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Abstract

The finding of a granular deposition of immunoglobulin in the kidney in experimental

animal models of glomerulonephritis has been been interpreted as resulting from the

random deposition of immune complexes in the glomeruli. Recent data suggests that

although immune complex deposition may be an important factor in some forms of

glomerulonephritis, the in situ formation of immune complexes between circulating

anti-kidney antibodies and fixed glomerular capillary wall antigens may also be a

significant factor in the pathogenesis of some animal models of glomerulonephritis.

To examine the characteristics of discontinuously represented glomerular capillary wall

antigens in the rat, monoclonal antibodies were generated against a glomerular plasma

membrane fraction, depleted of glomerular basement membrane, prepared from

isolated L,ewis rat glomeruli. A total of L7 hybridomas, generated from the fusion

of splenocytes obtained from mice immunised with the glomerular membrane fraction

produced monoclonal antibodies which reacted with discontinuously represented

antigens in the glomerulus and renal tubules. One further hybridoma secreted a

monoclonal antibody which reacted with an antigen present on glomerular and tubular

nuclear membranes. No hybridomas were produced which secreted a monoclonal

antibody which reacted with linearly arrayed glomerular basement membrane antigens.

Two of these monoclonal antibodies, both of the IgM subclass and code-named PH7

and SC5, produced a heavy granular glomerular staining pattern when examined by

indirect immunofluorescence microscopy. Neither monoclonal antibody was kidney

specific, with reactivity being demonstrated with a number of non-renal tissues.

When administered intravenously to normal kwis rats both SC5 and PH7 induced a

mild proteinuric lesion. The proteinuria was not associated with histopathological

changes at the light or electron microscope level.

Immunoblotting experiments revealed that SC5 reacted predominantly with a protein

band of 96 kDa present in detergent extracts of isolated glomeruli and glomerular

plasma membranes. PH7 was shown to react with three low molecular weight

proteins of. L4,13 and 11 kDa

VICTORI,q UNIVERSITY OF WELLINGTON'
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The ftrdings of tftib study dennonstrate the potential f.or a aepMtogenie responso to

ogqrr flollo ing the b gifl formation of irnmune oornpleros betoreen cirorlating anti.

kidney nntibodes and disconrinrrously arrayed 1sn'gfume41la,r b'asencnt n€mbrane

r$ouonrlar capilla{y uall antigeng characterised by' granular inr,munoftuoress€nce

pafferrs; ,in animal models of glomenrlonephritis.
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Chapter one.

INTRODUCTION TO THE IMMUNE SYSTEM AND IMMUNOLOGICALLY.

MEDIATED RENAL DISEASE.

1.1 Aim of project.

The project described in this PhD dissertation, which was initiated in 1984, and

therefore in concept predates much recent published literature, constitutes a directed

effort to determine the role of fixed glomerular antigens in experimental

glomerulonephritis (GN) in the rat using monoclonal antibody technology. The

specific aim was to generate hybridomas which would secrete monoclonal antibodies

reactive with rat glomerular capillary wall (GCW) antigens that were distinct from

those residing in the glomerular basement membrane (GBM). We were particularly

interested in generating monoclonal antibodies which would react with antigens

represented in a discontinuous array along the GCW and which would demonstrate

a granular pattern of binding when examined by IF microscopy. Moreover, if

monoclonal antibodies could be generated with the desired binding characteristics,

then they would be used in vitro to determine the biochemical identity and tissue

distribution of their target antigen, and in vivo to determine their nephritogenicity.

12 The immune system.

As multicellular organisms evolved, a need arose for a defence system that would

protect against invasive foreign organisms. The basic requirements for such a system

were the ability to recognise and distinguish self from non-self and to selectively

inactivate or destroy foreign cells or organisms. As cells in these multicellular

organisms differentiated, they acquired cell surface molecules that were specific and

unique to their own cell type. It is likely that these cell specific molecules provided

the first means of cell-cell recognition necessary for the organisation of cells and the

division of labour within the organism. These cell specific surface molecules may also

be involved in early growth regulation by contact inhibition.
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The earliest multicellular organisms evolved a defence system that was based on the

phagocyte. These cells were able to recognise and differentiate self from non-self

through cell surface molecules, and to selectively phagocytose non-self. In contrast

to the invertebrate phagocytic systerq vertebrates evolved an adaptive immune system

that is based on the tymphocyte, and is much more sophisticated than that of the

invertebrate. Although centered on the lymphocyte, two humoral systems are pivotal

to the operation of the vertebrate immune response, these are the complement system

and the immunoglobulins.

The immune system of vertebrates is highly structured and subject to a network of

integrated control which is as yet not fully understood. Present knowledge indicates

that the mechanism of control involves a complex interaction between distinct subsets

of lymphocytes, secreted products of lymphocytes, such as immunoglobulins,

lymphokines and monokines, complement proteins and antigen.

Central to the harmonious functioning of the immune system is the ability to recognise

and to selectively respond to specific regulatory self or autologous antigens. The

immune system must maintain a state of self-tolerance. The failure of the host to

mount a detectable pathological immune response to general autologous antigens is

one of the cornerstones of immunology. Self-tolerance is accomplished by a number

of mechanisms that affect B cell responses, antigen presentation by macrophages or

dendritic cells, and the activity of T cell subsets (Scott, 1985).

1.3 Autoimmunity.

Autoimmudty, 
" 

state that develops when the control mechanisms mentioned above

are lost, has been defined as a state in which the unresponsiveness, or tolerance, to

autologous antigens terminates, resulting in the production of antibodies or T cells

which react with autologous antigen (Theofilopolous and Dixon,1982). The possibility

of an autoimmune response precipitating an immunologically-induced insult to the

host was recognised at the turn of the century by Ehrlich (1900) who applied the term

'horror autoxicus'to this potentially catastrophic event. Not all autoimmune responses

are harmful. The control of the immune response depends on the ability of the cells

of the immune system to recognise and respond to cell surface antigen encoded by the

major histocompatibility complex, and therefore, by definition, is an autoimmune

response. Autoantibodies are found in normal healthy individuals; as many as 10-
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30%o of B lymphocytes may be producing autoantibody (Cohen and Cooke, 1986).

The presence of autoantibodies could be important in the suppression of the immune

response to autologous antigen. This can be illustrated by considering the mechanism

underlying the suppression of anti-Rhesus (Rh) factor antibody production in Rh

negative mothers who have given birth to Rh positive children. Anti-Rh antibody

production is suppressed by administration of preformed anti-Rh antibodies. Cohen

and Cooke (1986) hypothesise that natural autoantibodies may in fact play an

important role in 'blinding' the immune system by binding to autologous antigens

without activating either the complement system or cellular immune responses.

Natural autoantibodies might therefore act as a buffer to ensure that an immune

response is not evoked against these autologous antigens. A complicating feature is

that more than half of the autoantibodies found in normal individuals react with

natural antibodies present. This anti-idiotypic interaction could inhibit the binding of

autoantibody to its autologous antigen (Holmberg and Coutinho, 1985). Although

autoantibodies may, under some conditions, fulfil an important regulatory role, the

development of autoantibodies which are not regulated or suppressed, has the

potential to lead to a pathological state.

1,4 .Autoimmune disease.

An autoimmune pathogenesis has been established for a number of diseases hitherto

designated idiopathic, including myasthenia gravis, Grave's disease, Hashimoto's

disease, juvenile onset insulin-dependent diabetes mellitus, and Goodpasture's

syndrome. In all these conditions, circulating autoantibodies can be demonstrated in

the serum of affected persons (Theofilopolous and Dixon, 1982). Goodpasture's

syndrome is a condition occurring in humans and characterised by pulmonary

haemorrhage and severe progressive glomerulonephritis. In some cases,

autoantibodies present in the serum of affected people react with antigens present in

both the alveolar and glomerular basement membranes, and in these persons can be

considered an anti-GBM antibody-initiated disease. However, there are other

pathogenic mechanisms that can produce Goodpasture's syndrome, for example

immune complex disease.

1.5 Imunnolgically-mediated renal disease.

End stage renal disease is the fourth leading cause of death amongst young adults in



4

the United States of America. Sixty per cent of these c:$es are the result of

immunologically-mediated GN. Of this sixty per cent, however, anti-GBM antibody

antibody-mediated Goodpasture's slmdrome is responsible for only approximately five

per cent (Adler and Couser, 1985), the underlying immunopathogenesis of the

remaining 55 per cent being uncertain, although the deposition of circulating immune-

complexes is clearly of some importance in many.

Much of our current understanding of the pathogenesis of imunologically-mediated

GN has been gleaned from the study of experimental animal models.

1.5.1 Nephrotoxic serum nephritis (NTT\{).

An immunological pathogenesis of GN was first demonstrated by Lindemann in 1900

who induced a proteinuric renal lesion in rabbits with a heterologous (guinea pig)

anti-rabbit kidney serum. This first experimental animal model of GN was termed

nephrotoxic serum nephritis (I\ff$ and the results of similar experiments were

subsequently published on the induction of NTN in species other than the rabbit.

Masugi, using a rat model of NTN, did much to enhance the understanding of the

lesion, and was the first to suggest a pathophysiological correlation benveen the

experimental nephritic lesion and human GN (Masugi, 1934).

It was postulated that the pathological mechanism of NTN involved a reaction

between anti-kidney antibodies present in the nephrotoxic serum and antigens in the

glomeruli, and that it was this reaction which directly induced glomerular injury.

Whilst this reaction is indeed important in the pathogenesis of the lesion, it did not

explain the latent period of two to six days before the development of functional

nephritis, nor did it explain the accelerated onset of nephritis observed in animals

exposed to a second dose of nephrotoxic serum. This was addressed by Kay (1940a"

1940b) who, in an elegant series of experiments, demonstrated that rabbits receiving

duck anti-rabbit kidney serum developed a nephritic lesion in response to the

nephrotoxic serurn, and that the development of the lesion could be inhibited by prior

exposure of the rabbits to a sublethal dose of total body irradiation. Kay also noted

the positive correlation between the onset of nephritis and the appearance of

autologous anti-duck antibodies in the non-irradiated animals, a result attributed to

the rabbits mounting an immune response to the 'foreign' duck proteins. From these

results, Kay concluded that the nephritic lesion in rabbits was the result of a secondary
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autologous immune response directed against immune complexes formed in srtu

between the heterologous duck anti-rabbit kidney antibody and rabbit glomerular

antigens. The site of binding of the nephrotoxic antibody and the site of glomerular

injury were determined to be the GBM (Krakower and Greenspon, 1951).

Immunofluorescence (IF) microscopy revealed a uniform linear distribution of

antibody along the glomerular loopso and electron microscopy demonstrated

nephrotoxic antibody reactivity within the endothelial aspect of the GBM, as

evidenced by the presence of electron dense deposits at this site in treated animals

(Unanue and Dixon 1967). These early studies indicated that only rarely were

deposits observed in the epithelial side of the GBM, and these were always associated

with severe disease (Movat gtr al., 1961).

The heterologous phase of NTN is associated with polymorphonuclear leucocyte

(PMN) accumulation in the glomerular capillary loops, a frequent finding being PMN

infiltration of capillary fenestrations and complete displacement of the endothelial cell

from the basement membrane (Cochrane et al., 1965). Depletion of PMNs with

either mechlorethamine in rabbits, or anti-rat PMN semm in rats, prevented the

development of proteinuria in the heterologous phase but not the autologous phase;

neither did it affect the deposition of nephrotoxic serum as demonstrated by IF

microscopy. However, depletion of complement with heat-aggregated gamma globulin

to attain CH,o levels less than 20Vo of controls, resulted in a decrease in both IF-

detectable complement deposition and PMN accumulation in glomeruli, and a

consequent decrease in urine protein excretion to normal levels. In rabbits, selective

depletion of macrophages with an anti-macrophage serum has no effect on the PMN-

dependent heterologous phase but produces a marked reduction in the severity of the

autologous phase (Holdsworth et al., 1981).

Efforts to identify the pathogenic antigen of anti-GBM GN in humans have been

undertaken by a number of investigators (Marquardt e! al., 1973; Mahieu and Winaud,

1970; Mahieu, 1972; Weslander 91 al., 1984a, 1984b; Wieslander and Heinegard,

1985). Experimental evidence to date indicates that the antigen is present in the non-

collagenous globular domain of type IV collagen (Wrrlstander et al., 1984a) and is not

unique to the GBM (Wie'slander and Heinegard, 1985). The reactivity of sera from

patients with Goodpasture's syndrome in immunoblotting experiments is with the

monomeric and dimeric forms of a collagenase-extracted protein of the GBM having

molecular weights corresponding to 26 and 54 kDa respectively (Kefalides, 1987;



Pusey el d., 1987).

1.5.2 Immune complex elomeruloneDhritis.

Experimental models of GN known as acute and chronic serum sickness nephritis,

were established in rabbits and subsequently studied extensively (Masugr and Sato,

L934; Rich and Gregory, 1943; Gregory and Rich, L946; Germuth, 1953; Dixon el al.,

1958). Von Pirquet (1911) had recognised the relationship between the immune

response and serum sickness in human subjects undergoing serum therapy, nofing that

symptoms developed concomitantly with the appearance of circulating anti-serum

antibodies. Although Von Pirquet had postulated that the disease was a result of

antibody combining with foreign serum proteins to form'toxic compounds', it was not

until the 1950's that these were to be identified as being immune complexes (Dixon

eI al., 1958; Germuth and McKinnon, 1957).

An epic study of a model of chronic serum sickness nephritis was undertaken by

Dixon eI al. (1961). Rabbits were injected daily with one of a series of heterologous

serum proteins, bovine serum albumin (BSA), human serum albumin (HSA), bovine

gamma globulin (BGG) or human gamma globutin (HGG) in doses varying from 0.5

to 200 mg per day. The study established a relationship benneen circulating immune

complexes and disease, concluding that interaction between the heterologous senrm

antigens, present in slight excess, and the host's antibody resulted in GN and the

disease was not the result of a direct toxic property of the injected antigen. When the

kidneys of the diseased animals were examined by IF microscopy a heavy granular

pattern of host (autologous) immunoglobulin deposition was obsewed.

Later studies of a model of acute serum sickness nephritis in rabbits revealed that

neither the depletion of complement (Henson and Cochrane, l97l; Holdsworth el al.,

1981) nor PMNs (Knicker and Cochrane, 1965) a^fforded any protection to the

development of glomerulonephritis. However, depletion of macrophages produced a

profound reduction in both the histological changes and the severity of the proteinuria

(Holdsworth e! a!., 1981).

From these observations it was clear that acute serum sickness GN differed markedly

in its immunopathogenesis from NTN.
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1.6 Hevmann nenhritis.

An animal model of GN known as Heymann nephritis is the most widely studied

model of GN which can be induced with anti-serum raised against renal antigens.

This animal model of GN is characterised by granular deposits of immunoglobulin in

the glomeruli and bears a morphological similarity to membranous GN in humans.

Although initially thought to arise as a result of the deposition of immune complexes

in the glomeruli, later data suggested that the in stnr formation of immune complexes

may play an important role in the aetiology of the disease.

In 1959 Heymann et al. reported on the production of a severe progressive proteinuric

renal lesion in Sprague Dawley rats following repeated intraperitoneal injection of a

blood-free kidney suspension in complete Freund's adjuvant. Extracts obtained by

similar processes from muscle or lung failed to induce proteinuria whilst liver extract

induced a mild proteinuria in three out of 21 rats. The renal lesion produced in this

experimental animal model of GN, now known as active Heymann nephritis (HN),

bears a close morphological resemblance to human membranous glomerulonephritis,

a condition characterised by granular deposition of immunoglobulin and complement

in the glomerular capillary loops, subepithelial electron dense deposits and thickening

of the GBM. Serum from HN rats wils examined by Ouchterlony immunodiffr.rsion

against extracts of kidney, liver, muscle and lung. Precipitin lines were observed with

kidney and liver extracts only, implying that the liver and kidney shared a common

antigen (Hunter el A!., 1960).

Using IF microscopy, a granular deposition of autologous gamma globulin was

demonstrated in the glomeruli of rats with active HN by Okuda el al. (1965),

supporting the original observations by Heymann 919t. (1959). This granular pattern

of immunoglobulin deposition in HN was strikingly dissimilar to that observed in

NTN, a finding which suggested that different antigens may be involved in the

pathogenesis of the two models. Both Heymann e! a!. and Okuda g1 a!. considered

the autologous antibody found in the diseased kidneys was the result of a direct

reaction of these antibodies with a fixed kidney antigen, rather than a component of

deposited circulating immune complexes. This hypothesis was later to be substantially

supported nearly twenty years later by the discovery of gr 330 as the probable

pathogenic antigen of HN (Kerjaschki and Farquhar, 1982, 1983).



Edgington cI al. (1967a), however, considered the possibility that this form of

experimental GN might be a variation of serum sickness nephritis, in which the

autologous antibody response to the immunising foreign protein results in the

deposition of circulating immune complexes in the glomeruli. If indeed this

mechanism prevailed and autologous antigen was present in immune complexes, then

these researchers considered the disease could be a true'autologous immune complex

disease'. To examine this question, rats were immunised with either rat or human

tubular antigens. The kidneys were then examined to determine the constituents of

the immune complexes by indirect IF microscopy, using antisera rendered specific by

a series of immunoabsoqptions. From their results, Edgington et al. concluded the

disease was mediated by circulating immune complexes and that the antigenic

component of the immune complexes was of autologous origin. They also stated ...

'the host produces antibody capable of reacting with an autologous antigen unrelated

anatomically or immunologically to the site of injury'.

In the original work, Heymann et al. (1959) had used an homogenate of rat kidney

as the immunogen. The nephritogenic component was later localised to a particulate

preparation of a tubule-rich kidney fraction (Glassock and Watson, 1966) which was

later named fraction 1A (FxlA) (Edgington et al., I967a,1967b). An extensive and

rigorous series of experiments were carried out by Edgington et al. (1967a, l96Tb,

1968) to isolate and characterise the pathogenic antigen of HN. Protein solubilised

from Fxl,A by 1 per cent deoxycholate was analysed by electrophoresis, gel and ion

exchange chromatography, analytical ultracentrifugation and immunoelectrophoresis.

Immunoelectrophoresis, utilising a rabbit anti-rat FxlA serum, identified a single

precipitation line as a lipoprotein having a sedimentation coefficient of 28.6 S and a

Stokes radius of 100 A. The fraction containing this lipoprotein was termed RTEoS,

and the lipoprotein itself was thought to be an integral plasma membrane protein of

the proximal tubular cell brush border. The nephritogenicity of RTEa5 was confirmed

in tnvq by the induction of a proteinuric glomerular lesion following nvo injections of

3 pg of purified RTEc5 (Edgington el a!., 1968). The anti-rat FxlA and the anti-

RTEc5 sera used in the above experiments reacted with normal rat proximal tubule

structures but were not considered to react with glomeruli. In subsequent studies

using the same classical reagents originally prepared by Edgingtoq reactivity with

glomeruli was demonstrated by several methods including indirect IF microscopy

(Neale st al., 1982\.
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An initial report by Alousi e! gl. (1967), and later a paper by Barabas and I-annigan

(1968), had established a morphological similarity between HN in rats and idiopathic

membranous glomerulonephritis in man. These reports were followed by histological

studies at the light and electron microscopic level which revealed an increase in

mesangial and epithelial cell size, an increase in osmiophilic membrane-limited

droplets, fusion of the epithelial cell foot processes and large non-uniform electron

dense deposits at a subepithelial site. Complement and immunoglobulin were

detected by IF microscopy. PMN and macrophage recruitment in to the glomeruli

was not increased, and fibrin deposits were not observed (Alousi et al., 1969).

In 1973 a paper was published which documented the first successful transfer of HN

by serum from Heymann nephritic rats to normal rats (Sugisaki e! a!., 1973).

Although Hess et il. Q962) had been unable to transfer the disease with serum from

HN rats, Sugisaki et al. used serum from rats which had been immunised with kidney

suspension in Freund's adjuvant which had been supplemented with pertussis vaccine.

The inclusion of pertussis vaccine in the immunising suspension had previously been

reported to induce a particularly severe disease (Klassen et a!. l97l). In addition to

whole serum, the authors also administered serum which had been fractionated by

ultracentrifugation and column chromatography to yield preparations containing

proteins with sedimentation coefficients of 7S and 19S. Granular deposits of

immunoglobulin typical of HN were detected by IF microscopy in the kidneys of the

rats receiving the 75 fraction. Electron dense deposits were also evident on

electronmicrographs of glomerular sections from these rats. The 19S fraction was

much less efficient at transferring the disease; no electron dense deposits were

detected in the glomeruli of 19S treated rats and only faint granular immunoglobulin

deposits were detected by IF microscopy. The 75 fraction of the serum from HN rats

contained IgG. As IgM has a sedimentation coefficient of 19S and the anti-rat

immunoglobulin serum used in the IF studies was not subclass specific, the

immunoglobulin deposits in the 19S treated group could be accounted for by the

presence of IgM anti-kidney antibody in the 19S fraction. However, it is possible that

this fraction could contain immune complexes. The salient observation of this paper

was that the study suggested that the HN lesion was not transferred by immune

complexes, a possibility that could not be ruled out by the parabiotic studies of

Heymann 9191. (1962), but did not exclude the possibility of the formation of immune

complexes containing autologous antigen and the administered anti-FxlA serum.
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A year following Sugisaki's paper, Barabas and Lannigan (L974), and later Feenstra

e! a!. (1975), published studies on the transfer of HN with serum. The morphology

of the lesion produced by these passive transfer experiments was identical to that

observed in rats immunised with kidney suspensions or Fx1A. The disease produced

by immunisation is now known as active HN and that induced by anti-kidney serum

as passive HN.

In another paper which examined the early phase of passive HN, Barabas and

I-annigan (1975) postulated that the heterologous antisera released a nephritogenic

antigen from the convoluted proximal tubule. Autoantibodies were then formed

against this 'released' antigen which in turn formed immune complexes that were

subsequently deposited in the glomeruli.

A major contribution to the study of passive HN was made by the paper of Van

Damme et a!. (1978) which led to a questioning of the credibility of the circulating

immune complex hypothesis of the immunopathogenesis of HN. Van Damme

prepared a rabbit anti-rat FxlA antibody and perfused rat kidneys ex vivo. (i.e. native

circulation reinstated following perfusion of the kidney with anti-FxlA antibody via

the renal artery), and in vitro. A granular pattern of rabbit immunoglobulin

deposition was detected by IF microscopy in the glomerular capillary loops of both g
vivo and in vitro perfused kidneys. In addition peroxidase immunoelectron microscopy

revealed reaction product at a subepithelial site in kidneys perfused by either method.

The site of reaction product was identical to the electron dense deposits observed in

active HN. Perfusion of performed immune complexes (40 mg FxlA with 5 or 10 mgs

anti-FxlA) resulted in foci of rabbit immunoglobulin in an occasional glomerulus.

These foci were limited to the glomerular mesangium. Binding of the anti-FxlA

serum was abolished by prior absorption with FxlA It was significant that these

authors demonstrated by IF microscopy that heterologous anti-rat FxlA serum reacted

with normal glomeruli in addition to proximal tubule. This introduced the hypothesis

that the heterologous immunoglobulin found in passive HN kidney was the result of

an immune complex formed in srtu between anti-FxlA antibody and a fixed

glomerular antigen.

Further credence to the fixed glomerular antigen hypothesis was given by studies of

heterologous anti-FxlA serum within isolated perfused kidneys (Couser el d., 1978).
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Perfusion experiments were conducted at controlled temperature, perfusion pressure,

flow rate and pH, and, to avoid the possibility of tubular antigen material entering the

perfusion medium, a single-pass system was employed. AII the anti-FxlA perfused

kidneys showed diffuse finely granular glomerular deposits of immunoglobulin and

electron dense deposits localised to the subepithelial space. Control kidneys perfused

with non-immune rabbit serum did not exhibit any of these findings.

Recovery of autologous anti-FxlA antibody by acid elution from the kidneys of rats

with active Heymann nephritis was reported by Neale and Wilson (1982). The

antibody eluted from the diseased kidneys reacted with normal kidney tubule brush

border and, in a discrete granular pattern, with glomerular capillary walls. The eluted

antibody was cross-reactive with rabbit and human tubular brush border but not with

the glomeruli of either species. Neuraminidase pretreatment of sections studied by

IF microscopy enhanced both tubular and glomerular staining, confirming an

observation previously reported by Van Damme et al. (1978). If sections were

pretreated with either anti-FxlA or anti-RTEc5 serurn, both tubular and glomerular

reactivity of the eluted antibody was blocked. Glomerular reactivity of the eluates was

abolished by absorption with isolated glomeruli, although a weak tubular reactivity

persisted. Using a paired radiolabel technique, Neale and Wilson (1982)

demonstrated specific binding of eluted antibody and of a globulin fraction prepared

from the pooled sera of rats with active HN. The specific uptake of the eluates,

expressed as pg/g kidney, was considerably greater than that for serum. Uptake of

eluate by isolated glomeruli was 0.22 per cent of the total eluate offered at incubation;

this compared with a 0.13 per cent specific uptake of eluate offered in vivo. In a
separate study, eluates from Heymann nephritic kidneys were perfused through an

isolated kidney preparation. Specific glomerular binding of eluate in this system

ranged from 9.4 per cent to 32.3 per cent of total perfused protein (Neale et al.,

Le82).

The above studies unequivocally established that anti-FxlA sera and derivatives

contained antibodies that were specific for an antigenic determinant present as a

structural component of the glomerular capillary wall. The granular pattern of

immunoglobulin deposition observed by IF microscopy and the discrete, discontinuous

distribution of electron dense deposits in electron micrographs, indicated that the

antigen probably was uniformly but not linearly distributed throughout the glomerular

capillary wall.
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1.6.1 ldentification of the Heymann nephritogenic antigen.

A major contribution was made in 1982 when Kerjaschki and Farquhar identified a

glycoprotein of 330 kD4 present in both the glomerulus and proximal tubule brush

border, as the possible nephritogenic Heymann antigen. These authors iodinated

membrane proteins that had been extracted by detergent solubilisation of isolated

proximal tubule brush border membranes. Serum from rats with active HN

precipitated a number of small proteins from the protein extract; however,

immunoglobulin eluted from the glomeruli of HN kidnep precipitated a single 330

kDa glycoprotein (gp 330). Rats immunised with purified gp 330 developed anti-

brush border antibodies and a lesion functionally and morphologically identical to

active HN. Rats immunised with brush borders that had been depleted of gp 330

developed anti-brush border antibodies, but glomerular deposits of immunoglobulin

could not be detected. In a follow-up study, Kerjaschki and Farquhar (1983), using

immunocytochemical staining, were able to localise gp 330 to glomerular epithelial

cells and proximal tubule brush border. Although small amounts of gp 330 were

associated with intracellular structures including Golgi bodies, rough endoplasmic

reticulum and multivesicular bodies, the highest concentration of gp 330 was

associated with clathrin-coated invaginations of the epithelial cell membrane. The

presence of gp 330 in glomeruli was confirmed by the ability of anti-gp 330 antibodies

to immunoprecipitate a glycoprotein of similar molecular weight from a Triton X-100

extract of radiolabelled glomeruli.

In anotler study, three out of seven rats immunised with a 600 kDa glycoprotein (gp

600) isolated from a sodium deorycholate extract of lrwis rat FxlA by lectin

chromatography developed a proteinuric renal lesion (Makker and Singh, 1984). All
seven rats developed granular deposits of immunoglobulin and complement typical of

HN along the glomerular capillary loops. By IF microscopy a rabbit anti-gp 600

serum stained the brush border of the proximal tubules but did not stain the

glomeruli, however, rats given this anti-gp 600 serum intravenously developed granular

deposits of rabbit immunoglobulin along the glomerular capillary loops. Faint staining

for complement was also observed at the same site. When subjected to

polyacrylamide gel electrophoresis (PAGE) under reducing conditions, gp 600 was

resolved into five bands corresponding to a molecular weight range of 70 kDa to 330

kDa. These authors concluded that the gp 330 antigen described by Kerjaschki and
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Farquhar (1982, 1983) was in fact a subunit of the larger gp 600 molecule.

Purified rabbit anti-gp 600 serum was shown to form immune complexes in vitro with

normal rat serum. These complexes had a mean molecular weight of 1.1 x 1ff. In
immunoblotting experiments normal rat serum was electrophoresed under non-

reducing conditions, transferred to nitrocellulose and then probed with anti-gp 600.

The results indicated that anti-gp 600 reacted with four protein bands in the molecular

weight range of 66 kDa to 80 kDa. When the same antiserum was employed in a
radioimmunoassay, additional antigens of 110 kDa and 150 kDa were identified from

serum (Singh and Makker, 1985). A competitive radioimmunoassay for gp 600 in

solubilised membrane fractions of non-renal tissue indicated the antigen was present

in a number of tissues, particularly those tissues having a secretory or absorptive

function. Specific binding, however, was greatest in lung and pancreas. In
immunoprecipitation experiments anti-gp 600 precipitated proteins ranging from 66

kDa to 330 kDa, including a 90 kDa protein common to all tissues (Singh and

Makker, 1985).

Another putative Heymann antigen has been described by Natori et al. (1986). A
heterologous antiserum raised against a glycoprotein isolated from a Triton X-100

solubilised FxlA preparation induced a severe proteinuria within two days, whereas

immunisation of rats with the glycoprotein failed to induce any lesion. This

glycoprotein is believed to be a dimer or trimer of homologous subunits of 108 kDa

(gp 108). Using a rabbit anti-FxlA serum, gp 108 was identified by immunoblotting

as a major protein band of Fx1A" distinct from gp 330. The indirect IF studies with

anti-gp L08 serum revealed staining of proximal tubule brush borders in a granular

pattern typical of that observed with anti-FxlA serum. A sandwich microELISA

developed for the detection of gp 108 in extracts of various rat tissues indicated the

highest reactivity within the kidney, with gp 108 constituting 0.6 per cent of the total

protein in the kidney extract (Natori eI al., 1957). Reactivity was also detected in a
number of tissues ranging ftom26 per cent of kidney activity for intestine, to 0.35 per

cent for heart. Reactivity was 28 times greater in isolated lymphocytes than in whole

serum.

Kawai gl gl., (1986) analysed a pronase digest of a tubular antigen preparation by gel

filtration, DEAE chromatography with a stepwise NaCt gradient, and PAGE.

Antisera were raised against the six protein peaks eluted from the DEAE column and
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administered intraperitoneally to normal rats. The eluted protein peaks were also

used to immunise rats in an attempt to produce active HN. A rabbit antiserum raised

against the 0.05 M NaCl protein pealq which did not produce any pathological

changes in vivo, stained normal rat kidney when examined by indirect IF microscopy.

The pattern was reported to be a diffuse granular staining of the GBM, in addition

to tubular brush border, but immunoperoxidase electron microscopy revealed the

reactivity to be with epithelial cell membranes and the foot processes. A second

antiserum raised against the 0.3M NaCl protein peak which produced a Heymann type

nephritis in vivo reacted strongly in vitro with proximal tubules but not with glomeruli

when administered intraperitoneally to normal rats. Both antisera produced granular

glomerular deposits of immunoglobulin, although the temporal sequence of deposit

formation differed for the two antisera. Examination of the PAGE profiles of these

two protein peaks indicated single protein bands corresponding to molecular sizes of

90 kDa for the 0.3M peak protein and greater than 200 kD for the 0.05M peak

protein.

The importance of a 90 kDa protein to glomerular reactivity of anti-Fxl,A serum has

been highlighted in experiments undertaken in Hoedemaeker's laboratory in The

Netherlands. Anti-Fxl.A serum has been shown to contain antibodies with anti-T cell

specificity (Bakker g! al. 1979, 1981). Absorption of anti-FxlA serum with rat heart

tissue selectively removes anti-T cell activity but does not affect the anti-brush border

titre of the antiserum. Immunofluorescence and immunoperoxidase electron

microscopy demonstrated that the glomerular reactivity of the anti-FxLA serum was

abolished by the absorption procedure. Immunoblotting experiments indicated that

anti-Fxl"A serum reacted with two major protein bands of 330 kDa and 90 kDa and

several minor ones. Following the absorption procedure, reactivity with the 90 kDa

protein band was selectively removed.

All the studies which have attempted to identify the pathogenic Heymann antigen

discussed to date have been conducted with polyclonal antisera. There are however

problems with specificity and inconsistency of affinity and avidity associated with

polyclonal antisera which necessitate a cautious approach to the interpretation of data

obtained with these reagents. The development of hybridoma technolory enabling the

production of monoclonal antibodies has done much to alleviate some, but not all, of

these problems associated with polyclonal antisera.
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Chapter TWo.

INTRODUCTION TO MONOCLONAL ANTIBODY TECHNOLOGY.

2.1 Historical aspects.

In the application of immunological techniques to biological research, cross-reactivity

and non-specific binding may be encountered, especially when using conventional

polyclonal antisera. A single purified antigen may have a number of antigenic sites

or epitopes, each of which may stimulate the production of individual specific

antibodies and which together contribute a polyclonal response.

The initial conception of monoclonal antibodies occurred when Sir Frank Macfarlane

Burnet proposed the idea of monoclonality with the publication of his theory of clonal

selection on the generation of antibody diversity (Burnet, 1957). Burnet stated that

each immunoglobulin of a given specificity is the product of a single line, or clone,

of a B lymphocyte or its terminally differentiated progeny, the plasma cell. This one

cell-one antibody hypothesis was substantiated by Nossal and kderberg (1958) who

showed that the product of a single antibody secreting cell taken from a rat

immunised with nvo different strains of bacteria, could inhibit the activity of one, but

not both, of the immunising bacterial strains.

The first report of the production of a monoclonal antibody with a predetermined

antigen specificity came from Kohler and Milstein working in Cambridge, England,

who produced a monoclonal mouse IgM molecule with specificiry for a sheep red

blood cell antigen (Kohler and Milstein, 1975). The significance of this development

was that virtually unlimited amounts of homogeneous antibody of a single specificity

could be produced, thereby solving nvo of the potential major problems of polyclonal

antisera, namely, specificity and batch to batch reproducibility.

Milstein's laboratory was studying how somatic cells diversif in culture, and, using

myeloma cells, was examining the rate of mutation and how such mutations would

modi$ the specificity of the secreted antibody. They were working with a tissue

culture-adapted, mineral oil-induced plasmacytoma (MOPC) cell line named MOPC-
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21. This myeloma cell line, derived from BALB/d mice by Potter and Boyce (1962),

secreted an antibody of unknown specificity. It was their lack of success in identifying

an antigen to which the MOPC-2l antibody would bind, together with myeloma cell

hybridisation experiments, that led to the development of monoclonal antibody

secreting hybridomas. Milstein was later to write '.... a lucky circumstance led us to

the hybrid-myeloma technique' (Milstein, 1980).

The advent of monoclonal antibodies was made possible by a series of prior scientific

discoveries in seemingly unrelated fields of research. A British doctor, Henry Bence

Jones was the first to describe proteins excreted in the urine of patients suffering from

the disease now known as multiple myeloma. A general practitioner, Dr. Thomas

Watson, had written to Jones describing some unusual properties of urine samples

from one of his patients. Watson sent Jones the urine samples and Jones conducted,

and later published, a series of chemical analyses (Jones, 1847, 1,848). It was,

however, to be more than a century later before these proteins, which now bear his

name, were to be identified as the kappa and lambda light chains of immunoglobulin

molecules (Korngold and Lipari, 1956; Edelman and Gally, 1962). The patient, from

whom the urine samples which Watson had sent to Jones were obtained, was suffering

from the disease now known as multiple myeloma. This disease results from the

malignant transformation of a single antibody-secreting plasma cell. The malignant

cell type is known as a plasmagrtoma. As the malignant cells arose from a single cell,

the progeny were therefore a clone, all cells secreting antibody molecules of the same

class and specificity, i.e. a monoclonal antibody. The diagnosis of multiple myeloma

requires the demonstration of plasmacytomas in the bone marrow, characteristic lytic

bone lesions and monoclonal proteins in the serum or urine (Wells and Ries, 1980).

The study of these Bence Jones proteins has advanced our understanding of antibody

structure and synthesis considerably (Potter, 1972). The induction of plasma-cell

neoplasms (i.e. plasmacytomas) in BALB/d mice by intraperitoneal injection of the

mineral oils 'Primol D' and 'Bayol F (Potter and Boyce, 1962) was exploited for

scientific study by the work of Horibata and Harris (1970) who were able to develop

a plasmacytoma cell line adapted to continuous growth in culture. This cell line

continued to synthesize and secrete immunoglobulin. A number of these tissue

culture-adapted cell lines have been established and are now more commonly referred

to as myeloma cells.

Cell fusion catalysed by inactivated Sendai virus was reported by Okada (1958).
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Three years later Barski e! gl. (1961) demonstrated the occurence of spontaneous

fusion between cultured mouse cells. This latter phenomenon was later utilised by

Gershon and Sachs (1963) to produce hybrid cells using parent mouse cell lines which

differed in their histocompatibility antigen repertoire. Although unknown at the time,

a major step in the progression to monoclonal antibody production came with the

demonstration that specific hybrid cells could be selected from cell fusions between

two mouse fibroblast cell lines. Each of the parent cell lines were deficient in either

thymidine kinase or hypoxanthine guanine phosphoribosyl transferase (HGPRT). As

a consequence they were resistant to growth in 5-bromo-2-deoryuridine or 8-

azaguanine, respectively, and would therefore not survive if grown in medium

containing the folic acid antagonist aminopterin. Cells which had undergone

spontaneous fusion contained and expressed the genome for both enrymes, and

therefore survived the presence of aminopterin in medium supplemented with

hypoxanthine and thyrridine (HAT mediurn" Littlefield, 1964). Subsequently, in a

study to examine the basis of allelic exclusion, Cotton and Milstein (1973) constructed

hybrid cells by using inactivated Sendai virus to fuse a 5-bromo-2-deoryuridine

resistant mouse myeloma cell secreting immunoglobulin heavy and light chains, with

an 8-azaguanine-resistant rat tumour cell line which secreted the rat kappa light chain

only. The resulting hybrid cells differed in gross molphology from both parent cells

and co-dominantly expressed the antibody chains of both parental cells.

Further reports appeared in the literature documenting the production of hybrid cells

of mouse x human parentage which secreted both murine and human immunoglobulin

(Schwaber and Cohen, 1974). The fusion of trvo transformed human lymphocyte lines,

one of which secreted IgM, the other IgG, resulted in the production of hybridomas

which secreted both isotypes (Bloom and Nakamur4 1974).

These experiments set the stage for the production of hybrid cells which would secrete

antibody of a predetermined specificity. In a letter to Nature published on the 7th

Augus! 1,975, Georges Kohler and Cesar Milstein (1975) reported the production of

a monoclonal anti-sheep red blood cell-secreting hybridoma following the fusion of

splenocytes, from a mouse immunised with sheep red blood cells, with an 8-

azaguanine-resistant mouse myeloma cell line. Kohler and Milstein stated 'The

manufacture of predetermined specific antibodies by means of permanent tissue

culture cell lines is of general interest'. It is unlikely that they envisaged the profound

effect this experiment would have on modern immunologr, or the multimillion dollar
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industry that would develop over the ensuing decade to service such diverse areas as

medical laboratory diagnostics and horticultural research.

