators of  the alternative 

pathway. It is noteworthy, however, that the degree of  complement 

activation produced in this way is much less than that which occurs 

in patients with MPGN; furthermore,  there are a number of 

differences  between the reaction mechanism of  NeF, which works 

efficiently  in the fluid  phase by a properdin-independent mechanism 

(Amos et al, 1976; Williams et al, 1973; Macanovic et al,1973), 

acting by making C3bBb resistant to its physiologic inactivators, H 

and I and the convertase generated by particulate polysaccharides 

which require properdin to generate an efficient  C3 convertase 

(Schriber et al, 1975) .Another approach is the use of  the complement 

activating factor  in cobra venom. Cobra venom factor  (CVF) causes 

complement activation by generating a C3 convertase, CVF-B, which 

has a long half-life  and, thus, simulates the state brought about by 

NeF. In acute experiments (Cochrane et al,1970; Thomson et al, 

1976), there was no evidence that CVF caused glomerular injury, but 

examination of  longer-term effects  was not possible owing to 

resistance due to antibody formation,  which usually develops within 

five  to ten days. Pryjma and Humphrey (1975) showed that B mice 

(neonatally thymectomized, lethally irradiated and bone marrow-

reconstituted mice) fail  to make antibodies to CVF, i . e . CVF is a 

T-dependent antigen. Thus, the effects  of  protracted complement 

activation can be studied in such animals. Therefore,  we repeated 

the experiments of  Pryjma and Humphrey to determine whether 

glomerular damage and, in particular, changes resembling 

dense-deposit disease develop under these circumstances. 
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Plates . 1 -5 .2 

ELECTRON MICROGRAPHS OF GLOMERULI FROM COBRA 

VENOM-TREATED TH YMECTOMISED, IRRADIATED, BONE 

MARROW PROTECTED MICE AFTER 100 DAYS OF 

DECOMPLEMENTED MICE. 

5.1 Mouse 12.5 (magnification  x 5000). 

There is normal glomerular architecture with discrete foot 

processes from  the epithelial cells and mesangial and 

endothelial cells also of  normal appearence. 

Subendothelial, intramembranous or extramembranous 

deposits are not present. 

5.2 Mouse 12.5 (magnification  x 8000). 

Note the central capillary loop with an epithelial nucleus 

and cytoplasm at the top right. The foot  processes are 

more clearly seen than in 5.1 as are the endothelial 

fenestre. 
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5.2 RESULTS 

Fifteen  thymectomized and irradiated mice (TXB mice) were treated 

with CVF for  periods between 72 and 100 days. Two animals died of 

unidentified  pulmonary infection,  characterised by alveolar exudation. 

The other TXB and CVF-treated animals appeared healthy, although 

they had a smaller weight gain than control animals. The degree of 

complement depletion is shown in Figure 5.1, most of  the animals 

having C3 values of  less than 10% of  normal before  the next injection. 

Only one of  the 15 TXB animals developed resistance to CVF; 

therefore,  this animal was excluded. None of  the remainder had C3 

concentrations greater than 25% at any measurement during the 

experiment. Control CBA and TXB animals injected with normal saline 

had C3 values of  100 ± 40% throughout the experiment. Normal CBA 

mice injected with CVF developed resistance after  five  to six days and 

became totally resistant at ten days. TXB, NZBW mice also 

developed CVF resistance suggesting reconstitution of  T cell function 

with marrow cells in this strain combination. 

5.2.1 Serum urea and protein excretion. 

There was no consistent rise in serum urea or in urine protein 

excretion in any of  the control or experimental groups. 

5.2.2 Histology: 

Light Microscopy: 

No changes were detected on light microscopy in the kidneys of  the 

control, normal CBA and TXB mice, or in the CVF-treated TXB mice. 
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Plates 5.3 and 5.4 

ELECTRON MICROGRAPHS OF COBRA VENOM TREATED MICE 

(continued) 

5.3 Mouse 12.5 (magnification  x 12000). 

Two loops with endothelial and epithelial cell cytoplasm and 

normal basement membrane. 

5.4 Mouse 13.4 (magnification  x 50,000). 

Basement membrane with clearly defined  laminae rara 

externa and interna, foot  processes and endothelial 

fenestre.  In some areas there is suggestion of  the 

slit-pore diaphram. No electron dense deposits are seen. 





Immunofluorescence: 

Minor deposits of  mouse IgG and C3 were found  in kidneys from  both 

groups of  control animals. TXB CVF-treated animals also had minor 

deposits of  immunoglobulin, but no C3 was detected. 

Electron microscopy: 

Glomeruli from  control normal CBA. TXB/CBA mice, and from 

CVF-treated TXB mice were essentially normal (Plates 5 .1-5 .4) . A 

few  electron dense deposits were seen in some glomeruli (Plate 5.5) , 

but there was no difference  between CVF-treated animals and animals 

given saline. 

5.3 DISCUSSION 

We were able to confirm  the results of  Pryjma and Humphrey (1975), 

that in "B mice" it is possible to deplete C for  prolonged periods by 

repeated injections of  CVF, (TXB, NZBW mice were an exception) and 

we have found  that after  periods of  up to three months these animals 

show no evidence of  renal disease: urinalysis, renal function,  light 

microscopy, immunofluorescence  and ultrastructural microscopy being 

essentially normal. These results indicate that fluid-phase  activation 

of  complement via the alternative pathway does not per se cause 

glomerular damage. This is in keeping with studies of  patients with 

partial lipodystrophy, a condition which is now recognised to be 

associated with alternative pathway activation (Peters et al, 1973; 

Sissons et al, 1976). Such patients usually have CgNeF and 

hypocomplementaemia, but, though prone to develop mesangiocapillary 

nephritis of  the dense-deposit variety, they may not do so. Our 
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Plate 5.5 

ELECTRON MICROGRAPHS COBRA VENOM TREATED MICE 

(continued) 

Mouse 12.4 (magnification  x 12,000). 

An extracapillary "hump" with localised foot  process fusion. 

These presumed immune deposits were seen infrequently  in 

cobra venom-treated and control animals. 



Plate 5.5 



findings  are also consistent with those of  Verroust et al (1974), who 

studied the effects  of  repeated injection of  zymosan and particulate 

inulin in rabbits, to which we have already referred. 

These clinical and experimental studies indicate that factors  other 

than alternative pathway activation must be involved in the 

pathogenesis of  MPGN, although the clinical data strongly suggest 

that alternative pathway activation predisposes to its development. 

We have considered the possibility that longer periods of  complement 

activation might be needed before  nephrotoxicity can be recognised; 

but in patients, electronmicroscopic evidence of  recurrence of  dense 

deposit disease in renal allografts  if  frequently  observed within three 

months of  transplant, whereas no comparable damage occurred in this 

period in our experiments. It is also noteworthy that recurrence of 

dense deposit disease has been observed in the absence of 

hypocomplementaemia (Droz et al, 1977). 

It has been suggested that the development of  nephritis in patients 

with alternative pathway activation could be a result of  complement 

deficiency,  by a mechanism similar to that operating in patients with 

primary congenital deficiencies  of  the complement system (Peters et 

al, 1973). An altogether different  explanation is that a product of 

complement activation may be nephrotoxic in certain otherwise 

predisposed individuals. The current experiment does not help to 

distinguish between these suggestions and the mechanisms responsible 

for  the development of  renal disease, and, for  that matter, the 

disturbances in adipose tissue remain uncertain. 
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It is interesting to note that the mortality in these profoundly 

decomplemented and T-cell deficient  animals was relatively low in a 

normal animal-house environment. Presumably, complement-depleted 

TXB mice still have cellular and humoral defense  mechanisms sufficient 

for  the elimination of  many bacterial and other infections. 
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CHAPTER 

PLASMA EXCHANGE IN GOODPASTURE'S SYNDROME 

6.1 INTRODUCTION 

Circulating antibodies directed against glomerular basement membrane 

(GBM), have been clearly implicated in the production of 

glomerulonephritis and lung haemorrhage in patients with 

Goodpasture's syndrome, although occasionally immune complex disease 

can produce the same clinical picture. There is of  course a striking 

similarity between naturally occuring anti-GBM antibodies in 

Goodpasture's syndrome and the NTab used in the models of  NTN. 

In man, the production of  anti-GBM antibodies is usually transient 

(Wilson and Dixon, 1973) and it therefore  seemed logical to attempt to 

reduce the severity of  renal and lung disease by measures to hasten 

the disappearacne of  the antibody. An improved clinical course and 

more rapid fall  in anti-GBM antibody with plasma exchange cytotoxic 

agents and corticosteroids was originally described by Lockwood et al 

(1975, 1976, 1979 and Rees et al 1980) and subsequently by other 

groups (Johnson et al, 1978; Depner 1975; Laing et al, 1977; 

Kincaid-Smith, 1978; Walker et al, 1977; Rosen et al, 1976; Johnson 

et al, 1979; Briggs et al, 1979; McLeish et al, 1977; Erickson et al, 

1978; Swainson et al, 1978; Finch et al, 1979; Loew et al, 1980; 

Asava et al, 1980; Rosenblatt, 1979). Earlier reports of  the natural 

history of  the disease emphasised the poor prognosis in Goodpasture's 

syndrome (Wilson and Dixon, 1973) but with the routine use of 

immunopathologic studies (tissue and serum) milder forms  of  this 

disease are now recognised. In addition the improved management of 
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renal failure,  dialysis and the use of  corticosteriods for  pulmonary 

haemorrhage have also improved the outlook for  patients with this 

disease. In this Chapter the clinical course of  20 patients with 

anti-GBM antibody induced Goodpasture's syndrome treated at 

Auckland Hospital from  1975 to 1978 are described. Five of  these 

patients were referred  from  other centres in New Zealand. The 

pathological and other aspect of  many of  this group of  patients have 

been discussed in detail elsewhere (Simpson et al, 1977; Teague et al, 

1978). 

6.2 PATIENT CRITERIA AND GROUPS 

The diagnosis of  anti-GBM antibody-induced Goodpasture's syndrome 

was based in the clinical finding  of  glomerulonephritis, at least one 

episode of  lung haemorrhage, and the demonstration of  widespread 

linear disposition of  IgG along the GBM with fluorescence  microscopy. 

In addition, all patients had elevated serum levels of  anti-GBM 

antibody. 

Lung haemorrhage was classed as mild if  there was minimal 

haemoptysis, moderate if  there was consistent blood-staining of 

sputum, and severe with heavy haemoptysis. Radiographically, 

pulmonary changes were seen in all patients at some time during the 

course of  their disease, and in most patients with moderate and all 

patients with severe haemoptysis there was a lowered p 0 2 during 

their course. 

Twenty successive patients were studied and these have been divided 

into three management groups. The patients are numbered in order 

of  presentation. The management was determined by the availability 
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of  plasma exchange and by the order of  presentation, and was not 

randomised. 

Group 1: The eight patients in this group were treated for 

hypertension but received no specific  therapy (table 6.1) . 

Group 2: The four  patients in this group were treated with 

azathioprine 2-3mg/kg and prednisone 60mg daily for  the first  2 

weeks and reducing thereafter  (table 6.1) 

Group 3: The eight patients in this group were treated with plasma 

exchange, together with cyclophosphamide 1.5mg/kg and prednisone 

60mg daily for  1 or 2 weeks and thereafter  with reducing doses of 

prednisone (table 6.1) 

6.3 RESULTS 

6.3.1 Renal Morphology: 

All twenty patients showed an active glomerulonephritis with linear 

deposits of  IgG along the GBM. IgA was detected in only 4 biopsies 

from  3 patients and had a granular distribution. IgM was detected in 

eight biopsies from  seven patients and was also finely  granular. 