22 Mveloma Cell lines.

Currently, the basic procedure to generate a hybridoma, that secretes a monoclonal

antibody directed against a selected antigen, differs little from that first employed by

Kohler and Milstein, although a number of modifications have been incorporated to

enhance the chances of success. In the original experiments undertaken by Kohler

and Milstein (1975, 1976) both the immune donor splenorytes and myeloma cells

were of mouse BALB/d strain origin. The majority of monoclonal antibodies

produced today still employ the murine system. Rat, human and other hybridoma

systems have also been developed, each possessing advantages and disadvantages when

compared with the murine system. These adaptations are briefly discussed before

returning to the subject of mouse monoclonal antibody production.

The rat system is reported to have a number of benefits. In a rat x rat fusion, over

ninety per cent of the hybrids generated secrete immunoglobulin characteristic of the

donor splenocytes, compared with only sixty per cent in a mouse x mouse fusion (Clark

gl al., 1983). [,oss of immunoglobulin expression from mouse hybridomas has been

well documented (Kohler e! al., 1978; Kohler, 1980; Goding, 1980) but is considered

a rare phenomenon by others (Campbell, 1984). [-oss of secretion does not appear

to be a problem with rat hybridomas which are reported to have marked stability

against immunoglobulin chain loss (Clark et al., 1984). Another advantage of rat

hybridomas is the large volume of monoclonal antibody-containing ascitic fluid which

can be obtained from a single animal (Goding, 1980). However, the number of rat

myeloma cell lines suitable for fusion is limited and problems have been encountered

in keeping the hybrid cells alive in culture for any length of time following fusion

(Goding, 1983).

The availability of tissue culture-adapted, HAT sensitive, human myeloma cell lines

is also curently limited (Kozbor et ?1., 1986; Samoilovich eI aL 1987).

Lymphoblastoid cell lines have been used as a fusion partner tn human x human

fusions, as have Epstein Barr virus-transformed lymphocytes (Kozbor and Roder, 1983;

Wasserman cl gl., 1986; Roder 91 9L,1986). Fusion frequency between human cells

is extremely low (Westerwoudt, 1986). It is not possible to grow human hybridomas
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in laboratory animals to establish peritoneal tumours, and monoclonal antibody yield

in cell culture is extremely poor (less than 0.5 pg/rr.l), as is long term stability in

culture (Kozbor and Roder, 1983). A more recent report (Albright e! Al., 1987) has

indicated that the stability of immunoglobulin expression and production of

monoclonal antibody from human and mouse hybridomas are similar. A number of

mouse x human fusions have been undertaken with mouse myeloma cells and human

peripheral blood lymphocytes (Nowinski e! al., 1980; Schlom et al., 1980; Croce, eI al.,

1981; [-ane et a!., 1982) but fusion frequency is low (Westerwoudt, 1985). The long-

term stability of these hybridomas is poor due to preferential loss of chromosome 2

which carries the gene for the human kappa light chain (Ostberg, 1986). Other

authors, however, have reported that the stability of these hybridomas is comparable

to mouse x mouse hybridomas (Albright, et al., 1987). Irrespective of the lineage of

the immortal parent cell, difficulties have been encountered and much remains to be

overcome before human monoclonal antibody production may be seen as a routine

procedure.

Efforts have also been made to establish monoclonal antibodies from other species.

Splenocytes of bovine, porcine, rabbit, ovine, chimpanzee and Rhesus monkey origin

have been fused with mouse myeloma cells but to date results have been disappointing

(Samoilovich, et al., 1987).

The murine system is certainly the best-characterised, and currently most of the

monoclonal antibodies produced for research, or commercially available for diagnostic

and immunohistological procedures, are mouse antibodies. This to some extent limits

their use as therapeutic agents in humans due to the immune response they provoke

as a result of their xenogenous nature. For example, human anti-mouse antibodies

have been detected in eighty per cent of cadaveric renal transplant recipients who had

undergone treatment with the mouse anti-lymphocyte T3 receptor monoclonal

antibody, OKT3 (Ortho Trial, 1985).

The first fusions reported by Kohler and Milstein (1975) were between immune

splenocytes and an 8-azaguanine resistant lgcl(k) secreting myeloma cell derived

from MOPC-21 (P3-x63Ag8) or a similarly derived 5-bromo-2-deoryuridine resistant

IgG2a(k) secreting cell line (Pl Bul). Under conditions where the fusion of myeloma

cells with splenocytes is random, there would be a total of sixteen healy chain-light

chain combinations, therefore only 1 in 16 of the hybridomas generated
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would secrete the specific antibody of donor splenocyte phenotype (Shulman eI d.,
1978). Clearly a HAT sensitive, non-synthesising, non-secreting myeloma cell line

would be the ideal fusion partner. Using cloning and selection techniques, improved

myeloma cell lines meeting some or all of these criteria were soon available (Kohler

et al., 1978; Shulman e! al., 1978; Kearney eI al., 1978; Fazekas de St Groth and

Scheidegger, 1980). All were of MOPC-2l origin.

Two variant clones of P3-x63 Ag8 have been reported. These were, NSI/I Ag 4.1

which synthesises, but does not secrete, kappa light chain (Kohler et at1978), and

X63-Ag8.653, a non-synthesising, non-secreting myeloma cell line (Kearney eI al.,

1979). These wo myeloma cell lines are currently widely used for the production of

monoclonal antibody secreting hybridomas. The myeloma cell line SP2/0-Ag-14

reported by Shulman 91a1.(1978), which neither synthesises nor secretes heavy or light

chains, is also widely used. There have, however, been reports that this line has

fastidious growth characteristics, is intolerant of alkaline medium and high density,

has a low fusion frequency and shows hybridoma instability (Fazekas de St Groth and

Scheidegger, 1980; Goding, 1983). Sendai virus activated fusion of SP2/O-Ag-14 cells

resulted in the production of a rapidly proliferating, stable hybrid myeloma named

FO. In initial fusion experiments this myeloma gave encouraging results (Fazekas de

St Groth and Scheidegger, 1980) but it has not become widely used.

2.3 Hybridoma Methodolory.

The procedure for the generation of monoclonal antibody-secreting hybridomas may

be divided broadly into five major areas: immunisation, fusion, post-fusion culture,

screening, and cloning.

2.3.1 Immunisation.

A number of mouse myeloma cell lines are available, either commercially, or from the

laboratory which originally developed the cell line. All are of BALB/d origir5 are

8-azaguanine resistant, and the majority do not secrete immunoglobulin. Considering

the above, the most obvious choice of mouse strain for monoclonal antibody

production is the BALB/d mouse. It is important that there is no histocompatibility

barrier to hinder the growth of the resulting hybridomas as peritoneal tumours if they

are grown in normal BALB/cJ mice. Different mouse strains do, however, exhibit
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considerable variation in their immune response to a given antigen (Festing, L979),

and for this reason an alternative strain of mouse may have to be employed as the

splenocyte donor. For example, a CBA mouse may be found to be a better responder

to the immunising antigen than a BALB/cJ, and CBA splenocytes are then fused with

a myeloma cell line of BALB/d origin. To obtain monoclonal antibody-enriched

ascitic fluid, the hybridomas must be grown as peritoneal tumours in first cross (F1)

BALB/CJ x CBA mice.

The serum titre of antibody in the immunised mouse is directly related to the number

of primed and activated plasma cells secreting specific antibody, and therefore

relevant to the anticipated success of hybridoma generation. Recently activated,

rapidly proliferating, antibody-secreting plasmablasts, at a stage of differentiation

similar to the myeloma partner, have been shown to preferentially undergo fusion with

myeloma cells (Andersson and Melchers, 1978; Stahli et al., 1980; Campbell, 1984).

Although a number of immunisation protocols may prove to be successful, the salient

objective is to generate the largest possible number of antigen-specific plasmablasts

present in the spleen at the time of fusion, thereby increasing the possible yield of

specific hybridomas. Best results are reported to be achieved when a booster

immunisation is given three to four days prior to fusion (Oi et al., 1978; Oi and

Herzenberg, 1980; Stahli 9! 4, 1980).

Generally, an intraperitoneal regimen will be successful for most particulate antigens,

or alternatively the intramuscular or subcutaneous route may be employed (Goding,

1980). No nvo antigens will elicit the same quantitative immune response, and it may

be necessary to explore different routes of immunisation to determine which is

optimal for the chosen antigen.

Cell surface antigens are highly immunogenic when presented to the host in their

native form on intact cells (Goding, 1980). An excellent immune response, with a

subsequent high yield of specific hybridomas, may therefore be expected when an

intraperitoneal or intravenous immunisation protocol is employed for cell surface

antigens (Damjanov and Knowles, 1983; Kearney, 1984; Westenvoudt" 1985).

However, small soluble antigens may not be sufficiently immunogenic in standard

immunisation regimens (Stahli, 1980; Goding, 1983). To overcome the problem

encountred with molecules which provoke a poor immune response, a number of

approaches have been explored. These include hapten-carrier conjugates (Van Ness
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e! d., 1984; Wasserman 91 91.,1986), in vitro immunisation of B lymphocytes

(Hengartner et al., 1978; Pardue el al., 1983; Reading, 19A,1986; Boss, 1986), direct

immunisation of lymph nodes or spleen (Nilsson et al., 1983; Spitz 91a1., 1984; Thorpe

el gL 1984; Rayrnond and Suh, 1986), or a prolonged immunisation procedure using

antigen emulsified in complete Freund's adjuvant (Stahli g11 d., 1980). If using hapten

conjugates, however, the major immune response may be directed against the carrier.

There is some evidence that immunisation protocols which include Freund's adjuvant

may influence the class of antibody which is produced (Goding 1983). Nevertheless,

Freund's adjuvant is extremely effective in potentiating the immune response to the

immunogen (Stahli e! d., 1980; Roitt et al., 1985), and in a number of laboratories,

the immunisation protocols employed routinely incorporate Freund's adjuvant. An

improved fusion result also may be obtained by the selection of a mouse strain which

has been identified as a high responder (Boumsell and Bernard, 1980).

The technique of ig vitro immunisation of spleen cells first reported by Hengartner

eI a!. (1978) is being increasingly utilised for both weakly immunogenic antigens and

for antigens which are available only in limited amounts. Incubation of human

peripheral blood lymphocytes with specific antigen and polyclonal B cell activators,

is a development which has had a degree of success (Chiorazzi e! al., 1982; Pardue

e! d., 1983; Strike et al., 1984; Van Ness ctr al., 1984; Wasserman el d., 1986).

Successful hybridoma generation has followed the in vitro immunisation of B
lymphocytes in culture with picomolar amounts of partially purified rat gonadotrophin

releasing factor (Luben eI al., 1982), and the maximum number of hybridomas

secreting anti-calmodulin monoclonal antibody occurred when spleen cells in culture

were exposed to 500 ng of calmodulin (Pardue el d., 1983). Although a useful

technique, in vitro immunisation does cafiy an increased risk of bacterial

contamination of cultures.

Intrasplenic immunisation, flrst reported by Nilsson gt al. (1983), and later by others

(Spitz gI a!., 1984; Thorpe et d., 1984), is a useful technique when time and/or

antigen availability is a limiting factor. As little as 20 ,rg of protein administered as

a single intrasplenic injection is sufficient to elicit an immune response within a few

days, fusion of splenocytes obtained fom mice immunised by this method results in

subsequent hybridoma generation and secretion of specific monoclonal antibody (Spitz

et gl., 1984). If a soluble protein is conjugated to an insoluble support the arnount

of protein required for an adequate immune response has been reported to be in the



23

nanogram range (Nilsson eI al., 1987).

Using an intralymph node immunisation technique, Raymond and Suh (1986) have

described the successful generation of a panel of monoclonal antibodies against a

purified 35 kD polypeptide. The immunisation regimen required orly 32 pg of

antigen.

A review of the current literature indicates that intraperitoneal immunisation, in a

variety of regimens, is the preferred first choice of immunisation. Alternative methods

are generally employed in specific cases of limited antigen availability or when the

immune response to the antigen of choice is poor.

232 Fusion.

A number of modifications have been incorporated into the procedure described by

Kohler and Milstein (1975). The use of polyethylene glycol (PEG) as a fusogen, first

reported by Pontecorvo (1975) and adapted for hybridoma fusion by Gefter E[ al.

(1977) resulted in a 100-3000 fold increase over Sendai virus in the frequency of

hybridoma generation. PEG has replaced Sendai virus in virtually all cell fusion

experiments and is the fusogen of choice (Goding, 1980; Wojciesryn el al., 1983;

Samoilovich gt al., 1987). The mechanism by which PEG promotes cell fusion is

poorly understood (Wersterwoudt, 1986), but for optimum efficiency the cells must be

closely apposed (Wojcieszyn et al., 1983). Recent communications report the use of

the avidin-biotin reaction to bridge splenorytes to myeloma cells. The specific

antigen, labelled with either biotin or avidin, is added to a suspension of isolated

splenocytes. The myeloma cells, labelled with the complementary molecule, are then

added (Wojchowski and Sutkowski, 1986; Reason g! al., 1987). In addition to bringing

myeloma cells and splenocytes into close proximity, this technique also favours the

generation of an increased percentage of antigen-specific hybridomas.

PEG induces cell agglutination and a redistribution and segregation of intramembrane

particles, making available areas of lipid-rich membrane as suitable sites for fusion

with an adjacent cell (Knutton, 1979; Wojciesryn eI al., 1983). It is cell-cell contact,

at these areas of membrane denuded of intramembrane particles at the time when

when the PEG is diluted or removed from the medium, that results in cell fusion

(Knutton" 1979; Knutton and Pasternak, 1979).
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The effect of pH on PEG-promoted cell fusion is not clear from the literature. White

and Helenius (1980) demonstrated that the rate of spontaneous fusion of Semliki

Forest virus with liposomes was pH dependent, the greatest number of fusion events

being observed at a pH of less than 6.0. In PEG-induced fusion for the production

of hybridomas, a number of authors do not recommend adjusting the pH of the PEG

solution (Oi and Herzenberg, 1980; Goding 1980; Campbell 1984). However, other

reports have shown that optimum fusion frequency occurs when the pH of the PEG

solution is adjusted to 8.0 - 8.2 (Sharon gt al., 1980; Westerwoudt, 1985) or 7.0 (I-ane

el al., 1984).

The temperature at which the fusion procedure is undertaken (Goding, 1980; Fazekas

de St Groth and Scheidegger, 1980; Westerwoudt, 1985) and the duration the cell

suspension is in contact with the PEG (Goding, 1983; Campbell, 1984; I-ane, 1985;

Westenvoudt, 1985) are also parameters for which widely differing optimal conditions

for the generation of hybridomas have been reported in the literature .

The fusogenic effect of PEG can be removed by recrystallisation of commercially

obtained PEG preparations. Honda et al. (1981) identified tocopherol and other

phenolic compounds, commonly added as antioxidants by the manufacturers, to be the

major contaminants. These authors hypothesised that PEG brought the cells present

in the suspension into contact by inducing cell agglutination, and fusion of the cell

membranes was brought about by the action of the contaminating fat-soluble phenol

compounds. The fusogenic capaciry of recrystallised PEG can be restored by the

addition of several different antioxidants (Wojcieszyn et Al., 1983). This observation

may explain the reported differences of the fusogenic ability between PEG obtained

from a variety of manufacturers (Fazekas de St Groth and Scheidegger, 1980; Goding,

1980; I-ane g! al., 1984).

A technique of electrofusion of cells has been described by Zimmerrnan (1982). Close

membrane contact between two cells is achieved by the application of a non-uniform

alternating current or by a series of low intensity direct current pulses. Cells exposed

to this electric field assume a chain formation, and aggregation of intramembrane

particles occurs. Once cell-cell contact is established at these areas now denuded of

intramembrane particles, a high intensity, direct current pulse applied at this point will

initiate fusion. The intensity of the electrical field is such that it triggers a reversible



25

breakdown of the membrane of apposed cells which results in the establishment of

a rytoplasmic continuity between cells, leading ultimately to complete fusion

(Zimmermara 1982). Ohinishi el a!. (1987) reported that electrofusion efficiency was

increased if 0.25 M glucose was the incubation medium rather than the traditionally

employed 0.3 M mannitol medium. These authors also reported that there was an

absolute requirement for Ca'* in the medium. The effect of Ca'* was enhanced, but

could not be replaced by Mg'-. Pretreatment of cells with proteolytic enzymes also

led to an increased fusion efficiency. A number of conditions remain to be optimised

in this initially promising technique. To date it has not yet gained much following,

with few reports of its application to hybridoma production appearing in the literature.

2,3.3 Post-Fusion Culture.

Once the fusion step has been completed the cell preparation is resuspended in

medium and aliquoted to tissue culture plates. Some protocols call for the

resuspension of the newly fused cells in normal medium with the addition of

aminopterin twenty four hours later (Kennett, 1980; Oi and Herzenberg, 1980; Galfre

and Milstein, 1981). There does not appear to be any evidence that delayed addition

of aminopterin is beneficial to the outcome of the fusion (Goding, 1983; Campbell,

1984), and immediate suspension of the fused cells in HAT medium is the method

most commonly employed (Goding, 1983). This format is advised, as the cells at this

stage are extremely intolerant to even slight fluctuations in either temperature or pH,

even occasional opening of the incubator door being sufficient to lead to a growth

retardation of about two days (Westerwoudt, 1985). Hybridomas left undisturbed for

seven to ten days show better growth than those disturbed more frequently (Fazekas

de St Groth and Scheidegger, 1980).

Some authors recorlmend plating the cell suspension at relatively high cell numbers

per well in 1 ml or 2 ml capacity wells (Galfre and Milsteiq 1981); others recommend

smaller cell numbers in a larger number of 200 pl wells (Oi and Herzenberg, 1980;

Kennett, 1980). Lymphoid cells in general, and particularly newly fused cells, are

intolerant of high dilution (Goding, 1980, 1983). This vulnerability is safeguarded

against by the former method at the expense of the possibility of multiple hybridomas

growing in each well. The second method increases the likelihood of only one

hybridoma colony growing in each well, but has the disadvantage that only a small

amount of tissue culture supernatant is available for screening (Bastin etr Al., 1982).
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The use of 'feeder' cells has been shown to be beneficial to the growth and survival

of hybridomas post-fusion. The term 'feeder' implies that these cells furnish some

necessary nutrients or growth factors, although the precise mechanisms by which they

exert their inlluence is unknown (Goding, 1983). Feeder cells may be peritoneal

macrophages (Fazekas de St Groth and Scheidegger, 1980) or thymocytes (Oi and

Herzenberg, 1980). Peritoneal macrophages are more commonly used, probably

because they are more easily obtainable. The use of feeder cells does, however,

increase the risk of bacterial contamination of cultures.

2.3.4 Screening.

The screening procedure adopted for the selection of hybridoma colonies is one that

requires careful consideration in monoclonal antibody production. An ill-designed,

inappropriate or insensitive insay will result in many hours of unnecessary labour and

could result in failure to detect the products of desired hybridomas. Factors to be

considered when selecting a screening assay are its reliability, speed, and cost of

performance and the labour input required (Goding, 1983). Commonly used screening

methods are microELISA,, radioimmunoassay, IF microscopy and immunocytochemical

assay; ultimately the method employed will most likely be dictated by the antigen

against which the monoclonal antibodies are directed. Screening is performed when

hybrid colonies are well established, that is, usually 14 to 28 days post-fusion (Oi and

Herzenberg, 1980). At this time the concentration of monoclonal antibody in the

hybridoma culture supernatants may not be high, and, if 200 pl wells are used post-

fusiorU the amount of supernatant for the assay will be limited. For these reasons it

is advantageous for the assay to have a high degree of sensitivity. Importantly, the

assay which is ultimately chosen must be established as sufficiently sensitive and

reliable prior to the generation of the hybridomas. Uttle time will be available to

correct deficiencies in the chosen assay which may become apparent during its

application to the screening of the hybridomas.

2.3.5 Cloning.

When a hybridoma colony which is secreting specific monoclonal antibody is detected

it is essential the cells are cloned as early as possible (Goding 1980). Cloning may

be performed in soft agar (Kohler and Milsteir\ 1975; Goding, 1980) or by limiting

dilution (Goding, 1983). Cloning by limiting dilution is somewhat simpler than in soft
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agar and currently appears to be the method preferred by most laboratories. Cloning

by limiting dilution is performed in tissue culture plates containing 96 microwells of

250 pl capacity. The post-fusion cell suspension is serially diluted to a final

concentration of 1.5 - 2.0 cells per rnl. If cells are distributed to the microwells at this

low dilutiortthe number of wells in which hybridoma colonies appear will follow the

Poisson distribution (see Goding 1980 for review). Cloning of hybridoma cells by

fluorescence-activated cell sorting (Parks eI al., 1979; Goding, 1983) has not been

widely applied. Early post-fusion, if a well contains both an antibody-secreting and

a non-secreting hybridoma there is a high risk of the culture being dominated by the

non-secretor (Campbell, 1984). For efficient cloning, wells containing 'feeder' cells

should be seeded with less than 0.5 cells/well, and culture supernatant from the

emerging colonies should be screened as for the primary selection. To ensure

monoclonaliry and to prevent overgrowth of the cultures with cells which have early

chromosome loss, cells should be cloned at least twice. Even with the greatest of

care, as many as fifty per cent of initially positive hybridomas may be lost during the

post-fusion cloning period (Goding, 1980).

2.4 Application of monoclonal antibody techniques in the current study.

As discussed in Chapter One, the rat model of human membranous nephritis,

Heymann nephritis has been studied extensively. Current data suggests that there is

a strong case supporting the in situ formation of immune complexes in this and other

spontaneous or induced GN models. However, the in situ formation of immune

complexes in GN lesions which exhibit a granular deposition of immunoglobulin in the

glomeruli is not universally accepted (Couser, 1982; Neale, 1983), although it is likely

that the deposition of circulating immune complexes remains quantitatively the most

important mechanism of immunologic glomerular injury.

The thesis upon which this project was based, was that there may be a number of

potential nephritogenic antigens present in the GCW and distinct from those in the

GBM. These molecules could serve as the ligand for circulating antibodies and form

immune complexes iB fu. Once formed these immune complexes could initiate

inflammatory injury and a subsequent glomerular lesion. As the afiay of potential

antigens in the glomerulus is great, the generation of monoclonal antibodies, specific

for a single antigen was considered a suitable technique to approach the study of these

molecules.
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Chapter Three

PREPARATION OF AI{ IMMTJNOGENIC

GLOMERUI,AR MEMBRAhTE FRACTION

3.1 Introduction.

To produce monoclonal antibodies directed against rat renal antigens it is necessary

to present the antigen in a form which stimulates the murine immune system. In

previous reports of monoclonal antibodies directed against renal antigens, the

immunogen has been either whole or sonicated glomeruli (Mendrick el al., 1983;

Hancock and Atkins, 1983), renal carcinoma cell lines (Ueda et al., 1981; Bander eI

al., 1985), cell membranes isolated from renal cortex (Falkenberg el! al., 1981a, 1981b),

rat FxlA (Ronco et al., 1984b) or the glycoprotein gp 330 (Kerjaschki and Farquhar,

1983) and components of the GBM (Pusey et al., 1987). The non-GBM capillary wall

antigens which were of interest in the current study were likely to be cell surface

molecules present on either endothelial, epithelial or mesangial cells of the glomerulus

(Andres et a!., 1979; Matsuo et al., 1987). An isolated whole glomerular preparation

which had been disrupted by sonication was considered as a possible immunogen since

this preparation contains epithelial, endothelial and mesangial cell membranes. It

would, however, also contain a large amount of intracellular material and GBM. A
necessary consideration in the choice of immunogen was the type of assay to be used

for screening the resulting hybridomas for specific monoclonal antibody secretion. As

the pattern of binding of the monoclonal antibodies produced was an important

objective, screening of the hybridoma culture supernatants by IF microscopy on

cryostat sections of normal trwis rat kidney could have been employed. Using this

procedure for screening, however, would be extremely time consuming with large

numbers of samples. In addition, if the immunogen was a preparation of sonicated

whole glomeruli, IF microscopy on kidney sections would probably detect a large

number of monoclonal antibodies with specificity for unwanted intracellular and GBM

antigens. To increase the probability of generating hybridomas that secrete

monoclonal antibody specific for non-linear, discontinuous, irregularly-arrayed
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antigens, purification of the antigen, as advocated by Campbell (1984), was considered

necessary. To satisfy the objectives of the study, the isolation of a cell membrane-

enriched fraction fromwhole glomeruli should constitute a significant purification step.

If isolated glomerular membranes could be demonstrated to be sufficiently

immunogenic to stimulate an immune response in the mouse and could also be

utilised in a screening assay, the probability of producing and selecting monoclonal

antibodies specific for non-GBM antigens would be greatly increased relative to

studies employing whole glomerular preparations.

32 Materials and Methods.

3.2.1 Isolation of glomeruli.

I*wis rats bred by the animal facility at the Wellington School of Medicine, Otago

University, were sacrificed by cervical dislocation under ether inhalation anaesthesia.

Immediately upon sacrifice, a midline incision extending from the lower abdomen to

the xiphisternum was made with a pair of surgical scissors. The inferior vena cava

was severed and the heart exposed through the diaghragm. The rat was then perfused

with ice cold, phosphate buffered saline, pH7.2, (PBS, Appendix I) via a2lG needle

inserted into the left ventricle. Perfusion was continued until the liver was seen to be

blanched (usually 20-35 mls). Both kidneys were then removed, decapsulated, and

placed in a beaker of PBS on ice. For a single preparation, 20 to 80 rat kidneys

were used. The kidneys were cut in half longitudinally with a No. 22 scalpel blade,

and the cortex was obtained by'decoring' the medulla from the sectioned kidney with

a small pair of scissors with curved blades. The cortex was then cut into pieces

approximately 0.5-0.75 cm' and 2.3 mm thick and placed in fresh ice cold PBS.

Glomeruli were isolated from these pieces of cortex by the sieving technique described

by Burlington and Cronkite (1973) using sieves with mesh sizes of 90 prm, 125 pm and

63 p,m (W.H. Tyler and Co., Ohio, USA). The cortical tissue was gently pressed

through the 90 pm mesh with the bottom of a 50 ml glass beaker and washed through

with copious amounts of ice cold PBS. Tubular material collected in the 125 pm sieve

was gently washed with PBS and the glomeruli collected in a glass beaker on ice from

the final 63 pm sieve by flushing with a stream of PBS. To help prevent the

adherance of glomeruli to glassware, all glassware which came in contact with

glomeruli was coated with silicone ('Silicote', Sigma Chem. Co., USA). Following

harvesting, the glomeruli were allowed to settle to the bottom of the beaker over a
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period of 10-15 minutes, and the supernatant was removed by aspiration. The

glomeruli were resuspended in 30-40 mls of ice cold PBS, and the procedure repeated.

A drop (10 pl) of the glomerular suspension was placed on a glass microscope slide

and its purity wils assessed by counting glomeruli and contaminating cellular material

using a light microscope. Purity was expressed as the percent glomeruli by number.

322 Preparation of a membrane fraction from isolated whole glomeruli.

The glomeruli were centrifuged at 600 x g for three minutes and resuspended in 0.25

M buffered sucrose, pH 7.2, containing protease inhibitors (homogenisation buffer,

Appendix I). All subsequent procedures were performed on ice, and centrifugation

was carried out at 5'C. Glomeruli were homogenised by a Willems 'Polytron'

homogeniser (Kinematica, Lucerne, Switzerland) using setting No. 4. Progression of

homogenisation was monitored by light microscopy. One drop of suspension was

placed on a glass microscope slide with a Pasteur pipette and scanned under a light

microscope for the presence of intact glomeruli. To achieve mar<imum disruption of

glomeruli, five or six sixty second periods of homogenisation at three minute intervals

were required. The homogenate was then subjected to differential centrifugation as

outlined in Fig. 3.1. The final pellet containing the glomerular membrane fraction

(GMF) was resuspended in2-3 mls PBS. Protein estimation was determined by the

method of l-owry et al. (1951) using a standard curve constructed with known amounts

of bovine serum albumin (BSA >997o purity, ICP, Auckland, NZ). The

concentration of the albumin standard solution was determined from its absorbance

at 280 nm based on an extinction coefficient of 6.6 at 280 nm for a LVo solution (*/r)
in a 1 cm light path (Rutter,1967). The absorbances of standards and samples were

determined in a Zeiss PMQ II spectrophotometer (Carl Zeiss Co., West Germany).

The GMF samples were stored at -20" C until used.

In attempts to further puriff the glomerular membranes by density gadient

centrifugation, the final pellet from the differential centrifugation step was

resuspended in 7Vo suuose using a Dounce homogeniser. Discontinuous density

gradients were prepared as w/v sucrose solutions in 30 ml centrifugation tubes as

shown in Fig. 3.2. Samples were carefully layered on top of the gradients with a
Pasteur pipette and the tubes centrifuged at 95,000 x g for two hours at 5'C in a

swinging bucket rotor (SW 28) in an ultracentrifuge (Model IJ-658, Beckman

Instruments, Palo Alto, Calif. USA). Samples recovered from the gradient interface
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Figure 3.1.

Flow diagram of differential centrifugation

of homogenised glomeruli.

Homogenised glomeruli

700xg
10 mins

Pellet discarded Supernatant

1350 x g

10 mins

Pellet discarded Supernatant

2500 x g

20 mins

Pellet SuPernatant discarded

Glomerular rnembrane

ftaction

The pellet obtained from the frnal 2500 x g centrifugation step was

disrupted with a Dounce homogeniser, resuspended in homogenisation

buffer, washed once by centrifugation at 2500 x g for 20 minutes, and

rezuspended in PBS.
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F,igure 3.2

7 % slcrose

3,8,98 96 sucnose -p 1.1.48

41.62%sucrose-p 1.158

M,32 9a sucrose-B, [.168

47,M 96 rucrose-p 1.179

Discontinuffir susos€ density gradients, S.olutions wore earefully

seqrnntially layered as.shown. GMF samples werc layered on top of
the'7 % top tayer andtu'bes cenuifuged as detsclibed in the methods,
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were diluted in 30 mls PBS, mixed thoroughly, and centrifuged at 75,000 x g in a

tixed angle rotor (Ti60) for one hour. The final pellet was resuspended in a small

volume (200-500 pl) of PBS.

323 Tbansmission electron microscopy (TEM).

Samples (approximately 50 pl) of material recovered from the gradient interface were

transferred to microfuge tubes, fixed in 1 ml of 2.5Vo glutaraldehyde (Probing and

Structure, Queensland, Australia) in 0.1 M sodium cacodylate, pH 7.4, for one hour

and then washed twice, five minutes per wash, in cacodylate buffer. The membranes

were transferred to 'l,Vo osmium tetroxide for one hour at 4o C, washed trvice in

distilled water, and then dehydrated in a series of ethanols, 50 to l00Vo, n llVo

increments. Following the dehydration step the fragments were placed in

polypropylene oxide for 10 minutes then transferred to 50Vopolypropylene oxide/SlVo

Epon resin for one hour. Finally, the membranes were transferred to fresh resin and

the resin polymerised at 600 C for 24 hours. All processing to the stage of the second

resin step was performed in the microfuge tubes. Samples were sedimented in a
Beckman Microfuge 11 (Beckman Instruments, Palo Alto, Calif., USA) at setting No.

7 for five minutes. Ultrathin sections were cut on an ultratome and taken up on grids.

The sections were counter-stained with ZVo (w/u) uranyl acetate in 50Vo ethanol for

four minutes and then in a lead citrate solution, prepared by the method of Reynolds

(1963) for two minutes, prior to viewing in either a Zeiss 109 (Carl Zeiss,W.

Germany) or a Philips 20K (Holland) transmission electron microscope.

3.2.4 Immunisation of mice with GMF.

BALB/cJ mice were obtained from the animal facility at Wellington School of

Medicine, Otago University. The mice were immunised with either 50 or 100 pg of

GMF in PBS mixed with an equal volume of complete Freund's adjuvant (CFA).

The immunogen was emulsiried in two 1 ml glass syringes that were connected via

21G hypodermic needles attached to a small bore plastic tube. The mixture of GMF

and CFA was repeatedly transferred from one syringe to the other over a period of

about 5 minutes to achieve complete emulsification. Mice of either sex, six to eight

weels of age, were given 50 or 100 g,g of GMF in CFA intraperitoneally (IP) via a

21 G needle, followed at days 14 and 28by a further 50 or 100 pg in PBS by the same

route. Blood was obtained from the tail vein of immunised mice at days 14, 28 and
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35 for assay of circulating anti-GMF antibodies by microELISA and IF microscopy.

As controls, two mice were injected IP with the same volume of an emulsion of PBS

and CFA without antigen or with PBS alone. One group of three mice was

hyperimmunised as follows. An initial immunisation of 100 pg of GMF in CFA was

followed a week later by an identical immunisation. Thereafter, this group of mice

received 100 pg of GMF in PBS at weekly intervals for four weeks, six immunisations

in total.

3 2,5 Enzyme-Linked Immu nosorbent AssaJr (.microELISA).

MicToELISA was performed in 96 well microtitre plates as described by Voller gl al.

(1975). GMF was diluted in freshly prepared carbonate/bicarbonate buffer, pH 9.6

(Appendix I) to yield a final concentration of 1-10 pg per ml. Aliquots of the diluted

GMF (200 ,/l) were distributed to the wells of a 96 well microtitre plate

(Immunoplate II, Nunc Inter Med, Denmark), incubated for two hours at room

temperature (RT) and then overnight at 4"C. Plates which were not used

immediately were stored at -20" C for a maximum of four weeks. Excess antigen was

poured off from the wells which were then washed twice with PBS, three minutes per

wash. Residual electrostatic binding sites on the microtitre wells were saturated with

lVo BSA in PBS for 60 to 90 minutes, and the wells were then washed wice with

PBS. Dilutions of immune and non-immune sera were made,200 g,l aliquots were

then delivered to the wells and incubated for 90 minutes. The washing procedure was

repeated. Bound mouse immunoglobulin was detected by a 90 minute incubation with

horseradish peroxidase(HRP)-conjugated rabbit anti-mouse immunoglobulin (Dako

I-aboratories, Denmark) diluted 1:3000. All dilutions of first and second antibodies

were made in PBS containing 0.1,Vo (*/u) BSA and 0.057o (v/v) Tween 20 (Sigma

Chemical Co., USA), and all incubations were carried out at RT. The HRP enzyme

substrate was o-phenylene diamine and hydrogen peroxide in citrate buffer, pH 5

(Appendix I). The enzyme and substrate reaction was conducted in the dark and

allowed to continue for 20 to 30 minutes. The reaction was stopped by the addition

of 50 pl of 12.5Vo sulphuric acid. The absorbance of solutions in the wells was read

at 492 nm in a colourimeter specifically designed for microELISA (microELISA

Minireader MR590, Dynatech [aboratories, Va., USA).
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32.6 Indirect Immunofluorescence (IF) Microscopy.

Normal Lrwis rat renal cortical tissue was obtained immediately following sacrifice.

Pieces of cortex, approximately 0.5 x 0.5 x 0.25 cm, were snap frozen in liquid nitrogen

and embedded in OCT cryo-embedding compound (Miles Scientific, Il., USA).

Frozen sections, 34 pm thick, were cut on a cryostat microtome (Tissue Telg Miles

Scientific, Il., USA) at -15'C. Cut sections were taken up on glass microscope slides

and air dried for 90-120 minutes at RT. Sections not used immediately were stored

in racks over silica gel in an air-tight box at -20" C and used within 21 days. Sections

were washed in PBS prior to incubation with antisera. All dilutions of primary and

secondary antibodies were made in PBS, and incubations were carried out for 40

minutes in a perspex box with a tight-fitting lid. A thin layer of water in the bottom

of the incubation box maintained a high humidity which prevented evaporation of the

antiserum during incubation. Sections were washed three times in PBS, three minutes

per wash, following each incubation period. Secondary detecting antibodies were

labelled with fluorescein (Silenus laboratories, Australia). When staining was

completed, sections were mounted under coverslips in a thin layer of 90To glycerol-

10% PBS. The pH of this solution was adjusted to 9.0 with 0.1 M sodium hydroxide

to reduce the amount of fading of the fluorescein emitted light. IF slides were viewed

and photographed in a Zeiss photomicroscope adapted for IF photomicroscopy. All
photographs were made with Ektatachrome 400 ASA colour slide film (Eastman

Kodak Co., N.Y., USA) and the film processed commercially.

3.3 Results.

3.3.1 Isolation of glomeruli.

Glomeruli were isolated in high purity by the sieving technique described (Table 3.1).

The major contaminants of the glomeruli were segments of tubules and unidentifiable

aggregated debris. The mean purity of the isolated glomeruli from the five

experiments was 93.6 Vo (SD 5.2Vo) by number.
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Table 3.1.

Assessment of the purity of isolated glomeruli by

light microscopy.

No. of KidneysExperiment

number
Vo purity

(by number)

1,6

40

28

80

44

95.0

85.0

93.s

96.3

98.4
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332 Preparation of a glomerular membrane fraction (GMF).

The glomeruli proved to be fairly resistant to the sheer forces of the 'Polytron'. At

least five one minute periods of homogenisation were required at setting No. 4 to

achieve disruption of all glomeruli. Homogenisation was considered complete when

no intact glomeruli could be seen.

Following homogenisation and differential centrifugation of the suspension, a visible

greyfcream pellet was obtained from the final centrifugation step. Electron

microscopy of this pellet showed it to consist predominantly of membrane fragments

together with other subcellular structures (Fig. 3.3). The total protein content of the

membrane pellets is given in Table 3.2. The mean yield of GMF per kidney was 81.4

,rg (SD 7.3 pg). Protein estimations were not performed on GMF fractions prepared

in experiments one and nvo.

An attempt was made to further purify the membrane fraction obtained from

experiments 2 and 3 by a sucrose density gradient technique used for the isolation of

renal tubular basolateral membranes (Ebel et al., 1976). The final pellets obtained

following differential centrifugation in experiments 2 and 3 were broken up in a
Dounce homogeniser and subjected to density gradient ultracentrifugation. In

experiment 2, a small amount of material was recovered from the p 1,.158 - p 1.168

interface. A much greater amount of sample was recovered from thep L.168. p 1.179

interface. The pellet which resulted from the ultracentrifugation step was large and

appeared to contain most of the applied sample. TEM revealed the material at the

p 1.168- p 1,.179 and the p 1.158 - p L.L68 interface to be predominantly membranes

(Fig. 3.a). In experiment 3 the total protein content of the final pellet obtained

following differential centrifugation was determined to be 2.5 mgs. On density

gradient ultracentrifugation, only a faint band of material was discernible at the p

1.168- p 1.179 interface and at the p 1.158- p 1.1,68 interface. As the amount of

material recovered from both interfaces was so small, the samples were pooled and

the material pelleted by ultracentrifugation. Total protein content of the recovered

pellet was 45 pg, represe+ting only ZVo of the starting material; the majority of the

applied sample was sedimented through all density layers and pelleted at the bottom

of the tube.

Although the purity of the crude membrane preparation was presumably enhanced
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Figure 3.3.

Transmission electronmicrograph of the membrane

pellet obtained following differential

centrifugation of homogenised glomeruli.

Plasma membranes are present in both sheet (') and vesicle (r) forms. The section

has been stained with lead citrate and uranyl acetate.



39

Experiment

number

Table 3.2.

GMF protein yield.

No. of Kidneys Total GMF

protein (mg)

GMF Yield

p,g/Y,rdney

3

4

5

28

40

44

2.5

3.2

3.3

89.3

80.0

75.0
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Figure 3.4.

Transmission electronmicrograph of glomerular

membrane sample obtained following density

gradient centrifugation

$f'
qJr'

H
aa,

tr

Plasma membranes recovered from the p 1.68 - p 7.179 interface. The section has

been stained with lead citrate and uranyl acetate.

t'
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by density gradient ultracentrifugatior\ the decrease in yield was unacceptable.

Consequently, a decision was made to progress to immunisation of mice for the

production of monoclonal antibodies using the cnrde membrane preparation GMF

obtained by simple differential centrifugation.

33.3 Immunisation of mice with GMF.

Sera obtained from immunised mice were examined by indirect IF microscopy for the

presence of kidney-fixing antibodies. Anti-rat kidney antibodies were detected in the

sera of GMF-immunised mice 14 days post-immunisation, but were not detected in

the sera of control mice immunised with PBS and CFA alone or with PBS alone

(Table 3.3). The intensity and patterns of staining u,s1s 5imilar in the low dose (50

pg), high dose (100 pg) and hyperimmunised mice. The pattern of staining was

unusual and was not identifiable as either linear or granular, being best described as

pan-glomerular (Fig. 3.5).

3,3.4 Detection of circulating mouse anti-GMF antibodies by microEllS.d

It was not known if GMF could function as a suitable solid phase in a microELISA

nor was it known if the polyclonal mouse anti-rat kidney antibodies would bind to

GMF under microELISA conditions. The GMF was diluted in carbonate/bicarbonate

buffer, pH 9.6, to give final concentrations of 5, 10 or 20 pglml. Aliquots (2m pl)

of these diluted GMF solutions were distributed to microtitre wells, grving 1,2 or 4

pg GMF per well. The microELISA iusay was performed to determine the presence

of anti-GMF antibodies at day 14 in the serum of a mouse which had been immunised

with 100 pg of GMF IP (mouse no. 4). Two controls were conducted, one group of

wells received serum from a mouse immunised with CFA in PBS without GMF as the

primary antibody. The second control was a group of wells not coated with GMF and

which received carbonate/bicarbonate buffer only in place of primary antibody. These

two sets of wells would reflect non-specific background absorbances. Indirea IF

microscopy had indicated that serum from mouse 4 reacted with normal rat kidney

at a dilution of 1:200, whereas the control serum did not react with normal rat kidney.

Results obtained using microELISA indicated that anti-GMF activity of mouse 4

serum could clearly be measured by this method (Fig. 3.6). Background absorbance,

measured in those wells incubated with buffer only (no antigen), was less than 0.150

absorbance units for both immune and non-immune sera. Non-immune control semm
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Table 3.3.

Indirect IF microscopy of anti-GMF immune sera on
normal rat kidney frozen sections.

Mouse
number

Immunisation
regimen
(pe GMF)

IF Microscopy

day 14 day 28 day 35

1

2

3

4

5

6

7

8

9

10

11

L2

50

50

50

100

100

100 (H)

100 (H)

100 (H)

cFA/PBS

CFA/PBS

PBS

PBS

++

++

++

++

++

++

++

+++

++

++

++

++

++

++

+++

++

++

+++

++

+++

++

++

+++

++

H - Hlperimmunisation regimen

CFA - Complete Freund's adjuvant.

PBS - Phosphate buffered saline.

+ - Weak staining.

++ -Moderatestaining.

+++ -Heavystaining.
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Figure 3.5.

Indirect Immunofluorescence staining pattern of anti-GMF

immune mouse serum on normal lrwis rat kidnev.

-, il 
'-i:J

,t' ''If ',

A cryostat section of normal Lewis rat kidney was incubated with a l/100 dilution of

serum obtained from a mouse immunised with 100 pEofGMF in CFA. Bound mouse

immunoglobulin was detected with a polyclonal FITC anti-mouse immunoglobulin

serum. Original magnification x 400.

f.
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Figure 3.6.

Effect of GMF concentration on microELISA absorbance values.

E 0.6
(\l
o\t
(l)

E 0-4
cE
l.
aa o.2

Microtitre plates were coated with GMF as indicated on the horizontal axis.
MicToELISA was performed u!!rg immune mouse serum flMS) from mouse 4 or
non-immune mouse serum (IIMS) as describ€d in the methods. The values are the
urean of quadnrplicate samples; error ban indicate ttre standard deviation.
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gave absorbances which were slightly greater in GMF-coated wells than in wells which

received no antigen. There was, however, no significant difference between control

serum absorbance on wells containing 7,2 or 4 pg GMF/well. Using immune serum,

the increased binding was linear with GMF amounts between 0 and 2ug/well, but

between 2 and 4 pgfwell, at a dilution of 1:50, the increase in absorbance was 0.082

units, and at a dilution of 1:100, was only 0.022 absorbance units. From the data

presented in Fig.3.6, it was concluded that 2 pg GMF/well, (200p1 of a llpglrnl
solution), was the optimum amount for the detection of anti-GMF antibodies as well

as conserving GMF. All subsequent microELISA experiments were therefore

conducted with a GMF concentration of 2 p,g/well.

GMF was to be used for both the immunisation of mouse splenocyte donors and the

screening of hybridoma culture supernatants. It could not be guaranteed that the

GMF used for screening of hybridoma culture supernatants would be from the same

GMF preparation that was used as the immunogen. To examine batch to batch

antigenic variability of GMF, microELISA was performed using two GMF

preparations prepared several weeks apart. Sera from two mice (numbers 4 and 5)

which had been immunised with GMF preparation number three (GMF 3) were used

as the immune sera. Control semm was obtained from a mouse which had been

immunised with PBS-CFA only. MicToELISA was performed in microtitre plates

which had been coated with either GMF 3 or a later GMF preparation, GMF 4, as

the immobile antigen. Results from this experiment revealed that immune sera from

the mice reacted with both the immunogen, GMF 3, and with GMF 4 to which the

mice had no prior exposure (Figs. 3.7 and 3.8). Serum from mouse 4 gave higher

absorbance values with GMF 4 than with GMF 3. The reverse was the case with

mouse 5 serum. Control serum from mouse 9 gave marginally higher absorbance

values with GMF 3 than with GMF 4, but this was evident at low dilutions only.

These results suggested that the different batches of GMF could be considered

approximately antigenically equivalent.

3.3.5 Immunisation regimens.

Circulating anti-GMF antibodies were detected by microELISA at day 28 in all mice

immunised with GMF. A comparison of the three immunisation regimens is given in

Tables 3.4 - 3.6. Mice which were hyperimmunised had, by day 74, received two

immunisations and by day 28 four immunisations. The 50 pg and 100 pg groups had
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Figure 3.7.

Comparison of microELISA absorbance values obtained with
immunc and non-immune mouse sorum on separately

preparcd GMF preparations.

1.4

E 1.2
t
s 1.0
t
E 0.8
(D
TJ

F 0.6
.o
5 0.4
ih

-0.0
1/1 0 1/50 1/100 1t200 1t400 1/800

Dilution of serum

Microtine plates were coated with either GMF 3 or GMF 4 at 2 pg GMF/well.
MicToELISA was performed with GMF immune serum obtained from mouse 4
which had been immunised with GMF 3 and non-immune mouse serum obtained
from mouse 9 which had been immunised with CFA in PBS only. Values arc the
avemge of duplicate sarnples.
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Figure 3.8.

Cornparison of microELISA abaorbmcc values obtained with
separately peparcd GMF preparations.
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Microtitre plates were coated with either GMF 3 or GMF 4 at 2 pg GMF/well.
MicToELISA was perforrred with GMF immune semm obtained from mouse 5
which had been immunised with GMF 3. Values are the average of duplicate
sarnples.

1/1 0

Dilution of serum
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Table 3.4.

MicToELISA absorbance values of anti-GMF immune

sera obtained from mice immunised with

50 pg of GMF in CFA.

Dilution of mouse serum

1/s0 r/100 1,/200 L/400 1/800L/r0

t4 1.2

n=3 (.t2)

28 1.09

n=3 (.15)

35 7.r4

n=2 (.27)

0.97

(.17)

1.00

(.1e)

0.92

(.06)

0.75

(.02)

0.79

(.13)

0.81

(.04)

0.64

(.04)

0.61

(.06)

0.61

(.06)

0.54

(.06)

0.44

(.03)

0.48

(.06)

0.45

(.04)

0.34

(.02)

0.35

(.06)

The value n is the number of mice, immunised with 50 pg of GMF in CFA via the

IP route, from whom serum samples were obtained. Samples were assayed in

duplicate by microELISA as described in the methods, and the results recorded as the

average absorbance of the duplicate samples. The values shown in the table are the

mean values from the two or three animals. The figures in parentheses are the

standard deviations of the means.
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Day

Table 3.5

MicToELISA absorbance values of anti-GMF immune

sera obtained from mice immunised with

100 pg of GMF in CFA.

Dilution of mouse serum

1/s0 1/100 1/200 r/400 1/800ur0

t4 t.t4
n=3 (.17)

28 1.02

n=3 (.04)

1.06

(.2s)

0.92

(.02)

0.91

(.14)

0.83

(.0s)

0.73

(.0s)

0.69

(.0s)

0.61

(.07)

0.61

(.06)

0.50

(.06)

0.46

(.03)

The value n is the number of mice immunised with 100 pg of GMF in CFA via the

IP route, from whom serum samples were obtained. Samples were assayed in

duplicate by microELISA as described in the methods, and the results recorded as the

average absorbance of the duplicate samples. The values shown in the table are the

mean values from the two or three animals. The figures in parentheses are the

standard deviations of the means.
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Day

Table 3.6

MicToELISA absorbance values of anti-GMF immune

sera obtained from mice hyperimmunised with

100 pg of GMF in CFA

Dilution of mouse serum

1,/50 1/100 r/200 1,/400 1/800r/r0

L4 1.40

n=3 (.19)

28 r.58

n=3 (.20)

1.15

(.17)

1.33

(.0s)

1.01

(.14)

1.10

(.0e)

0.88

(.r2)

0.93

(0.0)

0.76

(.11)

0.78

(.03)

0.61

(.08)

0.63

(.07)

The value n is the number of mice immunised with 100 pg of GMF in CFA via the

IP route, from whom serum samples were obtained. Samples were assayed in

duplicate by microELISA as described in the methods, and the results recorded as the

average absorbance of the duplicate samples. The values shown in the table are tle
mean values from the two or three animals, The figures in parentheses are the

standard deviations of the means.
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received only one immunisation when serum samples were obtained at day 14 and two

by day 28. As expected, absorbance readings obtained with hyperimmune serum were

greater at all dilutions than those of the 50 pg and 100 pg group at both day 14 and

28.

3.4 Discussion.

The sieving technique used in this study resulted in the isolation of rat glomeruli in

high purity. Using a similar sieving technique Misra (1972) reported the isolation of

mammalian glomeruli with a purity of 95-98Vo. The mean purity of the glomeruli in

the present study was 93.6Vo. This value would have been greater were it not for a

single experiment which returned a low purity of only 85Vo. Three out of five

experiments resulted in purities of 957o or greater.

A number of techniques have been employed to disrupt intact cells with the

subsequent production of a heterogeneous mixture of subcellular organelles. Methods

commonly employed include freeze-thaw rycles, sonication, and shear force generators,

such as the hand operated Dounce homogeniser or the electrically operated Polytron

homogeniser. Differential centrifugation of homogenised tissues or cells is a relatively

quick, simple and inexpensive method for the isolation of plasma membranes from a

heterogeneous homogenate (Evans, 1978). The differential centrifugation method

adopted in the present study resulted in the recovery of a glomerular plasma

membrane enriched fraction as assessed by transmission electron microscopy. Further

purification of the crude membrane fraction by ultracentrifugation through sucrose

density gradients resulted in an unacceptable decrease in yield.

The results reported in this chapter indicated that the GMF preparation was

sufficiently immunogenic, at the doses and regimens used, to provoke a satisfactory

humoral immune response in BALB/d mice. Goding (1983) has stated that the

greater the phylogenetic distance between the antigen and recipient, the more

vigorous the immune response. Goding also states that proteins present on cell

surfaces or membrane fragments are particularly immunogenic. The immune response

generated in BALB/cJ mice immunised with rat GMF could be measured as serum

anti-GMF activity and titrated using microELISA with GMF as the immobile antigen.

Additionally, the anti-GMF mouse serum reacted with normal Lewis rat kidney by



52

indirect IF microscopy. These results indicated that the epitopes present on the GMF,

against which the mouse antibodies were directed, were accessible on frozen sections

of normal rat kidney to react with their respective antibodies. It was likely that any

subsequent screening of hybridomas generated by fusion of splenocytes obtained from

mice immunised with GMF would be performed with a different GMF preparation

from that used in the initial immunisation of the mouse. For this reason it was

necessary to establish whether the antigenicity of different GMF preparations was

reproducible. Results obtained by microELISA with mouse serum against GMF to

which the mice had not had prior exposure indicated that the epitope specificity of the

two preparations was similar.

From the results of the work detailed in this chapter, a decision was made to proceed

with the fusion of splenocytes, from mice immunised with 50 pg of GMF IP, with

mouse myeloma cells to generate hybridomas that would produce anti-GMF

monoclonal antibody. Screening of the hybridomas post-fusion would be performed

by microELISA.
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Chapter Four

GEhIERATION OF ANTI.GMF MONOCI'NAL A TTIBODY-SECRETING

TIYBRIDOMAS

4.1 Introduction.

The application of monoclonal antibody technolory to the investigation of

experimental animal models of GN has been reported from only a few laboratories

(Ronco eI al., 1984U 1984b, 1986a; Mendrick el Al., 1983; Mendrick and Rennke,

1986; Nishi etr d., 1984). The immunogens employed in these studies have varied

from homogenised kidney cortex to FxlA antigen. The aim of the present study was

to produce monoclonal antibody probes specific for discontinuously represented

structural antigens of the rat GCW. Such antigens may, as stated in Chapter Three,

be associated with either glomerular epithelial, endothelial or mesangial cells and

distinct from antigens of the GBM. The use of GMF as the immunogen could

therefore result in the production of monoclonal antibodies with the desired

specifications, since GMF presumably contains plasma membranes from all of these

cell types, but lacks a major GBM component.

The method used to generate hybridomas in this work is based on that of Claflin and

Williams (1978), which is in turn a modification of the method of Gefter 91 AI. 0977).
A number of additional modifications have been incorporated in the present study

based on more recent monoclonal antibody production methods reported in the

literature.

42 Materials and Methods

42.1 Immunisation regimens.

BALB/cJ mice of either sex were immunised with GMF by one of two routes.
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a. Intraperitoneal (IP) - Mice six to eight weeks of age were immunised as

described in Chapter Three with 100 pg of GMF. Two to six weela later, and four

days prior to cell fusion, the mice were boosted with 4W tlg of GMF in PBS IP.

b. Intrasplenic (IS) - Four days prior to cell fusion mice 35-40 days old were

immunised IS following the procedure described by Spitz el al. (1984). Anaesthesia

was induced with IP pentobarbitone ('Sagatal', May and Baker, England) 60 mg/kg

body weight. The anaesthetised mouse was placed on a wooden procedure board and

held by elastic bands placed around the limbs which were then secured to the board.

Fur was clipped from the left side of the abdomen and the skin prepared with 70Vo

ethanol. A 1.5 cm skin incision was made 0.5 cm below the left lower costal margin.

The abdominal muscles were incised and the spleen exposed. 50 trg of GMF in PBS

was injected into the lower pole of the spleen through a27 G needle. The muscle wall

and skin were closed separately with interrupted silk sutures. The mice were returned

to their cages and allowed food and water ad libitum. Four days later and

immediately prior to fusion, the spleen was removed under sterile conditions for the

preparation of splenocytes.

4.22 Mouse Myeloma Cell Lines.

NSI/I Ag 4.1 (NSI) cells were kindly donated by Dr M.V. Berridge, Malaghan

Institute of Medical Research, Wellington and Dr F. Austin, MRC Virus Research

Unit, Dunedin, N.Z. Sp 2/0 cells were obtained from Dr Berridge and also from CSL

Laboratories, Australia. All myeloma cell lines and resulting hybridomas were grown

in Rosewall Park Memorial Institute medium 1640 (RPMI, Appendix II). An

exception was the NSI cell line donated by Dr Berridge which were initially grown

in Dulbeccos modified Eagles medium (DMEM, Appendix II) but later adapted to

growth in RPMI medium. Cells were grown n 75 cm' cell culture flasks (Nunc,

Denmark) containing RPMI supplemented with l0%ofoetal calf serum (FCS). All new

stocls of FCS were heated at 56" C for one hour as a precautionary step against

possible mycoplasma contamination of the serum. To ensure the cultures were not

contaminated with 8-azaguanine-resistant revertant cells, all myeloma cells were

cultured in RPMI-l0% FCS containing 2 x 10-' M azaguanine three weeks prior to

fusion. Growth in this medium was continued for one week following which the 8-

azaguanine was diluted out over a period of trvo to four days. Growth was monitored
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daily, and cell density was determined by counting in a lrvy-Hausser haemocytometer

(Hausser Scientific, USA) using a light microscope. Only cells which appeared healthy

and were in an exponential growth phase were used in cell fusion experiments.

423 Use of peritoneal macrophages.

Microculture plate wells were seeded with mouse peritoneal macrophages on the day

prior to the fusion experiment. A BALB/cJ mouse was sacrificed by cervical

dislocation, the carcass was immersed in 70Vo ethanol for 10-15 seconds and then

removed to absorbent tissue. A midline abdominal skin incision was made and the

skin layer dissected from the abdominal wall. Under sterile conditions four to five mls

of RPMI-I0Vo FCS was injected IP, the abdomen was gently agitated over 30-45

seconds and the culture medium then recovered. The cell suspension was diluted to

40 mls in a sterile glass beaker, transferred to a multichannel pipette reservoir and

200 ttl aliquots distributed to all wells of two microculture plates (Nunc, Denmark).

Lids were replaced on the microculture plates which were then placed in a humidified

incubator maintained at 5Vo CO, and 37'C. The following day, immediately prior to

aliquoting of the hybridized cells, the medium in the wells was aspirated by suction

and the wells washed once with RPMI.

42.4 Preparation of spleen cells.

Mice were sacrificed by cervical dislocation and immersed in 70Vo ethanol for 10-15

seconds as described in 4.2.3 above. Under sterile conditionsn the spleen was

removed through a midline abdominal incision and placed in a petri dish containing

RPMI. The spleen was cut transversely at its midpoint, a 27 G needle was inserted

into the uncut ends and four to five mls of RPMI was injected into each half to flush

out the splenocytes. Following this, the spleen was finely diced and repeatedly drawn

into and expelled from a glass Pasteur pipette. The cell suspension was transferred

to a 50 ml conical test tube and the tissue debris allowed to settle to the bottom of

the tube. The supernatant containing the spleen cells was removed to a clean conical

50 ml tube and centrifuged at 500 g for 5 minutes. The supernatant was discarded.

Erythrocytes were lysed by resuspending the cell pellet in 0.17 M ammonium chloride,

(pH adjusted to 7.2), and incubating at37' C for 5 minutes. The cell suspension was

centrifuged (100 x g for 5 minutes), the supernatant discarded, and the spleen cell

pellet resuspended in serum-free RPMI. Cell density was determined by counting the
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cells on a l-evy-Hausser haemocytometer. Splenocyte and myeloma cell viability was

determined by the ethidium bromide-acridine orange fluorescence method described

by L"ee e! Al. (1975). Briefly, 5 pl of a 1/50,000 solution of ethidium bromide was

added to 50 pl aliquots of each of the cell suspensions. Thirty seconds later 5 pl of

a 1/50,000 solution of acridine orange was also added. A 10 pl sample of the stained

cells was then examined in a fluorescence microscope. Viable live cells were stained

light green whilst dead cells were stained red.

42.5 Preparation of Lolyethylene glycol (PEG) solutions.

Samples of PEG were weighed in'Srex' glass test tubes graduated to a 1 ml volume.

Each test tube was plugged with cotton wool, the mouth covered with aluminium foil

and sealed with autoclave indicator tape. The sealed test tubes were then steam-

autoclaved ?t 120'C for 40 minutes. Immediately prior to use, the tubes were

warmed in a water bath at 37'C and serum-free RPMI added under sterile conditions

to 1 ml.

4,2.6 Fusion protocol.

Myeloma cells were harvested from cell culture flasks, centrifuged (500 x g for 5

minutes), and resuspended in approximately 50 mls of serum-free RPMI. Cell density

and viability were determined as for splenocytes. Myeloma and splenocytes were

mixed at a ratio of 10:t and centrifuged at 500 x g for 5 minutes. The supernatant

was removed and the cell pellet gently broken up by tapping the bottom of the

centrifuge tube on the bench top. The PEG solution was prepared at 37' C, a timer

was started, and 0.5 ml was added dropwise from a Pasteur pipette gently down the

side of the tube containing the mixed cell suspension over the next two minutes. The

cells were mixed after the PEG had been added by flicking the bottom of the tube

once or trvice. The cell suspension was then centrifuged at 100 x g for 5 minutes.

After a total PEG exposure time of ten minutes, 5 mls of serum-free RPMI was added

over two minutes, initially slowly, one drop every three to four seconds, and gradually

increasing the rate of addition. The tube was tapped on the bench top and swirled

by hand over the next two to three minutes to disrupt the cell pellet. The resulting

suspension was centrifuged (100 x g for 5 minutes), the cell pellet was resuspended

and washed twice in approximately 50 mls of serum-free RPMI. The final pellet was
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resuspended in 39 mls of RPMI medium containing hypoxanthine, aminopterin and

thymidine (HAT medium, Appendix II) supplemented with 20Vo FCS and 1 IU/ml

soluble insulin (Actrapid, Novo Ind., Denmark) as advocated by Feit, eI gl. (19&{).

The cell suspension was distributed in 200 ttl aliquots to the two microculture plates

previously seeded with peritoneal macrophages. Lids were placed on the microculture

plates which were then placed in an incubator (5%o CO" 37" C) and left undisturbed

for 48 hours. Cultures were fed with one drop of HAT medium on days four and

seven. Fusion frequency was expressed as the number of wells supporting hybridoma

growth at post-fusion day 10 per 10'splenocytes.

4.2.7 Screening of hybridoma culture supernatants.

When hybridoma colonies had grown to occupy more than 50Vo of the total area of

the well, 100 pl of supernatant was removed under sterile conditions with an

automated pipette. The supernatant was diluted 1:3 with PBS and 200 pl aliquots

added to the test (GMF-coated) and control (no GMF) wells of a microELISA plate.

GMF immune mouse serum was used as a positive control. Additional supernatants

taken at random from wells that were negative for hybridoma grourth were also

screened. MicToELISA was then performed as described in Chapter Three.

Those colonies whose supernatant recorded a test absorbance at least three times

greater than their respective control wells were scored as positive. These colonies

were transferred to 2 ml culture wells on a 24 well cell culture plate (Nunclon, Inter

Med, Denmark) in a 50-50 mixture of HAT medium and RPMI-IO% FCS. Cells

were fed and maintained approximately every second or third day by resuspending the

cells which had attached to the surface of the plate by blowing medium over the

surface of the plate with a pipette. Two-thirds of the suspension was removed and

replaced with RPMI-1,IVo FCS. Supernatant samples, 200 tA, were removed from the

wells after five to seven days and examined for anti-GMF antibody reactivity by

indirect IF microscopy on normal kwis rat kidney as described in Chapter Three.

Those hybridomas whose supernatant gave a positive result by indirect IF were then

cloned nvice as described in section 4.2.8 below. These anti-GMF antibody-secreting

hybridomas were designated a code number which was related to the original

microwell in which they arose. Aliquots of these hybridomas were frozen and stored

under liquid nitrogen as described below (4.2.9).
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42.8 Clonins of hvbridomas.

All hybridoma supernatants registering a positive microELISA result were immediately

cloned by limiting dilution. Hybridomas were grown in 2 ml wells, the cells were

suspended in the medium and the cell density determined. Dilutions of the cell

suspension were made in cloning medium (Appendix II) containing 5 x 10" M 2-

mercaptoethanol to obtain densities of 10, 3 and 0.5 cells/well. Each dilution was

distributed in 200 pl aliquots to 32 wells of a microculture plate which had been

seeded with peritoneal macrophages 24 hrs earlier. Cultures were incubated

undisturbed for four to eight days. At ten days post-cloning a count of hybrid colonies

was made. The criterion for a successful cloning was that greater than 37 per cent of

the wells seeded with less than 0.5 cells/well should be negative for hybridoma growth

(Goding, 1980). Supernatants from wells seeded with less than one cell/well and

those from wells seeded with 3 cells/well but where only a single hybridoma colony

was visible were screened by indirect IF microscopy on normal l-ewis rat kidney.

Those hybridomas whose supernatants produced the most intense staining were

expanded to 2 rnl culture wells and recloned 5-10 days later. The strongly positive

hybridomas from the second cloning were expanded first to 2 ml wells and then to 75

cm'cell culture flasks, and stocks were stored frozen.

4.2,9 Freezing and thawing of cell lines.

Myeloma and hybridoma cell lines were grown in 75 cm'cell culture flasks in RPMI-

107o FCS. During exponential growth, the cells were hawested by centrifugation and

resuspended (to a density of 0.5-1.0 x 106 cells/well) in freezing medium (Appendix

II) containing llVo dimethyl sulphoxide and 20Vo FCS. One ml aliquots were

transferred to cryovials (Nunc, Inter Med, Denmark), wrapped in cotton wool and

placed in a thick-walled (2-3 cm) polystyrene container. The container was

refrigerated at 4"C for 30-60 minutes and at -20'C for one hour, and then removed

to a -80" C freezer overnight, or for a period not exceedingT? hours. The cryovials

were then stored under liquid nitrogen in a cryopreservation dewar (MVE, Mn.,

USA). When required, vials were removed from the liquid nitrogen and immediately

placed in a water bath at 37 " C. The vials were constantly agitated by hand until the

cell suspension was completely thawed. The contents of the vial were drawn up once

through a Pasteur pipette and layered on top of 10 mls of serum free RPMI in a
conical centrifuge tube. The tubes were centrifuged (100 x g for 4 minutes), the
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supernatant discarded, and the pellet resuspended in 20-30 mls of RPMI-IO% FCS

and cultured in 75 cm' cell culture flasks. Aliquots (25 tD of the resuspended cell

suspension were removed for cell viability assessment by ethidium bromide - acridine

orange staining.

4.3 Results.

4.3.1 Fusion.

Splenocyte yield from immunised mice was 3 x 10'- 8 x 10'cells per spleen. Following

lysis of erythrocytes, splenocyte viability exceeded 90Vo in all experiments. Initial

attempts to produce viable hybrid cells were not successful. In the first two fusion

experiments the NSl cells were grown in DMEM; post-fusion, the IIAT medium

contained DMEM. After 2l days incubation post'fusion with feeding, no hybrid

colonies were visible in any of the wells from either fusion. The NSl cells appeared

to be healthy; doubling time was determined to be L7-I8 hours, and pre-fusion cell

viability of both splenocytes and NS1 cells exceeded 90Vo. The cause of the failure

to produce viable hybrids was unknown. The NS1 cells were adapted over a period

of two to three weeks to growth in RPMI medium. This medium is used extensively

in other laboratories undertaking hybridoma work. The cells were also cultured for

seven days in 8-azaguanine to ensure that the NSl cell line was indeed HGPRT

deficient. Two further fusion experiments were undertaken in RPMI. In fusion

experiment three, a small colony of cells was observed in one well at day seven. This

colony did not continue to grow and by day 10 all cells were dead. No further

colonies were visible after 21 days of incubation in either fusion three or four. One

further fusion experiment, number five, was performed using a different myeloma cell

line, Sp 2f 0, as the fusion partner. Again no hybrid cell colonies were visible after

21 days of culture. Splenocytes used in all of these unsuccessful fusion experiments

were from mice immunised via the IP route, with a booster immunisation being glven

4 days prior to fusion.

One possibility for the failure of the fusions was that the myeloma cell lines were

contaminated with mycoplasma. Mycoplasma infection has been cited in the literature

as a cause of tailed fusion (Bastin et d., 1982; Foster, L982; Kearney, 1984). To
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investigate this possibility, samples of NS1 and Sp 2/0 cells were sent to the National

Health lnstitute, Porirua NZ., for mycoplasma isolation and culture. Mycoplasma

colonies were cultured from both cell lines. On receipt of this result, all NS1 and Sp

2/0 cells were discarded, iN was all liquid medium and stock solutions used in the

culture of the cells. The sterile work cabinet and incubator were cleaned thoroughly

with a chlorine-based disinfectant. Fresh stocks of NSI cells were obtained from Dr

F. Austin, MRC Virus Research Unit, University of Otago, Dunedin. These new NSI

cells were passaged in RPMI medium (to which they were already adapted) for five

days before a further seven day period of culture inZx 10''M 8-azaguanine. A sample

of these cells submitted for mycoplasma screening returned a negative result. Aliquots

of these NSI cells were stored frozen for future use.

The first fusion experiment undertaken with mycoplasma-free NSI cells (fusion 6)

yielded 66 wells supporting hybridoma colonies at day 10 out of a total of 192 wells

seeded, a fusion frequency of 19 hybridomas per 10' splenocytes (Table 4.1). A
further three fusion experiments (fusions 7-9) were undertaken which gave even better

fusion frequencies ranging from 18 - 22. The majority of colonies were formed at the

edge of the wells, possibly due to differential settling of the cells. In L0-20Vo of wells

supporting hybridoma growth, more than one colony was observed; in most cases the

colonies were of unequal size. In some cases the colonies were separated by a

distance equal to or greater than the radius of the well, in others the colonies were

in close proximity. It was not possible to determine whether these colonies were

indeed individual clones or if they were subcolonies originating from one or more

hybrid cells migrating from the original colony.

Splenocyte partners in all fusion experiments, with one exception (fusion eight), were

obtained from mice immunised IP. The fusion frequency obtained in fusion eight was

identical to that obtained in fusion seven splenocytes from an IP immunised mouse.

All hybridoma colonies generated attained a cell density of 50Vo of the total well area

by day 10-14 post-fusion. By day 28 no late-appearing colonies had developed in wells

which were scored as negative for hybridoma growth at day 10.

4.32 Screening of hybridoma culture supernatants for anti-GMF activity.

Culture supernatants from all wells supporting hybridoma growth were screened for

anti-GMF activity by microELISA. Absorbance values obtained from anti-GMF
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TABTE 4.1

Detai'ls of fusiOn experiments.

Fusion Immunisation No of wells Spleen Fusion

nuurbef Regimen wi,th hybrid cell ftequency

colonies at input

day 10 (x10)

IP - Intraperitone,al

IS - Intraspleniic

The frrst frve fusion experlme,nts were unsuccessful Fusion frequency is expreosed as,

the number of wells with hybridoma colonies per 10? splenocytes.

1-5 rP 0

6 rP 66 3.4 19

7 IP 84 4.8 18

8 Is- 84 3.8 22

9 IP 100 5.1 2A
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positive supernatants of fusion 6 are shown in Table 4.2. One of the control

supernatants taken from a fusion 6 well negative for hybridoma colony growth

returned a positive result (test 0.12, control 0.01, data not shown). As a result of this,

supernatant was taken from 63 wells negative for hybridoma growth and screened by

microELISA for anti-GMF activity. Eight of these supernatants recorded a positive

result. MicToELISA screening of supernatants from fusions seven, eight and nine

included only RPMI medium as negative primary antibody controls. The results of

microELISA screening of supernatants from fusions six to nine are summarised in

Table 4.3.

The hybridoma colonies whose supernatants returned a positive microELISA result

were transferred to 2 ml culture wells in 24 well plates, and HAT medium was slowly

diluted out. Following a period of 5-10 days culture in the 2 ml wells, supernatant

was removed and screened for kidney-fixing antibodies by indirect IF microscopy.

Results are shown in Tables 4.4 to 4.7.

a. Fusion six (Table 4.4).

The splenocytes used in this fusion were from a mouse immunised by the IP regimen.

Eleven wells recorded a positive microELISA result, representing 17Vo of all wells

supporting hybridoma growth. Of these eleven wells only three supernatants reacted

with normal rat kidney by indirect IF microscopy, representing only SVo of all

hybridomas (Table 4.8). Unfortunately one of the IF positive colonies, designated 1-

D11, grew very slowly. After three weels of culture in 2 ml wells, this colony ceased

to proliferate and all cells died. The remaining two surviving colonies designated 2-

C72 andz-ELZ were cloned nvice by limiting dilution. The resultant clones returning

the highest absorbance values on microELISA were cultured and aliquots of the cells

stored under liquid nitrogen.

b. Fusion seven (Table a.5).

This fusion was also undertaken with splenocytes from an IP immunised mouse. Of

the L92 wells seeded with cell suspension post-fusion,6To were scored as positive for

anti-GMF activity by microELISA and 4Vo returned a positive staining of glomeruli

by IF microscopy (Table 4.8). Sixty percent of the microELISA positive colonies in

fusion seven produced an IF positive supernatan! whereas in fusion six only 27Vo of.
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TA,BLE 4"2.

MicroEL[$A, absorbance values of anti-GMF positive

colonies from frrsion 6.

Colony
code

Test Control

1-93

1-86

1-C8

1.D11

l-E1t
1-Fl1

2-H6

2-G8

2-E12

2-C72

LF12

Negative control

RPMI medium

Fositive control

rMs 1/s0

.4,0

.27

.44

.51

.tr6

.19

,12

.n
,n
.43

,20

.62

.04

.03

.16

.az

.0r

.03

<0

.06

.08

<0

.03

.06.08

.14

IMS - Immu[e.mouso Eerurn, obtained from a GMF immunised moute. This serum

was previously shown to be both microELISA and XF positive.

RIMI medium contained 109a FCS,
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TABLE 43

Surnrnary of MicroELtrSA absorbance values frsm

positive wells, fuslons 6 to 9.

Number of
supernatantsi

Fusion Number of microELISA Mean Rangc
number supernatants positive absorbaqce

6 66 11 029 0.12-0.51
(r0.13)

7 84 5 0.32 0.12-0.82
(r0.2e)

8 84 1 0.24 0.10-035
(t0.10)

9 100 I A.20 0.1&0.42
(r0"10)

The values iq pare-nthesis are the standard deviation o-f the abrorbances.
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TABLE 4.4.

Screering of microEtlSA.positive hybridoma supematants from

fusion 6 by indirect IF microscopy ou nornal rat kidney.

Hytridoma MieToELISA

clone

I.ndlrect IF Microseopy

Glonreruli Tirbules

l-G3

1-86

1-C8

l-D11

tr-81,L

1-F[1

2-IJ6

2-G8

LCN
2-Et2

2-Fn

+

+

+

+

+

+

+

+

+

+

+

++

+

++

+++

t

weak staining

moderate staining

strong staining

occasionalf inconsistent staining

negative
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TABLE 4.5.

Screening of microEllSA-positive bybridoma supernatadts from

fusion 7 by indirect IF microscopy on nonral rat kidney.

Hybridoma MicToELISA Indirect IF Microscopy

slsne

Glomeluli Tubules

PG6 +

PH? +

APE1O +

PFl +

BPC4 +

++ +

++ ++
-t
++ ++

+ weak staining

+ + moderate staining

+++ strongstaining

t occasional/inconsistent staining

- negative
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the microELISA positive colonies produced positive IF staining. The three IF positive

colonies were cloned tnrice by limiting dilution and grown in culture until sufficient

numbers of cells were present to prepare frozen stocks. These cell lines were

designated PH7, BPC4 and APE10.

c. Fusion eight (Table a.6).

This fusion was undertaken with splenocytes from an IS immunised mouse. The IS

immunisation procedure produced no obvious ill effects, and the mouse looked

healthy when sacrificed prior to fusion. MicToELISA and IF positive colonies were

\Vo and 6Vo rcspectively of all colonies (Table 4.8). Over 70Vo of microELISA

positive wells were IF positive. One IF positive colony produced in this fusion,

BSGL2, failed to grow beyond one week when transferred to a 2 ml well. The

remaining colonies were cloned trvice and frozen stocks of the cell lines maintained.

These cell lines were designated ASE10, SCs, ASD5 and BSGll.

d. Fusion nine (Table 4.7).

This fusion performed with splenocytes from an IP immunised mouse yielded the

highest number of hybrid colonies and the highest percentage of IF positive

hybridomas. MicToELISA positive colonies represented \Vo of all colonies and IF

positive colonies represented 7Vo (Table 4.8). Over 80Vo of microELISA positive

colonies were IF positive. The IF positive cell lines were designated 9-F4, 9-E8, 9-

F10, 9-D1L,9-84,9-C11 and 9-C9. In addition to the above anti-GMF positive cell

lines, an IgM producing (see Chapter Five) colony which had no specificity for kidney

antigens (i.e. was negative by microELISA and IF microscopy) *as cloned tqrice and

stocks frozen. This cell line, named G6, was to be used to produce monoclonal

antibody for use as a negative control in studies performed in vitro and in vivo with

the anti-GMF monoclonal antibodies.

4.4 Discssi@.

The cause of the failure to produce viable hybridomas in the first five fusion attempts

was uncertain. The demonstration of mycoplasma infection of the myeloma cell lines,

however, provides a likely explanation for the failed fusions. Mycoplasma infection
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TABLE 4.6.

Screening of mis,ToEllSA-positive hytridoma supernatants from

fusion I by i'ndirect IF miuoscopy on nomal rat Hdney.

Hybridoma lvficroELISA

clone

Indireet IF lvficroscopy

Glomeruli Tbbules

BSG12

BSCs

BSG11

ASElO

sc5

ASD5

ASGlO

+

+

+

+

+

+

+

+++

++
+++
++
+ ++

+

+

+ wEa,k staining

+ + moderate staining

+++ strongstaining

t occesional/inconsistent staining

- negative
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TABLE 4.7.

Screedng of mieroEllSA.positive hybridoma $rp.ernatants ftom

fusion 9 by indireet IF microscopy on nomal rat kidney.