Tubular basement membrane staining with IgG and C3 were seen in 

two patients (12 and 14) and fibrin  was detected in five  biopsies, but 

only in association with crescents. Ninteen of  twenty-four  biopsies 

were examined for  C3 deposition; sixteen were positive and three 

were negative. Two of  the negatives occurred in a second biopsy, 

and one in a diffuse  glomerulonephritis with more than 50% crescents 

(patient 10). Electron microscopy was performed  on twenty biopsies 

from  sixteen patients. In all glomeruli the most characteristic 

findings  were a mottled increase in the electron density of  the GBM, 

particularly in the region of  the lamina densa, together with extensive 

irregular widening of  the lamina rara interna, as previously described 
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(Teague et al, 1978). Electron-dense deposits were not noted in the 

renal biopsies in this series. 

Repeat renal biopsy at 1 year was performed  on patients 2, 3, 4, 6, 

and 15. All the repeat biopsies still showed marked linear depositon 

of  IgG along the GBM, even though anti-GBM levels as detected by 

the radioimmunoassay were low. 

6.3.2 Cadaveric Transplantion 

Seven patients had subsequent cadaveric renal grafts  and in four  of 

these the graft  was still functioning  after  six to thirty months. In 

two patients, grafts  were rejected promptly and recurrent anti-GBM 

disease was not detected in the removed organ. In two patients the 

anti-GBM antibody level was markedly elevated at the time of 

transplantation (patient 10, 24%; patient 17, 39%). Patient 10 had 

good graft  function  but developed heavy proteinuria following 

pregnancy, approximately two years after  transplantation. A repeat 

biopsy at that time showed strong linear staining in the graft  but 

minimal proliferative  changes on light microscopy. Patient 17 was 

grafted  soon after  a course of  plasma exchange, which failed  to lower 

anti-GBM antibody levels. A graft  biopsy soon after  transplantation 

showed recurrent disease in the graft  with linear staining and a 

severe diffuse  glomerulonephritis with crescents. The serum 

creatinine rose to 0.5mmol/l and the patient was given an extensive 

course of  plasma exchange (15 x 3 litre exhanges) with no immediate 

improvement in graft  function,  although subsequently the serum 

creatinine fell  to 0.2mmol/l. The anti-GBM levels at the time of 

plasma exchange were low at 2-3%. 
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FIGURE 6 .1 

ANTI GBM ANTIBODY LEVELS GROUP 1 

Serum anti-GBM antibody levels in patients in group 1 (no 

specific  treatment). The percent binding of  the radiolabeled 

GBM antigen is plotted versus time in months from  onset of 

symptoms. A slow decline in anti-GBM antibody levels was 

found. 

FIGURE 6.2 

ANTI-GBM ANTIBODY LEVELS GROUP 2 

The serum anti-GBM antibody levels (percent binding of  the 

radiolabeled GBM antigen) are plotted versus the months from 

onset of  symptoms in the 4 patients in group 2 

(immunosuppression alone). 
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Thus, although recurrent linear IgG deposition was noted on 

immunofluorescence  in some renal grafts  and associated with histologic 

change, recurrent disease did not account for  graft  loss. 

6.3.3 Anti-GBM Levels and Clinical Course 

Figures 6.1 - 6.4 show the changes in anti-GBM levels over the 

period studied. The time in months is plotted from  the onset of  the 

first  clinical symptoms of  Goodpasture's syndrome. 

Group 1. 

The clinical features  of  eight patients who received no specific 

therapy apart from  control of  blood pressure, transfusion  and dialysis 

as required, are shown in table 6.1. Five patients in this group 

presented with severe renal disease. One had end-stage 

glomerulonephritis with widespread intersitital fibrosis,  tubular 

atrophy and more than 50% of  the glomeruli sclerosed, while the other 

four  showed diffuse  glomerulonephritis with extensive crescent 

formation.  Crescents were present in at least 50% and usually more 

than 80% of  the glomeruli and all of  these patients developed renal 

failure.  Three patients had relatively mild renal involvement with 

focal  glomerulonephritis. Two of  these patients recovered, but one 

patient who presented with mild renal involvement later progressed to 

terminal renal failure  over a period of  two years. His adverse course 

could not be predicted from  renal histology or the degree of  lung 

haemorrhage, but the anti-GBM antibody level was still significantly 

elevated when the first  level was obtained 18 months after 

presentation. One of  the patients who recovered clinically showed 

mild progressive changes at follow-up  renal biopsy at one year. Of 

the six patients with end-stage renal disease, two were considered 

108 



FIGURE 6.3 

PATIENT 15 (Group 3) 

The anti-GBM antibody levels (percent binding of  the 

radiolabeled GBM antigen) are shown during the course of 

patient 15 in group 3 (immunosuppression and plasma 

exchange). This patient had severe renal functional  impairment 

at onset of  therapy. Periods of  plasma exchange and dosages 

of  prednisone and cyclophosphamide are given. 
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unsuitable for  chronic hemodialysis and subsequently died of  renal 

failure.  Both had mild pulmonary haemorrhage (one and six episodes, 

respectively). Four patients have been maintained on chronic 

hemodialysis, and two have been sucessfully  transplanted (patients 10 

and 12). Patient 19 had persistent fluid  overload and recurrent 

anaemia, and subsequently died while on haemodialysis. Lung 

haemorrhage was mild or moderate in this group of  patients and five 

patients had continued or recurrent episodes (2-6 per patient). The 

haemaglobin was reduced in 7 out of  8 patients at the time of 

admission (range 43-132g/l), Figure 6.1 shows the decline in 

anti-GBM antibody level in the surviving members of  this group. 

Group 2 

Table 6.1 shows the presenting features  of  the four  patients treated 

with azathioprine and prednisone. Patients 5 and 7 presented in 

terminal renal failure  and underwent bilateral nephrectomy. One of 

these patients showed a rapid fall  in antibody level (fig  6 .2) . Graft 

failure  in patient 7 was due to rejection and not to recurrent 

glomerular disease. The two other patients in this group (patients 2 

and 4) had mild renal involvement and normal renal function,  but 

both showed mild progression of  renal involvement from  a focal 

glomerulonephritis to a diffuse  glomerulonephritis at repeat renal 

biopsy at one year. Patient 4 showed progression of  intersitiial 

changes as well, but there was no tubular basement membrane 

staining in this patient. 

Group 3 

Table 6.1 shows the clinical features  of  the eight patients treated 

with intensive plasma exchange, cyclophosphamide and prednisone. 
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FIGURE 6.4 

ANTI-GBM ANTIBODY LEVELS GROUP 3 

The levels of  ciruclating anti-GBM antibody (percent binding of 

the radiolabeled GBM antigen) are shown versus the months 

from  onset of  symptoms in the 8 patients in group 3 

(immunosuppression and plasma exchange). A more rapid fall 

in anti-GBM antibody levels was seen than in group 1 patients. 
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Four patients were anaemic at the time of  presentation and lung 

haemorrhage ranged from  mild to severe. Four patients had severe 

renal disease with creatinine levels greater than 0.3mmol/l. Despite 

therapy, three of  these patients showed no significant  improvement in 

renal function.  One had end-stage glomerulonephritis with more than 

50% crescents . Patient 15 showed a rapid fall  of  anti-GBM antibody 

level and a concurrent improvement in serum creatinine with 

immunosupression and plasma exchange (fig  6 .3) . Four patients had 

relatively mild renal involvement with focal  glomerulonephritis or 

glomerulitis at presentation, and subsequently have not shown 

progression of  renal disease. Seven of  the eight patients showed 

improvement in pulmonary haemorrhage and had nil or only one 

further  episode after  treatment was s tar ted. One patient had three 

further  episodes of  pulmonary haemorrhage. Figure 6.3 shows the 

rapid fall  in anti-GBM levels in those patients who had serial 

measurements of  anti-GBM antibody performed.  Patient 17 developed 

a severe diffuse  glomerulonephritis with crescents in a cadaveric 

graft. 

6.3.4 Lung Haemorrhage and Anti-GBM Antibody levels. 

In sixteen patients, the anti-GBM antibody levels were taken within 

nine months of  the onset of  symptoms. There was no statistically 

significant  difference  in the antibody levels between the mild, 

moderate and severe groups, as is shown in Table 6.2. This was 

despite the fact  that the severe group had antibody levels taken 

earlier than the other groups (4.3 ± 1.5, 3.8 ± 2.3, and 1.7 ± 0.5 

months for  the mild, moderate and severe groups respectively). The 

factors  which appeared to precipitate lung haemorrhage were fluid 
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TABLE 6 

L N E O A N D ANTI-GBM ANTIBODY LEVELS 

Anti-GBM antibody level at 

Lung haemorrhage n presentation (% binding) 

Minimal haemoptysis 4 33, 37, 43, 50* 

(mild) 

Consistent haemoptysis 7 39, 47, 7, 59, 40, 44, 44 

(moderate) 

Heavy haemoptysis 5 31, 54, 61, 38, 44 

(severe) 

(see patient methods) 

*not significant 



overload and respiratory tract infection.  There was no association 

between lung haemorrhage and shunt infection,  although shunt 

infection  was uncommon in this group of  patients. An upper 

respiratory tract infection  precipitated frank  haemoptysis in two 

patients who were thought to have inactive disease and who had 

antibody levels of  less than 5%. 

6.3.5 Complement Deposition and Antibody Levels. 

Anti-GBM antibody levels were taken at the time of  renal biopsy in 13 

patients. The presence of  complement (C3) on immunofluorescence 

was compared with the anti-GBM antibody level. The amount of  C3 

was greater in patients with high antibody levels at the time of 

biopsy, p <0.02 using Wilcoxon rank sum test , but only when 

antibody levels in two repeat biopsies where complement was not 

detected were included in the ranking (table 6 .3) . 

6.3.6 Renal Morphology and Antibody Levels 

Sixteen patients had antibody levels and renal biopsy within 9 months 

of  the onset of  symptoms. Patients with focal  glomerulitis or focal 

glomerulonephritis had lower antibody levels than those with more 

severe morphological changes, p <0.02 (Wilcoxson rank sum test) 

(table 6 .4) . 

6.4 Discussion 

This study describes the course of  Goodpasture's syndrome in twenty 

patients treated in one centre over a three year period. Five of 

eight patients who had plasma exchange and immunosupressive 

therapy have maintained stable or improved renal function.  This is 

compared with two of  four  patients with immunosuppressive therapy 



TABLE 6.3 

COMPLEMENT DEPOSITION AND ANTI-GBM ANTIBODY LEVELS 

Complement deposition Anti-GBM antibody level 

(Renal biopsy immunofluorescence)  % binding 

0 37, 5+, 3+* 

1+ 39 

2+ 33, 59, 44, 54 

3+ 47, 40, 50, 44, 61 

+ Repeat biopsy 

* p<0.02 



and two of  eight patients given neither plasma exchange nor 

immunosuppressive therapy. Plasma exhange in conjunction with 

immunosuppressive therapy usually produced a rapid fall  in anti-GBM 

antibody and a reduction in pulmonary haemorrhage. In some 

instances reversal of  renal injury also occurred. 

Some patients did well without therapy (patient 3 and 8) or with mild 

immunosuppression (patients 2 and 4). However, progressive disease 

can follow  initial relatively mild renal involvement (patient 1). 

Although none of  the 20 patients died from  lung haemorrhage, 

irrespective of  the form  of  management, lung haemorrhage was less of 

a problem after  the commencement of  plasma exchange. However, 

three of  the patients did have clinically significant  pulmonary 

haemorrhage after  the commencement of  this therapy. One patient not 

included in this series has since died from  lung haemorrhage before 

plasma exchange could be s tar ted. 

Anti-GBM antibody levels were signifcantly  higher in patients who had 

severe morphological changes on renal biopsy, but although it was 

possible to demonstrate this relationship for  the group as a whole, 

the height of  the anti-GBM antibody at the time of  diagnosis cannot 

be used as an indication of  the likely clinical course for  individual 

patients. The antibody detected in the plasma may be of  lower 

affinity  than that actually deposited in the kidney and the rate of 

depostion, or the involvement of  other humoral or cellular mediators, 

may be as important as the absolute antibody level. 



TABLE 6.4 

RENAL MORPHOLOGY AND ANTI-GBM ANTIBODY LEVELS 

Anti-GBM antibody level 

within 6 months of  onset 

Number ofsymptoms  (% binding) 

Focal glomerulitis and 

glomerulonephritis (5) 33, 39, 40, 43, 31* 

Diffuse  glomerulonephritis (2) 44, 61 

Diffuse  glomerulonephritis (8) 37, 47, 59, 38, 44, 50, 54, 

with more than 50% crescents 

or end stage glomerulonephritis 

*p <0.02 



Complement deposition is more likely to be seen in renal biopsies that 

are taken early in the course of  the disease when the patient has a 

higher antibody level. Complement fixation  may well be determined 

by the rate of  antibody deposition or the relative density of  antibody, 

as well as by its complement fixing  characteristics. 

The height of  the anti-GBM antibody level at the time of  presentation 

did not show a significant  statistical correlation with the degree of 

lung haemorrhage. We suggest that the anti-GBM antibody assay 

does not detect the most significant  anti-lung basement membrane 

antibody reactants . Alternatively, these patients may be primed for 

lung haemorrhage by antibody and require some precipitating factor, 

such as respiratory tract infection  or fluid  overload, to develop frank 

haemoptysis, (Johnson et al, 1978; Rees et al, 1977). 

Patients with low or absent levels of  anti-GBM antibody still have 

linear fluorescence  on follow-up  renal biopsy at 1 year . This 

persistence of  antibody has previously been reported by Seegal et al 

(1962) in animal models. The continued presence of  antibody along 

the GBM reported here did not lead to a significant  progression of 

disease or loss of  a renal graft.  However, deterioration of  renal 

function  can occur in the absence of  anti-GBM antibody detected in 

the circulation (Finch et al, 1979). 

Bilateral nephrectomy (patients 5 and 7) was not associated with a 

dramatic improvement in pulmonary haemorrhage. In both patients 

this measure was combined with corticosteroids and azathioprine. 

Bilateral nephrectomy can be an extremely hazardous procedure in the 

presence of  severe pulmonary haemorrhage and hypoxia, while plasma 



exchange and immunosuppression appear to be effective  and less 

hazardous. 

The use of  cryoprecipitate-depleted human plasma for  plasma exchange 

in the majority of  patients in this study resulted in an unacceptably 

high incidence of  antigen-positive hepatitis B infection  (3 of  8). 

Although these were clinically extremely mild plasma has subsequently 

been replaced with Hartmann's solution and serum albumin, or stable 

plasma protein solution. 

Prior to 1975, anti-GBM antibody-induced nephritis was regarded as 

having a very poor prognosis. Wilson and Dixon (1973) described 53 

patients with anti-GBM antibody-induced glomerulonephritis (32 with 

classical Goodpasture's syndrome) and only eight (15%) of  these 

patients retained adequate renal function  with or without 

corticosteroids or immunsupressive therapy. Nine of  the twenty 

patients described in this paper retained adequate renal function. 

The better renal survival in all groups described here may be due in 

part to the improved supportive management of  patients with renal 

failure  and lung haemorrhage in the last ten years . In addition, less 

severe anti-GBM nephritis is now detected because of  the routine use 

of  immunofluorescence  microscopy and the availability of  anti-GBM 

antibody assay. Previously, immunofluorescence  microscopy was 

limited to a few  specialised units and so the diagnosis of  anti-GBM 

antibody nephritis was often  limited to those cases with gross 

pathologic and clinical features. 

In assessing the effectiveness  of  plasma exchange and 

immunosuppression in the treatment of  anti-GBM nephritis, comparison 



has been made with patients treated prior to 1975. This is 

unsatisfactory  as it is obviously important to have a concurrent group 

of  patients treated conservatively. In this present study although 

the groups are small, the favourable  outcomes in the untreated group 

and the group treated with immunosuppression alone make the 

excellent results recorded elsewhere with plasma exchange of  less 

impact ( Lockwood et al, 1975, 1976, 1979; Rees et al, 1980; Johnson 

et al, 1978; Depner et al, 1975; Lang et al, 1977; Kincaid-Smith et 

al, 1978; Walker et al, 1977; Rossen et al, 1976; Johnson et al, 1979; 

Briggs et al, 1979; McLeish et al 1977; Erickson et al, 1978; Swainson 

et al, 1978; Finch et al, 1979; Leow et al, 1980; Asaba et al, 1980 

and Rosenblatt et al, 1979). 

In most series the patients who had a good outcome had minor renal 

impairment at the time of  presentation. In this respect , the 24 

patients described in detail by Lockwood et al (1979) are an important 

group. Eleven patients had stable or improved renal function  after 

plasma exchange and immunosuppression. However, five  of  these 

eleven patients had serum creatinine levels of  S0.3mmol/1 at the time 

of  presentation. With the addition of  the eight patients described in 

this paper who have had plasma exchange and immunosuppression, 

there are now 74 patients adequately described in the l i terature. 

Thirty-seven (50%) have been reported as having stable or improved 

renal function.  These results are strikingly better than earlier 

reports of  the natural history of  this disorder, but have not been 

compared satisfactorily  with a concurrent group of  patients treated 

with immunosuppressive therapy alone. Two of  the four  patients on 

azathioprine and prednisone described in this paper maintained their 

renal function  and a prelinimary communication from  Johnson et al 



(1979) showed little difference  in the outcome in 15 patients in a 

controlled study of  immunsuppression versus plasma exchange and 

immunosuppression. Of  the seventeen patients currently involved in 

the randomised portion of  that s tudy, three out of  nine of  the 

immunosuppressed group compared to five  out of  eight of  the 

immunosuppressed and plasma exchange group, are not on dialysis 

(Johnson, personal communication). 

The Auckland study will not answer the question as to whether 

plasma exchange offers  a significant  benefit  over and above that 

achieved with immunosuppression alone. This is because of  the wide 

variation in the clinical severity of  this disease. There seems no 

doubt that the degree of  renal impairment at the time of  diagnosis, 

the urine flow  and the chronicity are all important determining factors 

in the outcome of  the disease (Rees et al, 1980). In the group three 

patients described in this paper there was an encouraging and 

unexpected improvement in renal function  in patient 15 and none of 

the patients with mild disease initially treated with plasma exchange 

had further  deterioration of  renal function.  This contrasts with 

patient 1 (group 1) who required haemodialysis two years after 

presentation. Our experience confirms  that patients with end-stage 

glomerulonephritis or diffuse  glomerulonephritis with more than 50% 

crescents are likely to have a poor outcome, no matter what the 

treatment, even if  they are not anuric at the time of  presentation. 

The problem of  any study to compare plasma exchange and 

immunosuppression with immunosuppression alone is that the series 

would have to be big enough to allow adequate stratification  of  the 

patients in terms of  the sex, age, disease type, chronicity, urine 



output , renal function  and histology. The number of  patients 

required for  such a study would be quite beyond the capabilities of 

any one unit . 

Another problem in such a study would be standardisation of  the 

treatment protocols. Historically, there has been wide variation in 

the intensity of  plasma exchange as well as with replacement fluids 

used between uni ts . Rees et al (1980) advocate daily plasma 

exchange of  4 litres in the first  week and more than 12 exchanges in 

total. Both cyclophosphamide and azathioprine are used, together 

with prednisone. The results from  this group are not different  from 

the overall experience with plasma exchange and immunosuppression 

unless such factors  as stratification  of  severity and length of  time 

from  onset to referral  are considered. 

In terms of  capital cost, staff  time and the use of  blood products, 

plasma exchange is an expensive precedure. However, if  it does 

prevent terminal renal failure  in a proportion of  patients, then this 

cost can easily be justified.  This study suggests that the rapid 

removal of  anti-GBM antibody by the use of  plasma exchange and 

immunosuppressive therapy may produce a more favourable  long-term 

outcome in this disease. However, a controlled trial of  plasma 

exchange and immunosuppressive therapy compared with 

immunosuppressive therapy alone will be necessary follow-on  from 

these initial studies. Such a study would require sufficient  numbers 

of  patients to allow adequate stratification  of  the several variables 

known to influence  disease outcome. 



CHAPTER 

IMMUNE COMPLEXES IN NORMAL SUBJECTS 

7.1 INTRODUCTION 

Immune complexes (IC) can be regarded as normal constituents of 

plasma and represent the body's response to tissue breakdown as well 

as to "foreign"  antigens. Normal IC are cleared from  the circultion 

by the mononuclear phagocytic system (reticuloendothelial system) and 

it is believed that overproduction, faulty  clearance or unusual 

physical properties of  IC result in pathogenicity and IC disease. 

There is also good reason to believe that IC may play an important 

role in the modulation of  immune function  by interaction with cell 

surface  receptors. However, the association of  IC with a wide 

variety of  diseases and in some circumstances the direct involvement 

of  IC in tissue injury has meant that the study of  so called "normal" 

IC has been somewhat neglected. It is obviously necessary to define 

the nature and fluctuations  of  normal IC in order to understand their 

significance  in IC diseases. Such information  could define  the most 

appropriate time, if  any, for  collection of  sera for  IC estimation. For 

example, if  significant  changes occur after  food,  then fasting  samples 

should be obtained. 

Slightly increased levels of  IC have been reported in normals 

following  the ingestion of  food  and even greater and more substantial 

rises have been recorded in IgA deficient  and atopic individuals who 

were otherwise normal (Cunningham-Rundles et al, 1978; Paganelli et 

118 



al, 1979). Di Mario et al (1981), showed significant  variation of  IC 

levels during the day but there was no consistent pattern in relation 

to meals or the time of  day. 

This Chapter describes the measurement of  IC during the day in 

normal subjects. There were significant  fluctuations  in IC levels in 

normals but no specific  relationship to food  ingestion, time of  day, 

physical activity or corticosteroid administration could be 

demonstrated. 

7.2 PATIENT METHODS 

Fourteen normal laboratory and administrative staff  members (aged 20 

to 55, mean age 27; 9 males, 5 females)  had venous samples taken at 

1} hour intervals during an 8 hour day, between 0900 hours and 1700 

hours . One normal subject had 12 to 16 venous samples taken over a 

24 hour period on 9 occasions over 11 months. Serum samples were 

taken with individual venepunctures . Heparin and other 

anticoagulants were not used. Sera were allowed to clot at room 

temperature, separated, and stored in aliquots at -20°C. Food 

ingestion, physical activity and current state of  health were 

recorded. 