Hybridoma MicToELISA

clone

Indirest IF Micnoscopy

Glomeruli Tubules

9-F4

988
9-F10

9-Btl
9-Brt

9.C11

9-Ce

9-Dr1

G6

+

+

+

+

+

+

+

+

+

+

+

+

+

++
+

.LI

++

+ weak staining

+ + moderate staining

+++ strongstaining

t occasional/inconsistent staining

- negative
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TABLE 4.8.

MiosELISA and lF-positive colonies

from fusions 6 to 9.

Fusion No. of wells

positive for

hybridoma growth

microELISA

positive

(.vu)

IF
positive

(%)

5

7

8

9

66

84

84

100

16.6

5.9

8.3

8.0

45

3.5

5.9

7.0

MicroEUSA and IF positive wells from the'four fusions which resulted in the

successfrrl production of hytridornas. The results are expressed as a percentags of the

total number of wells seeded with cell suspension following the fusion step.
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of cell cultures may result in a number of deleterious effects on cell function

(Stanbridge, 1981; Bastin et al., 1982). In addition, the eradication of mycoplasma

from infected cultures is difficult and not always successful (Campbell, L984;

McGarrity 9l A!., 1984). If antibiotics are used in an attempt to eradicate the

ssnfaminstion, the mycoplasma rapidly acquire resistance to them (Goding, 1983).

As alternative sources of uncontaminated myeloma cell lines were readily available,

it was considered safer to replace the contaminated myeloma cell lines with fresh

stocl<s.

Fusion frequency has been reported to be as low as only 1 to 100 cells per 10t

lymphocytes; from a typical fusion using the murine system a total of 100 hybridoma

clones could be expected (Campbell, 1984). Not all of these 100 hybridomas would

secrete monoclonal antibody of the desired specificity. The rate of successful

generation of hybridomas secreting antibody of the desired specificity is difficult to

determine as it varies with the antigen used and the expertise of the operator (Bastin

el a!,, 1982). Westerwoudt (1986) has put the chance of generating an antigen-specific

hybridoma in the order of 10". From four fusion experiments undertaken with

uncontaminated myeloma cells, a total of 18 anti-GMF secreting hybridomas were

generated. Two of these colonies failed to grow and were subsequently lost.

Hybridomas are known to be highly unstable during the early post-fusion period

(Foster, 7982; Westerwoudt, 1985). Chromosome loss is greatest during this

vulnerable period and decreases with time. The chance of chromosome loss, however,

is always present and may occur at any subsequent time.

The number of microELISA positive colonies producing a positive IF result varied

ftom 28Vo to over 80Vo. In addition, nine out of 64 wells negative for hybridoma

growth returned a positive microELISA result. The frequency of antibody-forming

cells present in the spleen is reported to be low, being of the order of 1.0'' to 10{

(Kearney, 198a); however, it is probable that unfused splenocytes producing anti-

GMF antibody could continue to secrete antibody during the first seven days post-

fusion. Supernatants taken from these wells and examined by microELISA for anti-

GMF activity would return a positive result. This may also be the mechanism by

which the supernatants from wells containing hybridomas returned a positive

microELISA result, but when transferred to 2ml wells, with fresh medium diluting the

post-fusion HAT medium, the supernatant was unable to produce a positive IF
staining.
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Chromosome 72 carries the immunoglobulin heavy chain locus. If this chromosome

was lost during the post fusion period by a hybridoma clone which had initially

recorded positive anti-GMF activity, the result would be a loss of immunoglobulin

secretion and therefore anti-GMF activity in the culture supernatant. Althougb this

possibility was not investigated, it cannot be excluded and may acount for the negative

results obtained by IF microscopy on supernatants taken from wells which had initially

recorded a positive result by micoELISA.

The loss of chromosome six, which carries the kappa light chain locus, from

hybridoma cells results in the intracellular accumulation of free heavy chains which

is reported to be toxic to the cells (Kohler, 1980). Although the preferential loss of

light chain expression is rare (Goding, 1983), the possibility exists that this may

account for the loss of the two hybridoma colonies post-fusion.
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Chapter Five

RECOVERY AIYD PT'RIFICATION OF ANTI.GMF

MONOCLONAL ANTIBODIES.

S.L Introduction.

After hybridomas have been cloned and established, the monoclonal antibody secreted

by them must be recovered in a useable form. Monoclonal antibody may be purified

from either hybridoma culture supernatant or from ascitic fluid recovered from mice

in which the hybridomas have been established as tumours in vivo or from serum.

Spent cell culture medium, recovered from cultures in which the hybridomas have

been grown to a high density, contains secreted monoclonal antibody. Typically the

concentration is low, 1 - 10 p,g/ril (Westerwoudt, 1985) but may reach 5 - 50 pg/ml

(Goding, 1983). Monoclonal antibody recovered from spent cell culture medium has

an advantage when compared with antibody produced by other procedures in that it

is usually the only mouse protein found in any significant concentration within the

medium. However, the vast majority of protein that is present in spent cell culture

medium originates from the FCS added to induce growth of the hybridomas.

Theoretically, a nearly pure monoclonal antibody could be recovered from hybridomas

grown in serum-free defined medium; however, no such medium that supports

significant hybridoma growth is presently available. Defined medium is also unlikely

to solve the problem of poor secretion by hybridomas in vitro and the resulting low

concentration of monoclonal antibody in spent cell culture medium (Samoilovich,

1987).

If hybridoma cells are transferred to syngeneic mice, they undergo transformation

from immature to mature antibody secreting plasma cells (Westerwoudt, 1985).

Antibody secretion from these hybridomas that have become established as peritoneal

tumours is reported to be greater than from hybridomas maintained in vitro (Renau-

Piqueras e! a!., 1983) and is typically in the range of 20mg/ml in ascites (Goding,
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1983). The major advantage of hybridomas grown intraperitoneally is that large

quantities of ascitic fluid containing a high concentration of monoclonal antibody can

be obtained from a single mouse. The disadvantage of harvesting monoclonal

antibodies from ascitic fluid is that the fluid contains a heterogeneous population of

proteins from which the monoclonal antibodies may not be easily separated. When

mouse immunoglobulin is isolated from the ascitic fluid, the monoclonal antibody is

contaminated with native irrelevant antibodies. Ascitic fluid also contains proteolytic

enzymes which may degrade the monoclonal antibody if the enzymes are not removed

or if protease inhibitors are not added.

A number of procedures, originally developed for the purification of immunoglobulins

from serum and other complex solutions, have been applied to the purification of

monoclonal antibodies. These procedures include ammonium sulphate precipitation

(Goding, 1983), polyethylene glycol precipitation (Neoh eI al., 1986), staphylococcal

protein A binding (Kearney, 1983), and diethylaminoethyl (DEAE) chromatography

(Goding, 1980). A complication in the use of these methods is that the nvo major

classes of antibodies, IgG and IgM, behave differently under identical conditions. The

purification of IgM has generally presented greater problems than has IgG

purification. IgM does not have a high affinity for protein A and therefore binds

poorly to it (Ey el al., 1978). IgM may also be denatured by classical euglobulin

precipitation (Goding, 1983). Exclusion chromatography usually produces IgM peaks

which are contaminated with a-2 macroglobulin, a protein which has a similar

molecular weight to IgM.

It was intended that the monoclonal antibodies produced in this project be examined

both in vitro and in vivo to determine both their renal and non-renal binding patterns.

It was also intended to determine the nephritogenicity of the monoclonal antibodies

!n vivo. In order to characterise the monoclonal antibodies produced by the

hybridomas and to examine the in vitro and ln vivo binding and nephritogenicities of

individual monoclonal antibodies, large quantities of pure monoclonal antibodies

would be required.

This chapter describes the procedures used to produce and purify the monoclonal

antibodies for use in the studies described in Chapters Six and Seven
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52 Materials and Methods.

52.1 Production of monoclonal antibody.

In vitro :

Hybridoma cells were grown in 75 cmt cell culture flasks to a density which rendered

the phenol red indicator dye a pale yellow, indicating a shift towards a more acidic

pH. At this point cells were removed from the cell culture medium by centrifugation

at 500 x g for 5 minutes. Supernatant was transferred to a sterile 50 ml centrifuge

tube which was found to be a satisfactory vessel in which to store the supernatants.

Thimerosal (Sigma Chemical Co., USA) was added as a bacteriostat to a final

concentration of 0.0'l.Vo, and the supernatants were stored at 4" C until used.

b. In vivo :

In order to establish the hybridomas as peritoneal tumours, male BALB/CJ mice, 40

to 80 days of age, were injected IP with 0.5 mls of 2,6,10,L4-tetramethyl-pentadecane

('Pristane', Sigma Chemical Co., USA) 7 to 2l days prior to the injection of

hybridoma cells. In later experiments, mice also received 400 Rads total body

irradiation 24 hours prior to the injection of cells to improve the number of successful

tumour inductions (Kozbor eIal., 1985; Weissman eI al., 1985). Hybridoma cells were

grown as in (a) above but were not allowed to attain a high enough density to cause

a pH shift within the medium. Cell density was determined by counting in a

cytometer prior to harvesting of the cells by centrifugation. The cell pellet was gently

resuspended in 0.5-1.0 mls of PBS. A total of 3-5 x 100 cells were resuspended in 0.25

- 0.5 mls of PBS and injected IP into each mouse. When the abdomen of the mouse

was noticeably distended by accumulation of ascitic fluid, a peritoneal paracentesis

was performed with an 18 G needle under light ether anaesthesia. Following the first

paracentesis, the procedure was performed on alternate days until the mouse died.

Ascitic fluid was collected into clean, heparinised test tubes and centrifuged at 1000

x g for 10-15 minutes. Supernatant was transferred to sterile plastic containers, and

either thimerosal, as for cell culture supernatant storage, or sodium azide to a final

concentration 0.01 M, was added.
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5.22 Ouchterlonv radial immunodiffusion.

The isotypes of the monoclonal antibodies were determined by radial immunodiffusion

in agarose gel. A l%o (w/v) solution of agarose was prepared in PBS. The solution

was heated to 70"C on an electric hotplate with a magnetic stirrer until all the agarose

had dissolved. The solution was layered onto glass microscope slides while still warm

and allowed to cool. When set, a centre well and 5 peripheral wells were cut using

a gel punch and template. Monoclonal antibody was precipitated from cell culture

supernatant by ammonium sulphate precipitation (see 5.2.3 below), dissolved in PBS,

and 10 pl samples of the monoclonal antibody were distributed to the central wells

of the gels. Aliquots of 10 pl of anti-mouse immunoglobulin class-specific anti-sera

(Sigma Chemical Co.) were distributed to the peripheral wells. The slides were

placed on damp tissue paper in a plastic box with a tight-fitting lid and diffusion

allowed to continue at 4'C for 48 hours. The slides were then dialysed against PBS

for 48 hours. Following dialysis, the gels were stained in 0.25Vo Coomassie blue G

250 in 40Vo methanolllDVo acetic acid at RT on a shaking platform for 45-60 minutes.

The gels were destained in 40VomethanolfLIVo acetic acid, usually overnight, in an

airtight container and examined for the presence of precipitin lines.

5.2,3 Ammonium sulphate nrecipitation of monoclonal antibody.

Monoclonal antibody was precipitated from either cell culture supernatant or ascitic

fluid by the method of Goding (1983). A saturated ammonium sulphate (SAS)

solution was prepared by addition of solid ammonium sulphate to one litre of distilled,

deionised water (ddHro) at 60'C with constant stirring until the solution was

saturated. This was allowed to cool and was then stored as a stock solution at 4"C.

Immediately prior to use, the SAS was filtered through Whatman No. 1 filter paper

and the pH adjusted to 7.2 wrth sulphuric acid. An equal volume of SAS was then

added to spent cell culture medium or ascites dropwise with constant stirring at 4" C.

Stirring was continued for 10-15 minutes after all the SAS had been added. The

proteins precipitated in 50Vo SAS were recovered by centrifugation at 10,000 x g for

10 minutes. The pellet was washed twice in 40Vo SAS and the final pellet was

dissolved in PBS and dialysed for up to 48 hours against PBS.
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5.2.4 Gel Chromatography.

a. Hvdroxvlapatite chromatoeraphv.

Cell culture supernatant and ascitic fluid were chromatographed on hydrorylapatite

by the method described by Stanker el al. (1985). A 15 cm hydrorylapatite (HTP

grade, BioRad l.aboratories) column was poured into a 2.5 cm (internal diameter)

glass column 20 cm high (Econocolumn, BioRad laboratories) following the

manufacturer's instructions. The column was equilibrated overnight with 0.01 M

phosphate buffer pH 6.8 (Appendix I) at a constant flow rate of I ml/min delivered

by a peristaltic pump. Samples (5-15 mls) were applied to the column via the

peristaltic pump, followed by one bed volume of 0.01 M phosphate buffer. The

absorbance of the column effluent at 280 nm was monitored by a Uvicord

spectrometer (LKB, Sweden). The column was eluted with a 0.01 M to 0.3 M linear

phosphate gradient delivered from a gradient maker (Pharmaci4 Sweden). All
procedures were performed at RT.

b. Aearose eel chromatosraohv.

A 1.5 cm (internal diameter) column 50 cm high was packed with BioGel A 1.5 M,

100-200 mesh (BioRad l-aboratories). This agarose gel has an exclusion limit of 1500

kDa. The column was allowed to settle for 24 hours and then equilibrated with PBS,

0.3 ml/min via a peristaltic pump. Samples of cell culture supernatant or ascitic fluid

were layered on the top of the gel, and the column was then eluted with PBS at RT.

Flow rate was maintained with a peristaltic pump, and effluent was monitored by UV
(280 nm) absorption and fractions collected.

c. Affiniw chromatosraphv.

A 10 ml plastic syringe was adapted to function as a chromatography columq and 5

mls of an anti-mouse lgM-agarose-conjugated atrinity gel (Sigma Chemical Co.)

suspended in PBS was de-aired under vacuum and poured into the column. The

column was equilibrated with PBS at RT for at least 15 minutes prior to the

application of samples. Monoclonal IgM-containing ascitic fluid or spent cell culture

supernatant was applied to the column in a peristaltic pump at 1 ml/min. C-olumn

effluent was monitored by UV absorption and the column eluted with PBS. Elution

was continued for 10-15 minutes after UV absorption had peaked and returned to

zero. Bound IgM was released from the column by elution with 0.1 M glycine-Hcl,

pH 2.8 (Appendix I) and the eluted protein peak collected. The sample was
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immediately returned to neutral pH by the addition of 0.1 M sodium hydroxide. The

samples were concentrated by negative pressure dialysis and then dialysed against PBS

for 2448 hours. Following elution at pH 2.8, the column was re-equilibrated with 50-

60 mls PBS. When not in use all columns were stored at 4'C in buffers containing

0.0LVo thimerosal.

52,5 Sodium dodecyl sulphate-polXpcrylamide gel electrophoresis (SDS-PAGE).

SDS-PAGE was performed in polyacrylamide slab gels using the discontinuous buffer

system described by l-aemmli (1970). Gel casting and electrophoresis were performed

in Protean II or Mini-Protean systems (BioRad l-aboratories). Polyacrylamide

separating gels varied from 5 to 12.57o polyacrylamide. All gels were cast with a 4Vo

stacking gel. For composition of gels and buffers, see Appendix I. Prior to SDS-

PAGE, chromatography peak fractions were concentrated to approximately 1/10 of

their original volume in 'Minicon' concentrator cells (Amicon Scientific, Victoria,

Australia).

For electrophoresis, 20 - 100 pl of concentrated sample was diluted in not less than

two volumes of sample buffer containing glycerol and the dye bromophenol blue. For

samples of dilute protein solutions, 100 pl aliquots were diluted in an equal volume

of double-strength sample buffer. Before application to the gels, samples were

reduced by boiling in a water bath for four minutes. Samples were applied to the gel

wells with a 100 pl glass microsyringe (SGE Ltd., Australia). In the Protean II system,

electrophoresis was conducted at 16 mA per gel until the dye front had traversed the

stacking gel, about 60-75 minutes, and at 24 mA per gel through the main separating

gel until the dye front reached the end of the gel. For samples run on the Mini-

Protean system, electrophoresis was conducted at a constant voltage of 50 V through

the stacking gel and 200 V through the separating gel. Following electrophoresis, the

gels were stained with Coomassie blue and destained as described in 5.2.3 above for

Ouchterlony gels. If protein band staining was weak, the gels were destained for a

further 24 hours and then silver-stained. Silver staining was performed using a

prepared kit (BioRad laboratories) following the protocol recommended by the

manufacturers. Stained gels were then equilibrated in ddHrO for 24 hours prior to

being photographed.
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52.6 Determination of reactivity titres of samples and column fractions.

The reactivity titres of samples prior to SAS purification or column chromatography,

and of column fractions, was determined by indirect IF on normal l*wis rat kidney

as described in Chapter Three. Doubling dilutions of the test sample were made and

applied as the first antibody. Sections were scored as 3+ for strong reactivity, 2+

mediurq and 1+ weak. The end point of titration was the last dilution at which L +

reactivity was clearly evident.

5.3 Results

5.3.1 Monoclonal antibody isotJrye determination.

Ouchterlony immunodiffusion revealed that the majority of the monoclonal antibodies

were IgM in type (Table 5.1). Precipitin lines were often only faintly visible following

diffusion but were clearly obvious after staining with Coomassie blue (Fig 5.1). SDS-

PAGE of SAS-precipitated fractions, obtained from spent cell culture medium,

revealed the presence of an 80 kDa band characteristic of IgM (Fig 5.2). This 80 kDa

band was common to all samples obtained from spent cell culture supernatants taken

from hybridoma cultures but was absent from the control sample obtained from

unused RPMI medium supplemented with FCS. These data support the results

obtained with Ouchterlonv immunodiffusion.

5.32 Production of monoclonal antibody-containing ascitic fluid.

Initial attempts to produce ascites in Balb/d mice with SCs, ASD5 and PH7

hybridoma cells produced less than 50Vo success rates (Table 5.2). In subsequent

experiments the mice received 400 Rads total body irradiation 24 hours prior to the

injection of cells. The inclusion of this procedure in the protocol greatly improved the

success of ascites formation. After adopting routine irradiation of mice prior to the

administration of cells, only two out of over 100 mice failed to develop ascites.

5.3.3 Isolation of monoclonal antibody from ascitic fluid by SAS precipitation.

Following precipitation of immunoglobulins by SAS, samples of ascites and SAS-

precipitates were examined by SDS-PAGE (Fig 5.3). The number of protein bands
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Table 5.1

Determination of anti-GMF monoclonal antibody

isotlpe and subclass.

Monoclonal

Antibody

Immunisation

Regimen

Isotlpe/

Subclass

9-F4

9-E8

9-F10

9-D11

9-84

9-C11

9-C9

PH7

APElO

BPC4

tG12

tcrz
ASElO

sc5

ASD5

BSG1l

IgM

IgGl
IsM

IgGl
IgGl
IgGl

IgM

IgM

IgM

ND

ND

ND

IgM

IgM

IgM

rgM

IP

IP

IP

IP

IP

IP

IP

IP

IP

IP

IP

IP

IS

IS

Is

IS

IS - Intrasplenic

IP - Intraperitoneal

ND - Not done

Monoclonal antibody isotype and subclass were determined by

Ouchterlony immunodiffrrsion in agar gels.
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Figure 5.1.

Ouchterlony Immunodiffusion of SAS-precipitated pH7

monoclonal antibody-containing cell culture

supernatant against anti-mouse class-specific anti-sera.

A 10 p'l sample of PH7 monoclonal antibody, precipitated from cell culture
supernatant and redissolved in PBS, was placed in the central well, and anti-mouse
class specific anti-sera in the peripheral wells. The gel has been stained with
Coomassie blue. A single precipitin line is clearly seen with anti-mouse IgM anti-
serum.
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Figure 5.2.

SDS-PAGE of cell culture supernatants ftom

hybridoma cultures.

I
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Samples of SAS-precipitated cell cultrue supernatants containingmonoclonalautibody

were applied to the lanes of. a7.5To polyacrylamide gel.

I-ane 1 - PH7; laue 2 - G6; Lane 3 - SS; I-aue 4 - Llnused RPMI; Lane 6 - High

molecular werght markers. No sample was applied to lane 5. The arrow represents

80 kDa,
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Table 5.2.

Ascites production in non-irradiated mice.

Cell line Number of rnice Number of mice

rece,ivirrg cells dweloping ascltes

All nrice were primed with 'Pristane' prior to roceiving 3-5 x lff @lk IP. N{ice were

observed for a peririd of 28 days. If ascites had not developed at thii time the zurviving

mice were, eleetively sacrificed.

PH7

sc5

ASD5
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Figure 5.3.

SDS-PAGE profile of monoclonal antibody-containing

ascites and SA,S precipitates of ascites.

200 KD {>

1t6.25 KD r>
92.5 K0 ->
66.2 KD + -IT45 KD +-

31 K0r>_

Ascites ,tl{ll SAS . Aff.pur

Samples of monoclonal antibody-containing ascites and unfractionated ascites were
applied to a 7.5Vo polyacrylamide gel and electrophoresed as described in the
methods. The gels are stained with Coomassie blue. The protein content of the

samples was similar and ranged from 40 to 50 pg.

rrr
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visualised in the precipitated sample was less than the unfractionated sample. Some

high molecular weight bands which were present in both samples were generally of

lesser intensity in the precipitated fraction. The 79 kDa band, representing IgM heavy

chains, was dominant in both samples. SAS precipitation greatly reduced the amount

of contaminating proteins without affecting the reactivity titre of the monoclonal

antibody. Typically, a 20 ml sample of ascites precipitated by SAS was dissolved in

10 mls of PBS. When reactivity was examined by indirect IF microscopy, the titre of

the SAS precipitate was either the same or one dilution greater than the

unfractionated ascites; thereore, the manimum loss of activity was only 507o.

5.3.4 Gel chromatography.

a. H)rdrorylapatite chromatography.

Samples of cell culture supernatant and monoclonal antibody-containing ascites were

titrated for anti-GMF activity by indirect IF microscopy prior to chromatography on

hydrorylapatite. The elution profile of a 10 ml sample of SC5 ascites is shown in Fig.

5.4. Three major peaks were seen at fractions 17, 22 and 29. A small shoulder

occured following peak three, and two smaller peaks occurred at fractions 48 and 54.

The anti-GMF titre of the SC5 ascites prior to chromatography was 1/1600.

Following chromatography, column fractions with peak absorbance at 280 nm were

examined by indirect IF microscopy for anti-GMF activity. None of these peaks

showed anti-GMF activitv.

The electrophoretic profile of the concentrated peak fractions is shown in Fig. 5.5.

A major band corresponding to 29 kDa was seen in peak one together with some

larger molecular weight protein. Very few low molecular weight proteins were seen

in this peak. Two major bands were evidennt in peak two, corresponding to 52 and

26 kDa. A small amount of larger molecular weight material was also present in this

peak. Peak three was a heterogenous fraction with protein bands occurring across a

wide range of molecular weights with a major band occurring at 26ttDa. No material

was resolved from peak four; a single band is resolved in peak five corresponding to

26 h,Da. This 26 kDa protein is common to peaks two, three and five.

Further samples of ascites containing PH7 and ASD5 were chromatographed on

hydrorylapatite. The reactivity titres of the ascites, as assessed by indirect IF
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Figure 5.4.

Clrunaograply elution profiIe of SC5
ascites on hydroxylapatite.

A 10 mt sample of SCs ascites was applied via a peristaltic pump qo a lydrolyllpatirc
column at a flow rate of 0.5 mvmin.- The column was cluted wittr a 0.1 - 0.3 M, pH
6.8, phosphate buffer as a continuous gradient. Four minute (2 ml) fractions were
collerted.- Column eluate absobance at 280 nm was moninored through a flow cell.
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Figure 5.5.

Electrophoretic profile of peak fractions obtained

from chromatography of SC5 on hydrorylapatite.
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Samples were applied to the wells of. a l27o polyacrylamide separating gel and

electrophoresis continued until the dye front was within 1 - 2 mm of the end of the

gel. The gel is stained with Coomassie blue. [-ane 1. - peak 1; Iane 2 - peak 4;

I-ane 3 - peak 2; l-arrc 4 - peak 3; Lane 5 - low molecular weight standards;

[-ane6-peak5.
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microscopy prior to chromatography, were 1/1600 for APHT and l/3200 for ASD5.

Four peaks were obtained with both preparations at similar positions to those

occurring with SC5. The peak fractions were examined by indirect IF microscopy.

None of the peak fractions stained normal rat kidney.

b. Agarose gel chromatography.

The elution profile obtained from chromatography of 10 mls of SC5 ascites on

BioGel A 1.5 M is shown in Fig. 5.6. Three major peaks were clearly evident with a

pronounced shoulder on the descending limb of the third peak. Prior to
chromatography, indirect IF microscopy indicated the anti-rat kidney titre of the SC5

ascites to be greater than 113200 (the greatest dilution examined). Following

chromatography, the reactivity was seen to reside in peaks one and two only. SDS-

PAGE of the column peaks was undertaken on a 7.5Vo polyacrylamide gel (Fig 5.7).

A major band, presumably IgM heary chains, was seen at 80 kDa in both peaks one

and two together with a less intensely stained band at 52l.Da. Both of these bands

were absent from peak three. PH7 ascites was also chromatographed on BioGel A

1.5 M. The 280 nm absorbance profile (Fig.5.8) was similar to that obtained with SC5

(Fig 5.6), although a distinct fourth peak was evident with PH7, whereas only a

shoulder on peak three was seen with SC5. The pre-chromatography IF reactivity titre

of the PH7 ascites was 1/1600. Following chromatography, the anti-kidney reactivity

was confined to peaks one and two, being 1/800 for peak one and U200 for peak two.

The SDS-PAGE profile of the peak fractions on a lTVo polyacrylamide gel is shown

in Fig. 5.9. The majority of the large molecular weight protein was seen to lie in peak

one, as was the majoriry of the albumin (66 kDa). Major bands were seen at 80 kDa

and 25 kDa which correspond to the molecular weights of IgM heavy chain and light

chains respectively. The 80 kDa band was also seen with less intensity in peak t'wo.

A band at 25 kDa was common to all four peaks. It appearred greatest in peaks two

and three and was the only band visualised in peak four.

A sample of cell culture supernatant obtained from a culture in which PH7 hybridoma

cells had been grown to a high density was also chromatographed on BioGel A 1.5 M

agarose. The elution profile is shown in Fig. 5.10. The anti-kidney reactivity titre of

the supernatant prior to chromatography was 1/20. Following chromatography, no

reactivity was found in any of the peak fractions.
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Figure 5.6.

Elution profile of SC5 ascites cbromatographed
on BioGcl A1.5 M agarose.

A 10 ml sarnple of SCS ascites was applied to a 50 x 25 cm B_iqc_el 4_1.5 M agarose
column via a peristaltic pump. Thc Column was eluted with PBS, pH'l,2, at aflow
rate of 0.5 mVmin. Four mihute (2 ml) fractions were collectcd. Column eluate
absorbance at 280 nm was monitored through a flow ccll.
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Figure 5.7.

SDS-PAGE profile of peak fractions obtained from chromatography

of SC5 ascites on BioGel A 1.5 M agarose.
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Peak fractions from experiment of Fig 5.6 were concentrated and electrophoresed

on a7.57o polyacrylamide gel. The gel has been stained with Coomassie blue.

I-ane 2 - High molecular weight markers; Iane 4 - peak 3; L.ane 5 - peak 2;

I-ane6-peak1.
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Figurc 5.E.

Elution profile of PH7 ascites chromatographed
on BioGeI Al.5 M agarose.

20 30 40

Fraction Number

50

A 10 ml sanple of PH7 ascites was applied to a 50 x 25 cm B_iqQel 41.5 M agarosc
column via a peristaltic pump. The column was eluted with PBS, pll7.2, at a-flow
rate of 0.33 nrVmin. Fractions wcre collected at six minute intervals (approx. 6 ml).
Column eluate absorbance at 280 nm was monitored through a flow cell.
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Figure 5.9.

SDS-PAGE profile of column peaks obtained by

chromatography of PH7 ascites on BioGel A 1.5 M agarose.
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Column peak fractions of Fig. 5.8 were concentrated and electrophoresed on a L2Vo

polyacrylamide gel. The gel has been stained with Coomassie blue. I-ane 1 - pH7

ascites; I-ane 2 - peak3; [-ane 3 - peak 2; l-ane4 - peak 1; tane 5 - peak 4.
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Figure 5.10.

Elution profile of PIIT cell culnrrc supernatant
chromatographed on BioGel Al.5 M agarcse.
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A 20 ml sample of cell culture medium in which PH7 hybridoma cells had been
grown to a high density was applied o a 50 x 25 cm BioGel Al.5 M agarose column
via a peristaliic pump. The Column was eluted with PBS! pH7.2, at a flow rate of
0.33 mVmin. Fractions were collected at six minute intervals (approx. 6 ml).
Column eluate absorbance at 280 nm was monitored through a flow cell.
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Affiniw chromatosraphv.

Samples of monoclonal antibody-containing ascites, cell culture supernatants, or SAS

precipitates of cell culture supernatants were applied to a column of an anti-mouse

IgM-agarose-conjugated gel. The elution profile of a sample of PH7 cell culture

supernatant is shown in Fig 5.11. A small peak was seen to precede the main peak.

The reactivity titre of the eluted monoclonal antibody in the main peak, as assessed

by indirect IF microscopy, was four to five times greater than the applied sample.

Reactivity of the fraction containing the small first peak was very weak and found only

in the undiluted sample. An unusual elution profile was obtained with samples of

ascites (Fig 5.12a and b). The reactivity of fractions corresponding to the two peaks

was examined by indirect IF microscopy. Both peaks were found to contain anti-

kidney activity; however, the reactivity titre of peak one was consistently two to four

dilutions greater than peak rwo. Examination of the eluted monoclonal antibody by

SDS-PAGE revealed only three protein bands, occurring at 80, 52 and 26 kDa

(Fig.5.3). The 52 kDa protein was also found on SDS-PAGE of affinity-purified PH7

and ASD5.

5.4 Discussion

Nine of the thirteen monoclonal antibodies examined by Ouchterlony immunodiffusion

were found to be of the IgM subclass. This was not totally unexpected, particularly

from those monoclonal antibodies derived from IS-immunised mouse splenorytes.

Spitz et al., (1984) reported the production of both IgG and IgM secreting hybridomas

from IS-immunised splenocytes; whereas, in this study only IgM-secreting hybridomas

were produced. However, it has been reported that IgM may be not only the first, but

the only immunoglobulin generated by the immune response to certain antigens

(Teale and Klinman, L984); and therefore this predominance may be anticipated.

All the hybridomas which were chosen and propagated in vivo were IgM secretors.

The inability to produce ascites in a number of the 'Pristane'- primed mice was of

concern, although it has been reported that IgM-secreting hybridomas may be difficult

to establish in vivo (Campbell, 1984). The use of total body irradiation to

immunosuppress mice prior to the injection of hybridoma cells has been reported

previously (Goding, 1983; Stanker et al., 1985; Kozbor et al., 1985; Weissman g! al.,

1985). The use of total-body irradiation in this study proved to be very successful.
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Figure 5.11.

Elution profile of PIfi cell culture supernatant

obtained by atfrnity chromatography.

Culture supernatart was applied to the column and eluted with 0.1M glycine-HCl, pH

2.8 as described in the methods. Peak one contains that material which did not bind

to the column Peak two is the IgM eluting with the glycine-HCl. A small peak is seen

to precede the major IgM peak; the greatest anti.GMF activity resided in the main

peak.
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Figsre 5.12.
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Precipitation of monoclonal antibody from both ascitic fluid and cell culture

supernatantby 40Vo SAS produced a monoclonal antibody preparation that retained

high titre anti-GMF activity. Although the examination of the SAS-precipitated

fractions revealed that there was a number of contaminating proteins remaining, they

were considerably reduced compared to crude ascitic fluid.

A number of procedures have been reported in the literature detailing the purification

of monoclonal antibodies from ascitic fluid or from culture supernatant using

hydrorylapatite chromatography (Stanker e! al., 1985; Bukovsky and Kennet, 1987).

In addition, an hydrorylapatite column for high pressure liquid chromatography

(HPLC) is available commercially (Bio-Rad l-aboratories) for large and small scale

purification of monoclonal antibodies. The purification of the monoclonal antibodies

produced in this study by hydrorylapatite chromatography was disappointing.

Examination of the SDS-PAGE profiles of the peals eluted from the columns

indicated that some separation of antibody was obtained, but reactivity was lost. An

interesting finding was the appearance of a single protein corresponding to 26 kDa

eluting in peak 5 from ASD5 ascites. This molecular weight is common to

immunoglobulin light chains and could therefore represent free light chains. The first

description of the use of hydrorylapatite HPLC for the purification of monoclonal

antibodies (Juarez-Salinas et al., 1984) reported the resolution of two immunoglobulin

light chains. The light chains appeared in the three peaks that were subsequently

examined by SDS-PAGE. The authors could not determine whether the extraneous

light chain was synthesised by the host mouse from which the ascites was derived, or

was synthesised by the hybridoma. The myeloma cell line used to generate the

hybridoma was Sp2/0, a cell line that is reported to neither secrete nor synthesise

light chains (Shulman el al., 1978). It is therefore more likely that the light chain

originated from the host.

The choice of BioGel A 1.5 M agarose was based on its high exclusion limit of 1500

kDa. Pentameric IgM which is in the region of 900 kDa could be expected to elute

fairly soon after the bed volume. Although this gel medium was able to separate

proteins with anti-GMF activity, the peaks isolated were not homogeneous. The

appearance of a protein corresponding to the molecular weight of immunoglobulin

light chains, in all four peak isolated from PH7 ascites, again raises the question of

free light chain secretion.
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Affinity chromatography produced the best isolation of IgM from both ascites and cell

culture supernatant. The identity of the 52 kDa protein is uncertain. The affinity

chromatography procedure exposed the monoclonal antibody to a pH of 2.8 for a
period of up to ten minutes, the most severe conditions of all the chromatography

methods. Following neutralisation, the recovered monoclonal antibody retained high

titre activity. It is unlikely that the two peaks observed could represent intact IgM

and free light chains, since the anti-mouse IgM conjugated to the agarose was p chain

specific. The most likely reason that two peaks were present is that IgM of host

origin dissociated from the column at a fractionally lower pH than did the monoclonal

IgM. The major drawback to the adoption of affinity chromatography for purification

of the monoclonal antibodies for use in vitro and in Eya in this study was that only

small quantities can be processed at one time.

Precipitation of immunoglobulin by 40Vo SAS produced a reagent that retained high

titre anti-GMF activity. The chromatographic procedures examined were judged not

to possess significant advantages to SAS precipitation for the procedures in which the

monoclonal antibodies were to be employed. The decision was therefore made to

proceed with the simple but effective SAS preparations for further examination of the

in vitro and in vivo reactivities of the monoclonal antibodies.
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Chapter Six.

IN VITRO REACTIVITIES OF MONOCLONAL

ANTI-GMF ANTIBODIES.

6.L Introduction.

There have been a number of reports in the literature detailing the reactivities of

serum from HN rats and polyclonal antibodies raised against glomerular antigens

(Kerjaschki and Farquhar, 1983; Makker and Singh, 1984; Singh and Makker, 1986;

Natori g! al., 1986, 1987). The techniques of immunoblotting and

immunoprecipitation have commonly been employed to obtain these data. Studies

using these techniques have also been conducted with monoclonal antibodies directed

against renal antigens (Bhan et al., 1985; Ronco et al., 1986a, 1986b; Mendrick and

Rennke, 1988a, 1988b.) to determine the biochemical identity of the individual

antigens with which the anti-kidney antibodies react.

MicToELISA and IF microscopy studies reported in Chapter Four, indicated that anti-

GMF monoclonal antibodies reacted with glomeruli. The exact biochemical identity

of the specific antigen was unknown. The monoclonal antibodies exhibited differing

patterns of reactivity with the glomerulus when examined by IF microscopy, and it was

assumed that there were a number of antigens present, each unique to a single

monoclonal antibody. It was also likely that the antigens with which the monoclonal

antibodies reacted were expressed not only on different glomerular cell types, but

could also be expressed on homologous cell ty?es outside the kidney. In other studies,

monoclonal antibodies raised against kidney antigens have been reported to react with

a variety of non-renal tissues (Mendrick gtr aL, 1983; Nishi e! aL, 1984; Ronco e! a!.,

1,984a, 1984b; Chatelet et al., 1986b; Mendrick and Rennke, 1988a, 1988b). The

fusion of splenocytes obtained from BALB/d mice which had been immunised with

either rat kidney cortex or isolated whole glomeruli resulted in the production of a
number of hybridomas secreting monoclonal antibodies that reacted with kidney but

were not kidney specific (Mendrick et al., 1983). Chatelet, 9I al. (1986a, 1986b)
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reported the wide renal and non-renal tissue distribution of a 90 kDa antigen

recognised by a monoclonal antibody raised against rat FxLA.

The following chapter details the binding sites of the anti-GMF monoclonal antibodies

as assessed by IF microscopy, immunobiochemical analysis of the antigens reacting

with the antibodies, the ultrastructural localisation of renal binding, and the extrarenal

distribution of reactivity. To identiff the reactive antigens, immunoblotting

experiments were conducted with proteins solubilised by detergent extraction from

either particulate GMF or from isolated whole glomeruli. The ultrastructural

localisation and the extrarenal distribution of the antigens were examined by

immunogold electron and IF microscopy, respectively.

6.2 Materials and Methods.

6.2,1 Examination of renal and extrarenal binding by indirect IF microscopy.

Tissue specimens were obtained immediately following sacrifice of a normal lrwis
rat. Tissue was obtained from kidney, spleen, liver, small intestine, brain, aorta,

stomach, skeletal muscle and the left ventricle of the heart. These were immediately

snap frozen in liquid nitrogen and processed for indirect IF microscopy as described

in Chapter Three. To examine interspecies reactivity of the monoclonal antibodies,

renal cortical tissue was also obtained from rabbit and sheep kidney immediately

following sacrifice. Human kidney tissue was obtained from an unaffected area of a

nephrectomy specimen removed for renal cell carcinoma. The tissues were processed

for indirect IF microscopy as described for rat kidney. The non-kidney-fixing IgM

monoclonal antibody, G6, was used as a negative control in all IF microscopy

experiments.

6.2,2 Determination of cross-reactivity with Heymann nephritis antigens.

To determine whether the antigens recognised by the anti-GMF monoclonal

antibodies were also antigens involved in the pathogenesis of HN, experiments were

carried out using polyclonal sheep anti-rat FxlA and eluates obtained from HN

kidneys in an attempt to block the binding of the monoclonal antibodies to the target.

The polyclonal sheep anti-rat FxlA and the Heymann eluates were donated by Assoc.

Prof. T.J. Neale of the Wellington School of Medicine, Otago University, New
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Zealand. Indirect IF microscopy was perfomed as described in Chapter Three.

Sections were incubated with the monoclonal antibodies at an optimal dilution that

had been determined previously. Following washing, the sections were incubated with

serial dilutions of either sheep anti-rat FxlA or Heymann eluate. Bound antibody was

probed for with fluoresceinated anti-sheep or anti-rat immunoglobulins (Dako

I-aboratories, Denmark.). To obtain positive controls, sections were incubated with

anti-rat FxlA or Heymann eluate without prior exposure to monoclonal antibody.

Negative controls were incubated with G6 as the first antibody. Sections were also

incubated with anti-Fxl.A and Heymann eluate and then incubated with the

monoclonal antibody. Bound antibody was detected with fluoresceinated anti-mouse

immunoglobulins (Silenus l-aboratories, Australia.).

Immunoblotting experiments were carried out on nitrocellulose strips onto which an

NP 40 detergent extract of either human or rat glomerular plasma membranes had

been transferred following electrophoresis. These nitrocellulose strips were donated

by Dr. D. Kerjaschki, Institute of Pathology, University of Vienna, Austria. The

immunoblotting procedure was carried out using the anti-GMF monoclonal antibodies

as described in 6.2.6.

6.2.3 Extraction of proteins from GMF.

Soluble proteins were obtained from GMF by extraction with one of the following

detergents: 100mM 1-0-n-octyl-B-D-glucopyranoside (octylglucoside (OG),Boehringer-

Mannheim, W. Germany); l%o deorycholic acid (DOC, Sigma Chemical Co., USA,

D-6750); 8 M urea (Mathesen, Coleman and Bell, Ohio, USA); or 10 mM (3-

[cholamidopropyl)-dimethylammonio]-1-propane (CHAPS, Calbiocheq USA). OG,

CHAPS and DOC were prepared as double strength solutions in PBS containing 2

mM phenylmethyl sulphonyl fluoride and 2Vo thimerosal. GMF was prepared as

described in Chapter Three, resuspended in PBS and briefly sonicated on ice for nvo

15 second periods at setting Number 6 on a W375 sonicator (Heat Systems-

Ultrasonics, NY, USA). Aliquots of GMF containing 3 to 6 mg of membrane protein

were mixed with an equal volume of double strength detergent in buffer. Extractions

were carried out at RT for 60 minutes, and samples were agitated continuously, either

on a shaking platform (New Brunswick Scientific, NJ, USA) or a rotating wheel (H.I.

Clements and Son, Sydney, Australia). For extractions with urea, 2 ml samples of

GMF were placed in a glass beaker and stirred continuously at RT with a magnetic
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stirrer. Solid urea (1.92 g) was added slowly, and the solution was made up to a final

volume of 4 mls with ddHrO. A paraffin wax film was stretched over the beaker to

prevent evaporation during extraction and the beaker placed in a shaking water bath

at 37'C for 24 hours.

Following extraction, all samples were centrifuged at 100,000 x g for 60 minutes. The

supernatants were transferred to dialysis tubing with a high molecular weight cut-off

point of 5000 kDa. The dialysis tubing was soaked in boiling ddHrO for 5 minutes

prior to use. The supernatants were dialysed against PBS at 4"C for at least 24 hours,

with frequent changes of dialysis solution. The PBS dialysate was changed three times

at 60 minute intervals and thereafter at three hourly intervals during the day.

Following dialysis, the GMF extracts were concentrated two to five times by negative

pressure dialysis, transferred to new dialysis bags, and dialysed for a further 2 hours

against PBS. The final protein concentration of the extracts was determined by the

method of Markwell et al., (1978). The extracts were then stored at -20"C until

required.

Protein extracts were also prepared from isolated whole glomeruli. lrwis rat

glomeruli, isolated by the sieving technique, were suspended in homogenisation buffer

without aprotinin. The glomeruli were sonicated on ice (Model W375, Heat Systems-

Ultrasonics, NY, USA) at setting number 6, with disruption monitored by light

microscopy. The sonication was applied for one minute periods until no whole

glomeruli were observed. The suspension was then treated with detergents and

concentrated in an identical manner to that described for GMF.

6.2.4 SDS-PAGE.

Electrophoresis was performed as described in Chapter Five. A range of separating

gels were used, but in most cases they consisted of a 5-157o gradient gel. This was

prepared in a standard two chamber gradient maker (Pharmacia, Sweden). All gels

were overlayed with a "1, cm 4Vo stacking gel. Aliquots of GMF protein extracts, 80-

150 pl, were diluted in not less than two volumes of sample buffer, with or without

dithiothreital. Samples containing 30 to 100 pg of total protein were applied to the

gels with a glass microsyringe. Conditions of electrophoresis were as described in

Chapter Five. Following electrophoresis, gels were either processed for transfer to

nitrocellulose and subsequent immunoblotting, or stained for protein visualisation by
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either Coomassie blue G250 or silver staining as described in Chapter Five.

62.5 Dot-blot Assay.

Dot-blot assays were performed using a'Bio-Dot'microfiltration apparatus (Bio-Rad

Laboratories, Calif. USA). A nitrocellulose sheet (BA 85, Schleicher and Schuell, W.

Germany) was cut to size and prewetted in tris buffered saline (TBS, Appendix I) for

15 to 30 minutes. The nitrocellulose sheet was then positioned over the sealing gasket

and the whole apparatus assembled according to the manufacturers instructions.

GMF protein extracts were diluted in TBS containng0.3Vo BSA (TBS-0.3Vo BSA) to

a concentration of 10 pg/l,r'l. All buffers containing BSA were filtered through 0.22

prm membranes prior to use. Aliquots (200 lql) of diluted GMF were dispensed to

each of the 96 wells with a multichannel pipette. The antigen solution was allowed

to drain from the wells by graviry, a process requiring 40 to 60 minutes for

completion. When all the wells had emptied of antigen, residual binding sites on the

membrane were blocked by the addition of 200 pl of TBS-3Vo BSA which was also

allowed to drain from the wells by gravity. The wells were then washed with 200 pl

of TBS/O.3Vo BSA. Ascitic fluid, 407o SAS-precipitated globulin fractions of ascites

or cell culture supernatants, all containing anti-GMF monoclonal antibody, were

filtered through 0.22 pm membranes and then diluted in TBS-0.37o BSA. Aliquots

of 200 pl were then dispensed to each test well and allowed to drain by gravity.

Control wells received either the non-specific G6 monoclonal antibody or TBS-0.3%

BSA only. When the wells had drained, they were washed three times with TBS-

0.3Vo BSA. The wells were emptied by vacuum between washes. Bound monoclonal

antibody was detected with a horseradish peroxidase-conjugated polyclonal sheep anti-

mouse immunoglobulin (Silenus Laboratories, Australia). This detecting antibody was

diluted 1:1000 in TBS-0.3VoBSA and distributed in 200 ttl aliquots to all wells. When

the diluted second antibody had drained from all wells the washing procedure was

repeated. At this point the dot-blot apparatus was disassembled and the nitrocellulose

sheet placed in a 2 x 1.5 x 20 cm glass dish containing TBS-03% BSA and gently

agitated for 2 to 3 minutes. The buffer was then removed by vacuum and replaced

by a substrate solution consisting of TBS containing 4-chloro-1-napthol (0.5 mg/ml)

and 0.018% (v/v) hydrogen peroxide. The dish was then covered and placed on a

shaking platform. Incubation was contined at RT until colour development was

obvious. The reaction was stopped by replacing the substrate with ddHrO and

washing the nitrocellulose sheet wice in 100-150 mls ddHrO. The nitrocellulose sheet
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was air-dried prior to photography.

To examine the reactMty of the anti-GMF monoclonal antibodies with extracts of

human kidney, a collagenase digest of human GBM and a DOC extract of human

glomerular plasma membranes prepared by a similar method to rat GMF and named

hGMF, were kindly donated by Assoc. Prof. T.J. Neale, Wellington School of

Medicine, Otago University. The anti-GMF monoclonal antibodies were assayed for

anti-hcMF activiw in a manner identical to that used for rat GMF.

6.2.6 Immunoblotting.

Immunoblotting was performed as described by Towbin et a!., (L979). Following

electrophoresis, gels were equilibrated in Tris-glycine transfer buffer, pH 8.3,

containing 20%o (v/v) methanol (Appendix I) for 45 to 60 minutes. Using forceps and

latex rubber gloves, a nitrocellulose membrane sheet (BA 85, Schleicher and Schuell,

W. Germany) was cut almost to the shape of the gel, exceeding the size of the gel by

3 to 5 mm in both dimensions. This sheet was prewetted in transfer buffer, taking

great care to ensure there were no air bubbles trapped in the membrane and that it

was evenly wetted. The polyacrylamide gel and nitrocellulose membrane were then

assembled as a sandwich between layers of Whatman No. 1 filter paper and two

'Scotchbrite' pads. Care was taken to eliminate air bubbles between the gel and the

nitrocellulose sheet by gently smoothing the two components together with a 10 ml

glass test tube. The assembly of the sandwich was carried out in a large dish with all

components submerged in transfer buffer. Transfer was performed on a Bio-Rad

Trans Blot cell (Bio-Rad l,aboratories, Calif., USA), in Tris-glycine-methanol transfer

buffer overnight (13-16 hours) at 0.1A without cooling. Following transfer, one lane

of protein extract and molecular weight standards were cut from the nitrocellulose

sheet for protein visualisation by staining with 0.5Vo Ponceau S in LVo acetic acid.

The individual lanes were carefully cut from the sheet and incubated in TBS-3% BSA

for 60 minutes. The transferred proteins were then incubated with either ascitic fluid

containing monoclonal antibody, 40Vo SAS-precipitated globulin fractions or cell

culture supernatant for two to three hours. Washing was performed in TBS-0.3%

BSA; 3 washes of 5 minutes each. Bound antibody was detected either by incubation

with horseradish peroxidase-conjugated sheep anti-mouse immunoglobulin (as for dot-

blot) diluted 1:1000 (Silenus laboratories, Australia) or 1:500 (Dako l-aboratories,
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Denmark) for one to two hours, or by a biotin-streptavidin system (Amersharn" UK).

The procedure for the latter method was as follows. After incubation with

monoclonal antibody and washing, nitrocellulose strips were incubated with a biotin

labelled polyclonal anti-mouse immunoglobulin diluted l/500 in TBS-O.3Vo BSA for

one hour. The nitrocellulose strips were washed three times in TBS-0.37o BSA and

then incubated in a streptavidin-horseradish peroxidase conjugate diluted 1/500.

Following three washes in TBS-0.3Vo BSA" the nitrocellulose strips were incubated in

4-chloro-1.-napthol 0.5 mg/ml and 0.0187o ltydrogen peroxide in TBS for colour

development.

6.2.7 Immunogold electron microscopy (ImAu EM).

All ImAu EM studies were kindly undertaken by Ms. N.S. Fernando, Junior Research

Fellow, Renal Immunopathology Division, Wellington School of Medicine of Otago

Universiry, Wellington.

a. Post-embedding ImAu EM.

Renal cortical tissue was obtained from a normal l-ewis rat immediately following

sacrifice by carbon dioxide inhalation. Tissue pieces approximately 1, mm'were fixed

in'J.Vo glutaraldehyde at RT for a minimum of 30 minutes and then washed in PBS.

The tissue was reacted with lVo amrnonium chloride in PBS for one hour to quench

aldehyde groups (Brown and Revel,1976), washed in PBS and then dehydrated in a

progressive series of ethanols (50-100%) at -2tr C. Infiltration of the tissue fragments

with LR White resin (lnndon Resin Company, UK) was carried out over a minimum

period of 48 hours and the infiltrated tissue embedded in gelatin capsules.

Polymerisation of the resin was achieved by the addition of LR White accelerator at

-2V C. Gold to pale-gold ultrathin sections were collected on Formvar-coated

(Probing and Structure Ltd., Queensland, Australia) gold or nickel grids. The sections

were incubated with anti-GMF monoclonal antibodies for one to five hours at either

RT or at 37" C. The sections were then washed for t5 minutes in TBS, pH 7.4,

containing either O.tVo (v/v) Tween 20 (Sigma, Chemical Co., USA) or 0.1,%o (*/u)
BSA as a blocking agent, followed by a further wash in distilled water. The sections

were then incubated with a gold-conjugated goat anti-mouse IgG-IgM (Janssen

I-aboratories, Denmark) for one to five hours at RT or at 37" C. The gold particle

diameters were 5, 15 or 30 nnr" All antibodies were diluted in TBS containrng"l.To
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Tween 20. Following the antibody incubations, the sections were counter-stained with

ZVo uranyl acetate in 50Vo ethanol for four minutes and for two minutes with lead

citrate as described in Chapter Three. Sections were viewed in either a Zeiss 109

TEM (Carl Zeiss, W. Germany), or a Philips 20K TEM (Philips, Holland).

b. Pre-embedding ImAu EM.

Normal I-ewis rats were injected IV with 5mg of a40Vo SAS-precipitate of monoclonal

antibody-containing ascites two hours prior to sacrifice by ether anaesthesia.

Immediately upon sacrifice, the kidneys were perfused wtth 27o paraformaldehyde in

PBS via the aorta for three to five minutes. The kidneys were then removed and

placed in a beaker containing2Vo paraformaldehyde in PBS for 30 minutes. After a

ten minute wash in PBS, the kidney was snap frozen in liquid nitrogen and sections

6 pm thick were cut on a cryostat (Tissue Tek, Miles Scientific, Il, USA). The cut

sections were placed in PBS prior to incubation with a gold-conjugated anti-mouse

IgM-IgG antibody (Janssen l-aboratories, Denmark) for one to five hours at either RT

or at 370 C. Following incubation, the sections were washed in PBS for ten minutes

and then placed in half strength Karnovsky's fixative (Appendix II) for one hour,

followed by a further hour in 0.5 M sucrose-O.2 M sodium cacodylate buffer at RT.

The sections were then processed as described in Chapter Three. Ultrathin sections

were cut on an ultratome and viewed in one of the transmission electron microscopes

described above.

6.3 Results.

6.3.1 Reactivity with renal tissue,

The renal reactivities of the anti-GMF monoclonal antibodies determined by indirect

IF microscopy are shown in Table 6.1. Initial screening of the monoclonal antibodies

was performed with supernatants obtained from cultures of the hybridoma cells. The

IF staining produced wari generally weak; however, the coarse granular patterns of IF

staining produced by SC5, ASD5, BSGll and PH7 were of interest, and these

monoclonal antibodies were selected for further studv.

Initial IF microscopy studies on cell culture supernatants from SCs, ASD5 and BSGll
indicated that these three monoclonal antibodies reacted only with glomeruli,
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Table 6.1.

Reactivity sites of anti-GMF monoclonal antibodies as determined
by indirect IF microscopy on normal rat kidney.

Monoclonal Glomerular
Antibodv IF Pattern

Site of Reactivity

9-F4

9-E8

9-F10

9-D11

9-C11

9-84

9-C9

PH7

APElO

BPC4

2-812

2-CL2

ASElO

sc5

ASD5

BSG11

Diffuse, hazy,
granular.

Diffuse, granular,
pan-glomerular.
Weak, fine granular.

Diffirse, fine
granular.
Granular.

Fine granular.

Fine granular.

Coarse granular.

Granular.

Circular inclusions.

Coarse granular.

Granular.

Weak segmental,
granular.
Course granular.

Coarse granular.

Coarse granular.

EP membrane,
vessels.

Membranes and
cytoplasm.
Indeterminate.

EP cell
membrane.
Indeterminate.

Indeterminate.

EP cell membrane
and cytoplasm.
EP and tubular
membranes, BC.
EP cells and
vessels.
Nuclear membranes.

EP membrane.

Indeterminate.

EP membrane.

glomerular and
tubular EP, BB.
Mesangium, ED, BB,
pT capillaries.
EP, pT capillaries
and BB.

Cryostat sections of normal l-rwis rat kidney were stained by indirect IF microscopy.

EP - epithelial cells.
ED - endothelial cells.
pT - peritubular.
BB - tubular brush border.
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producing a coarse granular pattern of glomerular staining. In addition, PH7 also

reacted strongly with glomeruli, exhibiting a similar coarse granular pattern of staining,

and weakly with tubules. Subsequent indirect IF microscopy studies, performed with

affinity-purified monoclonal antibody, revealed that reactivity of these monoclonal

antibodies was not confined to glomerular antigens as suggested by the results using

cell culture supernatants. Fig. 6.1 shows the reactivity of SC5 with normal lrwis rat

kidney. The overall staining of the glomerulus is a coarse granular pattern. Staining

of proximal tubular cell membranes and tubular brush border membranes is also seen.

ASD5, which also appeared to stain only glomeruli in the initial screening, was shown

to react with a number of other renal structures when affinity-purified antibody was

used as the primary antibody (Fig. 6.2). ASD5 reacted with glomerular endothelial

and mesangial cells, as well as with tubular brush borders and peritubular capillaries.

It did not appear to react with epithelial cells. Affinity-purified BSG11 also reacted

with a number of renal structures (Fig 6.3). The glomeruli were stained in a coarsely

granular pattern, and the reactivity was most likely associated with epithelial cell

membranes. There was a punctate staining of the tubular brush borders and staining

also of the peritubular capillaries. The IF staining produced by PH7 was also in a

coarse granular pattern. Reactivity with glomerular epithelial cell and tubular cell

membranes and also with Bowman's capsule was observed. PH7 was the only

monoclonal antibody that gave a positive reaction with Bowman's capsule.

6.3.2 Reactivity with non-renal tissues.

The monoclonal antibodies selected for in vivo studies, ASD5, SC5, PH7 and BSGl1,

were examined to determine whether the individual antigen with which each reacted

was restricted to the kidney or had a wider tissue distribution. The binding of these

monoclonal antibodies to extrarenal tissues is shown in Table 6.2. The monoclonal

antibody G6, which did not bind to kidney, was examined for non-renal reactivity to

determine its suitability as a negative control for in vivo studies; G6 did not bind to

any of the tissues examined. PH7 was found to bind to all tissues, although reactivity

with spleen and liver was inconsistent. The reactivity of PH7 with gut was marked as

seen in the photomicrograph of Fig. 6.4. ASD5 reacted with all tissues examined, with

the exception of liver, heart and brain. Like PH7, ASD5 also reacted strongly with

gut (Table 6.2), and the pattern of staining was similar to that obtained with PH7

(Fig. 6.5). The reactivity of SC5 was somewhat more restricted than PH7 and ASD5.

Beside its renal reactivities, SCs reacted with cardiac muscle (Fig. 6.6) and showed
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Figures 6.1 to 6.3.

Immunofl uorescence staining pattern of affinity-

purified anti-GMF monoclonal antibodies.

6.3

Normal I-ewis rat kidney was incubated with the respective monoclonal antibody.

Bound mouse immunoglobulin was detected with an FITC polyclonal anti-mouse

serum. Original magnification of all micrographs was x 160.

6.2
6.1

Fig. 6.1 - SC5; Fis. 6.2 - ASD5; Fig. 6.3 - BSG11
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TabLe 6.2.

Reactivities of anti'GMF monodonal antibodies

with non-renal tissues.

APHT ASD5 sc5 BSG11 G6

Spleen

Gut

Skeletal

muscle.

Lung

Liver

Cardiac

muscle.

Aorta

Brain

+

+

+

+

t

+

+

+

+

+

+

+

t

+

+

+

+

+

+

+

+ +

Tissues obtained from normal I-ewis rats were examined by indirect IF microscopy

using affrnity-purified monoclonal anti-GMF as the primary antibody.

+ Indicates a positive staining of the tissue.

- Indicates a negative result.

t Inconsistent, irregular staining.
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Figures 6.4 - 6.5.

lmmunofluorescence staining patterns of the anti-GMF
monoclonal antibodies PH7 and ASD5 on rat intestine.

Cryostat sections of small intestine from a normal Lewis rat were incubated with the.
respective monoclonal antibody. Bound mouse immunoglobulin was detected with an

FITC anti-mouse semm.

Fig.6.4. - PH7; Fig.6.5. - ASD5.
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Figure 6.6.

Immunofluorescence staining pattern of SC5 on

rat cardiac muscle.

Cryostat sections of cardiac muscle from the left ventricle of a normal I-ewis rat were

incubated with SC5-containing ascites. Bound mouse immunoglobulin was detected

with a polyclonal anti-mouse serum.

UCfOntn UNTVERSTTY OF WELLINGT'0I''/'
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inconsistent patchy reactivity to three other non-renal tissues (Table 6.2). BSGl1

reacted with lung, liver, aorta and brain. The staining of lung by this monoclonal

antibody was particularly strong (Fig. 6.7).

6.33 Interspecies reactivity.

The reactivities of ASD5, PH7, SC5 and BSGll with human, sheep and rabbit kidney

are shown in Table 6.3. SC5 only reacted with the glomeruli of human kidney. The

pattern of staining was granular, similar to that obtained on rat kidney. PH7 reacted

with the glomeruli and tubules of all three species. It did not appear to stain the

vessels. ASD5, but not BSG1l, reacted with human kidney. Both of these reacted

with sheep kidney, and the pattern of staining was similar to that observed on rat

kidney. On rabbit kidney, ASD5 stained the glomeruli but did not stain the tubules.

It did, however, react with vessels. BSGll reacted with rabbit glomeruli and weakly

with rabbit tubules.

6.3.4 Cross-reactivity with Heymann nephritis antigens.

Neither polyclonal sheep anti-rat FxlA, nor eluates from Heymann nephritic kidneys

were able to block the binding of ASD5, SCs, PH7 or BSG11 to rat kidney. The

staining patterns of the monoclonal antibodies, obtained after prior exposure of the

kidney sections to either of the reagents, were identical to those obtained on sections

incubated with the monoclonal antibodies alone. Attempts to block the binding of

sheep anti-rat FxlA or Heymann eluates by anti-GMF monoclonal antibodies were

also unsuccessful. These results indicated that the epitopes with which the monoclonal

antibodies were reactive were unlikely to be significant in the pathogenesis of HN.

6.3.5 SDS-PAGE profiles of GMF extracts.

In all protein extraction e4periments using GMR with the exception of urea extracts,

the recovered, solubilised protein, expressed as a percentage of weight of the starting

material, was 10Vo to 23Vo. The electrophoretic profile of OG, CHAPS and DOC

extracts of GMF are shown in Fig. 6.8. Approximately 40 p,g of OG and CHAPS

protein extract and 50 pg of DOC extract were applied to a 5-15Vo gradient gel. The

general high background silver staining and poor resolution seen with the DOC extract

was typical of the behaviour of this extract when subjected to SDS-PAGE. In some
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Figure 6.7.

Irnmunofl ouorescence staining pattem of BSG 1 l-containirg
ascites on normal l-ewis rat lung.

A cryostat section of rat lung was incubated with BsG1l monoclonal antibody. Bound
mouse immunoglolrtlin was detected with an Frrc polyclonal anti-mouse
immunoglobulin semm.
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Table 63.

Interspecies kidney reactivities of anti-GMF monoclonal antibodies.

Monoclonal Human Shecp Rabbit

aqtibsdy G. T" V. G. T. V. G. T. V.

G glomeruli.

T tubules.

V vessels.

+ denotes positive staining.

t denotes irregular, inconsistent staining.

. denotes a negatlve staining.
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Figure 6.8.

SDS-PAGE profile of soluble proteins obtained by

detergent extraction of GMF.
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-

45KD

D0c OG CHAPS

Samples of protein extracts were applied to the wells of a 5-15Vo gradient

polyacrylamide gel and electrophoresed as described in the text. The gel has been

silver-stained.
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cases the resolution was such that it was impossible to clearly define the protein

bands due to the 'smearing' (Fig. 6.9). Running non-reduced samples of DOC extracts

on the gel and extensive dialysis of the extracts (>72 hours) did not eliminate the

'smearing'. A number of protein bands were common to all three extracts with major

bands appearing at 66 and 33 kDa. Few protein bands greater than 100 kDa were

observed, and the majority of the proteins extracted by these detergents were less than

66 kDa. The sensitivity of Coomassie blue staining of gels was insufficient to detect

some of the proteins extracted. Fig 6.10a shows an SDS-PAGE gel stained with

Coomassie blue. Few bands were evident in the DOC, urea or OG extracts, however,

the molecular weight markers were clearly visualised. Following photography the gel

was destained in 40Vo methanolll}Vo acetic acid for 24 hours at37" C, and then silver

stained (Fig. 6.10b). A number of bands were visualised in all three extracts which

were not detected by Coomassie blue. Although the silver staining allowed

visualisation of proteins present in low concentration, it made identification of the

molecular weight standards more difficult. The molecular weight standards used were

obtained from Bio Rad l^aboratories. It was clear that there were a number of

proteins present in addition to the named standards.

A number of problems were encountered with 8M urea extracts of GMF. The

extracts obtained were inconsistent in their protein yields, and in some extraction

experiments, no proteins were visualised after SDS-PAGE and silver staining of the

gels, in spite of adding normal amounts of protein to the gels.

Proteins were also solubilised from isolated whole glomeruli (Fig. 6.11). The extract

obtained from whole glomeruli contained numerous proteins larger than 100 kDa

which were not present in extracts obtained from GMF. The 66 kDa protein common

to OG and CHAPS extracts of GMF was also present in extracts from whole

glomeruli. The 33 kDa band which is common to both OG and CHAPS extracts of

GMF was not found in extracts from whole glomeruli. As could be expected, there

was overall a greater number of proteins appearing in the extract obtained from

isolated whole glomeruli than in the extract obtained from GMF.
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Figure 6.9.

SDS-PAGE profile of samples of DOC extracts of GMF

200 kDa

1-76 kDa

98 kDa

42

66 kDa

kDa

Samples (60pg) of DOC extracts of GMF were reduced by dithiothreitol, applied to

the lanes of a lIVo polyacrylamide gel and electrophoresed as described in the text.

The gel has been silver-stained. ranes one and two are duplicate samples.

<
<
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Figure 6.10.

Comparison of Coomassie blue and silver for the

staining of SDS-PAGE gels.

+ 2O)kDa

+- 7 7 6kDa

<+ 9 SkDa

66kDa

-F

4 2kDa

3lkDa

eE

t-:'- ,i

4

Samples were applied to a 5-L5Vo polyacrylamide gel. Following electrophoresisn the

gel was stained with Coomassie blue (A) and then silver (B).

lane 1 - DoC extract of GMF; I-ane 2 - r-ow molecular weight standards;

I-ane 3 - High molecular weight standards; [-ane 4 - 8M urea extract of GMF;
I-ane 5 - OG extract of GMF.
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Figure 6.11.

Electrophoretic profiles of OG and CHApS extracts

obtained from GMF and isolated whole glomeruli.

t 200 kDa

ts 1-76 kDa

ts 9g kDa

+ 66 kDa

-

42 kDa

Samples of OG and CHAPS extracts obtained from GMF and isolated whole
glomeruli were electrophoresed on a 5-l5Vo polyacrylamide gel. The gel has been
silver-stained.

r,ane 1 - oG extract of GMF; rane 2 - cHAps extract of GMF; Lane 3 - oG extract
of whole glomeruli; I:.ne 4 - cHAps extract of whole glomeruli.

4321
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6.3.6 Reactivity of anti-GMF monoclonal antibodies with protein extracts of
GMF and isolated whole glomeruli.

Dot-blots.

Initial screening to determine whether the monoclonal antibodies would react with the

GMF extracts was done by dot-blot assay. A summary of anti-GMF activity as

assessed by Dot-blot is given in Table 6.4. The reactivity of a series of doubling

dilutions of the anti-GMF monoclonal antibodies ASD5 and SC5 with DOC extracts

of GMF are shown in Fig. 6.12. The non-kidney binding IgM monoclonal antibody

G6 did not react with the DOC extract at any of the dilutions. SC5 was seen to react

strongly with the DOC extract to a dilution of L/200 and weakly at a dilution of

1,/400. ASD5 reacted strongly with the extract at a dilution of 1/25 and less strongly

at l/50 and 1/100. It did not react at dilutions greater than 1/100. The reactivity of

both SC5 and ASD5 on normal rat kidney, assessed by indirect IF microscopy, was

greater than 1/800 (the greatest dilution examined). ASD5 and SC5 were also shown

to react with OG and CHAPS extracts of GMF (Fig 6.13). SC5 was seen to react

strongly with all three extracts. ASD5 reacted strongly with the DOC extract as

already seen and moderately with the CHAPS extract. Only weak reactivity was

observed with the OG extract. G6 did not react with anv of the extracts examined.

PH7 and BSG11 were also shown to react with all three extracts (Figs. 6.14 and 6.15).

Both BSG1l and PH7 reacted strongly with the DOC extract of GMF (Fig. 6.1a), with

PH7 showing a slightly stronger reaction than BSG11. No reactivity was seen in the

control well which received the non-kidney binding monoclonal antibody G6. When

examined for reactivity with OG and CHAPS extracts, (Fig. 6.15), PH7 again showed

a slightly stronger reaction than BSGl1. Both monoclonal antibody preparations

reacted with normal rat kidney to a dilution greater than 1/800, as determined by

indirect IF microscopy. The control well which did not receive antigen was negative.

ASD5, SC5, PH7 and BSGl1 were examined to determine reactivity with a

collagenase digest of human GBM and a DOC extract of hGMF. ASD5 reacted with

both of these preparations from human kidney (Fig. 6.16). No reactivity with either

the collagenase digest or DOC extract of hGMF was observed with SC5, PH7 or

BSG11.
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Table 6.4.

Reactivity of anti-GMF monoclonal antibodies with protein

extracts of GMF examined by Dot-blotting.

Monoclonal Extracts

antibody Rat GMF Human GMF

CI{APS OG DOC Collagenase DOC

G6

sc5

.ASD5

PH7

BSGll

+++ +++ +++
++ + +++
+++ +++ +++
++ ++ +++

+++ +++

- Negad\€

+ W,eak positive

+ + Moderate positive

+++ Strongpositive
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Figure 6.12.

Dot-blot assay of ASD5 and SC5 monoclonal antibodies

on DOC efiract of GMF.

ao c,a
oo @o

eo
123456 910

Aliquots (200 pl), of a solution of DOC extract from GMF containing 2 pg, were

distributed to the wells in the even numbered vertical rows. The wells in the odd

numbered rows received TBS/0.3Vo BSA only.

Doubling dilutions of SAS fractions of SC5, ASDS and G6 ascites were made in

TBS/O.3Vo BSA and 200 ttl aliquots distributed to the horizontal rows.
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Row A - G6; Row B - SC5; Row C - ASD5.
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Figure 6.13.

Dot-blot assay of anti-GMF monoclonal antibody reactivity with
DOC, OG and CHAPS protein extracts of GMF.

sc5

ASD5 (o

D0c OG CHAPS

Aliquots of 200 pl containing 2 pg of the GMF extracts were distributed to a group

of four wells as indicated. The anti-GMF monoclonal antibodies ASD5 and SC5 were

diluted l/25 inTBS/0.3Vo BSA and 200 pl aliquots distributed to every second well
in the horizontal rows as indicated. The remaining control wells received 200 pl of a
1'/25 dilution of the non-kidney binding monoclonal antibody G6.
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Figure 6"14.

Dst-blot assay of anti€MF monoclonal autibodies

PH7 aqd BSG11, reacthity with DOC cxtract of GtrviF.

G6 PIIT BSGL7

DOC

DOC

Aliquots of 200 pl containing Z pg'd DOC exfiact of GMF were distributed to all
wells, folloq'ed by 200 pl of an SAS precipltate of the monoclonal antibodies diluted
Ll25 n TBSIaSYo BsA

Rows 1 and 2 are dupticares.
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Figure 6.15.

Dot-blot assay of reactivity of anti-GMF moaoclonal antibodies

PH7 and BSGll with OG and CHApS extracts of GMF.

TBS

CHAPS-

OG

BSGl 1

Asc
PH7 PH7

Asc TC Snt

Aliquots of 200 pl containing 2 pE af the GMF extracts were distributed to the
horizontal rows as indicated. The top row received 200 pl of TtsS/o.3Vo BSA only,
followed by the indicated monoclonal antibody. BSG11 and PH7 ascites were diluted
t/25 inTBS/0.3Vo BSA; PH7 tissue culture supernatant was used undiluted.
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Figure 6.16.

Dot-blot assay of ASD5 against a collagenase digest

and a DOC extract prepared from hGMF.

Col I agenase

OODoc

ASDs hGMF

Aliquots of 200p1 containing 2 pg of. DOC extract or 5 pg of collagenase digest of
hGMF were distributed to the test wells. Negative control wells received TBS/0,3Vo

BSA only.

a - Test well.

b - Control well.
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b. Immunoblots.

Extracts of GMF were subjected to SDS-PAGE, transferred to nitrocellulose

membranes and then probed with the selected anti-GMF monoclonal antibodies. The

transfer of proteins from the gel to the nitrocellulose is shown in Fig. 6.17. The

polyacrylamide gel was not from the same gel that was transferred to the

nitrocellulose. The transferred proteins were clearly visualised by staining with

Ponceau S, although the bands were not as compact as observed on the

polyacrylamide gel. This may be accounted for by diffusion of the protein bands

during transfer. The molecular weight standards were clearly seen to have transferred

well, although the 200 kDa standard, myosin, was less intense than observed by either

Coomassie blue or silver staining of the polyacrylamide gel, indicating that this protein

may not have been transferred as efficiently as the lower molecular weight proteins.

A summary of anti-GMF monoclonal antibody reactivity with protein extracts of

isolated glomeruli and GMF, defined by immunoblotting experiments, is given in

Tables 6.5 and 6.6.

An 8M urea extract, obtained from isolated Irwis rat glomeruli, was electrophoresed,

transferred to a nitrocellulose membrane and then probed with SC5 ascites.

Reactivity bands were observed at L75,760,120 and 53 kDa (Fig. 6.18). Some minor

reactivity may have been present with proteins in the 195 - 230 kDa range, though

interpretation of this was made difficult by the high background staining. Several

attempts were made to reproduce this result with the urea extract on both reduced

and non-reduced protein transfers, but the attempts were unsuccessful. Urea extract

transfers were also probed with PH7, ASD5 and BSGll. All returned a negative

result.

The results obtained with BSGll on transfers of OG and CHAPS extracts are shown

in Fig. 6.19. The samples of extracts were not reduced prior to electrophoresis.

Reactivity bands were observed at 100, 65, 62.5,47,43,42, and 15 kDa. A number

of immunoblotting experiments were conducted with BSG11 on DOC extracts. Whilst

it was possible to reproduce the results obtained with OG and CHAPS extracts with

crude ascites and SAS precipitates of BSGll ascites, results with DOC extracts were

consistently negative, even when affinity-purified BSG1l monoclonal antibody and the

biotin-streptavidin detection system were used.
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Figure 6.17.

Transfer of proteins from polyacrylamide

gels to nitrocellulose sheets.

<- 92.5 KD

+ 56.2 KD

+45 KD
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#w
40-Pg of a CHAPS extract of GMF-was electrophoresed on a 5-L5Vo gradient
polyacrylamide gel and then transferred to a nitroce[ulose sheet as describe-d it th"
methods.

a. Polyacrylamide gel of CHAPS extract, silver-stained.

b. Nitrocellulose strip following transfer of the CHAPS extract from the gel.

c. Nitrocellulose strip following transfer of molecular weight standards from the gel.

The nitrocellulose strips were stained with ponceau S.

--:.GJ
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Table 6.5.

Imrnmoblot reactivig of anti-GMF rnonoclonal antibodies

with protein extracts of isolated rat glomemli.

Monoctronal Protein extracts

antibody lJ,f,ea CHAPS OG DOC

175 96 96

160 32 32

120 t0 !o

53 14 L4

G6

sc5

AD5

PH7

35

74 t4

13

11

ND ND NDBSG1l

The reactirities of the anti-GMF monoclonal antibsdies with protein bands of
detergent extras,ts of isolated glorneruli are shown in lcDa.

ND denotes not done.
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Table 6.6.

Irnmunoblot reactivity of anti-GMF monoclosal antibodies

with protein extracts of rat GMF.

Urea

hotein extracB

CHAPS OG

78

G6

sc5

ASD5

PH7

BSGll

96

82

78

55

52

44

42

37

100

65

62.5

47

43

42

15

100

65

62.5

47

43

42

15

The reactivities of the anti-GMF rnonoclonal antibodies with protein bands of
detergent extrac'ts of rat GMF are shown in kDa.
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Figure 6.1.8.

Immunoblot of SC5 ascites against an 8 M
urea extract of isolated glomeruli.

An 8 M urea extract of isolated glomeruli was electrophoresed on a 7.5Vo

polyacrylamide gel and then transferred to a nitrocellulose membrane. The transfer

was probed with SC5 ascites as described in the methods.
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Figure 6.19.

Immunoblot of BSGll against DOC, and OG

extracts of GMF.

KDa

100*

65 *

47*

?f* " 
+

Samples,containing l0 pg of the protein extracts were electrophoresed on a 5 - l5Vo
polyacrylaqude 

-g-e]._The proteins were transferred to a nitroc"Uulor. membrane and
probed with an SAS precipitate of BSGl1 ascires diluted t/25 i;TBilosf" BSA as
described in the merhods.

Lane 1 - OG extract; Lane 2 - CHAPS extract.
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Initial immunoblotting experiments with SC5 on extracts of GMF were unsuccessful.

The experiments were repeated using extracts obtained from isolated glomeruli. The

results show SC5 to be reactive with a large number of protein bands (Fig. 6.20).

Reactivity was seen with a protein band at 96 kDa and with a large number of bands

between 32 and 14 kDa. The immunoblotting experiments using CHAPS extract from

GMF were repeated using the biotin-streptavidin detection system. The results clearly

showed that SC5 reacted with protein bands at 96, 82 and 78 kDa; two further

reactive bands of lesser intensity were seen at 55 and 52 kDa. A large amount of

reaction product is also seen with low molecular weight proteins, this finding, however,

was not consistent (Fig. 6.21). Results of immunoblots using OG extracts of GMF

were inconclusive. On two occasions a faint band was observed at 78 kDa" but the

finding was inconsistent. SC5 did not react with DOC extracts of GMF.

The immunoblot reactivity of PH7 with OG and CHAPS extracts of isolated glomeruli

is shown inFig.6.22. A reactive band was visible at 14 kDa and nvo further bands

of lesser intensity at 1.3 and 11 kDa with the CHAPS extract. A very faint band of

reactivity may have been present at 14 kDa with the OG extract. No reactivity was

observed with the DOC extract. Immunobloting experiments with PH7 against DOC,

OG and CHAPS extracts of GMF were consistently negative.

Immunoblotting results with ASD5 were inconclusive. Fig. 6.23 shows ASD5 blotted

against a CHAPS extract of GMF. Three faint bands of reactivity were visible at 44,

42 artd 37 kDa. The blot was probed with a L/10 dilution of affinity-purified ASD5,

bound monoclonal antibody was detected with HRP-conjugated anti-mouse

immunoglobulin antibody. This result was unable to be reproduced using the HRP-

conjugated anti-mouse immunoglobulin antibody or with the biotin-streptavidin

detection system. In one experiment using CTIAPS extract from isolated glomeruli,

a faint band was visible at 35 kDa (data not shown). UnfortunatelS this result also

could not be reproduced. Immunoblotting experiments, undertaken by Mrs M Callus,

Scientific Officer, Renal Immunopatholory Divisioq Wellington School of Medicine,

revealed that ASD5 did not react with any protein bands present in either the

collagenase digest ef fiuman GBM or the DOC extract of hGMF.