7.3 RESULTS 

All subjects showed variation in IC levels during the day, but the 

pattern of  variation was not consistent between assays or between 

subjects. The best correlation between assays were the 

CSP-CBA>CSP-CDV> CBA-PEG-IgG but were all less than 0.5. This 

contrasts with the correlation between these five  assays in the 
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detection of  aggregated IgG added to normal serum where the 

correlation coefficients  were all greater than 0.8. 

The mean results for  the 14 normal subjects over five  time intervals 

are shown in Table 7.1. Table 7.1 also shows the normal range for 

all assays (± 2SD from  the mean of  blood donor controls). The mean 

IC levels in these subjects in the five  time intervals did not suggest 

any consistent variation with meals or time of  day. Significant 

changes in IC levels were seen in all individuals during the day. A 

significant  change was regarded as a rise or fall  exceeding the 95% 

confidence  limits for  the assay concerned. 

In table 7.2 IC levels were compared over 11 different  sampling 

periods throughtout the day, these levels being the mean of  6 

separate sampling days spread over 11 months in one normal subject. 

There were no consistent differences  between pre and post lunch and 

pre and post dinner samples. 

Table 7.3 shows the mean IC levels for  each sampling day in the 

above normal subject who had groups of  samples taken approximately 

monthly over an 11 month period. There were significant  differences 

in the mean IC levels from  month to month in all assays but there was 

no correlation between tes t s . No explanation for  these variations was 

identified.  Inter-assay variation was controlled with known positive 

sera, aggregated IgG and saline controls. 

Table 7.4 shows the IC levels in the same subject tested on 7 

occasions before  and after  exercise. The exercise consisted of 

jogging for  25 minutes. This produced no change in IC levels. 
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Table 7.5 compares the mean IC levels in a normal subject with and 

without the prior administration of  prednisone. Twelve to 16 samples 

were taken on each of  6 days to give the mean value for  the non 

prednisone days and 12 to 16 samples were taken on three prednisone 

days for  comparison. Prednisone was given as a single 30mg oral 

dose at 1800 hours on the day prior to test ing. Blood samples were 

taken between 0600 and 2400 hours on the following  day. There were 

no significant  differences  in the mean IC levels when the prednisone 

and non-prednisone days were compared. 

7.4 DISCUSSION 

This study set out to establish the variation of  IC levels in normal 

subjects and the possible causes of  these variations. All four  assays 

showed variations in day to day and hour to hour IC levels in 

normals. However, we were not able to demonstrate any consistent 

change in IC relative to the time of  day, the ingestion of  food, 

moderate exercise or the administration of  exogenous corticosteroids. 

Our results confirm  those of  Di Mario et al (1981) who also showed 

significant  changes in IC levels throughout the day in normals using 

the CBA. 

The lack of  consistent response to the ingestion of  food  is in contrast 

to findings  in patients with IgA deficiency  (Cunningham-Rundles et al 

1978) and atopy (Paganelli et al, 1979). Cairns et al (1981) have 

shown rising levels of  circulating IC after  a standard meal in patients 

with idiopathic IC glomerulonephritis, and also in patients with portal 

cirrhosis. They found  that this effect  was less marked in normal 

subjects and could only be demonstrated when latex agglutination 



TABLE 7.4 

Immune complex levels in normal, pre and post exercise 

(Jogging for  25 mins) 

Immune 
Complex Pre exercise Post exercise 
Assay n=7 n=7 

Clq DV 43.7 ±14.3 42.7 ±16.4 NS 

Clq BA 6.7 ± 2.9 7.1 ± 3.6 NS 

Clq SP 58.3 ± 7.1 57.5 ± 7.2 NS 

IgG PEG 0.29± 0.26 0.21± 0.24 NS 

IgM PEG 1.7 ± 0.80 1.6 ± 0.83 NS 



inhibition assays were used. PEG, CSP and CBA assays did not show 

food  related changes in normals, which is consistent with our finding 

and those of  Di Mario et al (1981). Elkon et al (1981) were not able 

to show significant  changes in IC levels in 8 patients with SLE given 

a standard high protein meal, although these patients were only 

followed  for  1} hours after  the meal in which time digestion would 

have been incomplete. Where elevation of  IC levels occurs after  meals 

altered IC production or clearance rates are likely to be responsible. 

Where there is excessive production of  antibody or an inadequate 

mucosal barrier to food  antigens increased levels of  IC can be 

expected. This situation presumably occurs in atopy and IgA 

deficiency.  Impaired IC clearance has been noted in animals and man 

when the mononuclear phagocytic system is compromised (Mannik, 

1980). This may explain the exaggerated response to food  injestion 

in glomerulonephritis and cirrhosis. In normals it would appear that 

the dynamics of  production and clearance of  IC due to food  ingestion 

are such that major fluctuations  in IC levels do not occur. Other 

factors,  as yet unidentified,  may also influence  IC production and 

removal. 

One subject in the study had IC levels taken before  and after 

moderate exercise on 7 different  occasions. There was no significant 

change in IC levels in response to this activity. Any release of 

hidden antigens from  minor tissue trauma and the clearance of  such 

antigens via antibody dependent mechanisms is obviously not detected 

by the assays used in this s tudy, although we cannot exclude the 

possibility that IC clearance is enhanced after  exercise. 



TABLE 7.5 

Immune complex levels, normal subject with and without prednisone 

(prednisone 30mg oral 1800 hrs day prior to testing) 

Immune Non Prednisone days Prednisone days 
Complex n = 6 (mean of  12-16 n = 3 (mean of  12-16 
Assay samples on each day) samples on each day) 

Clq DV 

Clq BA 

Clq SP 

IgG PEG 

IgM PEG 

41.3 ± 14 

8.1 ± 2.9 

46.6 ± 12.5 

0.27 ± 0.27 

3.8 ± 1.8 

31.5 ± 6 NS 

4.5 ± 1.4 NS 

57.8 ± 6.2 NS 

0.34 ± 0.34 NS 

2.0 ± 0.6 NS 



When prednisone is used in the treatment of  IC diseases such as SLE, 

a satisfactory  clinical response to this drug is often  associated with a 

fall  in circulating IC. We postulated that the administration of 

prednisone to a normal subject may also influence  IC levels. The 

administration of  prednisone 12 hours prior to measurement of  IC 

failed  to produce a significant  variation in mean IC levels compared 

with the levels of  days prior to which prednisone had not been 

administered. 30mg of  prednisone is equivalent to the maximum 

corticosteroid output by the body in a s tress situation and high levels 

of  plasma corticosteroid activity would have been expected to be 

present for  most of  the following  day in this subject. However, 

repeated administration of  prednisone may be required to produce a 

measurable effect  on IC levels. 

A normal subject had many samples taken over a 24 hour period 

approximately monthly for  11 months. Although there were significant 

changes in IC levels from  month to month, the pattern was not 

consistent between assays. When this data was analysed by 

aggregating the results from  11 different  time periods each day it was 

possible to study the effects  of  breakfast,  lunch, dinner and time of 

day on IC levels in this person. Although there were significant 

changes during the day in all of  the assays, these had no consistent 

relationship to meals, time of  day or activity. 

The finding  that IC levels do fluctuate  significantly  throughout the 

day does not suggest that there will be any advantage in measuring 

IC levels either fasting  or at any particular time during the day. 



Presumably the IC found  in normal subjects represent an immune 

response to a variety of  antigens, non specific  IC produced by the 

spontaneous aggregation of  IgG, or the substances other than 

immunoglobulin that bind Clq . The antigen non-specific  assays used 

in this study cannot distinguish between aggregates of  IgG and t rue 

antigen-antibody complexes. In addition, the antigen on many 

occasions may be immunoglobulin since idiotype anti-idiotype reactants 

and rheumatoid factors  are major constituents of  circulating IC (Rose 

and Lambert, 1980; Male and Roit, 1981). It is possible that low 

levels of  these antibody-antibody IC are present in normals. 

The next stage in the investigation of  IC in normal subjects is to 

analyse the constituents reacting in the various IC assays. This will 

be difficult,  as identification  of  antigen in patients with high levels of 

circulating IC has been infrequent  even in situations where there is a 

very good clue as to the nature of  the antigen. 

Additionally in normal sera the amount of  IC-like material present 

constitutes a background level as compared with the high 

concentration in sera from  patients with classical IC diseases like 

SLE. This makes qualitative analysis of  IC an order of  magnitude 

more difficult. 



CHAPTER 

CIRCULATING IMMUNE COMPLEXES IN GLOMERULONEPHRITIS 

8.1 INTRODUCTION 

About 70% of  patients with glomerulonephritis can be shown to have 

granular deposits of  immunoglobulin and complement in the capillary 

wall or mesangium which are consistent with immune complex (IC) 

deposits (Wilson and Dixon, 1974a). It has generally been held that 

some of  these IC deposits found  in the glomerulus are likely to have 

been derived from  circulating IC. Certainly some of  the patients with 

IC glomerulonephritis can be shown to have depressed serum C 

levels, (Gotoff  et al 1969), C breakdown products, (Perrin et al 1975) 

cryoglobulins (Adam et al, 1973) and rheumatoid factors  (Rossen et 

al, 1975) which suggest IC disease. However, there is also good 

evidence for  a second mechanism of  granular immune deposit formation 

in the glomerulus - the reaction of  circulating antibody with antigens 

already present or retained in the glomerulus (Van Damme et al, 

1978, Couser et al, 1978, Couser and Salant, 1980, Neale and Wilson, 

1982b). 

It had been hoped that with the development of  sensitive assays for 

circulating IC it would be possible to show a simple relationship 

between circulating IC and the activity of  various IC diseases. 

Unfortunately,  on the whole, this has not been the case particularly 

in glomerulonephritis where the incidence of  a positive assay for 

circulating IC with any one assay has been lower than might have 
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been expected (Couser et al 1980, Lambert et al 1978). It was 

suggested that the assay techniques were too insensitive, that the 

assay used detected only certain types of  complexes or that the IC 

formation  was only intermittent in these usually chronic diseases. In 

this Chapter investigation has been carried out into the incidence of 

circulating IC in 86 patients with primary glomerulonephritis, using 

the Clq deviation (CDV), Clq solid phase (CSP), Clq binding (CBA) 

and conglutinin binding (KBA) assays (see 'Methods' Chapter 2). It 

was possible to show that nearly all patients with some histological 

types of  primary glomerulonephritis had circulating IC while other 

histological types had an incidence of  positive assays no greater than 

the control population. 

8.2 PATIENT METHODS 

86 Patients with primary glomerulonephritis had serum stored at the 

time of  percutaneous renal biopsy. 5ml of  blood was allowed to clot 

at room temperature and the serum was stored in multiple aliquots at 

-70°C. Some patients had serial samples obtained over several 

months. In this study 84 normal blood donors were used as controls. 

Renal biopsies were read and reported independently by Professor  P. 

B. Herdson and members of  the Department of  Pathology, University 

of  Auckland, School of  Medicine. 

8.3 RESULTS 

The histological categories as determined from  the renal biopsy and 

the number of  patients with positive assays are shown in Table 8.1. 

The same results in percentage positive with each category are shown 

in table 8.2 as compared with normals. 32 of  the 86 patients were 



TABLE . 

Circulating immune-complexes in primary glomerulonephritis 

n Clq Clq Clq Conglutinin 
deviation solid phase binding binding 

Acute glomerulonephritis 17 

Mesangiocapillary gn 10 
(type 1) 

Minimal change gn 12 

Focal glomerulsoclerosis 3 

Mesangial proliferative  gn 5 

Focal proliferative  gn 9 

(IgA disease) (3) 

Membranous gn 7 

End stage gn 9 

Anti-gbm antibody gn 14 
(Goodpastures syndrome) 

12 

3 

4 

2 

13 

2 

3 

2 

Totals 

(% positive) 

86 32 12 

(37) (14) 

21 9 

(24) (10) 



positive with the CDV (37%) with lesser percentages with the other 

three assays. Patients with acute glomerulonephritis and type 1 

mesangiocapillary glomerulonephritis (MCGN) (mebranoproliferative) 

showed the greatest positivity rate overall while patients with 

membranous glomerulonephritis had the lowest positivity rate with 

these assays. Table 8.3 shows the percentage of  patients with each 

histological diagnosis positive in any one assay any two assays or any 

three assays. Patients with acute glomerulonephritis or MCGN were 

the only group to show a significant  percentage positive in three of 

the four  assays. In minimal change GN, endstage GN and anti GBM 

antibody GN, 8, 11 and 14% of  patients respectively were positive in 

any two assays. Overall just over one half  of  the patients with 

primary glomerulonephritis were positive in any one assay and less 

than 5% in any three assays. The results in the patients with 

membranous glomerulonephritis were indistinguishable from  those of 

normal blood donors in that 14% were positive in one assay (see Fig 

8 .4) . It is of  interest that the percentages are much higher in some 

secondary forms  of  glomerulonephritis and five  patients with subacute 

bacterial endocarditis, were all positive in one assay and 20% in three 

assays (table 8 .4) . Similar percentages can be shown in active 

systemic lupus erythematosus. 

Repeat samples were taken from  the same patients and even after  an 

interval of  some months often  showed the same pattern of  reactivity in 

the four  assays or alternatively a re turn towards lower values. For 

instance one patient with MCGN was tested three times over a period 

of  nine months and was consistently positive in the CBA and CSP 

assays but had uniformly  low values in the CDV and KB A. Table 8.5 



TABLE 8.2 

Circulating immune-complexes in primary glomerulonephritis 

percentage positive in each assay 

n Clq Clq Clq Conglutinin 
deviation solid phase binding binding 

Acute glomerulonephritis 17 70 12 76 12 

Mesangiocapillary gn 10 30 50 20 20 
(Type 1) 

Minimal change gn 12 25 - 8 16 

Focal glomerulosclerosis 3 66 

Mesangial proliferative  gn 5 2 0 - - 20 

Focal proliferative  gn 9 1 1 22 

(IgA disease) (3) (33) -

Membranous gn 7 14 

End stage gn 9 11 - 33 11 

Anti-gbm antibody gn 14 50 21 14 
Goodpasture's syndrome 

Subacute bacterial 5 20 20 60 100 
endocarditis 

Normals 84 2.5 6.5 3.5 4.7 



shows these results and a similar consistency in two other patients 

with a re turn towards normal values with time. 

8.4 DISCUSSION 

These results confirm  that patients with primary glomerulonephritis 

have a much higher incidence of  circulating IC than normal blood 

donors. There is a high positivity rate in acute glomerulonephritis 

and MCGN and each patient tends to have a particular pattern of 

positivity and a tendency for  the assays to re turn towards normal 

with time. The very low positivity rate in membranous 

glomerulonephritis even when multiple assays are used is of 

considerable interest . In this disorder there is exuberant 

sub-epithelial deposition of  granular immune deposits which were 

thought to originate from  the circulation. Recent studies in animal 

models of  membranous GN however, now provide good evidence for 

the reaction of  free  circulating antibody with antigens already present 

or fixed  in the glomerulus. These antigens are present through 

mechanisms that reflect  properties of  the glomerulus itself  and result 

in in situ deposit formation  (Van Damme et al (1978), Couser et al 

(1978, a and b , Couser and Salant, 1980, Neale et al 1982 a and b) 

rather than deposition from  the circulation. The inability to 

demonstrate circulating IC in this disorder in man has been discussed 

at some length by Couser and Salant (1980) who enumerate the 

reports of  IC assay in this group of  patients. Their data includes 

patients described in this Chapter. Overall the percentage of 

patients with a positive assay was quite small which supports the 

hypothesis that IC deposits in membranous GN are likely to be formed 

in situ ra ther than by deposition from  the circulation. Of  course it 



TABLE 8. 

Circulating immune-complexes in primary glomerulonephritis 
Percentage of  positives in any one, two or three assays 

+ve any +ve 2 +ve 3 
1 assay assays assays 

% % % 

Acute glomerulonephritis 88 70 11 

Mesangiocapillary gn 70 50 10 
(type 1) 

Minimal change gn 58 8 

Focal glomerulosclerosis 67 

Mesangial proliferative  gn 60 

Focal proliferative  gn 33 

(IgA disease) 33 

Membranous gn 14 

End stage gn 33 11 

Anti-gbm antibody gn 50 14 
(Goodpasture's syndrome) 



is possible that the assays which have been used to study sera from 

patients with membranous GN are not capable of  detecting the type of 

complex present . If  the complex was very small or non-complement 

fixing  then it may not be detected by the assays used in this s tudy. 

However, complement is virtually always demonstrated in renal 

biopsies from  membranous GN which make this latter possibility less 

likely. 

Evidence from  experimental glomerulonephritides (Mellors and Brzosko, 

1962; McClusky et al, 1962; Haakenstad et al, 1976 a and b; Van 

Damme, 1978; Michael et al, 1967; Kijlstra et al, 1978) showed that 

injection of  preformed  IC produced mesangial or mesangial and 

sub-endothelial deposits but no sub-epithelial deposits. Thus, in man 

circulating IC are also more likely to produce mesangial or 

sub-endothelial deposits. 

This hypothesis would be quite compatible with the high incidence of 

circulating IC in patients with type 1 MCGN (sub-endothelial deposits) 

but not in acute GN - especially post streptococcal GN (sub-epithelial 

deposits). However, it has already been shown that circulating IC 

are just as common in rheumatic fever  as in post streptococcal GN 

(Van de Rijn et al, 1980) which would again bring into question the 

role of  circulating IC in acute GN. 

Of  considerable interest is the relatively high positivity rate for 

circulating IC in anti GBM glomerulonephritis (Goodpasture's 

syndrome). This disease has been shown to be due to the deposition 

of  antibodies to GBM (see Chapter 6) and can be reproduced in 

monkeys by the passive transfer  of  serum from  an affected  human. 



TABLE 8. 

Comparative percentages in immune-complex assays in normals, 
primary glomerulonephritis and subacute bacterial endocarditis 

+ve any +ve 2 +ve 3 
1 assay assays assays 

% % % 

Normal blood donors 14 1 -
(84) 

1° glomerulonephritis 56 24 3.5 
(86) 

Subacute bacterial 100 80 20 
endocarditis (5) 



This disease has not been thought to be mediated through circulating 

IC although of  course there is no reason why patients with anti-GBM 

disease should not have both circulating antibody as well as a burden 

of  circulating IC. 

The assays used in this study rely on the fixation  of  C by the IC 

and in the case of  the CSP the presence of  IgG. The three patients 

with mesangial IgA disease had a relatively low positivity rate (1 of  3 

positive in the CDV) which is presumably due to the class of  antibody 

and the fact  that IgA does not fix  C unless it is aggregated. 

Specific  assays for  IgA containing IC have produced higher positivity 

rates in this disorder (Le Savre et al, 1982, Coppo et al, 1982) which 

does have predominantly mesangial deposits. The presence of  these 

deposits would be quite compatible with deposition of  IC from  the 

circulation. 

The primary forms  of  GN would seem to have lower percentages of 

positive assays than the secondary forms  of  GN such as SLE and 

SBE. In the latter two examples there is good evidence for  altered B 

cell function  leading to the production of  anti-idiotypes and excessive 

immunoglobulin synthesis . Polyclonal B cell activation may account 

for  the high incidence of  IC in these conditions. An unproven 

hypothesis suggests that anti-idiotype antibodies to antiviral antibody 

could double as tissue autoantibodies because viral surface  will 

correspond to cell surface  receptors (and also be responsible for 

idiotype-anti-idiotype IC). 

Patients with primary GN have a higher incidence of  circulating IC 

than normals and perhaps this represents an inability to handle these 



EXAMPLES OF SERIAL ASSAYS 

TABLE 8.5 

DATE ASSAYS HISTOLOGY 

CDV CSP CBA KBA 

April 78 4.5 83* 12* 8.0) Patient 1 
Oct 78 6 84* 14* 6.6) MCGN 
June 79 0 65* 9* 7.2) 
Sept 80 0 30 9.2* 7.0) 

Sept 76 37* 17 11.2* 11.4) Patient 2 
Nov 76 20 20 9.3* 9.4) Acute GN 
Jan 77 14 0 8.5 8.0) 

Jan 75 6.9 62* 3.2 13 ) Patient 3 
Feb 75 8.9 57 3.2 10.2) 1° focal 
May 76 7.7 16 3.5 10 ) proliferative 
June 76 7.4 14 3.2 9 ) 

* Elevated level of  IC 



normal constituents of  plasma. However, whether the IC detected are 

of  prime importance in the aetiology of  the renal disease or have any 

significance  in its progress in individual patients has not been 

proven. 

Cameron and Clarke (1982) have suggested that insoluble IC formed 

at , or near , equivalence may be more important than the soluble IC 

which previously had been considered important in GN because of 

their prolonged circulation. They conclude that soluble and insoluble 

IC and IC formed  in situ all have a role in the glomerular injury of 

GN. 

What then of  the future  for  measurement of  IC in human glomerular 

disease? 

Longitudinal studies using IC assays which depend on C fixation  and 

also non-C dependent assays may eventually contribute to the 

diagnosis, prediction of  course and management of  patients with 

primary GN. Antigen-specific  assays may be even more useful  in 

predicting the clinical response in patients but this technology is not 

yet available. At present , however, there is no significant  role for 

IC measurement in the clinical management of  patients with glomerular 

disease. The increasing knowledge of  other facets  of  the 

immunopathology of  the glomerulus (see Chapter 1) and the 

significance  of  mechanical factors  in the progression of  renal disease 

(Cotran 1983, Hostetter et al 1981) may finally  give a more complete 

understanding of  Richard Bright 's enigmatic disease. 



CHAPTER 

CIRCULATING IC IN MYOCARDIAL INFARCTION 

9.1 INTRODUCTION 

Increased plasma levels of  immune complexes (IC) are often  found  in 

the circulation during the course of  infectious  and auto-immune 

diseases. The deposition of  IC in t issues has been implicated in the 

immune injury found  in various human diseases, such as systemic 

lupus erythematosus and glomerulonephritis (Zubler and Lambert, 

1978). 

Similar elevations of  circulating IC have also been shown in patients 

with various vascular disorders (Fust et al, 1978) and in particular in 

acute myocardial infarction  (MI) (Farrell et al, 1977; Versey and 

Gabriel, 1974; Gallagher et al, 1982). However, the role of  IC in the 

pathogenesis and diagnosis of  vascular disease is not understood. In 

this prospective study, patients with proven MI were followed  for  two 

and a half  weeks after  the acute episode and serum was examined for 

IC activity using four  assays: the Clq deviation test (CDV), the Clq 

binding assay (CBA), the Clq solid phase (CSP) and the conglutinin 

binding assay (KBA). 

Although it was possible to demonstrate a rise in circulating IC in a 

proportion of  patients with MI, IC levels did not provide unequivocal 

evidence for  MI or its complications. However, it was possible to 

compare IC, serum enzyme and C-reactive protein (CRP) levels. The 
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relationship between these factors  gives insight into the meaning of 

IC in MI. 