ASD5, PH7, BSGll and SC5 were blotted against an extract of rat FxlA Repeated

attempts, using affinity-purified monoclonal antibody and the streptavidin deteaion

system, failed to detect any reactivity with any of the monoclonal antibodies.
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Figure 6.20.

Immunoblot of SC5 against OG and CIIAPS

extracts of isolated glomeruli.

< 32kDa

Samples of OG and CHAPS extracts _g!-isolated glomeruli, containing 50 pg of
protein, w-ere electrophoresed on a 5-15% polyacrylanride gel. The priteins'#ere
transferred to a nitrocellulose membrane anil piobdd with se5 ascitei Oit rtrO tTzS
in TBS/0.3Vo BSA-

lane 1 - CHAPS extract; Iane Z - OG extract.
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Figure 6.21.

Immunoblot of SC5 against CHAPS extract of GMF

A sample of a CHAPS extract of GMF was electrophoresed on a 5'15%o

polyacrrylamide gel. The proteins were transfened to a nitrocellulose membrane and

fro'bed with an SAS precipitate of SC5 ascites diluted 1/25. Bound mouse monoclonal
antibody was detected by a biotin streptavidin system.
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Figure 6.22;

Imurnoblot of PH? with CHAP.S and OG Effiacr$,

of isolated glomenrli.

*14 KD:a

Sanples of CIIAPS and OG exrracts of iqqtate(l Soner-ub contalniug, 50 fig of
protefu, were-eleetrophoresed onaS-tl%gradient poTyactytamiOe get anO-transfefrJ
to g nitrrocelLul-ose memh.rane; The blot -was proUeO t*itn a Ll# Omti"r of pltrT
asci:tes. Bsund moDodoiat 

-lotibogy was deteetEd,with a polycldnal HRp-eonjugated
anti-moue imnmrrnoglobulin antibody.

Iane 1 - CIIAPS extraet lane 2. O-C effract.
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Figure 6.23.

Immunoblotting of ASD5 against CHAPS extract

of GMF.

ir

I

I

2OO KD

116.25 KD

92.5 KD

66.2 KD

45 KD

31 KD

21 .5 KD

14.4 KD

A samplg of CHAPS extracl of GMF containing 45 ;t9of protein was electrophoresed
on a 5-l5Vo polyacrylamide gel. Following transfer to a nitrocellulose membiane, the
Ulgl yry pt$.d with affinity-purified ASD5 monoclonal antibody diluted 1/10 in
TBS/0.37o BSA

I-ane 1 - Nitrocellulose strip, transfer of molecular weight standards stained with
Ponceau S.
Iane 2 - Nitrocellulose strip, transfer of protein bands stained with Ponceau S.
I-ane 3 - Immunoblot, ASDS.
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6.3,7 Immunogold electron microscopy (ImAu EM).

Attempts to localise the sites of reactivity of the monoclonal antibodies at the

ultrastructural level using both the pre and post-embedding ImAu EM techniques

were unsuccessful. The Renal Immunopatholory l-aboratory at the Welligton School

of medicine has extensive experience in the localisation of both polyclonal and

monoclonal antibody reactivity at the ultrastructural level by ImAu EM (Fernando e!

al., 1989; Neale e! al., 1988; Boyce el a!., 1989). Considerable efforts were made over

two years using variations of incubation time and temperature and antibody dilution.

Monoclonal antibody-containg ascites, SAS precipitates of these ascites and affinity

purified antibody were all used in an attempt to localise binding. In some electron

micrographs from post-embedding sections incubated with ASD5 and PH7, localisation

of gold particles over the cell nucleus was observed (Fig. 6.2a a and b). All

experiments using SC5, BSG11 and the non-kidney binding control monoclonal

antibody G6 gave negative results.

6.4 Discussion.

There have been occasional reports in the literature on the production of monoclonal

antibodies to renal antigens (Ueda cl d., 1981; Falkenberg el aI., 1981a" 1981b;

Mendrick e! d., 1983; Kerjaschki and Farquhar, 1983; Nishi 9I al., 1984; Ronco el al.,

1984a" 1984b; Bander e! al., 1985). Although a number of the monoclonal antibodies

generated in these studies produced a granular IF pattern of staining, the majority

produced linear staining. This could be accounted for by the type of immunogens

employed which were generally a complex mixture of kidney cells and membranes.

All but one of the monoclonal antibodies generated in the present study produced a

granular pattern of immunofluorescence. The only exception was BPC4 which had

specificity for an antigen present in the the nuclear membrane. None of the

monoclonal antibodies produced a linear IF pattern on the glomerular capillary wall

as would be typical of a classical anti-GBM binding pattern. Mendrick gt al., (1983)

reported that the specificity of 6 out of 11 kidney-fixing monoclonal antibodies resided

in the glomerular basement membrane. The monoclonal antibodies in that studywere

prepared from the splenocytes of a mouse which had been immunised with an

homogenate of rat kidney cortex. When examined by IF microscopy for extrarenal

binding, the reagents were shown to react with either epithelial or endothelial cells
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Figure 6.24.
Post-embedding ImAu EM.
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Ultrathin sections of normal kwis rat kidney were incubated with ASDS or pH7
affinity-purifi ed p onoglgryl.anribody. Bound mbuse monoclonal antibody was detected
by a l0 n- gnJq particleJabelted anti-mquse IgG and IgM. Gold p*ii.l.r are seen
over the nuclei in both micrographs. Originat magnificatiin of both micrographs was
x 25,000.

A PH7. B. ASDs.
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from a variety of tissues, including smooth muscle, cardiac muscle and intestinal

mucosa. Nishi e! al. (1984) reported the production of a monoclonal antibody A.4

which stained the GCW and tubular cell cytoplasm as well as the epithelial cells of

the intestinal mucosa. In the present study, PH7 and ASD5 both reacted strongly with

intestinal brush border. These two monoclonal antibodies had the widest distribution

of reactivity in the tissues examined. Chatelet 9191. (1986b) reported on the reactivity

of a monoclonal antibody raised against a crude brush border preparation isolated

from rat kidney cortex. When administered IV, transient glomerular deposits were

obsenred, being ma:rimal at one to four hours. By immunoblotting, this antibody was

shown to react with a 90 kDa protein, and by IF microscopy stained both renal brush

borders and glomerular epithelial cells. Non-renal reactivity of this reagent wurs

primarily with intestinal brush border, the biliary pole of hepatocytes and with

capillary endothelial cells of heart, lung, liver and spleen.

None of the four kidney-fixing anti-GMF monoclonal antibodies examined in the

present study were specific for rat kidney. SC5 showed the greatest restriction by only

reacting with rat and human kidney and PH7 the least by reacting with kidney from

all three species in addition to rat. These results contrast with the species specificity

of the monoclonal antibodies generated against homogenised rat glomeruli by

Mendrick et al. (1983), who reported that nine out of fourteen kidney-tixing

monoclonal antibodies were considered to be specific for rat kidney.

The monoclonal antibodies SC5, ASD5, PH7, and BSG11 were unable to block the

binding of anti-rat FxlA antibodies or HN eluates to normal rat kidney, neither were

the anti-FxlA serum or the HN eluates able to inhibit the glomerular reactivity of the

anti-GMF monoclonal antibodies. These results suggested that the epitopes

recognised by these anti-GMF monoclonal antibodies were not significantly involved

in the pathogenesis of Heymann nephritis.

The recovery of solubilised proteins, following detergent extraction of GMF,

representing 10 to 23Vo of the starting material, although regarded as an adequate

extraction, only provided small amounts of material for use in immunoblotting

experiments. The yield was too low in most cases and an alternative source of antigen

was needed. Considerably greater amounts of protein were extracted from whole

glomeruli; however, a large percentage of this protein would have been unlikely to be

present in the immunising GMF preparation. The anti-GMF monoclonal antibodies
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would not necessarily therefore react with these non-GMF proteins. The antigens

present in the GMF preparation, and to which the monoclonal antibodies were

directed, would also be present in the extracts of whole glomeruli. As the protein

yield from the extracts of whole glomeruli was much greater than from the GMF

extracts, it was felt that this preparation could be used as an alternative target antigen

in immunoblotting experiments.

Results from dot-blot experiments indicated that all four of the anti-GMF monoclonal

antibodies selected for study reacted with all of the detergent extracts. This indicated

that the specific antigens with which the monoclonal antibodies reacted were indeed

solubilised by the extraction procedures adopted and that the extracts could therefore

be employed as the target antigen in immunoblotting experiments. The result

obtained with ASD5 was unexpected. Indirect IF microscopy studies had indicated

that this monoclonal antibody did not react with normal human kidney, yet dot-blot

experiments clearly showed a strong reactivity with both the collagenase digest of

human GBM and the DOC extract of hGMF. To investigate this finding further,

Mrs M Callus, Scientific Officer, Renallmmunopathology Division, Wellington School

of Medicine, Otago University, undertook to examine ASD5 by microELISA against

hGMF and by immunoblotting against the collagenase digest of human GBM and the

DOC extract of hGMF, and also repeated the indirect IF microscopy studies on

normal human kidney. The results showed that ASD5 did not react with either

prepartion in microELISA nor by immunoblotting, and confirmed the negative result

previously obtained by indirect IF microscopy.

The results obtained from the immunoblotting experiments indicated that the

monoclonal antibodies, with the exception of ASD5, reacted with more than one

protein in detergent extracts. SC5 reacted with a large number of small molecular

weight proteins extracted from whole glomeruli, major reactivity was with 96 kDa

protein. When examined against an extract obtained from GMF, reactivity was

restricted to the 96 kDa band and two other major bands at82 and 78 kDa. Minor

bands of reactivity were seen at 55 and 52 kDa, but no reactivity with lower molecular

weight material was seen. The reactivity with the major 96 kDa band occurred in

both experiments. The lack of reactivity with the higher molecular weight bands in

the whole glomeruli extract may be the result of a decreased concentration of these

proteins in extracts of whole glomeruli. None of the reactivities obtained with these

anti-GMF monoclonal antibodies in this study corresponded to known reactivities of
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other anti-kidney monoclonal antibodies reported in the literature. None of these

studies detailing the biochemical nature of the reactive antigens report reactivity with

multiple proteins. Bhan 9! gl. (1985) reported the reactivity of two monoclonal

antibodies raised against rat FxlA and a third raised against isolated whole glomeruli.

The anti-Fxl,A monoclonal 14Cl reacted with glomeruli and brush borders by indirect

IF microscopy and also reacted with a single glycoprotein of 330 kDa determined by

immunoprecipitation. The second anti-FxlA monoclonal antibody AG3 stained brush

borders but not glomeruli, and all attempts to immunoprecipitate its reactive antigen

from isolated whole microvilli were unsuccessful. Ronco el a!. have reported the

reactivity of monoclonal antibodies with specificity for a 90 kDa antigen (1984a) and

a 330 kDa antigen (1984b), both of which were monospecific. Although monoclonal

antibodies are specific for a single antigenic epitope, this epitope may be present in

a number of antigens, particularly if the epitope is a glycosylated region of the protein.

This may be the case with the anti-GMF monoclonal antibodies generated in this

study.

Dot-blot assay revealed that ASD5 reacted with both the collagenase and DOC

extracts of hGMF. This result conflicted with the indirect IF studies with ASD5 which

indicated that this monoclonal antibody did not react with human kidney. Similarly,

IF studies revealed that SC5 reacted with human kidney, whereas dot-blot assay, using

extracts obtained from hGMF, returned a negative result. The explanation for the

first finding is unclear; the possibility exists that the target antigen of ASD5 is an

integral membrane protein, and in the human kidney the epitope with which ASD5

reacts is inaccessible before extraction. Extraction procedures release the epitope

which is then free to react with the antibody. The most likely explanation for the lack

of reactivity of SC5 with hGMF extracts, in spite of showing reactivity by indirect IF
microscopy, is that the antigen was denatured or altered during the extraction process.

The failure to localise the binding site of the monoclonal antibodies by ImAu EM was

disturbing. The preservation of antigen integrity during tissue processing for

histological examination presents a major problem (Stein eI al., 1985). Alteration of
the antigen during processing could account for the lack of binding encountered with

the monoclonal antibodies in this study. The specificity of monoclonal antibodies for

a single epitope may also present problems at the electron microscope level. If the

epitope density is low, the immunohistochemical signal may be too weak to record

(Kerjaschki etr al., 1986).
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Chapter Seven.

IN VTVO REACTTVTTY OF Ar\Tr-GMF MONOCLONAL ANTTBODTES.

7.L Introduction.

There are few reports in the literature of anti-kidney monoclonal antibody-induced

GN. Although there are a number of accounts of the production of monoclonal

antibodies to kidney antigens, only a few of these monoclonal antibodies have proved

to be nephritogenic to experimental animals in vivo. The studies reported by

Thomson 91aI. (1984), Mendrick e! al. (1983), Hirsch et al. (1984), and Mendrick and

Rennke (1986, 1988a, 1988b) all detail the induction of proteinuria following the

administration of anti-kidnev monoclonal antibodies.

Monoclonal antibodies specifically generated against renal antigens may bind to renal

structures in vrtro, for example by IF microscopy, but when administered IV to
experimental animals they may not be detected in the kidney (Mendrick et a!., 1983),

or form immune deposits identifiable as electron dense deposits by electron

microscopy.

The monoclonal antibodies BSGll, ASD5, SC5 and PH7 were selected for study in

vivo on the basis of the granular binding patterns observed in vitro by IF microscopy.

72 Materials and Methods.

72.1 Preparation of monoclonal antibodies.

SAS precipitates of ASD5, SCs, PH7 and BSGl1 monoclonal antibody-containing

ascitic fluids were prepared as described in Chapter Four. For control experiments

an SAS precipitate of ascitic fluid containing the non-kidney binding monoclonal

antibody G6 was prepared in an identical fashion. Precipitates were resuspended in
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PBS and dialysed extensively (approximately 48 hours) against PBS. The reactivity

titres of the anti-GMF monoclonal antibody preparations were determined by indirect

IF microscopy of doubling dilutions of the SAS precipitates on normal kidney sections.

The immunoglobulin concentrations of the SAS precipitates were determined by

absorption spectroscopy at 280 nm in a Beckman UV spectrometer using an extinction

coefficient of 14.49 for a lVo solution of mouse gammaglobulin in a 1 cm light path

(Hudson and Hay, 1980). The final preparations were stored in plastic vials at 4'C

and used within one week of preparation. No preservatives were added to
preparations for use ig vivo.

72.2 Administration of anti-GMF monoclonal antibodies.

All in vivo studies were performed on l"ewis rats of either sex between four and six

months of age. Body weights of the rats were 180-240 grams. Rats were placed in

metabolic cages for 24 hours to determine baseline 24 hour urine protein excretion.

Forty-eighttoT2 hours later, the rats received monoclonal antibody IV. Immediately

prior to administering the monoclonal antibody preparations IV, the solutions were

passed through a sterilized 0.22 pm nitrocellulose membrane filter, thereby removing

any aggregated material and also rendering the solutions sterile. Vasodilation was

induced in the experimental animals prior to IV injection by placing them in a high-

sided, circular metal container under an infrared light source (250 v,250 w, Stella"

Holland). IV injection, under light ether anaesthesiq was made over one to two

minutes into a tail vein with a 26 G needle. Rats were sacrificed by cenrical

dislocation under ether anaesthesia at one, 24 or 48 hours post-injection. Those rats

which were to be sacrificed 24 hours post-injection were placed in metabolic cages

immediately following the administration of monoclonal antibody and 24 hour urine

samples collected. Those rats which were to be sacrificed at 48 hours post-injection

were returned to regular cages in the animal facility and placed in metabolic cages 24

hours later. At sacrifice, both kidneys were removed, sections of cortical tissue were

obtained from each and immediately snap frozen in liquid nitrogen for subsequent

study by direct IF microscopy. Cortical tissue was also obtained for light microscopy

study from those animals sacrificed at 24 hours or later.

72.3 24 Hour urine samples.

For collection of 24 hour urine samples, experimental animals were housed in
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metabolic cages. Water was available ad libtum, but food was withheld. Small metal

mesh grids placed at the mouth of the urine collecting funnels prevented faecal

material entering the collection bottles. All bottles used for the collection of urine

samples were sterilised prior to use.

72.4 Urine protein estimation.

Urine volume was determined by measurement in graduated glass cylinders. Two ml

samples were centrifuged at 1000 x g for 10 minutes. One ml of supernatant was

transferred to a 4 ml plastic test tube and an equal volume of.ZlVo trichloracetic acid

(TCA) added; the tube was then vortexed to ensure thorough mixing. Tubes were

allowed to stand for at least two hours at RT or overnight at 4"C. Proteins

precipitated from the urine samples were sedimented by centrifugation at 3000 x g for

20 minutes. The supernatant was discarded and the precipitate redissolved in 500 pl

of 0.1 M NaOH. Protein estimation was then determined by one of the following

methods.

Modified Bradford Assav.

This assay was based on the Sedmak and Grossbery (1977) modification of the dye

binding assay described by Bradford (1976). Brilliant blue G 250 dye was prepared

as a 0.O4Vo (*/v) solution in 3.5Vo perchloric acid. Samples (100 pl) of resolubilised

TCA-precipitable urine protein were added to test tubes, 1.5 mls of 0.9Vo NaCl was

then added and the tubes vortexed. This was followed immediately with L.5 mls of

dye solution which was added while the tubes were being vortexed. Samples were

allowed to stand at RT for 10 to 30 minutes before colourometric readings were made

at 620 nm in a spectrophotometer (model 3600, Beckman Instruments, USA).

b. Inwry Protein Assay.

TCA-precipitable urine protein as described above was assayed by the method of

I.owry et g!. (1951). Samples were read at 750 nm. For both assays, the protein

concentration of the experimental samples was determined from a standard curve

constructed with known amounts of standardised BSA as described in Chapter Three.

Statistical analysis of urine protein excretion prior to and following the administration

of anti-GMF monoclonal antibodies was performed using the nvo-tailed Student's t
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test.

72.5 Lieht microscoov.

Immediately following sacrifice, samples of renal cortical tissue, approximately 0.5 x

0.5 x 0.25 cm, were fixed in buffered formalin for 24 to 72 hours. The tissue was then

dehydrated in graded alcohols, cleared in chloroform and impregnated with paraffin

wan in a Shandon-Elliot SE 400 automated tissue processor (Shandon Scientific Ltd.,

LJK). Following embedding, serial tissue sections, 2-3 pm thick, were cut on a rotary

microtome (American Optical Co. Ltd., USA). Eight or ten sections were cut, the

block was advanced approximately 20-25 pm and a further eight or ten sections cut.

The sections were air dried at 37"C for 24 hours, and then stained with Ehrlich's

haematorylin and eosin by the method of Culling (1974). The sections were viewed

in a photomicroscope and glomeruli examined for injury and specifically for the

presence of polymorphonuclear leucocytes (PMN). A total of five glomeruli were

selected which appeared to have been sectioned at or near their mid-point and the

number of PMNs present counted. A further five glomeruli were selected from the

second group of sections which had been cut 20-25 pm distant from the first sections

and a further PMN count performed. The results were expressed as the mean value

obtained from the ten glomeruli counted.

72.6 Immunofluorescence flF) microscony,

Cortical tissue sections were obtained immediately upon sacrifice and processed as

described in Chapter Three. Bound mouse monoclonal antibody was detected with

FITC sheep anti-mouse immunoglobulin (Silenus [-aboratories, Australia) which had

previously been absorbed with normal rat serum.

72.7 Electronmicroscopy.

Transmission electron microscopy (TEM).

Cortical tissue was finely diced with a scalpel blade and immediately placed in ZVo

glutaraldehyde in 0.lM cacodylate buffer and then processed as described in Chapter

Three. Ultrathin sections approximately 90 nm thick were cut on an LK13 ultratome

(LKB Produkter AB, Sweden), counterstained with lead citrate and uranyl acetate and
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viewed in a Philips transmission electron microscope.

b. Immunogold electron microscopy (ImAu EM).

Renal cortical tissue was obtained from monoclonal anti-GMF antibody-injected rats

immediately upon sacrifice, finely diced with a scalpel blade and placed in LVo

glutaraldehyde for one hour. The samples were then processed and sectioned as

described for post-embedding ImAu EM in Chapter Six. The sections were incubated

with gold-conjugated anti-mouse IgG-IgM and then counterstained prior to viewing

and photographing.

72.8 Radiolabelling of monoclonal antibodies.

Quantitation of specific binding of the monoclonal antibodies in vivo was determined

by the paired radiolabel technique (Wilson gI al., l97l). Monoclonal antibody-

containing solutions, prepared from 407o SAS precipitates, were filtered through 0.22

pm membranes. Immunoglobulin protein estimation was determined by absorption

spectroscopy at 280 nm as described in 7.2.1. Reactivity titres, before and following

radiolabelling, were determined by indirect IF microscopy of doubling dilutions of the

monoclonal antibodies on frozen sections of normal l-ewis rat kidney. A total of 5-

10 mgs of the specific monoclonal antibodies were labelled with 'oI and the non-

specific G6 monoclonal antibody with "'I by the chloramine T method (McConahey

and Dixon" 1966). The protein to chloramine T ratio was 50:1 and reaction time was

five minutes. Free iodide was removed by dialysis against large volumes (4-5 litres)

of PBS, changed at one hourly intervals at least five times, and then overnight (10-

14 hours). Two further changes of PBS were made in the morning, an hour apart.

Precipitability of counts was determined by precipitating the protein from a 100 pl

aliquot of the radiolabelled proteins with an equal volume of 20Vo trichloracetic acid

(TCA). If <90Vo of counts were precipitable, the labelled fractions were dialysed for

a further 24 hours with frequent changes of PBS and the precipitability of counts

repeated. Only those proteins with >90Vo TCA-precipitable counts were used in vivo.

The protein concentration of the labelled proteins was determined by the modified

Bradford method. The counts contained in a 10 pl aliquot of labeled protein was

determined and the counts per pg of protein calculated.
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72.9 Ouantitation of specific monoclonal antibody binding in vivo.

A total of 2 mgs of a specific kidney-binding radiolabelled monoclonal antibody was

administered together with 2 mgs of the non-specific G6 monoclonal antibody IV

through a tail vein to normal Irwis rats (200-350 g). The rats were housed in cages

and allowed food and water ad libitum. Rats were sacrificed at 24 and 48 hrs post-

injection. Blood samples were obtained at the time of sacrifice in heparinized tubes.

The abdomen was opened through a midline incision and the viscera exposed. The

inferior vena cava was identified and transected with a scalpel blade. The thoracic

cavity was opened and the organs perfused with PBS via a27G needle inserted into

the left ventricle of the heart. Perfusion was continued until all organs were blanched.

Whole kidneys and spleen were removed and specimens of liver, lung and small

intestine obtained. The wet weights of all samples were determined. Tissues obtained

were homogenised in a Sorval Omnimixer for 60 seconds. The homogenates were

then washed in PBS and centrifuged at 3000 x g for 10 minutes. This procedure was

repeated until the supernatants were clear. To determine the blood 15I'r3rI ratio, 100

pl of heparinised whole blood was pipetted into a test tube and counted in an LKB

two channel gamma counter programmed to count t^I and t"I. The whole blood was

then diluted with 400 pl of PBS and precipitated with 500 p,l of 20Vo TCA, centrifuged

at 3000 x g for 10 minutes and the precipitate counted. The post-TCA counts were

used to determine the ''I:"tI ratio. Following preparation of the tissue homogenates,

5-10 pl samples of radiolabelled specific and non-specific monoclonal antibody were

diluted in 200 pl of PBS/7Vo BSA. Proteins were precipitated by the addition of 200

1i of 20Vo TCA centrifuged at 3000 x g for 10 mins and the precipitate counted. All
counts were corrected for t'I crossover and specific monoclonal antibody binding

determined from the paired label equation of Wilson et al., (1971).

7.3 Results.

7,3.1 Binding of anti-GMF monoclonal antibodies in vivo.

In an initial experiment to determine whether the anti-GMF monoclonal antibodies

would bind to kidney in vivo, five groups of Irwis rats, each consisting of four rats,

received 5 mgs of one of the respective SAS-precipitated anti-GMF monoclonal

antibodies ASD5, SC5, PH7, BSG11, or the negative control G6. Rats were sacrificed
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at one hour and the kidneys removed for direct IF microscopy (Table 7.1). A
granular deposition of mouse immunoglobulin was detected by direct IF microscopy

in the glomeruli of those rats which had received SC5 or PH7. Mouse

immunoglobulin deposition in the kidneys of these rats was limited to the glomeruli

and was not detected at anv other site in the kidnev.

Only occasional deposits of mouse immunoglobulin were detected in the glomeruli of
those rats receiving ASD5 monoclonal antibody. Immunoglobulin was not detected in

all glomeruli, and where evident, occurred only in isolated patches in the glomeruli.

No mouse immunoglobulin was detected in the kidney at any site in those rats

receiving BSGl1.

Negative control experiments were conducted with G6 monoclonal antibody which in
vitro did not bind to kidney. No mouse immunoglobulin was detected in the kidneys

of rats receiving G6.

The anti-GMF monoclonal antibody SC5 was administered IV to normal lrwis rats.

Groups of rats received L0,20 or 30 mg and were sacrificed at 24 or 48 hours post-

injection. Direct IF microscopy of cortical tissue taken at the time of sacrifice of the

experimental animals revealed the presence of mouse immunoglobulin in the

glomeruli of all rats and at all time points studied (Fig.7.t a and b). At the 10 mg

dose level, a segmental, coarse granular deposition of mouse immunoglobulin was

observed in the glomeruli of treated animals (Fig.7.la). At the 20 mg dose level the

same coarse granular pattern of deposition was evident; however, there was a much

heavier deposition of mouse immunoglobulin in these rats (Fig. 7.1b). A similar
pattern of deposition was found in those rats receiving 30 mg of SC5 ry. Mouse

immunoglobulin was detected only in the glomeruli of treated rats and at no other site

in the kidney.

Mouse immunoglobulin was also detected in the kidneys of experimental animals

foltowing the administration of PH7. At a dose of 5 mg, scant deposition was

observed within the glomeruli (Fig.7.2). The segmental, coarse granular pattern of
deposition was similar to that observed with SC5 at low doses. No staining of kidney

structures other than the glomerulus was evident at this dose. At higher doses there

was a heavier deposition of mouse immunoglobulin, and the IF pattern was similar

to that observed by indirect IF microscopy studies with this monoclonal antibody in
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Table 7.1.

Renal binding of anti-GMF monoclonal

antibodies in vivo at one hour.

Mouoclonal

antibody

Renal binding

Glomenrli Tubules

sc5

P'H7

ASD5

BSGII

G6

Frozen sections of renal cortex, taken fiom rats one hour postrinjection of monoclonal

antibody, were examined by direct IF microscop,y for the presence of mouse

immunorglobulin

+ Positive staiqing

. Negative staining

t Indeternrinatg lneonsistent/irregular staining
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Figure 7.1.

Deposition of mouse immunoglobulin in rat glomeruli
following rv administration of sc5 monoclonal antibody.

Renal cortical tissue obtained at sacrifice from a rat which had received sc5
monoclonal antibody,IV was examined by direct IF microscopy rfte iictions have
been stained with polyclonal anti-mouse ihmunoglobulin.

a - V4 hours following 10 mg SC5 IV.
b - 48 hours following 20 mg SC5 ry.

(l

b
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Figure 7.2.

Mouse immunoglobulin deposition following

IV administration of 5 mgs of pH7.

Five mgs of an SAS precipitate of mouse ascitic fluid containing the monoclonal
antibody PH7 was administered tV to a normal trwis rat. Renal cortical tissue was
obtained at the time of sacrifice 24 hours post-injection. The section has been stained
with polyclonal anti-mouse immunoglobulin.
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vitro (Fig. 7.3). Staining of the tubular basolateral membrane was observed in those

rats which received 20mg or 30 mg of PH7 (Fig. 7.4). The staining was not as intense

as that observed in the glomerulus, nor were all the tubules stained. However, some

staining of the tubules was observed in all rats which received 2O or 30 mg of PH7.

Mouse immunoglobulin was not detected at any site in the kidney at 24 or 48 hours

following the administration of 10 mg of BSGl1. A similar negative result was

obtained following the administration of both 5 and 10 mg of ASD5.

Control rats received 20 or 30 mg of G6 monoclonal antibody and were sacrificed at

24 or 48 hours post-injection. Mouse immunoglobulin was not detected in the kidneys

from any of the animals in this control group.

7.3,2 Urine protein excretion.

Urine protein estimation was performed by the lnwry method (towry et al., 1951) on

the urines obtained from rats which received 5 mgs of SC5 and those which received

5 mgs of ASD5. All remaining urine protein estimations were made by the modified

Bradford method.

Baseline 24 hour urine protein excretion assessment of 117 normal I-ewis rats

indicated a mean 24 hour urine protein excretion value of 3.27 (t 2.29) mg/Za hours.

AII rats excreted less than 10 mg protein/24 hours, with individual values ranging from

0.25 - 9.57 mg/24 hours.

a. SC5.

The results obtained with SC5 are shown inTable7.2. Post-treatment 24hr urine

protein excretion in those rats receiving 20 mg SC5 and sacrificed at 24 hours was

significantly greater than pre-treatment values, P <0.005. The increased urine protein

exretion during the 24 to 48 hour period following treatment with 20 mg of SC5 was

also significant at the P <0.05 level. At the 30 mg dose level there was no significant

difference between pre and post-treatment urine protein excretion during the

immediate 24 hour period following treatment (P = .055). However, although the

pre and post-treatment mean urine protein values were not significantly different

statistically, three rats in this group had 24 hour urine protein excretion in excess of
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Figure 7.3.

Mouse immunoglobulin deposition following
IV administration of 20 mgs of pHZ.

Twenty mgs of an sAS precipitate of mouse ascitic fluid containing the monocronal
antibody PH7 was administered IV to a nonnal Iewis rat. The rat was sacrificed 4g
hours post-injection and renal cortical tissue obtained for study by direct IF
microscopy' The section has been stained with polyclonar anti-mouse immunoglobulin.
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Figure 7.4.

lmmunofluorescence staining of kidney tubules

following IV administration of PH7.

Renal cortical tissue was obtained from a rat which had received 30 mg of an SAS

precipitate of mouse ascitic fluid containing the monoclonal antibody PH7. The

section has been stained with polyclonal anti-mouse immunoglobulin.
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Table 7.2.

24 hour urine protein excretion following IV
administration of SC5.

Dose

(me)

Time

point

(hours)

24 hour urine protein excretion (mg/2a hrs)

Pre-treatment SD Post-treatment

24

48

10

10

3.08 !2.19

(0.29-s.82)

2.42 11.90

(0.36-6.00)

2.94 !0.97

(1.20-3.83)

2.89 11.33

(1.04-4.80)

5.38 13.38

(0.2s-e.s7)

2.04 10.49

(1.20-2.44)

4.96 !3.66

(0.84-11.4)

4.66 !2.24

(r.44-7.70)

14.68 110.6 4*

(3.68-34.40)

6.32 !2.99 *

(3.36-10.8s)

15.15 110

(s.04-3s.40)

13.27 13.03 *

(e.10-17.ss)

2420

4820

2430

4830

Urine protein excretion values are expressed as the mean.

SD - One standard deviation of the mean.

Figures in parentheses are the range of urine protein excretion values for that group.

ignificant difference between pre- and post-treatment urine protein

excretion at the p<0.05 level.
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15 mg (15.73, 20.06 and 35.40 mg). At the 30 mg dose level, post-treatment urine

protein excretion was significantly greater than pre-treatment values during the 24 to

48 hour post-treatment period (P <0.01).

B. PH7.

24 hour urine protein excretion values obtained following IV administration of this

anti-GMF monoclonal antibody are shown in Table 7.3. At a dose of 5 mg there was

no significant difference between pre-treatment and post-treatment values. At the 10

mg dose regimen, urine protein excretion was increased over control values during the

24 hour post-treatment period. This increase was significant at the P <0.05 level.

Although the mean post-treatment value was 8.95 mgf}4hrs, three of the seven rats

in this group excreted more than 10 mg of protein during the 24 hour post-treatment

period. During the 24 - 48 hour period following 10 mg of PH7, there was no

significant diffeence between pre and post-treatment values. At the 20 mg dose level,

24 hour time point, post-treatment urine protein excretion was significant at the P

<0.05 level. Three of six rats in this group excreted more than 10 mg of protein.

There was no significant difference between pre and post'treatment values obtained

during the 24 - 48 hour period following administration of 20 mg PH7. The post-

treatment urine protein excretion in the group receiving 30 mg of PH7 and sacrificed

at 24 hours, ranged from 7.15 - 37.28 mg/2a hours, and was significant at the P < 0.05

level. Urine protein excretion in four of the six rats in this group exceeded l0 mglZa

hours. Although the urine protein excretion was also significant at the P <.05 level

in the group sacrificed at 48 hours following 30 mg of PH7, none of the rats in this

group excreted more than 10 mg of protein during the 24 hour period.

C. ASD5.

The mean urine protein excretion values obtained following IV administration of

ASD5 are shown in Table 7.4. There were no significant differences between pre and

post-treatment urine protein excretion at either dose level examined. No rats in either

group excreted more than 10 mg of protein during the post-treatment period.

D. BSGll.

Table 7.5 shows the mean urine protein excretion values obtained in rats receiving this
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Table 7.3.

24 hour urine protein excretion following IV
administration of PH7.

n Dose Time 24 hour urine protein excretion (mg/24 hrs)

(mg) point Pre-treatment SD Post'treatment SD

(hours)

6 5 24 3.63 t0.76 3.31 10.70

(2.60-4.63) (2.00-4.08)

7 10 24 2.87 11.35 8.97 !5.27 *

(0.e8-s.43) (1.80-17.84)

6 10 48 3.55 !1.37 4.72 tr.26
(1.8e-6.32) (2.86-7.02)

6 20 24 5.64 t2.57 9.24 +1.59 *

(1.s2-e.00) (7.32-11.36)

5 20 48 6.82 11.82 7.93 t2.29

(4.s4-8.82) (4.41-rr.26\

6 30 24 5.11 t2.18 L6.07 +8.52 *

(2.46-8.16) (7.rs-3r.28)

4 30 48 t.1l 10.52 3.99 +2.03 *

(0.e2-2.31) (0.77-7.rs)

Urine protein excretion values are expressed as the mean.
SD - One standard deviation of the mean.
Figures in parentheses are the range of urine protein excretion values for that group.r - $ignifies a significant difference between pre- and post-treatment urine protein
excretion at the P<0.05 level.
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Table 7.4.

24 hour urine proteln excretion following tV
administration of A,SDS.

n Dose fime 24 hour urine protein excretiCIn (mg/24 hn)
(mg) point Pre.treatment SD Fostdeatrnent SD

(hours-)

3 5 24 3.58 !1.74 5,49 1169

(1.124.86) (3.724,,9V)

3 10 48 235 11.73 3.28 11.95

$.4?4.62' (0.80.5.25)

Urine protoin excretion value.s are erpressed as the mean.

SD - One standard deviation of the mean.

Figutes in parentheses are the range of urine protein oxcretion values for that Soup.
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Table 7.5.

24 hour urine protein excretion followJng IV
administration of BSC1L

n Dose Time 24 hrrur urine protein excretion (mg/24 hrs)

(mg) poinl Pre-treatment SD Post-treafinent SD

(hours)

3 10 24 1.34 t0.36 1.18 10.55

(1.04-1.85) (0.42-1.68)

3 10 48 2.21 10.37 r.74 10.23

(x.70-2.5e) (1.45-2.02)

Urine protein excretion values are exptessed as the mean

SD - One standard deviation of the mean.

Figures in parentheses are the range of urine protein excretion vahres for that $oup.
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monoclonal antibody. No significant differences were found between pre- and post-

treatment urine protein excretion in either group. As was found with ASD5, no rat

excreted greater than 10 mg of protein during the post-treatment period.

G6.

Control studies were conducted with the non-kidney fixing monoclonal antibody G6.

Following IV administration, urine protein excretion was monitored as for

experimental groups. The mean urine protein excretion values obtained following IV
administration of G6 are shown in Table 7.6. No significant differences were found

between pre and post-treatment values obtained at any time point following

administration of either 20 or 30 mg of this monoclonal antibody.

7.3.3 Light microscopy.

The PMN counts obtained from the glomeruli of rats administered SC5 or G6

monoclonal antibody are shown in Table 7 .7. and 7.8. The only significant differences

in glomerular PMN accumulation found between SC5-treated and G6-treated rats

were at the 20 mg dose level at 24 hours, P <0.5, and the 30 mg dose at 48 hours, P

<0.5. The histology of all glomeruli examined appeared normal with no

hypercellularity apparent.

The glomerular PMN counts obtained following the administration of PH7 monoclonal

antibody are shown in Table 7.9. There were no significant differences found benveen

PH7 and G6 treated rats at the P < 0.05 level at any dose or time point studied.

Glomerular histolory also appeared normal in all glomeruli examined.

Glomerular PMN counts were performed on sections from rats treated with either

10 mg of BSG11 and sacrificed at either 24 or 48 hours post-injection, or treated

with 10 mg of ASD5 and sacrificed at 48 hours post-injection. No significant PMN

differences were observed following injection of either monoclonal antibody when

compared with counts obtained from rats given 20 mg of G6 and sacrificed at 24 or

48 hours. Glomerular histology appeared normal in both the ASD5 and BSGll
treated rats.
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Table 7"6.

24 hour urine protein exme-tion following IV
adrninistration sf G6.

24 hsur urine protein excretion (mg/2a hr-s)

Pre4reatrnent SD Post-treatment SD

310 2.26

(1.01-3.85)

5.90

(3.85-8"20)

424

t1.18 2.26

(1,80-3.06)

11,93 6.14

(4.60-820)

r0.57

r135

530

(o6s-6.36)

2.r5

(0.88-4.22)

1:19

(Q54t.59)

(2.40-3.19)

11.11 2,38

(1.ss-2.e4)

t0"69 1.60

(1.37.1.e2)

630

Urine protein excrerion vajlues are erpressed as the mean

$D - One standard deviation of the mean.

Figures in parentheses are the range of urine protein excretion values for that grolp.
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Table 7.7.

Glomeru|ar polymorpho-nuclear leucocyte ceil count

following adrninistration of SC5

monoclonal antibody iu yiya.

Administered

Dose (mg)

Time point Mean PMN SD

(hours) co,unt

3

4

I

3

6

4

10

10

z0

2A

30

30

a

48

u

48

u

48

1.10

0.85

t.2v

t-20

x.41

L.55

+0.4?

!4.74

t0.40

t0.60

r0_.34

t047

SD -'Sarnple standard deviation

n - Number of experimental animals studied.
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Table 7.8.