9.2 PATIENTS AND METHODS 

Thirty seven consecutive patients with suspected acute MI were 

studied after  admission to a coronary care unit . Each patient had a 

venous blood sample taken on admission and thereafter  on days 3, 7 

and 18, timed from  the onset of  acute chest pain. The progress of 

the patients during their hospitalisation was followed  and the clinical 

notes abstracted to document important events in the clinical course. 

A diagnosis of  acute myocardial infarction  required a typical history 

of  prolonged chest pain, together with appropriate ECG changes and 

a rise in creatine kinase MB isoenzyme (CKMB) or when CKMB was 

not available, total creatine kinase (CK) or aspartate transaminase 

(AST). Patients were judged to have had heart failure  if  there was 

radiological evidence of  pulmonary venous hypertension on chest 

x - ray . Patients with and without elevated IC levels on days 3 and 7 

were compared with respect to the clinical data obtained. 

A normal range was calculated for  each assay, using the results from 

the control group. A positive test was considered to be greater than 

two standard deviations from  the mean. Known positives and saline 

controls were included in each assay. 

9.3 RESULTS 

Thirty-seven patients entered the study and 31 were shown to have 

an acute MI as judged by clinical, ECG and enzyme (CKMB, CK or 

AST) criteria. Twenty four  were males and 7 were females  and the 



TABLE 9 .1 

Percentage of  patients with positive IC assay on sampling days 
following  MI 

ASSAY DAY 1 DAY 3 DAY 7 DAY 18 

CDV 11.5 30 21.4 25 

CBA 7.7 10 17.9 0 

CSP 20 23 25 23 

KBA 15.4 30 10.7 5 



mean age was 59.6 years . Due to follow-up  losses only 28 day 7 

samples and 20 day 18 samples were obtained from  the 31 proven MI 

patients. 

Table 9.1 shows the percentage of  patients positive in each test on 

each of  the four  days. Eight, 12, 20 and 15% of  patients in the 

CBA, CDV, CSP and KBA tests respectively were positive at the time 

of  admission (expected positivity ra te , 2.5%). With the KBA and 

CDV, 30% of  the patients were positive on day 3 with a decline on 

day 7. Eighteen percent of  the patients were positive with the CBA 

on day 7 but by day 18 all patients were within the normal range. 

In the CSP the percentage of  positive patients was 23, 25 and 23 on 

days 3, 7 and 18 respectively. Seventy-six percent of  patients were 

positive in at least one assay at some time in the four  sampling 

periods (38% in at least two and 10% in at least three assays) . When 

individual assays were compared; 52% of  patients were positive in the 

CDV at some time and 33, 29 & 19% in the CBA, CSP & KBA 

respectively. 

The peak CKMB but not CK or AST levels were found  to be 

significantly  higher in patients positive in the CDV assay on day 3 

(p<0.01) and positive in the KBA test on day 7 (p<0.05). Regression 

analysis showed a significant  correlation between peak CKMB and CDV 

results on day 3 (r=0.54, p<0.05). Patients positive in the KBA test 

on day 3 had significantly  higher ESRs on that day than patients that 

were negative (p<0.005) and significant  correlation was seen between 

day 3 ESRs and the KBA results (r=0.74,p<0.01). 



TABLE 9. 

Mean serum CRP on sampling days following  MI. 
(Serum level in normal controls usually less than lyg/ml) 

DAY 1 DAY 3 DAY 7 DAY 18 

Serum CRP 20.2 96.2 36.1 6.8 
(yg/ml) 

± S.D. ±55 ±103 ±32 ±4.7 



Mean CRP levels for  each day following  MI are shown in table 9.2. 

There were significant  correlations between serum CRP and the CBA, 

CDV and KBA (p<0.01, 0.01, 0.05 respectively) at the time of 

admission and with CDV at 3 days (p<0.01) and 7 days (p<0.05). 

There was no significant  correlation between CRP and the CSP at any 

time. 

No significant  difference  was seen between positive and negative 

patients in terms of  white count or peak temperature. The 14 

patients with definite  or possible heart failure  were not significantly 

different  in terms of  the IC activity from  those who did not show 

heart failure.  Two patients were noted to have pericarditis, one of 

which was thought to have Dressler 's syndrome (post-myocardial 

infarct  syndrome) and neither were positive in the assays. Nine 

^patients had had a previous myocardial infarct.  There was no 

significant  difference  in IC activity between these patients and those 

who had never had a verified  previous myocardial infarct  (p<0.1). 

9.4 DISCUSSION 

The study described here confirms  that patients with acute MI have a 

high incidence of  circulating IC detectable in the CSP, CBA, CDV 

and KBA assays. The IC were present within 24 hours of  admission to 

hospital and showed a decline by the third week in two of  the assays 

(KBA, CBA). Although it has been suggested that many patients 

with cardiovascular disorders have elevated IC levels (Gallagher et al, 



1982) there is a definite  increase in some patients at the time of  acute 

MI. Positive assays were not necessarily associated with pericarditis, 

post-myocardial infarction  syndrome, heart failure,  fever  or a raised 

white cell count. 

Seventy-six percent of  patients were positive in at least one assay at 

some time during the study period. In contrast , we would expect 10% 

of  normal subjects tested on 4 occasions to be positive in at least one 

assay. In practice, studies in this laboratory (Simpson et al, 1983) 

have shown that for  normals the percentage is much lower than this 

because of  the degree of  correlation, albeit low, between the four 

assays. Interestingly the overall positivity rate of  76% found  here in 

MI is comparable to that of  patients with primary IC 

glomerulonephritis (Simpson and Smith, 1980, Chapter 8) where 

circulating IC are thought to be responsible for  glomerular in jury . 

The circulating IC in MI do not produce glomerular disease which 

would lend support to the more recent concept of  in situ IC formation 

in glomerulonephritis. All the assays except the CSP showed a 

significant  positive correlation with serum CRP levels. CRP is known 

to rise after  infarction  (Pepys, 1981) and like the CDV correlates 

with the CKMB level which is also related to infarct  size (Rogers et 

al, 1977). The KBA also showed a correlation with the ESR. These 

correlations between acute phase proteins, CKMB and IC are not 

surpris ing. Complexed CRP is a potent activator of  the classical 

pathway of  complement start ing with Clq. Such complexes of  CRP can 

occur with phosphoryl choline- containing lipids, polyanions, 

polycations as well as microbial polysaccharides. Some of  these 

compounds are likely to be released during myocardial necrosis in 

acute MI and could well explain some of  the immediate rise in apparent 



IC activity in the KBA, CDV and CBA. The CSP assay requires the 

presence of  both Clq and IgG in the complex and a CRP complex 

would not be detected as an IC in this system. This may in part 

account for  the poor correlation between assays. 

In experimental MI in dogs, the area of  myocardial necrosis can be 

reduced by decomplementation with cobra venom factor  (Maroko et al, 

1978). The complement activation which produces the increased areas 

of  myocardial necrosis in this model is presumably non-specific,  in 

that Clq and/or C3 bind to cell components, perhaps altered by 

catheptic enzymes, and hence tr igger the classical or alternative 

pathway. It is possible that the positive IC assays are also a 

reflection  of  this activity and as such are a marker of  tissue injury 

and repair in this disorder. A similar pattern of  IC activity has been 

demonstrated in patients with renal allografts  where IC-like activity 

is high soon after  transplantation but declines over days or weeks if 

there is no acute rejection or infection  (Simpson et al, 1978) (Chapter 

11). 

What then is the pathophysiological significance  of  IC in acute MI? 

The high early incidence of  IC in all assays suggests that IC are 

being formed  very soon after  infarction,  perhaps by the interaction 

of  pre-existing antibody with antigens released at the time of 

infarction.  Alternatively the tests may be detecting other humoral 

components such as complexed CRP or complement components 

associated with myocardial necrosis. The correlation between the 

non-specific  complement binding tests and CRP is consistent with this 

hypothesis as are the correlations between the CKMB and CDV and 

ESR and KBA. However, the more specific  CSP assay which would 



not respond to these non-specific  acute phase protein complexes, also 

shows a high incidence of  positive patients and supports the 

presence of  pre-exist ing antibody in some patients. Hence the four  IC 

assays are obviously detecting a wide range of  material including 

"true" IC associated with MI. 

The measurement of  circulating IC in patients with MI will not 

provide important information  on diagnosis, severity or outcome, 

using the current assays. It is possible however that antigen 

specific  IC assays could provide helpful  diagnostic or prognostic 

information  because there would not be interference  from  those 

complexes of  CRP and complement which do not contain 

immunoglobulin. 



CHAPTER 10 

IMMUNE COMPLEX-LIKE ACTIVITY ASSOCIATED WITH ABNORMAL 

SERUM LIPOPROTEINS IN SYSTEMIC LUPUS ERYTHEMATOSUS 

10.1 INTRODUCTION 

In this chapter four  patients are described with active systemic lupus 

erythematosus (SLE) and sera positive for  IC in the Clq deviation 

test (CDV), the Clq solid phase (CSP) and Clq binding (CBA) 

assays but not in the conglutinin binding (KBA) assay. The CDV 

detected only high molecular weight material from  these sera (Simpson 

et al, 1978) while the other Clq assays and the KBA detected material 

of  various molecular weights, some apparently not much larger than 

monomeric IgG in gel filtration  chromotography. When the high 

molecular weight fractions  in these four  patients were studied, the 

IC-like activity was found  in two abnormal lipoproteins. These 

lipoproteins were associated with IgG which suggested that they were 

t rue IC. The physical properties of  these IC lipoproteins may explain 

the poor correlation between some IC assays and, in addition, the 

presence of  these lipoprotein IC appears to be a marker of  severe and 

active SLE. 

10.2 PATIENT METHODS 

The clinical and biochemical data of  the four  patients studied are 

shown in Table 10.1. These four  patients were referred  for  plasma 

exchange because of  severe and active disease which had failed  to 

respond to high-dose corticosteroid therapy (prednisone 

60-80mg/daily) and azathioprine (100-150mg/daily). Patient 4 was 
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given three pulses of  methyl-prednisolone lgm in the week prior to 

plasma exchange. Three of  these patients had moderately severe 

renal impairment and two had the nephrotic syndrome prior to plasma 

exchange but patient 2 had no clinical renal involvement. 

The biochemical and IC results shown in Table 10.1 refer  to serum 

samples taken immediately before  the course of  plasma exchange. The 

first  plasma removed during plasma exchange was stored and studied 

as described above. The IC results from  serum samples and from  the 

early plasma exchange plasma showed an identical pat tern of 

reactivity. 

10.3 RESULTS 

The activity in the various IC assays for  each patient is shown in 

Table 10.1. The high molecular weight fractions  from  Sepharose 

chromatography of  the patients' sera were tested for  activity in the 

IC assays. In these four  patients the CDV was strongly positive in 

those fractions  that were excluded from  a Sepharose 2B gel, whereas 

the other tests detected a broad range of  primarily lower molecular 

weight materials. 

The high molecular weight fraction  was prepared in bulk from  plasma 

obtained at plasma exchange. This material was dried and analysis 

showed that 66% of  the material was ether-extractable, while the 

protein content was 8% suggesting that the material was lipoprotein. 

Chromatographically purified  material and plasma from  the patients 

when analysed by HEB ultracentrifugation  gave two visible lipoprotein 

zones, one of  density <1.006 which coincided with normal 



PLATE 10.1 

LIPOPROTEIN DENSITY GRADIENT ULTRACENTRIFUGATION 

10-40% sucrose density gradients: (A) normal serum with 

visible LDL and VLDL bands; (B) serum from  patient 1 

showing presence of  VLDL (IC VLDL) and a novel band denser 

than LDL (IC LDL). 
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and one novel zone of  a slightly higher density than normal human 

LDL. These two bands were found  in all four  patients and showed 

marked activity in the CDV except for  the VLDL in patient 3. Study 

of  these sera on 10-40% sucrose gradients again showed two bands 

equivalent to that seen on HEB ultracentrifugation  (plate 10.1). 

VLDL purified  from  known negative sera and from  a patient with Type 

IV hyperlipidaemia (with a high VLDL) showed no activity in any of 

the IC assays. The VLDL with IC-like activity (IC VLDL) and the 

LDL with IC-like activity (IC LDL) were also tested in the other IC 

assays. IC VLDL produced platelet aggregation and inhibition of 

rheumatoid factor  (all four  patients were RF negative). 

Purified  IC VLDL and IC LDL were inactive in the CSP, CBA and 

KB A assays. 

Microzone electrophoresis of  the patients ' sera and purified 

lipoproteins showed that the IC VLDL contained chylomicrons and 

material of  unusually high electrophoretic mobility (greater than 

alphalipoprotein). The IC LDL fractions  had heterogeneous pre-g 

mobility and some a-mobility (patient 3 whose IC VLDL fraction  was 

inactive in the CDV assay had normal pre-g mobility and no 

chylomicrons - see plate 10.2) 



Plate 10.2 

Microzone electrophoresis of  serum and HEB purified  lipoproteins from 

Patients 1, 2 and 3. 

-*• : point of  application 

A: Control, normal serum 

B: Patient LDL fraction 

C: Patient VLDL fraction 

D: Patient serum 

Normal VLDL has pre-B mobility and normal LDL has £5 mobility. The 

SLE patient VLDL (IC VLDL) has a wide range of  mobility from  slower 

than 6 to faster  than a position. 

The SLE patient LDL (IC LDL) has a pre-B and an a component (very 

faint). 

Note that the mobility of  the VLDL fraction  from  Patient 3 is normal 

and this fraction  had no IC activity. 



I 5 
J O b 

I 

00 

I 
f » 

i 

IS3 

OD 

m 
I m 
I 
» 

i 

« 
CD 

u u 

f i 



Folch extraction of  the material and subsequent thin layer 

chromatography was carried out on the IC VLDL and IC LDL 

fractions.  Both IC VLDL and IC LDL showed the lipid components of 

VLDL but with an apparent increase in phospholipids and free  fatty 

acids (plate 10.3). Gas-liquid chromatography of  methyl esters of 

these components did not suggest the presence of  any unusual lipids. 

The IC VLDL HEB fraction  was examined in SDS-PAGE and showed a 

very high molecular weight band identical to normal human VLDL. 

Treatment with 10M urea gave very low molecular weight material, 

presumably small polypeptides. In AEP sonicated IC VLDL showed 

two bands as described for  beta lipoprotein (Papadopoulos and 

Kintzios, 1969). Treatment of  IC VLDL with 10M urea, SDS and 

2-mercapto-ethanol followed  by gel filtration  on Sephadex G-200 

showed light and heavy chains of  IgG on IEP. An antiserum raised 

in rabbits to IC VLDL showed distinct anti-IgG activity and less 

marked anti-albumin activity, together with two unidentified  precipitin 

lines on IEP. Antibody to similarly prepared material from  normal 

human serum produced anti-beta lipoprotein activity only. 

IC VLDL was thus shown to be a lipoprotein with a very high 

molecular weight, associated with IgG, albumin and other unidentified 

proteins. 

The HEB IC LDL fractions  were also examined with SDS-PAGE and 

showed a very high molecular weight band and further  bands at 54, 

39 and 22 x 103 daltons. AEP showed four  bands anodal to the origin 

and diffuse  faint  cathodal staining. IEP produced five  precipitin arcs 



Plate 10.3 

Thin layer chromatography of  lipids extracted from 

A: IC VLDL 

B: Normal VLDL 

Lipid classes present are indicated by: 

PL: phospholipid (origin), Choi: cholesterol, FFA: free  fatty 

acids, TG: triglyceride, CE: cholesterol es ters , HC: 

hydrocarbons. 

An identical pat tern was observed with IC LDL. 
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with anti-normal human serum. These were identified  with specific 

antisera as IgG, betalipoprotein with an abnormal mobility, al 

anti trypsin, orosomucoid and albumin. There were no corresponding 

precipitin arcs to two of  the AEP bands. Albumin and one of  the 

unidentified  protein bands were found  in fractions  of  the same density 

as IC LDL in HEB fractionation  of  normal serum. The unidentified 

bands were not present in AEP when carried out in the presence of 

DOC. (Substances that bind DOC are amphiphilic i . e . lipid soluble, 

and have altered electrophoretic mobility in the presence of  DOC). 

IC LDL was thus shown to be a high molecular weight lipoprotein 

associated with several normal serum proteins and other unidentified 

material. 

10.4 DISCUSSION 

Two abnormal lipoproteins were found  in sera of  four  patients with 

active SLE. The abnormal lipoproteins have the properties of  IC, in 

that they are active in the CDV and produce RF inhibition and 

platelet aggregation. These lipoproteins do not appear in normal sera 

or in the sera of  patients with hyperlipidaemia and are not detected 

in the CSP, CBA and KB A assays. VLDL and LDL from  normal and 

hyperlipidaemic sera do not bind Clq . 

IC VLDL is similar to normal human VLDL but is distinguishable by 

its electrophoretic mobility but not by ultracentrifugation.  IC LDL is 

distinguishable from  serum LDL by ultracentrifugation  and has the 

electrophoretic mobility of  VLDL. Both IC LDL and IC VLDL would 

seem to have the lipid composition of  VLDL and presumably the large 



amount of  protein associated with IC LDL accounts for  its higher 

density. The cholesterol ester content and the amount of  IgG present 

place the IC LDL outside the accepted definitions  for  Lp(a) 

lipoprotein and LpX lipoprotien. 

IC VLDL contains albumin and IgG while IC LDL has quantities of 

albumin, IgG and acute phase proteins detected by IEP and two 

additional but unidentified  proteins detected by AEP. Similar 

fractions  from  normal serum contain one of  these two unidentified 

bands. 

Why do these lipoproteins behave as IC in the CDV, with RF and 

platelet aggregation but not in the KBA, the CBA and CSP assays? 

It is possible that the two PEG assays would not detect low density 

IC-like material since precipitation is required for  detection. 

Similarly, the large size of  these lipoproteins may well be incompatible 

with satisfactory  binding to a solid polystyrene surface  in the CSP 

assay. The CDV method relies on the bound Clq remaining in the 

fluid  phase and this would be enhanced by low-density IC. Similarly, 

the physical properties of  an IC lipoprotein should not prevent 

detection by RF inhibition or platelet aggregation. 

We have been unable to establish that the IgG present in the IC 

VLDL and the IC LDL is bound in an antigen/antibody fashion  in 

either case. However, the binding of  Clq , the aggregation of 

platelets and the inhibition of  RF activity by the lipoproteins are 

consistent with the presence of  an IC, rather than non-specific 

association of  IgG with lipoprotein. 



The IC-like activity of  these lipoproteins suggests several 

possibilities: firstly,  the IgG present could be antibody directed 

against the apoprotein components of  the lipoprotein and this would 

not be unexpected in patients with SLE - a disease exhibiting a wide 

range of  auto-antibodies. Secondly, it is also possible that small 

IC-containing amphiphilic (lipid soluble) antigens could associate with 

lipoprotein. This antigen might be responsible for  the unidentified 

bands seen on AEP, and certainly the changed mobility of  these 

bands on electrophroesis with DOC would be in keeping with an 

amphiphilic antigen. 

The possiblilty that Clq is binding by a non-specific  mechanism 

cannot be discounted. Clq is known to bind polyanions, such as 

DNA and bacterial lipopolysaccharides under the conditions of  the 

CDV. The presence of  negatively charged proteins, such as albumin, 

plus the extra negative charge contribution by extra phospholipids 

and free  fatty  acids on the surface  of  the lipoprotein, could cause 

Clq to bind by this mechanism. However, if  this were the case then 

another mechanism would be required to explain the aggregation of 

platelets and the inhibition of  RF by the purified  IC lipoproteins. 

The discovery of  these abnormal lipoproteins goes some way to explain 

the poor correlation between the Clq deviation test and some other IC 

assays. Lipoproteins have usually been regarded as annoying 

contaminants of  serum samples in serological laboratories, although 

isolated reports do suggest the presence of  lipoproteins in a mixed 

cryoglobulin (Linscott and Kane, 1975) and abnormal lipoprotein bands 

have been described in other conditions (Avogaro and Cazzolato, 

1975). In two patients the abnormal lipoprotein IC disappeared with 



clinical remission and these lipoproteins were not present in sera from 

other patients with inactive or mild SLE, hyperlipidaemia or during 

prednisone therapy or plasma exchange for  other conditions. It is 

uncertain whether the the IC VLDL or IC LDL have any pathological 

significance,  but it is of  interest that this material has been found 

only in the sera of  patients who had extremely active SLE. IC VLDL 

and IC LDL may therefore  be markers of  severe disease. 



CHAPTER 1 

CIRCULATING IMMUNE COMPLEXES IN RENAL TRANSPLANT RECIPIENTS 

11.1 INTRODUCTION 

Both cell mediated and humoral mechanisms are involved in renal 

allograft  rejection. Antibody produced against graft  t issues and 

cellular infiltration  have been thought to be the principal modes of 

graft  rejection. However, immunofluorescent  observations have shown 

deposition of  immunoglobulin and complement in the graft  in a form 

suggesting the depostion of  circulating immune-complexes. Some 

studies have described the detection of  circulating immune complexes 

after  renal transplantation (Palosuo et al, 1976; Ooi et al, 1977) and 

it has been suggested that circulating immune complexes could mediate 

some acute rejection episodes (Ooi et al, 1977). In this Chapter the 

relationship between rejection episodes infection  and 

immune-complex-like activity in serum as measured by the Clq 

deviation test (CDV) have been studied. 

11.2 PATIENT METHODS 

Patients were followed  prospectively and clinical information  obtained 

from  a comprehensive transplant record kept on each patient. All 

patients were treated with a standard immunosuppressive regime 

consisting of  prednisone and azathioprine, with high dose oral 

prednisone or intravenous methyl-prednisolone during rejection. The 

diagnosis of  rejection was made independently by the physicians 

managing the patients. Clinical and laboratory criteria for  the 
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diagnosis of  rejection consisted of:  falling  urine volume, increase in 

the level of  serum creatinine by 0.02mmol/l or a slower than predicted 

decline in serum creatinine. In addition, renal scintigraphy was 

performed  routinely in all patients and IV urograms and renal 

arteriography when indicated. Renal biopsies were performed  to 

confirm  irreversible rejection prior to transplant nephrectomy. 

11.3 RESULTS 

A high proportion of  recently transplanted patients were positive in 

the CDV. Sera from  41 patients were examined and serial estimations 

were performed  prospectively in 18 patients start ing before  or at the 

time of  transplantation. Eighteen patients had had a graft  for  more 

than 6 months before  the first  estimation, and 23 had been 

transplanted for  less than 6 months. A positive test was found  at 

some time in 57% of  patients and in 68% of  patients with a recent 

graft.  This compares with an overall positivity rate of  20% in a 

random hospital population and 5.2% in 100 normal blood donors. 