Glomerular polymorphonuclear leucoqyte cell count tollowing

administration of G6 monoclonal antibody ia dgo"

n .Admini"stered Tfme point PMN SD

Dose (mg) (hours) count

3 10 24 0,86 10,12 |

4 20 74 0.70 10.50

4 20 48 1.05 10.34

2 30 24 0.90 !0.42

s 30 48 0.73 t0.42

SD - Sample standard deviation.

n - Number of experimental anirnals studied.
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Table 7.9.

Glsmerular polymo qphonu elear leuc-ocyte eell eount fonowing

adrninistratir,'m of PH7 monoclonal antibody ig giygi

Administered

Dose (mg)

Time point

(hours)

PMN

co-unt

SD

a0

20

30

30

30

24

48

?4

48

48

0.98

r45

0,9v

0.93

033

t0"47

ro31

r0.37

r0.33

!0.42

SD - Sauople standard deviation.

n - Number of experimental animals studied.
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7,3.4 Electron microscopy.

TEM.

Electron photomicrographs of glomeruli from treated rats were examined for the

presence of electron-dense deposits and for molphological integrity. No obvious

abnormality was observed in any of the glomeruli of treated rats. Occasional

disruption of the endothelium was obsenred in some electron photomicrographs of

SC5 and PH7 treated rats. However, the same picture was also seen in G6 treated

control rats and could not therefore be considered a specific result of anti-GMF

monoclonal antibodv.

b. ImAu EM.

Despite repeated attempts to localise the binding of the monoclonal antibodies in the

kidneys of treated rats, neither mouse IgG nor IgM could be detected by ImAu EM

in the glomeruli of rats receiving any of the anti-GMF monoclonal antibodies or the

control antibody G6. Incubation conditions were varied with regard to temperature,

concentration of labelled antiserum, blocking agents and duration of reaction in an

attempt to optimise conditions for successful localisation, all without success.

7.3.5 Paired radiolabel studies.

Specific binding of the anti-GMF monoclonal antibodies SC5 and PH7 was

determined at 24 and 48 hours and for ASD5 at 24 hours onlv.

Three rats each received 2 mg of both the t6l-labelled ASD5 anti-GMF monoclonal

antibody and the "'I-labelled non-kidney fixing G6 monoclonal antibody. Examination

of tissues obtained from these rats at sacrifice, 24 hours following the administration

of the labelled reagents, revealed there was no specific binding of ASDS in any of the

tissues studied: kidney, spleen, liver, gut or lung.

Results obtained with SC5 at 24 hours are shown in Table 7.1,0. Specific binding was

greatest in the kidney. There was no significant difference between right and left

kidney binding. Specific binding was also found in the spleen and the liver and to a

lesser degree in the gut and lung. At 48 hours, specific binding remained greatest in
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Table 7.1.0.

Specific binding of 2 mgs of SCS 
^t 

24 hours as deterndaed

try paired radiolabel studies.

Idinirnum Maximum SD

R Kidney

L tr(dney

Spleel

Liver

Gul

Lung

0.145

0.139

0,058

0

0

0

0.563

0.57X

0.285

0.134

0.018

0.007

1..295

1.119

0Azl
0.438

0.107

0.025

r0.490

r0.456

r0.145

r0.209

10.04,1

10.011

All v,alues are p,g 9-labelled SCs/g tissue.
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the kidney but had decreased to <0.5 pg/g tissue (Table 7.L7). Specific binding was

still present in the spleen and liver but was detected in the gut of only one rat. No

specific binding was detected in the lung of any rct at 48 hours.

The results obtained with PH7 at 24 hours are shown in Table 7.L2. Specific binding

of this anti-GMF monoclonal antibody is also seen in the kidney, spleen and liver.

Specific binding in the spleen was found in only one rat at this time point. It was,

however, present at the high value of 0.722 pg/g tissue. Specific binding to liver was

seen in only two of the six rats studied. In contrast to SC5, specific binding to gut was

observed in all rats at 24 hours, kidney being the only tissue in which specific binding

was found to be greater. Specific binding of PH7 was also seen in the lungs of all

rats, but in all cases was less than that observed in the kidney and gut. As found with

SC5, specific binding of the anti-GMF monoclonal antibodies at 48 hours was

observed with the same tissues, but in lesser amounts than at 24 hours (Table 7.I3).

Specific binding remained greatest in the kidney and gut and was found in the spleen

in four of six rats. However, splenic binding was <0.7 pglg tissue in all cases.

7.4 Discussion.

Studies undertaken in vitro, and detailed in Chapter Six had indicated that the anti-

GMF monoclonal antibodies PH7, ASD5, SC5 and BSG11 reacted strongly with

glomerular structures and also with some extrarenal tissues. Following IV
administration of these reagents to normal lrwis rats, only PH7 and SC5 could be

demonstrated by direct IF microscopy to have fixed to the glomeruli. This experience

is similar to that of Mendrick et Al. (1983) who reported fourteen monoclonal

antibodies which reacted with rat glomeruli in vitro when examined by indirect IF

microscopy but only six of these reagents could be detected in the glomeruli by direct

IF microscopy following IV administration.

Both PH7 and SC5 reacted with renal tubular structures in vitro. Following IV
administration of SC5, mouse immunoglobulin could be demonstrated in the glomeruli

only and not on any other extraglomerular structures. PH7 was detected in the

tubules but only following the higher doses; the intensity of reactivity was much less

than in the glomeruli. Following IV injectioq the anti-GMF monoclonal antibodies

would be present in high concentration within the circulation. Under resting
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Table 7.11.

Specific binding of 2 m.gs of SC5 at 48 hours as determined

try paired radiol'abel studies.

Mfnimum Ivlaximum SD

R. Kidney

L Kidney

Spleen

Liver

Gut

Lung

o064

0.085

0

0

0

0

0.825

0i.76L

Q.r76

0.22L

0.024

0

10,438

t0.436

ro085

r0,054

r0"005

s0

0.322

0299

0.081

0.096

0"011

0

All ralues are pg r6l-labelled SC51g tissle.
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Table 7.12.

Specific binding of 2 mgs of PH? at?d hours as determined

by paired radiolabel studies"

Minimum Maximum SD

R. Kidney

L Kidne;

Spleen

Liver

Gut

Lung

0.224

4'249

0

0

0.r63

0.001

0.363

0.336

0.722

0532

u228

0:241

0.304

0,294

0.120

0.128

0.201

0.107

10.056

f0.031

r0295

t0..210

r0.o2B

t0.0q2

6

6

6

6

6

6

All values sre $E '5l-labelledPHT/g tissue.
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Ttssue

Table 7.13.

Specific binding of 2 rngs of PFIT at 48 hours as determioed

by paired radiolabel studies.

Minimum Maximum Mean SD

R Kidney

L Kidney

Spleen

Liver

Gut

Iemg

4,,232

0.230

0

0

0.108

0,.031

0.317

4344

0.w2

4,r77

a.209

0.097

0.2xl,2

0.?39

0.03,1

0.06r

0.166

a,w

t0.490

t0.456

i0145
t02
r0.044

r0"t)11

AII vahres are pg Hl-labelled 
PIXT /g tissue.
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conditions the kidneys receive 25%o of the cardiac output, thus affording the reagents

optimal opporfunity to fix to glomerular antigens. If, however, the antigen with which

the monoclonal antibody reacted was inaccessible from the vascular space, binding

would not occur in Wg, even though the reagent had been shown to fix to glomeruli

in vitro.

Urine protein excretion was seen to increase in SC5-injected rats. The upper limit of

normal for urine protein excretion was considered to be L0 mg/24 hours. All
experimental rats acted as their own controls. In the SC5-treated group, an increase

in urine protein excretion was observed which was dose dependent and peaked at24

hours post-injection. The high dose limit in this group was 30 mg of the SAS-

precipitated monoclonal antibody. Urine protein excretion was increased only at the

30 mg dose level in the PH7 treated group and peaked at 24 hours. The post-

treatment 24 hour urine protein excretion of the PH7 30 mg group was significantly

greater than pre-treatment levels. However, no rats in this group exceeded an

excretion of 10 mg of protein, and therefore no abnormal proteinuria was evident.

Mendrick and Rennke (1988a) have reported the production of proteinuria in rats

with a monoclonal antibody,K9f9, raised against rat renal cortex. Reactivity otK919

in vitro was with an antigen present in the GCW, the brush border membrane of the

proximal tubule and intestine, as well as cells in the liver and spleen. Urine protein

excretion peaked at 24 hours post-injection, reaching 63 mgs/24hours. However, in

Mendrick and Rennke's study the rats received a large amount of protein (66 mgs of

a 45Vo SAS precipitate) containing the monoclonal antibody, and dose response

studies were not reported.

When glomerular sections were examined post-treatment for the presence of

glomerular PMNs, no significant differences were found between controls and any of

the groups receiving anti-GMF monoclonal antibodies. This resultwould indicate that

the proteinuria observed in the SC5-treated group and at the 30 mg dose level in the

PH7 treated group was unlikely to be PMN dependent. However, PMN depletion

studies would have to be performed to confirm this. Examination of post-treatment

glomeruli by light microscopy did not reveal any histological changes in any rats

receiving anti-GMF monoclonal antibodies.

Electron microscopy studies did not not reveal any morphological abnormalities in the

kidneys from any rats treated with anti-GMF monoclonal antibodies, including those
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rats which had an elevated urine protein excretiorL or with the control G6. No

electron-dense deposits were observed at any site in the glomeruli and epithelial cell

foot processes appeared normal. Mendrick and Rennke (1988b), however, reported

glomerular epithelial cell damage in the kidneys of rats 24 hours following the

administration of the monoclonal antibody K9/9 IV.

ImAu EM failed to localise the binding of the anti-GMF monoclonal antibodies

following IV administration. Direct IF studies had clearly demonstrated the presence

of mouse immunoglobulin in the kidneys of SC5 and PH7 treated animals. As

discussed in Chapter Six, it is posssible that the tissue processing necessary for this

procedure may have led to an alteration of tertiary structure of the monoclonal

antibody and therefore its antigenic properties.

The paired radiolabel studies revealed that demonstrable specific binding of anti-

GMF monoclonal antibodies to the kidney in uvo was limited to PH7 and SC5 only.

This was consistent with the findings of direct IF microscopy on post-treatment

sections which demonstrated the presence of mouse immunoglobulin only in the

kidneys of PH7 and SC5 treated rats. ASD5 was shown not to specifically bind to the

kidney nor to any of the other tissues studied, though, !n vitro, this monoclonal

antibody showed strong reactivity with both glomeruli and tubules. In addition to the

specific binding to kidney, SC5 was found in high concentration in the spleen of one

rat at 24 hours. Indirect IF studies in vitro had shown SC5 reactivity with lung to be

inconsistent and to be negative with liver and gut, but the paired radiolabel studies

demonstrated low levels of specific binding to lung. Specific binding to the spleen was

also demonstrated in PH7 treated rats, as was binding to gut, lung and liver, a result

that was consistent with indirect IF studies in vitro. It is likely that the antigen with

which PH7 reacts has a wide tissue distribution on epithelial cells throughout the

body, but that the SC5 reactive epitope has a more restricted distribution.
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Chapter Eight

GENERAL DISCUSSION

8.1. Aim of project.

The aims of the work presented in this thesis were (a) to prepare monoclonal

antibodies against rat renal antigens which were discontinuously represented along the

glomerular capillary wall; hence a granular pattern of binding of antibody would be

expected by IF microscopy, (b) to examine in vivo the monoclonal antibodies

produced to determine whether they were nephritogenic and the nature of any

monoclonal antibody-induced lesions, (c) to determine the molecular identity and

tissue distribution of the antigen(s) with which the monoclonal antibodies reacted.

The now well-established animal model of human membranous GN, produced in rats

and known as Heymann nephritis, is characterised by a granular immunofluorescence

pattern. However, most cases of glomerulonephritis in man, exhibiting a granular

deposition of immunoglobulin in the glomeruli are thought to result from the random

deposition of circulating immune-complexes. Although presumed to arise from the

formation of immune-complexes in situ, the immunopathogenesis of classical human

membranous GN has not yet been established. Antigens with which the

immunoglobulins react, either in stlu or in the circulation, are in most cases unknown.

In a recent review of the subject of in situ immune complex formation, Verroust

(1989) identified three models which could be mediated by this mechanism, all of

which are characterised by a granular pattern of IF staining. These were (a)

Heymann nephritis: in this model anti-FxlA antibodies react primarily with a 330 kDa

glycoprotein present on glomerular epithelial cells to produce a proteinuric glomerular

lesion. (b) Chronic serum sickness nephritis: it is postulated that in this model,

cationised BSA binds to anionic molecules present in the GCW, subsequently

administered anti-BSA antibodies react with the glomerular bound BSA to produce

glomerular damage. (c) Lupus nephritis: the mechanism proposed is that circulating

DNA binds to the GCW, anti-DNA antibodies which are characteristically present in

the serum of afflicted persons then react with the glomerular bound DNA.
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Additionally, Jacob 9191. (1986, L987) have reported the cross reactivity of anti-DNA

antibodies found in the serum of humans with systemic lupus erythematosus with five

polypeptides. These lupus-associated proteins (IAMP) are found on the surface of

several cell types including glomerular cells. The monoclonal antibodies which were

generated in this study, and reacted in vitro with rat kidney to produce a granular

pattern of indirect IF, were examined in vivo to determine whether these monoclonal

antibodies could bind to their respective glomerular antigen and therfore form

immune complexes i! siIu.

82 Monoclonal Antibodies to Renal Antigens.

Monoclonal antibodies have been applied to a wide range of problems encountered

in both experimental and clinical nephrology. These range from studies of renal

antigen expression during development (Platt, et al., 1983; Jeraj, e! a!., 1984; Fukushi,

el al., 1986) to the identification of lymphoid infiltrating cells of renal allografts

(Hancock, 1984; Bishop, et al., 1986). A number of monoclonal antibodies have been

developed which are specific for antigens confined to cells of a single segment of the

nephron: for example, Bowman's capsule, glomeruli, proximal and distal convoluted

tubules, loop of Henle and collecting tubules (see Bander, 1987 for review). These

monoclonal antibodies have been used in immunopathological analysis and diagnostic

assays. By using the unique specifications of these reagents and immunocytochemical

techniques it has been possible to construct an antigenic map of the human nephron

(Bander, 1987).

Mouse monoclonal antibodies specific for human T-lymphocyte subsets have been

used to determine the nature of infiltrating lymphorytes in a variety of
glomerulonephritides (Hooke et a!., 1984, 1987; Patel, gt al., 1986; Lin, etr al., 1986;

D'Agati, ctr a!., 1986; Neale E! ql., 1988) and have also been used to monitor the

expression of Ia antigens (Hinglais gl a!., 1984). From the literature it is clear a

number of fixed glomerular antigens that could potentially serve as the ligand for

nephritogenic antibodies are being identified by monoclonal reagents. However,

reports of the induction of glomerular lesions in vwo with monoclonal antibodies

directed against non-GBM antigens are currently limited to those emanating from the

group at Boston, US,\ (Mendrick et al., 1983). The monoclonal antibodies generated

in this study that reacted in vitro with rat kidney to produce a granular pattern of

indirect IF were examined in ylyg to determine whether these monoclonal antibodies
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had nephritogenic properties.

83 Immunosen.

Previous published studies on the production of monoclonal antibodies against renal

antigens have used a wide variety of immunogens, including whole or sonicated

glomeruli (Mendrick, 9l al., 1983; Nishi, et al., 1984), plasma membranes prepared

from intact renal cortex (Falkenberg, e! 4[., 1981a, 198lb) and classical FxLA (Ronco,

el al. 1984a; Bharl eI al., 1985). A variety of reactivities of the resultant monoclonal

antibodies were obtained. In addition to monoclonal antibodies that produced

granular IF patterns, monoclonal antibodies were also produced which bound in a
linear fashion to the glomerular capillary loops, or reacted with renal tubular

structures. When constructing monoclonal antibody-secreting hybridomas, the purity

of the primary immunogen has in the past not been considered a critical factor. For

this project, however, some partial purification of the immunising antigeq as

advocated by Campbell (1984), was considered imperative in order to reduce the

chances of generating unwanted monoclonal antibodies against basement membrane

and intracellular organelle antigens. The subcellular fraction prepared by differential

centrifugation of homogenised glomeruli was shown by TEM to be enriched for cell

membranes. Further attempts at purification of this fraction on sucrose density

gradients did enhance purity, but in addition significantly decreased the final yield of
membrane. For these reasons, sucrose density centrifugation was not included in the

procedure for preparation of GMF antigen.

The purity of the antigen which is to be employed for the screening of hybridomas

may be important in minimising the amount of time spent screening cell culture

supernatants from hybridomas of unrequired specificity. As in most monoclonal

antibody production regimens, the primary factor determining success or failure is the

efficiency of the screening procedure. The production of hybridoma colonies which

initially recorded a positive anti-GMF result by microELISA but which were

subsequently shown to be non-kidney tixing by indirect IF microscopy, requires some

explanation. It is likely that microELISA is a more sensitive technique for the

detection of anti-GMF activity than indirect IF microscopy. In some cases, therfore,

monoclonal antibody concentrations contained in cell culture supernatants may not

have been high enough to yield a positive IF result; hence, anti-GMF secreting

colonies may have been passed over at the second screening stage using indirect IF
microscopy. However, the colonies which were microEllSA-positive were grown to
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a high density in 2 ml culture wells. The subsequent negative result obtained by

indirect IF microscopy could be the result of poor antibody secretion by these

colonies, or alternatively, the secreted monoclonal antibody may have had a low

affinity for its antigen on cryostat sections of normal rat kidney. Liabeuf, el g!. (1981)

have reported the masking of antigenic determinants on cell surface molecules as a

consequence of their association with adjacent cell surface proteins. The possibility

therefore exists that during the preparation of GMF, protein sequences may have been

exposed which, in the native state, were masked or otherwise inaccessible to antibody

molecules. Monoclonal antibodies reactive with epitopes present on these sequences

would yield a positive result when examined by microELISA against GMF, but would

register a negative result when examined by indirect IF microscopy on normal rat

kidney. Whatever the mechanism for the discrepancy, this finding emphasises that

the types of assay and the conditions under which they are performed are critical

factors in the screening of monoclonal antibody specificity.

8.4 Fusions.

The failure to generate hybridomas in the first five fusion experiments was almost

certainly due to the mycoplasma infection of the myeloma cell lines. Most species of
mycoplasma possess an enzyme which cleaves the base-sugar bond of thymidine. It
is believed that the resulting thymidine deficiency is the cause of the post-fusion

failure of hybridoma growth. A number of reports have appeared in the literature

proposing how mycoplasma may be erradicated from infected cell lines (Borup-

Chistensen, e! gl., 1988; Hessling, et al., 1980; Ravaoarinoro and lrcomte, 1988;

Roseto, et al., 1984). AII the procedures are detailed and time consuming to perform.

It has been recomended that elimination of mycoplasma should only be attempted if
the infected cell line is particularly valuable (Goding, 1983). In the present study,

when mycoplasma infection of the myeloma cell lines was confirmed, fresh stocks of

mycoplasma-free cell lines were obtained. As mycoplasma-free myeloma cell lines

were readily available, no attempt was made to eliminate mycoplasma from the

original myeloma cell lines. Subsequently, routine precautionary screening of all cell

lines and hybridomas for mycoplasma infection was undertaken at six to eight month

intervals with Hoechst 33258 stain using the fluorescence microscopy method of Chen

(1977). As proof that mycoplasma contamination caused the initial failure of fusion

experiments,l00Vo of all subsequent fusion experiments undertaken with mycoplasma-

free myeloma cell lines were successful.
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Following the first failed fusiorU using the method of Gefter, g[ al., (1977), a number

of reported modifications were introduced. Alt myeloma cell lines were grown in

RPMI medium, and all later selective or restrictive media were based on RPMI also.

This decision was based on the fact that the majority of regimens reported in the

literature detailing the generation of monoclonal antibody-secreting hybridomas

utilised this medium. In addition to the use of RPMI, 107o NCTC medium was added

post-fusion, as advocated by Claflin and Williams (1978), and insulin was added as

described by Feit gl a!., (1984). The post-fusion growth of hybridomas on peritoneal

macrophages has been reported to be beneficial to hybridoma growth (Fazekas de

St Groth and Schreidegger, 1980; Goding, 1980; Campbell, 1984), an effect attributed

to the phagocytic activity of the macrophages, enabling then to clear the cultures of
cell debris. However, a recent report has shown that addition of macrophage-derived

$owh factor (interleukin 6) to the post-fusion medium directly increases hybridoma

production (Bazin and lemieux, 1989), indicating that macrophages may have a direct

effect on hybridoma cultures post-fusion through the secretion of growth-promoting

factors. Although a direct assessment of the effects of these modifications was not

made, the first fusion undertaken with mycoplasma-free myeloma cells resulted in the

successful generation of hybridomas, and the modifications which were introduced

were retained in subsequent fusion experiments.

The mean fusion frequency of 19.75 hybridomas per L0' splenocytes obtained in

fusions 6 to 9, compares favourably to the expected fusion frequencies published by

Westerwoudt (1986). Loss of chromosomes from hybridomas during the early post-

fusion period has been reported previously (Kohler, 1980; Goding, 1983; Westerwoudt,

1985), and may account for clone mortality during this period. A sudden or gradual

loss of antibody secretion of hybridomas has been reported (Yeltor\ et al., 1978) an

observation which may be accounted for by the preferential loss of chromosomes

carrying either the heavy or light chain loci. There are few data to be found on

hybridoma mortality during the earlypost-fusion period, although hybridoma instability

during this period is well-documented (Clark e! a!., 1983; Kohler, 1980; Kearney,

1984). Two of the eighteen hybridoma colonies generated in this study, that secreted

anti-GMF monoclonal antibody were lost during the post-fusion period. This

represents a mortality rate, for specific anti-GMF-secreting hybridomas, oI orily llVo.

8.5 Monoclonal antibody isotype.

Over 50Vo of the anti-GMF monoclonal antibodies generated in the present study
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were of the IgM subclass, including all of those secreted by hybridomas generated

from splenocytes obtained from mice which had been immunised via the intrasplenic

route. Spitz gl al., (1984) have reported the production of monoclonal antibodies

against high molecular weight cross-linked fibrin degradation products and have

advocated intrasplenic immunisation as the method of choice for the production of
monoclonal antibodies against high molecular weight antigens. As was the case in the

current study using glomerular membrane fragments, all of the monoclonal antibodies

produced by Spitz et al. using intrasplenic immunisation were of the IgM subclass.

8.6 Monoclonal antibody recovery.

Initial attempts to establish the anti-GMF IgM-secreting hybridomas as peritoneal

tumours in Balb/d mice were unsuccessful. Campbell (1984) has reported that IgM-

producing hybridomas may produce lower titres of antibody in ascitic fluid and that

some may be difficult to establish as peritoneal tumours. The sub-lethal irradiation

of mice prior to the intraperitoneal administration of hybridoma cells has been

reported to enhance the development of peritoneal hybridoma tumours with

subsequent production of both human (Kozbor, e! al., 1985) and murine (Weissman,

eI al., 1985) monoclonal antibodies. The mechanism by which hybridoma

intraperitoneal growth failure occurs is uncertain; however, the lack of growth without

irradiation suggests that an allogeneic rejection phenomenon may be the cause

(Samoilovich, e! al., 1987). In the current study, the prior exposure of Balb/d mice

to a sub-lethal total body irradiation dose of 400 Rads resulted in the subsequent

growth of all IgM producing hybridomas with recovery of monoclonal antibody-

containing ascites.

8,7 Monoclonal antibody purification.

As it was intended that anti-GMF monoclonal antibodies would be administered to

rats to examine their effects in vivo, some purification of the monoclonal antibodies

was considered desirable. A pure monoclonal antibody preparation would decrease

the variabilitiy associated with heterologous protein solutions such as ascitic fluid and

reduce the possibility of native mouse antibodies, cross-reactive with rat tissues,

producing spurious results when examining in gvO binding of the monoclonal

antibodies. A number of techniques which have been used for the purification of
immunoglobulins from serum and other complex protein solutions have been applied

to the purification of monoclonal antibodies. These include euglobulin precipitation
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(Hudson and Huy, 1980), ammonium sulphate precipitation (Goding, 1983),

staphylococcal protein A binding (Ey, eI al., 1978; Goding, 1978; Kearney, 1983), and

diethylaminoethyl (DEAE) chromatography (Goding, 1980).

Different purification procedures favour different antibody subclasses. In this study,

the monoclonal antibodies examined were of the IgM subclass. IgM does not have

a high affinity for protein A (Ey e! al., 1978). IgM may also be denatured by classical

euglobulin precipitation (Goding 1983), although a recent study reported the

successful purification of murine IgG3 and IgM by euglobulin precipitation. SDS-

PAGE analysis of a fraction precipitated from ascitic fluid by this method indicating

a purity of 40Vo to 90Vo IgM (Garcia-Gonzalez, et al., 1988). The majority of the

methods reported for the purification of IgM exploit the physical characteristics of the

molecule, including its high molecular weight which is useful in separation by gel

filtration (Angeretti, e! a!., 1983; Bouvet, e! al., 1984), and its high carbohydrate

content which aids in its separation by lectin affinity chromatography (Klein, el al.,

L979). Belew, et al., (1987) have reported the purification of murine monoclonal

antibodies in a single step procedure using salt-promoted chromatography on a

thiophilic adsorbant. However, the recovery of IgM using this procedure was

considerably less than that of IgG. Similarly, the purification of monoclonal

antibodies from ammonium sulphate precipitates of ascitic fluid by caprylic acid

(McKinney and Parkinson,1987; Reik, et al., 1987) has generally been more successful

in the purification of IgG than IgM. In addition, monoclonal IgM may not react the

same as polyclonal IgM-containing preparations. Recently reported methods for the

purification of monoclonal IgM antibodies include anion exchange on Mono Q
(Clezardin, et al., 1986), affinity chromatograhy on Cibacron Blue F3GA followed by

gel filtration on ACA-22 (Johnson, et al., 1987) and polyethylene glycol precipitation

following the removal of lipids by silicon dioxide (Neoh, e! 41., 19s6).

Chromatographic separation of monoclonal antibodies on a number of gel and ion-

exchange matrices in high performance (HPLC) and fast protein (FPLC) Iiquid

chromatography systems have been reported (Chen, et A!., 1988; Danielssorl el A!.,

1988; Josig el al., 1988). Particularly interesting was the report of Chen,3! al. (1988).

These authors reported the recovery of IgM from ascitic fluid and cell culture

supernatants with a purity of >99Vo using a mixed-mode ion exchange matrix, ABx,

in an FPrc system. However, most of the procedures reported for the purification

of IgM require multiple steps, resulting in a decrease in yield of the purified antibody.

In addition, the preparations are frequently contaminated with o2 macroglobulin, a

molecule of similar size which exhibits similar elution characteristics in
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chromatographic procedures.

The use of hydrorylapatite for the purification of monoclonal antibodies was first

reported by Juarez-Salinas, e! a!, in 1984 and later by others (Stanker eI al., 1985;

Juarez-Salinas, eI Al., 1986; Bukovsky and Kennett, 1987). The mechanism by which

proteins bind to hydroxylapatite has been determined to be primarily electrostatic

interactions between amino groups of basic proteins and the phosphate group of the

hydrorylapatite and between carboxyl groups of acidic proteins and calcium sites on

hydroryapaptite. Elution of proteins bound to hydrorylapatite is accomplished either

by Debye-Huckel charge screening as occurs using phosphate buffer or by specific

displacement by Ca'r andfor Mg'* (Gorbunoff and Timasheff, 1984).

Attempts to puri$ anti-GMF IgM monoclonal antibodies from ascites or cell culture

supernatant by hydrorylapatite chromatography using the method described by Stanker

sl al. (1985) were not successful in this study. Examination of chromatographic

protein peaks by SDS-PAGE indicated the possible elution of free light chains, an

observation previously reported by Juarez-Salinas, eI al. (1984). The monoclonal

antibodies examined by Juarez-Salinas, et al. (1984) were secreted from hybridomas

resulting from the fusion of splenocytes with myeloma Sp2/0. This cell line neither

synthesises nor secretes either the heavy or the light chains of immunoglobulin. The

myeloma cell line NSI used to generate the anti-GMF monoclonal antibody-secreting

hybridomas in the current study, is reported to synthesise, but not secrete,

immunoglobulin light chains. However, free light chain secretion from hybrid cells

generated with this myeloma cell line has been occasionally reported (Kohler, et al.,

1976). None of the elution peaks obtained following chromatography of anti-GMF

monoclonal antibody-containing ascites or cell culture supernatants, reacted with rat

kidney when examined by indirect IF microscopy; whereas the ascites and cell culture

supernatants applied to the column had previously been shown to have a high anti-

rat kidney titre. This observation raises the possibility of significant degradation of
the monoclonal antibodies during chromatography. If this has occurred, the reason

for degradation is not understood.

A number of gel matrices have been used to purify monoclonal antibodies from

ascites or cell culture supernatants by exclusion chromatography. Goding (1983) has

stressed the importance of selecting a gel which includes IgM, and therefore

chromatographs it, rather than just allowing the IgM to pass through the column. The

molecular weight of IgM is 900 kDa, and the exclusion limit of BioGel A1.5 M is 1500
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kDa. BioGel A1.5 M therefore fulfilled this criterion. Attempts to puriff the anti-

GMF monoclonal antibodies by exclusion chromatography on BioGel A1.5 M were

more successful than using hydroxylapatite chromatography. The appearance of
protein in the same molecular weight range as immunoglobulin light chain eluting in

all four peaks is unusual. However, since separation of proteins on BioGel A1.5 M

is by exclusion the elution profile should reflect the molecular weight of the proteins,

with the larger molecular weight components eluting from the column ahead of those

of lesser molecular weight. IgG would therefore elute from the column after IgM.

As the SDS-PAGE analysis of the protein peaks was performed under reducing

conditions, it is possible that those proteins with similar molecular weights to

immunoglobulin light chains may in fact be light chains originating from native mouse

immunoglobulins which were recovered in the ascitic fluid together with monoclonal

antibody. Although anti-rat kidney activity could be demonstrated by indirect IF
microscopy in the first two peaks recovered from BioGel A1.5 M chromatography,

indicating probable monoclonal IgM presence, SDS-PAGE analysis of these two peaks

revealed they were not of a homogeneous protein content although protein bands

corresponding to IgM heavy and light chains were present.

In the present study, affinity chromatography on an anti-mouse lgM-agarose conjugate

column lelded the highest purity of monoclonal IgM which also exhibited a high titre

of anti-rat kidney activity when examined by indirect IF microscopy. SDS-PAGE

analysis of the protein peak recovered from anti-GMF-containing ascites following

elution of the affinity column revealed the presence of a 52 kDa protein as well as

immunoglobulin heavy and light chains. This 52 kDa band was not found in SDS-

PAGE profiles of mouse IgM isolated by affinity chromatograhy from cell culture

supernatants. The origin of this protein is uncertain. The anti-mouse polyclonal

antibody that was covalently attached to the agarose support is reported by the

manufacturers to be p chain specific. This, however, does not rule out the possibility

that the polyclonal anti-mouse antibody may have some cross-reactivity with mouse

proteins present in the ascitic fluid, which had not been absorbed from the antibody

by the manufacturers. If this were the case, the 'unknown' protein would dissociate

from the column under acid elution conditions and appear as a contaminant of the

IgM preparation. The presence of a double peak in the elution profile of IgM
isolated from ascitic fluid by affinity chromatography may have resulted from non-

specific, native mouse IgM binding to the column. This native IgM may subsequently

have eluted from the column at a fractionally higher pH than the monoclonal IgM.

However, the possibility remains that the first peak may represent the elution of the
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52 kDa protein. The weak anti-kidney reactivity which was found in this first peak by

indirect IF microscopy may be accounted for by the presence of by early eluting

monoclonal anti-GMF antibody in the peak. Although the purity of IgM recovered

from the affinity column was satisfadory, only small samples could be processed at

any one time.

SAS precipitation of anti-GMF monoclonal antibodies from ascitic fluid resulted in

the recovery of an lgM-enriched protein fraction with a high anti-rat kidney titre when

examined by indirect IF microscopy. Since purification of anti-GMF monoclonal IgM

antibody by chromatography on hydroxylapatite was unsatisfactory and since the

fraction recovered from chromatography on BioGel A1.5 M was not considered to

possess significant advantages over the lgM-enriched fraction prepared by 40% SAS

precipitation, the simpler SAS precipitation method was chosen as the standard

purification step. Affinity chromatography was not considered because of the costs

and time involved in scaling up of the procedure in order to process larger samples.

However, the higher purity of the affinity-purified IgM antibody was mandatory for

later ImAu EM studies undertaken with the anti-GMF monoclonal antibodies

(Kerjaschki, 9! 41., 1986).

8.E Nephritogenic anti-kidney monoclonal antibodies.

The first reports of the generation of monoclonal antibodies directed against renal

antigens appeared in 1981. Ueda, et al. (1981) described the production of a panel

of monoclonal antibody secreting hybridomas from the splenocytes of mice which had

been immunised with whole cells from established cell culture lines derived from renal

carcinomas. Three antigens, designated gp 160, S25 and gp L20r, were identified

which were kidney specific and were expressed on both normal and neoplastic kidney

cells. Falkenberg, e! al. (1981a, 1981b) were the first to use an immunogen derived

from normal kidney to generate hybridomas. These authors immunised mice with

plasma membranes prepared from whole human kidney cortex. Fusion of the

splenocytes obtained from these immune mice with NSI/I myeloma cells resulted in

the production of sixty hybridoma colonies secreting antibody which reacted more or

less strongly with a variety of renal antigens. Six of the monoclonal antibodies which

were generated were specific for glomeruli. When examined by IF microscopy, one

of these monoclonal antibodies produced a linear pattern of fluorescent staining, the

remaining five reacted in a discontinuous granular pattern. The monoclonal

antibodies produced by Falkenberg, etr al. (1981a, 1981b) have subsequently been
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employed in microELISA assays for the detection and quantification of kidney-derived

urinary antigens in a number of pathological renal conditions (Falkenberg, g! al., 1985,

1986). Since these initial studies, a number of investigators have reported the

production of monoclonal antibodies directed against antigens present in both human

and animal GBM (Michael e! al., 1983; Pressey, gI al., 1983; Mendrick, e! Al., 1983;

Hancock and Atkins, 1984; Thomson, et al., L984; Nakamura, 1986; Pusey, g! al.,

1987). These monoclonal antibodies all produced a linear staining of the GBM when

examined by IF microscopy.

The specific aim of the current study was to generate monoclonal antibodies directed

against antigens which were discontinuously represented along the glomerular capillary

wall, and when examined by indirect IF microscopy, would produce a granular pattern

of staining. In order to enhance the chance of success, the primary immunogen was

depleted of GBM, thereby decreasing the possibilities of generating monoclonal

antibodies which would exhibit linear binding patterns. The non-GBM glomerular

antigens which were of interest were likely to be cell surface molecules expressed on

either glomerular endothelial, epithelial or mesangial cells (Matsuo, gI al., 1987;

Andres, et al., 1979). Presumably any membrane fragments contained in the GMF
preparation of the present study would have originated from these cell types as the

starting material was isolated whole glomeruli and would include membranes derived

from intracellular structures such as lysosomes and nuclei. In addition, following

homogenisation of the isolated glomeruli, non-disrupted intracellular organelles and

subcellular molecules would have been removed in discarded pellets and supernatants

respectively during the differential centrifugation procedure employed, thus reducing

the chances of generating unwanted monoclonal antibodies against these antigens.

However, only one monoclonal antibody, BPC4, reacted with nuclear membranes,

idicating membrane derived from intracellular organelles was not a significant

antigenic component of GMF. From four successful fusion experiments undertaken

in the current study, a total of 18 monoclonal antibodies were produced which reacted

with rat kidney by indirect IF microscopy. Seventeen of these monoclonal antibodies

produced a granular IF staining pattern. The one exceptioq BPC4, reacted with an

antigen present on nuclear membranes. The fact that none of the reagents appeared

to react with linearly disposed GBM structures, as judged by indirect IF, justified the

choice of GMF as the immunogen for the production of anti-rat kidney monoclonal

antibodies reacting with discontinuously represented glomerular antigens.

Mendrick, etr gl. (1983) have reported the production of more than fifty monoclonal
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antibodies that reacted with normal kwis rat kidney. Fourteen of these were selected

on the basis of glomerular capillary wall binding patterns in vitro, and were examined

in more detail. Fifty percent of the selected monoclonal antibodies bound to
glomeruli in vivo, of which only two exhibited a nonlinear pattern by IF microscopy.

Nine of the monoclonal antibodies were specific for rat antigens. In a recent study,

the same authors have reported in vitro and in vrvg investigations with a monoclonal

antibody named K9/9, generated by fusion of splenorytes obtained from a mouse

immunised with an homogenate of rat renal cortex (Mendrick and Rennke, 1988a,

1988b). Immunoblotting and immunoprecipitation studies indicated K919 reacted with

antigens of 118 and 107 kDa. The distribution of these antigens was restricted to the

cell surface of all glomerular podorytes; they were not present on any other cell type

in the rat, nor on glomerular cells of any other species examined. When administered

intravenously, K9/9 induced a dose-dependent proteinuric lesion.

A monoclonal antibody against an 81 kDa protein that is restricted to glomerular

mesangial cells has also been reported by Mendrick and Rennke (1986). Following

intravenous administration of up to 66 mgs of ascitic fluid containing this monoclonal

antibody to normal rats, IF microscopy revealed a pattern of glomerular deposition

similar to that observed with the antibody in vitro. Flocculent electron dense deposits

were observed in all glomeruli examined. Urine protein excretion was not increased

following ig fu administration.

In the current study, anti-GMF monoclonal antibodies SC5, PH7, ASD5 and BSG11

were selected for further study on the basis of their granular IF staining patterns in

vitro. None of these monoclonal antibodies, however, reacted with antigens that were

restricted to the rat glomerulus, although the binding patterns produced on kidney

from other species were similar to those observed in the rat.

Considerable research with monoclonal antibodies produced against renal antigens of
both rats and rabbits has been contributed from the laboratories of Ronco and

Verroust in France (Ronco, et a!. 1984a; 1984b; 1986a; 1986b; Chatelet eJ Al., 1986a;

1e86b).

In a study to further investigate immunological injury in Heymann's nephritis Ronco,

el al. (1984b) generated twenty-seven hybridomas secreting monoclonal antibody which

reacted with rat kidney. The splenocytes participating in the fusion were donated by

a mouse which had been immunised with rat FxlA. The monoclonal antibodies

produced reacted with a number of renal structures including proximal tubule brush
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border and basolateral membrane, intracytoplasmic antigens, glomerular epithelial

cells, and intestinal brush border membrane. Three of the monoclonal antibodies

reacted with a 330 kDa protein present on proximal tubule brush borders and

glomeruli. Two were specific for a 90 kDa protein present on proximal tubule and

intestinal brush border and glomerular endothelial cells. One further monoclonal

antibody reacted with an antigen exclusive to tubular and glomerular epithelial cells.