There were 17 rejection episodes (0-3 per patient) detected clinically 

in the 18 patients that were followed  prospectively. Eight rejection 

episodes were associated with a rise in immune-complex-like activity in 

serum and in 7 of  the 8 instances, this occurred after  the rejection 

episode. The same group of  patients had 13 recorded episodes of 

infection  and 7 of  these were followed  by a rise in detectable immune 

complexes. Fifteen  of  the 18 patients had a positive test within 1 

week of  grafting  and 12 of  these showed an initial high level of  Clq 

binding activity in serum which subsequently declined rapidly. Low 

or rapidly falling  immune-complexes soon after  transplantation were 

associated with good graft  function.  Typical pat terns of 



FIGURES 11 .1-11 .3 

Clq DEVIATION TEST IN RENAL TRANSPLANT RECIPIENTS 

FIGURE 11.1 

This patient developed good graft  function  after  transplantation 

and had no clinically obvious episodes of  rejection. Note the 

rapid fall  in immune-complex levels. 

FIGURE 11.2 

This patient had terminal renal failure  from  Goodpasture's 

syndrome. Note the negative immune-complex assay prior to 

transplantation. After  transplantation the graft  functioned  well 

and there were no rejection episodes. A rise in 

immune-complex levels occurred at the time she developed a mild 

viral hepatitis B. 



Fig. 11.1 

Fig. 1 1.2 



immune-qomplex levels after  transplantation are shown in Fig. 11.1 -

11.3. 

Characteristics of  Clq Binding Activity in Positive Sera 

Concentrated fractions  from  Sepharose 6B chromatography of  positive 

sera were tested in the CDV. The positive activity was found  at or 

near the void volume suggesting that the activity was of  high 

molecular weight and probably greater than 19S. DNA was not 

responsible for  the Clq binding in positive sera, as the addition of 

DNAse to positive sera did not influence  the tes t . (Fig 11.4). 

11.4 DISCUSSION 

Immune-complex-like material as detected by the CDV is common after 

cadaveric renal transplantation, a positive test being found  in more 

than two thirds of  patients with a recent graft.  Immune complex 

levels were found  to rise in some pat ients , particularly after  an 

episode of  graft  rejection or various intercurrent infections.  A 

negative assay for  immune complexes or levels which fell  rapidly 

(within 1-2 months of  transplantation) were usually associated with 

good graft  function.  Ooi et al (1977) observed raised levels of 

immune complexes in predominantly humoral rejection, as compared 

with predominantly cellular rejection. In this study we have been 

unable to make this distinction because of  the criteria used for  renal 

biopsy. 

It seems possible that the high levels of  immune-complex-like material 

detected early after  cadaveric renal transplantation are merely 

markers of  t issue injury and repair , and do not have a specific 



FIGURE 11.3 

Repeated rejection episodes in this patient are associated with 

the persistently high immune-complex levels. The patient died 

of  fulminant  miliary tuberculosis after  a nine day illness. 

T: time of  transplantation 

R: rejection episodes 

D: death 

FIGURE 11.4 

Clq deviation test for  immune-complexes in fractions  from 

sephrarose 6B chromatography of  positive sera . Note that all 

the activity is confined  to the exclusion peak suggestion high 

molecular weight immune complexes - probably greater than 19S. 

(See also Chapter 10). 
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relationship to the immunological processes which occur with organ 

transplantation. Surgical trauma, the ischaemic damage suffered  by 

the graft  and the use of  immunosuppressive agents may all lead to 

situation where immune-complex-like material is released into the 

serum. Immune-complexes may thus represent a bystander 

phenomenon unrelated to the rejection process. Although it is 

conceivable that such immune complexes may induce consequent tissue 

damage, this is not necessarily the case. There are many situations 

in which immune complex deposition can be demonstrated in renal 

tissue without significant  renal functional  impairment being produced. 

More accurate characterisation of  the Clq binding material by the use 

of  a more specific  assay, immunoglobulin analysis and further  attempts 

at antigen recognition will be necessary to understand the t rue 

significance  of  circulating immune complexes in renal transplantation. 
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ABSTRACT 

In guinea-pig nephrotoxic nephritis (NTN) induced by a sheep 

antibody there was minimal glomerular capillary deposition of  C3 or 

accumulation of  polymorphonuclear leucocytes (PMN) in the 

heterologous phase. The C4 deficient  (C4d) strain developed the 

same injury as normal Dunkin-Hartley animals. Complement depletion 

with cobra venom factor,  PMN depletion with nitrogen mustard or 

anti-PMN serum and treatment with antihistamines, aprotinin and 

indomethacin provided no protection. The relationship between the 

dose of  nephrotoxic antibody and the proteinuria was similar for  the 

yl and y2 subclasses and the F(ab')2 fragment  of  yl antibody. 

However, the F(ab') and the F(ab) antibody fragments,  though fixing 

on the GBM did not cause proteinuria. It is concluded that the 

development of  proteinuria in this system: is largely independent of 

the C/PMN system; is due to the fixation  of  the F(ab')2 fragment  of 

the antibody molecule; and does not depend on an intact Fc piece. 

In the autologous phase of  NTN induced by sheep antibody to GBM in 

DH and C4d strain gp, <50% of  animals developed proteinuria at the 

height of  the autologous antibody response despite high anti-sheep 

immunoglobulin t i t res and fixation  of  the gp IgG and complement in 

the kidneys. Only 2 of  37 animals (5.4%) developed progressive 

disease. In a passive model of  autologous phase injury using high 

ti tre rabbit antibody to sheep IgG, proteinuria failed  to occur despite 

fixation  of  up to 95yg of  rabbit antibody per kidney. Repeated 

injection of  sheep nephrotoxic antibody caused a persisting nephrotic 



syndrome but not the characteristic proliferative  lesion of  anti-GBM 

diseases in other species. 

Because antibody responses to the alternative complement pathway 

activator cobra venom factor,  are T-dependent and B-mice therefore 

do not develop resistance to i ts action it was possible to examine 

whether renal injury occured under circumstances of  protracted 

alternative pathway activation. After  periods of  up to three months, 

no evidence from  measurements of  blood urea or proteinuria or from 

examination with light microscopy, immunofluorescent  or electron 

microscopy was obtained to indicate a direct nephrotoxic effect  of  this 

type of  complement activation. These studies do not support the 

concept that glomerular injury in patients with mesangiocapillary 

glomerulonephritis and hypocomplementaemia from  C3 nephritic factor 

are due to the continued activation of  the alternative pathway. 

The clinical course and levels of  anti-GBM antibody were compared in 

20 patients with Goodpasture's syndrome treated with plasma exchange 

and immunosuppression (8 pat ients) , immunosuppression alone (4 

patients) or no specific  therapy (8 pat ients) . There was a more 

rapid fall  in the level of  anti-GBM antibody and pulmonary 

haemorrhage was less protracted in the patients treated with plasma 

exchange and immunosuppression. In this group, one patient who 

presented with severe renal failure  showed a marked improvement in 

renal function  and there was no progression of  disease in the four 

with milder renal involvement. Two of  the four  patients treated with 

immunosuppression alone and only two of  the eight patients who 



received no specific  therapy maintained normal renal function.  In the 

group which received no specific  therapy, one of  the six patients who 

progressed to renal failure  had mild renal involvement initially. 

There was a significant  correlation between the level of  anti-GBM 

antibody and the severity of  the morphological changes seen at renal 

biopsy but not between the level of  anti-GBM antibody and the 

severity of  lung haemorrhage. The course and outcome of  the disease 

in these patients not treated or treated with immunosuppression alone 

was better than that described in earlier reports of  this disease, 

while those patients with plasma exchange and immunosuppression 

fared  even bet ter . An adequately stratified  controled trial of 

immunosuppression in plasma exchange versus immunsuppression alone 

is justified. 

Immune complex (IC) levels were measured in normal subjects using 

the Clq solid phase, Clq deviation, Clq binding and polyethylene 

glycol precipitation assays. Significant  changes in IC levels were 

seen in normals with each of  the assays but the pattern of  variation 

was not consistent between assays or subjects or in the same subject 

from  day to day. There were no consistent changes with meals, time 

of  day, exercise or the prior administration of  prednisone. Low 

levels of  IC appeared to be normal in plasma, but the variation in IC 

levels was not explained. Normal IC may well comprise mixtures of 

non-specific  immunoglobulin aggregates, rheumatoid factor-immuno 

globulin complexes, idiotype anti-idiotype complexes as well as specific 

antibody complexes with antigens from  food,  infective  agents and 

other sources. 



Eighty-six patients with primary glomerulonephritis had circulating IC 

levels measured in 4 IC assays at the time of  percutaneous renal 

biopsy. Patients with acute glomerulonephritis and type 1 

mesangiocapillary glomerulonephritis showed the greatest positivity 

rate overall while patients with membranous glomerulonephritis had the 

lowest ra te . Overall, just over half  the patients with primary 

glomerulonephritis were positive in any one assay and <5% in any 

three assays. Repeat samples taken from  the same patients after  an 

interval of  some months often  showed the same pattern of  reactivity in 

the 4 assays or a re turn towards lower values. 

Thirty-one patients with proven acute myocardial infarction  (MI) were 

studied prospectively at the time of  admission to hospital and at 3, 7, 

and 18 days using 4 IC assays. Each assay showed an increased 

incidence of  IC activity in MI with 76% of  patients being positive in at 

least one assay on one or more of  the sampling days. A positive IC 

assay did not show a significant  correlation with cardiac failure, 

pericarditis, post MI syndrome or previous infarction.  The presence 

of  IC was found  to correlate with serum C-reactive protein (CRP), 

serum enzymes and ESR and suggested that complexed CRP or other 

acute phase proteins may account for  some of  the IC activity found 

with less specific  assays. The measurement of  IC levels in MI has 

not proved helpful  in the diagnosis, management or prediction of 

outcome in this disorder. 

In recipients of  cadaveric renal transplants circulating IC as detected 

by the Clq deviation test were found  in more than two thirds of 



patients with a recent graft.  IC levels were found  to rise after 

rejection episodes and also after  episodes of  infection.  Low or 

rapidly falling  IC levels soon after  transplantation were associated 

with good graft  function. 

Sera from  4 patients with systemic lupus erythematosis (SLE) were 

shown to contain abnormal lipoproteins which behaved as IC. One IC 

lipoprotein (ICVLDL) had the density in ultracentrifugation  of  very 

low density lipoprotein, but a markedly altered electrophoretic 

mobility. A second IC lipoprotein (ICLDL) had the electrophoretic 

mobility of  very low density lipoprotein but was slightly denser than 

low density lipoprotein on ultracentrifugation.  Both the ICVLDL and 

ICLDL contained IgG and behaved as IC in the Clq deviation tes t , 

platelet aggregation and rheumatoid factor  inhibition assays, but not 

in the conglutinin and Clq binding assays and the Clq solid phase 

assays. These differences  could be due to the low densities of  the 

ICVLDL and ICLDL. The abnormal lipoprotein IC disappeared with 

clinical remission in two patients and were not present in the sera of 

other patients with inactive or mild SLE, type 4 hyperlipidaemia or 

during prednisone therapy or plasma exchange for  other conditions. 

These IC appeared to be markers of  severe and active SLE. 
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