The antigen with which this antibody reacted could not be identified by the

immunoprecipitation technique employed. Interestingly, this latter antibody was the

only GCW-reactive monoclonal antibody that was of the IgM subclass. This

monoclonal antibody did not bind to glomeruli in vivo. In contrast, all the monoclonal

antibodies which were specific for intracytoplasmic antigens were of the IgM subclass.

The four anti-GMF monoclonal antibodies generated in the current study and

examined !n vitro and in vivo. were IgM antibodies. Two of these, SC5 and PH7,

bound to glomeruli when administered IV to normal rats. This result indicated that

in vivo reactivity of anti-kidney monoclonal antibodies is not restricted to antibodies

of the IgG subclass. The remaining two monoclonal antibodies, ASD5 and BSGll,
did not bind to rat glomeruli in vivo. despite showing strong reactivity with rat

glomeruli in vitro. This finding may be accounted for by antigen accessability, the

membrane antigens with which ASD5 and BSG11 were reactive may have been

available to interact with the antibodies in in vitro preparations, but j4 vivo epitope

accessability may have been restricted by restraints imposed by spatial arrangement.

None of these monoclonal antibodies appeared to react with intracellular antigens,

unlike the monoclonal antibodies produced by Mendrick et al. (1983) some of which

reacted with annumber of intracellular structures.

The renal distribution of the 90 kDa and 330 kDa antigens reactive with the

monoclonal antibodies described by Ronco, et Al. (1984b) has been investigated using

IF and immunoelectron microscopy (Chatelet, el a!., 1986a). The 90 kDa antigen was

diffusely represented on the cell membrane of glomerular epithelial cells and brush

border membranes of proximal tubule cells, vascular endothelial cell membranes and

cells of the lamina fenestrata. The antigen was not expressed on the continuous

endothelium close to the vascular pole, the afferent and efferent arterioles or
interstitial capillaries. The distribution of the 330 kDa antigen was distinctly dissimilar

to that of the 90 kDa antigen, being localised to the intermicrovillar membrane and

associated with coated pits. The 90 kDa antigen was also shown to be associated with

the membranes of intrarytoplasmic vesicles. The extrarenal distribution of the 90 kDa
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and 330 kDa antigens described by Ronco, sl a!. (1984b) has also been examined

Chatelet, et al., (1986b). The 330 kDa antigen is restricted to epididyrral epithelium

and the microvillar membrane of type II but not type I pneumocytes. The distribution

of the 90 kDa antigen was much more ubiquitous, being found on a variety of cell

types including hepatocytes and endothelial cells, but not Kupffer cells, of liver,

endothelial cells of spleen, heart and lung, intestinal brush border membranes, and

type II but not bpe I pneumocytes. The conclusion from this study was that the 330

kDa antigen may be involved with receptor mediated endocytosis, the 90 kDa antigen

had a more ubiquitous distribution than the 330 kDa antigen between tissues and

within cells, and was particularly associated with cells having a high membrane

turnover.

8.9 Antigen localisation.

I-ocalisation of the antigens was partially successful in these studies and a general

localisation was determined in the present study. Immunofluorescence microscopy

revealed that none of the anti-GMF monoclonal antibodies studied were seen to

exhibit reactivity that was restricted to the glomerulus. Reactivity with non-renal

tissues, however, was limited to cell membranes, indicating that the reactive antigens

were cell surface molecules. A wide tissue distribution has also been reported for a
108 kDa glycoprotein antigen (gp 108) isolated from FxlA. lntravenous

administration of anti-gp 108 polyclonal antibody to normal rats induces passive

Heymann nephritis with acute and severe proteinuria (Natori, et al., 1986). Non-

renal reactivity was reported to be with small intestine, lung, spleen, thymus, liver,

epididymis, stomach, pancreas, heart and peripheral blood lymphocytes (Natori, 91

al., 1987).

In the present study, binding of the anti-GMF monoclonal antibodies in vivo was

limited to SC5 and PH7. Direct IF microscopy revealed that the patterns of
glomerular binding of the two monoclonal antibodies was similar to that observed in
vitro. However, reactivity with tubules was not observed in vivo. Glomerular binding

of both SC5 and PH7, as assessed by direct IF microscopy, although present at one

hout, was greatest at 24 hours post-injection. This contrasts with the in vivo studies

with the IgG2a monoclonal antibody MoAb8 reported by Ronco, e! a!., (1984a). This

monoclonal antibody was reported to exhibit a granular IF binding pattern in vitro
and in vivo which was characteristic of anti-FxlA serum (Ronco, e! al. 1984b). The

ig vivq binding of MoAbS was greatest in the glomerulus at one to four hours post-
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injection, although antibody could still be detected on proximal tubular brush borders

at fifteen days post-injection. MoAb8 was not kidney specific; indirect IF microscopy

demonstrating reactivity with spleen, lung, heart and liver. Immunoprecipitation and

immunoblotting experiments with MoAbS indicated that the reactivity was confined

to a single protein band of 90 kDa, present on both glomerular and proximal tubular

brush border membranes. Immunoperoxidase electron microscopy localised the

binding of MoAb8 to proximal tubular membrane invaginations and endocytotic

vesicles and to glomerular epithelial and endothelial cells. Some reactivity of MoAb8

with the lamina densa of the GBM was also noted. Furthermore, the antigen could

be detected in the circulation. Perfusion of isolated kidneys and in vitro binding

studies confirmed that MoAbS did indeed form immune complexes with renal antigens

in $lu. The results overall indicated that MoAb8 was specific for an antigen which

was biochemically and anatomically independent of the gp 330 antigen described by

Kerjaschki and Farquhar (1982).

Results obtained in dot-blot experiments in the current study indicated that PH7,

ASD5, SC5 and BSGl1 reacted with all of the protein extracts prepared from rat

GMF. ASD5 was the only monoclonal antibody that reacted with hGMF protein

extracts in the dot-blot assay. Indirect IF microscopy studies, undertaken to determine

interspecies reactivity of the anti-GMF monoclonal antibodies, had indicated that SC5

and PH7, both of which bound in vrvq to rat kidney, also reacted with human kidney.

However when the reactivities of these reagents with protein extracts of either human

GBM or hGMF were examined by dot-blot, both SC5 and PH7 returned a negative

result. The dot-blot result obtained with ASD5 against extracts from human kidney

was therfore unexpected. ASD5 did not react with hGMF in microELISA studies nor

in immunoblotting experiments, and repeat indirect IF microscopy studies confirmed

that this monoclonal antibody did not react with normal human kidney in vitro.

Collagenase digests of GBM have been widely used in immunological studies to

determine the reactivities of anti-GBM antibodies since the original description of the

technique by Marquardt, 91 al. (1973b), and it is possible that theGBM preparation

could contain some human glomerular membrane antigens. The anti-GMF antibodies

were generated against rat GMF, a preparation which had been depleted of GBM.

In addition indirect IF microscopy had shown that none of the anti-GMF monoclonal

antibodies reacted with rat GBM in vitro. It is therefore uncertain as to how ASD5

could exhibit reactivity with the collagenase digest of human GBM. The removal of
the reactivity of monoclonal antibodies with proteins which have been exposed to

DOC has been reported in the literature (Herrman, g-t al., lg7g, lgBZ) and may
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account for the lack of reactivity observed with SC5 and PH7 against the DOC

extracts of hGMF. The negative result obtained with these two monoclonal antibodies

against the collagenase digest of human GBM was anticipated since neither reagent

demonstrated GBM binding in indirect IF studies. The findings obtained with ASD5

in the dot-blot experiments suggest that exposure of protein antigens to DOC, prior

to immunological studies, may also return false positive results. Conceivably, exposure

of protein antigens in the GBM and hGMF preparations to DOC may introduce

alterations in the tertiary structure of the proteins, creating what may be termed

'pseudoepitopes', that were cross-reactive with ASD5. Alternatively, a non-

immunological reaction may have occurred between ASD5 and DOC which may have

remained bound to the extract protein. Data obtained with DOC protein extracts

must therefore be interpreted with caution.

Attempts to localise the binding of the anti-GMF monoclonal antibodies by ImAu EM
were unsuccessful. Kerjaschki and Farquhar (1983) have reported the destruction of
protein antigen reactivity following fixation with glutaraldehyde. In the present study

free aldehydes were quenched, prior to probing with the monoclonal antibodies, with

tVo ammonium chloride as advocated by Brown and Revel (1976). The use of
hydrophilic acrylic resins, such as Lowicryl, are preferred to the hydrophobic resins,

for example the widely used Epon 81.2, as the embedding process employed with

hydrophobic resins results in the partial or total denaturation of protein antigens

(Kerjaschki, gt al., 1986). However, Kerjaschki, et al. point out that acrylic resins may

not be suitable for the localisation of membrane antigens which are present in low

density, and that the use of ultrathin frozen sections may be the method of choice in

these cases.

8.10 Identification of antigens reactive with anti-GMF monoclonal antibodies,

An initial immunoblotting experiment conducted with SC5 on an 8M urea extract of
isolated whole glomeruli had indicated that this monoclonal antibody reacted with
protein bands of 175, 160, 120 and 53 kDa. This result was unable to be repeated.

In addition, all immunoblotting experiments carried out with PH7, ASD5 and BSGIl
returned negative results against urea extracts. Urea is a denaturing agent and at the

concentration used breaks non-covalent bonds to render a mixture of denaturated,

dissociated polypeptide chains (Van Renswoude and Kempf, 1984). The 24 hour

exposure of proteins to the urea could be considered harsh and may have in severely

modified the epitope tertiary structure which could have destroyed antigen specificity.
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Mendrick and Rennke (1986) have reported the solubilisation of an 81 kDa protein

reactive with a monoclonal antibody which binds to rat mesangial cells in vitro. This

protein was only solubilised by 0.2Vo OG and not by other detergents including

CHAPS, NP40 and Triton X-100. The protein profiles obtained following SDS-PAGE

of the OG and CHAPS extracts of GMF were similar. Subsequent transfer of the

proteins to nitrocellulose sheets and probing with the anti-GMF monoclonal

antibodies revealed bands of reactivity only with SC5 and BSG1l. BSGl1 reacted

with seven protein bands which were present in both the CHAPS and OG extracts.

SC5 reacted with a single 78 kDa protein band present in the OG extract and with

five protein bands in the CHAPS extract, including the 78 kDa protein, but this

finding was not consistent. When examined against detergent extracts of isolated

whole glomeruli, the reactivity of SC5 with a 96 kDa protein was again observed.

However, the four bands of reactivity corresponding to proteins with molecular sizes

of 82 - 52 V'Da, as seen with the CHAPS extract of GMF, were absent from the

immunoblots obtained with extracts of isolated glomeruli. The amounts of protein

which were obtained from extracts of isolated whole glomeruli were greater than those

obtained from GMF extracts; additionally, the number of protein bands visualised

following SDS-PAGE was also greater. A large percentage of the protein extracted

from whole glomeruli was likely to be intracellular protein which would not have been

present in the GMF preparation. It would, therefore, be unlikely that any of the anti-

GMF monoclonal antibodies would react with these non-GMF proteins unless they

were preformed cytosolic membrane proteins or they shared GMF protein epitopes.

The antigens present in the GMF extracts would also be present in the extracts of
whole glomeruli. It could be anticipated, therefore, that the anti-GMF monoclonal

antibodies which reacted with protein bands in the GMF extracts would react with the

same protein bands in the extracts of whole glomeruli. However, since the GMF
preparation was an enriched plasma membrane fraction, proteins which were exclusive

to the plasma membrane were likely to be present in higher concentrations in the

GMF extracts than in the extracts of whole glomeruli. If the 82,78,55 and 52 kDa

proteins, which were reactive with SC5 in the GMF extracts, were exclusively

membrane proteins, then the concentrations of these proteins in the extracts obtained

from whole glomeruli may not have been great enough to be detected by the

immunoblotting technique. The possibility that antigen density is an important

determinant in immunoblotting studies is suggested by the finding that reactivity of
SC5 with protein bands in the GMF extracts was only revealed when the more

sensitive biotin-streptavidin system was applied to detect bound monoclonal antibody.
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The immunoblotting results indicated that only BSGll reacted with a protein of
similar molecular weight to previously reported reactivities of anti-kidney monoclonal

antibodies. BSGll reacted with a protein band of 43 kDa; the monoclonal antibody

K2.7, reported by Kinouchi, gl al. (1987), also reacted with a protein of 43 kDa. All
of the anti-GMF monoclonal antibodies reacted with more than one protein band in
the immunoblotting studies. Although ASD5 was shown to react with a single protein

band when blotted against a CHAPS extract of isolated glomeruli, it was also seen to

react with three protein bands in a CHAPS extract of GMF. However, neither of
these results were reproducible. Monoclonal antibodies are specific for a single

antigen epitope, but this highly specific reactivity does not necessarily imply that a
given monoclonal antibody is monospecific. The epitope with which it reacts may be

present on one or more proteins which may or may not be present in the immunising

antigen. The monoclonal antibody could therefore exhibit more than a single band

of reactivity when examined by immunoblotting. The dominant reactivity of SC5 was

with a 96 kDa protein present in OG and CHAPS extracts of isolated glomeruli and

the CHAPS extract of GMF. This protein has a similar molecular weight to the 90

kDa antigen described by Ronco, et al. (1984a, 1984b) which was identified by a
monoclonal antibody generated from the fusion of splenocytes obtained from a mouse

immunised with rat FxtA. However, attempts to block the reactivity of SC5 with rat

kidney by anti-FxlA serum in IF microscopy studies were unsuccessful, indicating that

the 96 kDa antigen recognised by SC5 is unlikely to be the same as the 90 kDa

antigen component of FxlA described by Ronco, C! al. (1984a, 19S4b) and others

(Bagchus, et al., 1986d; Kawai, et al., 1986). Bakker el a!. (L979, 1981) have

demonstrated anti-T cell activity in anti-FxlA serum and identified the anti-T cell

reactivity to be directed against a 90 kDa protein. Glomerular reactivity of the anti-

FxlA serum was removed following immunoabsorption of the antiserum with

thymocytes as was reactivity with the 90 kDa protein (Bagchus, et al., 1986d). A study

of the distribution of gp 330, (the 'Heymann antigen'), and gp 90 in the rat and the

mouse was conducted by Assman, et al. (1986). These workers found that gp 90 was

diffusely represented along the glomerular capillary walls of both the rat and the

mouse. However, gp 330 which was a major constituent of proximal renal tubule

brush border membranes of both the rat and the mouse, was absent from the

glomerular capillary wall of the mouse. These authors concluded that gp 330 was the

target antigen for membranous glomerulonephritis in the rat, whereas in the mouse,

where the lesion can also be produced, gp 90 is the target antigen.

The most widely studied experimental animal model of a glomerulonephritis
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characterised by granular glomerular deposits of immunoglobulin is Heymann

nephritis. The application of the monoclonal antibody technique to the study of

Heymann nephritis was first reported by Kerjaschki and Farquhar (1983). These

authors generated a monoclonal antibody to a glycoprotein gp 330 which had been

purified from a deoxycholate extract of rat kidney proximal tubule microvilli by gel

column fractionation and lentil lectin affinity chromatography. The monoclonal

antibody specifically stained the brush borders of proximal tubule cells, and reacted

with the glomerulus in a faint but distinctive granular pattern. Specificity was

confirmed by the immunoprecipitation of a 330 kDa glycoprotein. Ultrastructural

localisation of gp 330 by immunoperoxidase electron microscopy with this monoclonal

antibody was complementary to results obtained with a polyclonal anti-gp 330

antibody. However, glomerular fixation of the anti-gp 330 monoclonal antibody could

not be demonstrated by IF microscopy following intravenous injection. Ronco, et al.

(1986a) have reported the formation of immune deposits in rat glomeruli following

IV administration of a monoclonal antibody against a 330 kDa glycoprotein. Specific

glomerular binding was confirmed by paired radiolabel studies. Urine protein

excretion following administration of the monoclonal antibody was not the subject of

this work but immunisation with a gp 330 preparation, which had been affinity isolated

by three epitope-specific anti-330 kDa monoclonal antibodies, resulted in the

development of classical membranous glomerulonephritis in the treated rats.

Bhan gI a!. (1985), have reported the production of a monoclonal antibody derived

from the fusion of splenocytes obtained from a mouse immunised with FxlA. This

monoclonal antibody, named 14C1 was demonstrated to immunprecipitate a

glycoprotein from an extract of renal tubular microvilli which had an electrophoretic

mobility corresponding to 440 kDa in SDS-PAGE under non-reducing conditions.

Immunofluorescence and immunoelectron microscopy studies indicated that 14C1

reacted with an antigen present on podocyte cell membranes in the vicinity of coated

pits, and also with material present in the glomerular deposits of rats with Heymann's

nephritis. A second monoclonal antibody examined in the study by Bhan, 914[., 4H6,

wzn generated from the fusion of splenocytes obtained from a mouse immunised with

glomeruli isolated from Heymann nephritic rats. Indirect IF microscopy on normal

rat kidney revealed that 4H6 produced a heavy granular staining of glomeruli, whereas

14C1 produced a faint, finely granular punctate staining of the glomeruli. Both

monoclonal antibodies reacted with renal proximal tubules. The anti-GMF

monoclonal antibodies reported in the current study produced a moderately heavy

granular staining of the glomeruli which bore a similarity to that observed with 4H6.
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No urine protein excretion studies were reported by Bhan el a!. with the 14C1 and

4H6 monoclonal antibodies.

8.1f Nephritogenicity of anti-GMF monoclonal antibodies.

In this study, the four anti-GMF monoclonal antibodies PH7, ASD5, SC5 and BSG1l

were examined in vivo to determine nephritogenicity. Initial experiments conducted

with ASD5 and BSGll revealed that these two monoclonal antibodies did not bind

to rat glomeruli in vivo, and no increase in urine protein excretion was seen at either

a 5 or 10 mg dose. Further study of these anti-GMF monoclocal antibodies w:ls

discontinued at this stage, except that paired radiolabel studies were undertaken with

ASD5 since an inconsistent, patchy deposition of mouse immunoglobulin had been

detected at one hour post-injection. Both PH7 and SC5 bound to rat glomeruli in

vivo. Maximum binding of these monoclonal antibodies, as determined by direct IF

microscopy, occurred at24 hours. Indirect studies in vitro had shown that PH7 and

SC5 reacted with glomeruli and tubules of normal rat kidney. However, in vivo,

monoclonal antibody was only found bound to glomeruli, except in the group of rats

which received 30 mg of PH7. This finding again raises the question of antigen

accessability. IgM is a large pentameric protein of approximately 900 kDa. If the

antigen with which the IgM antibody reacts has a restricted access, the size of the IgM

molecule may prevent it from gaining close proximity to the antigen to form an

immune-complex.

Urine protein excretion following IV administration of PH7 was greater at 24 hours

than at 48 hours at all dose levels examined. All PH7 post-treatment values at 24

hours were significantly different from pre-treatment values at the P <0.05 level. This

finding correlates with indirect IF microscopy and paired radiolabel studies which

showed that glomerular binding of anti-GMF monoclonal antibody peaked at 24

hours post-injection. The increased urine protein excretion was dose dependent, being

maximal at the 30 mg dose level, which was the highest dose administered, and was

not associated with an increase in glomerular PMN recruitment. Similarly, IV
administration of SC5 monoclonal antibody resulted in a dose-dependent increase in

urine protein excretion. Direct IF microscopy and paired radiolabel studies indicated

that glomerular binding of monoclonal antibody peaked at 24 hours post-injection.

This result correlated with 24 hour urine protein excretion measurements which

showed that the increased protein excretion was greater at the 24 hour time point

than at the 48 hour time point at all dose levels examined. As found in studies
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conducted with PH7 in vivo, examination of glomeruli by light microscopy did not

suggest that increased PMN recruiment was a factor in the development of the

proteinuria. However, depletion experiments were not undertaken to further

investigate this point.

From the literature it is clear that a number of fixed glomerular antigens which could

potentially serve as the ligand for nephritogenic antibodies are being identified by

monoclonal reagents. However, reports of the induction of glomerular lesions in vrvo

with monoclonal antibodies directed against non-GBM antigens are currently limited

to this study and those emanating from the laboratory of Mendrick and Rennke in

Bostoq USA (Mendrick e! a!., 1.983; Mendrick and Rennke, 1,986; 1988a; 1988b) and

repofts by Bagchus, g! al. (1986b, 1986c) on an anti-T lymphoryte monoclonal

antibody-induced proteinuric renal lesion.

Relating to this latter study, Thy-l has been reported to be present on a number of

tissues including mesangial cells of rat kidney (Paul, et al., 1984). The monoclonal

lgGZa anti-Thy-l antibody, designated ER4, was shown to bind to rat mesangial cells

and GBM (Bagchus, et al., 1986a). A single intravenous injection of ER4 antibody

into normal rats induced an immediate and severe proteinuria which peaked at forty-

eight hours post-injection and returned to normal levels after three weeks. Granular

IF staining for mouse immunoglobulin was observed on the GBM and mesangium at

one to two hours post injection. Staining intensity decreased thereafter and was not

detected at six days. Yamamoto and Wilson (1987) have also reported the induction

of complement-dependent glomerular mesangial cell damage with a polyclonal

antiserum raised against thymocytes and reactive with a Thy-l-like antigens present

on glomerular mesangial cells.

Two IgGl monoclonal antibodies, K23f I which reacted with glomerular mesangial

cells, and K23/7 which reacted with laminin, were studied in vivo by Mendrick and

Rennke (1986). Electron dense deposits were observed in the mesangial matrix of the

glomeruli of rats recieving K23/1, but were not in observed at any site in the kidney

of those recieving K23/7 or the control monoclonal antibody. Urine protein excretion

was not increased following the administration of either reagent, and light microscopy

revealed normal glomerular histology.

8.12 Mechanism of proteinuria.
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The mechanism involved in the development of proteinuria following the

administration of anti-GMF monoclonal antibodies, in the absence of obvious

histological damage to the kidney, as seen with PH7 and SC5, was not known in the

current study. The direct binding of antibody to GBM antigens has been reported to

induce proteinuria independently of complement or inflammatory cell infiltration

(Ba;<ter and Small,1963; Simpson, et al., 7975; Couser and Salant, 1982). Reports

have also been published on the induction of proteinuria in isolated perfused kidneys

following the perfusion of heterologous anti-GBM antibodies (Boyce and Holdsworth,

1985; Couser, eI al., 1985). Couser, 9! A!. attributed the increased glomerular

permeability to the direct binding of antibody to the GBM; however, Mendrick and

Rennke (1988a) have questioned this hypothesis and, in turn, suggested that the

increased glomerular permeability may have resulted from the binding of antibody to

glomerular visceral epithelial cells. The antibody used in the study by Couser, gl al.

was raised against whole rat glomeruli, not purified GBM, and was not shown to be

GBM specific. In experimental animal models of GN, damage to the glomeruli, and

subsequent proteinuria following the deposition of immunoglobulin, have been

reported to be mediated either by the complement system (Cochrane, 9I al., 1970;

Salant, et al., 1980; C.)bulsky, et al., 1986; Gabbai, e! al., 1988; Quigg, c! a!., 1988),

by the coagulation cascade system (Cochrane and Griffin, 1982), by

polymorphonucleocytes (Cochrane, et al., 1965; Naish, e! al., 1975;) or by macrophages

Holdsworth, e! al., 1981; Holdsworth and Neale, 1984). In a recent study Perico, gj

al. (1988) have demonstrated that platelet activating factor (PAF) can increase the

permeability of the glomerulus to protein in the absence of platelets or inflammatory

cells. The PAF-induced increase in glomerular permeability was inhibited by a L-

652,731, a specific PAF receptor antagonist. The authors concluded that the effect

of PAF on the protein permeability of the glomerulus was a direct effect of its
biological activity.

Mendrick and Rennke (1988a, 1988b) have described an IgGl monoclonal antibody,

K9/9, generated from splenosytes obtained from a mouse immunised with an

homogenate of rat renal cortex and shown to react with nvo glomerular epithelial cell

antigens of 115 and 107 kDa respectively, which induces complement and leukoryte-

independent glomerular epithelial cell damage and proteinuria. Intravenous

administration of t0 mg otK9l9 induced a proteinuric lesion in normal rats which was

maximal at 24 hours post-injection. At a dose of 66 mg of K9/9, the degree of
proteinuria increased and was maximal at 48 hours post-injecion. However, the

increased urine protein excretion only occurred if the rats received a concomitant
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subcutaneous immunisation of a 1:1 (by volume) emulsion of complete Freund's

adjuvant and an ascites-derived fraction of non-kidney binding immunoglobulin.

Proteinuria did not develop if complete was substituted with incomplete Freund's

adjuvant (ie. not containing myobacterium tuberculosis). Light microscopy of kidneys

from treated rats revealed normal glomerular cellularity. Difhrse epithelial cell

damage was seen in electron micrographs, but electron dense deposits were not

observed. The omission of myobacterium tuberculosis did not affect kidney binding

of K9/9 as assessed by trace radiolabel studies. Total monoclonal antibody bound to

the kidneys at 24 hours following the administration of 10 mg of labelled K9/9 was

40 tr5 This is considerably greater than that found with either of the anti-GMF

monoclonal antibodies, PH7 or SC5, examined in the current study. Electron

microscopy studies in the current study failed to demonstrate electron dense deposits

in the glomeruli of proteinuric PH7 or SC5-treated rats. Similarly, Mendrick and

Rennke (1988a, 1988b) failed to detect electron-dense deposits in the glomeruli of

proteinuric rats following treatment with K9l9 monoclonal antibody. Studies

undertaken with polyclonal and monoclonal anti-gp330 antibodies demonstrated that

electron dense deposits were only found in the glomeruli of rats treated with

polyclonal anti-gp330 (Allegri, et al., 1986). The conclusion from this study was that

highly cross-linked immune complexes formed by polyvalent antibodies on the

glomerular epithelial cells were necessary for the formation of electron dense deposits.

This makes it difficult to explain the lack of deposits in the present study since the

anti-GMF monoclonal antibodies were of the IgM subclass, consisting of pentameric

molecules and with a theoretical antigen valenry of 10. However, since it is unlikely

that cell surface antigens would be anatomically arranged in an orientation that would

facilitate saturation of the antigen binding sites of IgM, limited antigen accessibility

to the large IgM molecule may have contributed to the limitation on formation of

large immune complexes.

E.13 Summary.

A total of 17 hybridomas, generated from the fusion of splenocytes obtained from

mice immunised with a plasma membrane fraction prepared from glomeruli isolated

from I-ewis rat kidney, produced monoclonal antibodies which reacted with

discontinuously represented antigens in the glomerulus and renal tubules. One further

hybridoma secreted a monoclonal antibody which reacted with an antigen present on

glomerular and tubular nuclear membranes. No hybridomas were produced which

secreted a monoclonal antibody which reacted wth glomerular basement membranes.
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Tlvo of these monoclonal antibodies, PH7 and SC5, of the IgM subclass induced a

mild proteinuric lesion when administered intravenously to normal l-ewis rats. The

proteinuria was not associated with histopathological changes at the light or electron

microscope level. Attempts to localise the binding of the mouoclonal antibodies by

immunogold electron microscopy were unsuccessful.

Immunoblotting experiments revealed that SC5 reacted predominantly with a protein

band of.96 kDa present in detergent extracts of isolated glomeruli and glomerular

plasma membranes. PH7 was shown to react with three low molecular weight

proteins of 14, 13 and 11 kDa

The nephritogenic anti-GMF monoclonal antibodies SC5 and PH7 may prove to be

useful tools in the study of animal models of immunologically mediated

glomerulonephritis.
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Appendix I.

CIIEMICALS A}ID BUFFERS.

All chemicals used in this project for the composition of buffers and other reagents

were of commercial reagent or analytical grade. Those chemicals used for the

preparation of buffers and other reagents for use in electrophoresis were

electrophoresis grade.

Buffers.

1. Carbonate-bicarbonate buffer (0.05 M, pH 9.6).

Stock solutions. Sodium carbonate I M 1

Sodium bicarbonate 1 M

Sodium chloride 0.14 M

The carbonate and bicarbonate solutions were mixed in the proportions 1:9. The pH

was adjusted to 9.6by titration with one of the stock solutions. The final solution was

diluted to 0.05 M with sodium chloride (1/19).

The sodium bicarbonate solution was made immediately prior to preparation of the

buffer.

2. Citrate buffer (0.1 M, pH 5.0).

Stock solutions. Citric acid

Di-sodium hydrogen

phosphate

0.1 M

0.1 M

The solutions were mixed immediately prior to use approximately 50:50 and the pH

adjusted to 5.0 with one of the solutions.
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250 mls of glycine solution at RT was titrated to pH 2.8 with HCl, the solution was

then adjusted to a final volume of 500 mls with distilled deionised water.

The stock solutions were stored at 4'C until used. The glycine solution was used

within four weeks of preparation.

4. Homogenisation bulfer.

3. Glycine-Hcl (0.1. M, pH 2.8).

Stock solutions. Glycine

Hydrochloric acid

Sucrose

Ethylene diamine tetra-acetic acid (EDTA)

Tris (hydroxymethyl) aminomethane (TRIS)

Iodoacetamide

Phenylmethylsulfonyl fluoride (PMSF)

Aprotinin

Sodium chloride

Potassium chloride

Di-sodium hydrogen phosphate

Potassium di-hydrogen phosphate

0.2 M

0.2 M

8.00 g/L
0.20 g/L
r.L5 s/L
0.20 s/L

0.25 M

1mM

4mM
1mM

1mM
200 klu/ml

The components were dissolved in approximately 800 mls of distilled deionised water

at RT. The PMSF was dissolved in 1,.5-2.0 mls of ethvl alcohol and added to the

solution" the final volume was adjusted to 1 litre.

5. Phosphate-buffered saline (0.15 M, pH 72),

The components were dissolved in approximately 900 mls of distilled deionised water

at RT, the pH was checked and the solution made up to a final volume of 1 litre.

The buffer was stored at 4" C until used.
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6. Phosphate buffer (0.01.-03 M, pH 6.8).

Stock solutions Sodium di-hydrogen phosphate 0.5 M

Di-sodium hydrogen phosphate 0.5 M

The pH of the sodium di-hydrogen phosphate solution was titrated to 6.8 with di-

sodium hydrogen phosphate. The solution was then diluted to the required molarity

with distilled deionised water.

7. Ttis-buffered saline (02 M Tlisr 0.5 M sodium chloride, pH 7.5).

The components were dissolved in approximately 800 mls of distilled deionised water,

the pH was adjusted with I M HCI and the final volume made up to 1 litre with

distilled deionised water.

Tris (hydro4fmethyl) aminomethane

Sodium chloride

8. Tris-glycine transfer buffer (pH 8.3).

Tris (hydrorymethyl) aminomethane

Glycine

Methanol

2.42 g

29.22 g

t2.t2 g

57.60 g

800 mls

The Tris and glycine were dissolved in 2.5-3.0 litres of distilled deionised water at RT,

800 mls of analytical grade methanol was then added and the final volume adjusted

to 4 litres with distilled deionised water. The pH of the solution was checked. The

buffer was stored at 4'C until used.
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Electrophoreis buffers and reagents.

L. Acrylamide-bisacrylamide stock solution.

Acrylamide

Bisacrvlamide

30.0 g

0.8 g

Distilled deionised water was added to a final volume of 100 mls. Approximately 2

to 3 g of activated charcoal was added and the solution stirred for five minutes prior

to filtering. The solution was stored at 4'C in a dark bottle for a mzudmum of four

weeks.

2. Electrophoresis running buffer, 0.025 M Tris-0.192 M glycine, pH 8.3.

Tris (hydroxymethyl) aminomethane

Glycine

Sodium dodecyl sulphate

9.0 g

43.2 g

3.0 g

The components were dissolved in approximately 2.5litres of distilled deionised water,

the pH was adjusted with either 0.1 or 1.0 M HCI and the final volume made up to

3 litres. The buffer was stored at 4"C until used.

3. Separating gel buffer (1.5 M, pH 8.8).

Tris (hydrorymethyl) aminomethane (54.45 g) was disolved in approximately 150-200

mls of distilled deionised water. The pH of the solution was adjusted to 8.8 with 1

M HCI and the final volume made up to 300 mls with distilled deionised water. The

solution was stored at 4"C.

4. Stacking gel buffer (0.5 M, pH 6.8).

Tris (hydrorymethyl) aminomethane (6 g) was disolved in approximately 60 mts of
distilled deionised water. The pH was adjusted to 6.8 with 1 M HCI and the final

volume made up to 100 mls with distilled deionised water. The solution was stored

at 40C.
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5. Sample buffer.

Distilled water

Stacking gel buffer

Glycerol

Sodium dodecyl sulphate llVo (w/v)

Dithiothreitol 0.25 M

Bromophenol blue 0.O5Vo (Vv)

The dithiothreitol solution was made

6. Stacking gel,A%o.

Distilled water

Stacking gel buffer

Sodium dodecyl sulphate LIVo (w/v)

Ammonium persulphate 70To (w/v)

N,N,N',N'-tetramethylethylenediamine

(TEMED)

4.0 mls

1.0 rl

0.8 "

1.6 '|f

0.4 'l

02 ',

up on the day of use.

6.1 mls

2.5 '|l

0.1 'ir

50 pl

10 pl

The solution was de-aired under vacnum immediately prior to addition of the

ammonium persulphate and TEMED.

7, Running gel.

Running gel buffer

Sodium dodecyl sulphate llVo (w/v)

Ammonium persulphate 10Vo (w/v)

TEMED

25.0 mls

1.0 ''

0.5 'il

50 pl

Acrylamide/bisacrylamide stock solution was added to attain the desired concentration

and the final volume brought to 100 mls with distilled deionised water. The solution

was de-aired under vacuum immediately prior to addition of the ammonium

persulphate and TEMED.
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Shetlve&,

Karnorslrt's fixative (half strength).

Glutaraldchyde

Par-aformatrdehyde

Sodium cacodylate

Potassium chloride

D-Ucrose

2Sigb

ZAfo

0.1 M

5qM
0.15 M

The pH of the solution w,as :adjuste-d tor 7'4 witb t hfi NaO[.t.
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Appendix II.

CELL CULTIJRE REAGENTS.

Rosewall Park Memorial Institute 1640 (RPMI), Dulbecco's modified Eagle's

(DMEM) and NCTC 135 medium were obtained in powder form from Gibco New

Zealand Ltd., Auckland. All additives to cell culture medium were of analytical or

cell culture grade.

Foetal calf serum was obtained from Commonwealth Serum laboratories, Australia.

This serum had been screened by the manufacturers for its ability to support the

growth of Sp2/o and NSI myeloma cells in culture and also reported to be

mycoplasma-free.

Cell culture media additives,

AII additives to cell culture media were made up as concentrated solutions. With the

exception of aminopterin, the solutions were filter-sterilised and stored in sterile

containers at -ztrC until used. Aminopterin was obtained in sterile vials from Sigma

Chemical Co. (Missouri, USA), the aminopterin was made up to a 50 x concentrated

solution by the addition of sterile double glass-distilled water immediately prior to use.

The final concentrations of the reagents following addition to the media are detailed

below.

L-glutamine

Sodium pyruvate

Hypoxanthine

Thymidine

Aminopterin

Penicillin

Streptomycin

2-mercaptoethanol

2x10'3M
1 x 10-'M

1 x 10'M
1.6 x 1.0'' M

4xl0'?M
100 pglml

50 pg/rul

5x10''M

2-mercaptoethanol was made up in RPMI medium, the remainder were made up in

sterile double-glass distilled water.
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Cell culture media.

1. RPMI.

The content of a single satchet, sufficient to make one litre, was dissolved in

approximately 800 mls of double-glass distilled water in a glass beaker with continuous

stirring. To this medium 3.9M5 g of sodium Hepes (15 mM) and 2.0 g of sodium

bicarbonate were added. The pH of the medium was adjusted to 7.4 with lM HCI

and made up to a final volume of one litre. The medium was filter-sterilised through

a sterile 0.22 pm membrane under positive pressure and stored in 200 or 500 ml

aliquots in sterile bottles following the addition of a 100 x concentrated solution of
penicillin and streptomycin. The medium was stored at 4'C until used.

2. DMEM.

This medium was prepared from powdered DMEM in an identical manner to that

described above for RPMI.

3. NCTC 135.

Cell culture media containing 10% NCTC were made up in 100 ml amounts. A total

of 96 mgs of NCTC was weighed into a glass beaker , double-glass distilled water was

added to a total volume of 10 mls. This medium was then filter-sterilised as for

RPMI and added directly to the respective medium.

4. Cloning medium.

Soluble insulin (100 units/ml)

Foetal calf serum

NCTC medium (96 mgs)

Lglutamine (100 x)

Sodium pyruvate (100 x)

Hypoxanthine/thymidine (100 x)

2-mercaptoethanol (100 x)

RPMI

lml
20 mls

10 mls

1ml
1ml
1mI

1ml
65 mls
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5. trteezing medlum.

Soluble insulin (100 units/ml) 1 mt

Foetal calf serum 20 mls

Lglutamine (1m x) I ml

Sodium pyruvate (100 x) 1 ml

Dimethyl sulphoxide 10 mls

R.PMI 66 mls

6. Hypoxanthine/thyrnidine/aminopterin medium (IIAT).

Soluble insulin (lm units/ml)

Foetal calf serum

NCTC 135

Lglutamine (100 x)

Sodium py-ruvate (100 x)

Hlpoxanthine/ thymidine (100 x)

Aminopterin (50 x)

RPMI

1ml
20 mls

10 mls

lml
lml
lml
2 mls

64 mls



209

References.

ADLER, S. and COUSER, W. 1985. Review: Immunologic Mechanisms of Renal

Diseases. Am. J. Med. Sci. 289(2): 55-60.

ALBRIGHT, J.F., JANICKI, B. and SCHARFF, M.D. 1987. Generation and

maintenance of hybridomas. Immunol. Today g: 256-257.

ALLEGRI, L., BRTANTI, E., CHATLET, F., MANARA,, G.C., RONCO, P. ANd

VERROUST, P. 1986. Polyvalent antigen-antibody interactions are required for

the formation of electron-dense immune deposits in passive Heymann's

nephritis. Am. J. Path. 125: l-6.

Ar.ousl, M.A., Posr, R.S. and HEYMANN, w. 1969. Experimental Autoimmune

Nephrosis in Rats: Morphogenesis of the glomerular l-esion:

Immunohistochemical and electron microscopic studies. Am. J. Path. fl: 47-

57.

ANDERSSON, J. and MELCHERS, F. 1978. The antibody repertoire of hybrid cell

lines obtained by fusion of X63-Ag8 myeloma cells with mitogen-activated B-

cell blasts. Current Top. Microbiol. Immunol. 81: 130-139.

ANDRES, G.A., SZYMANSKI, C., ALBINI, 8., BRENTJENS, J., MII-GRAM, M.,

NOBLE, 8., OSSI, E. and STEBLA.Y, R. 1979. Structural observations on

epithelioid and giant cells in experimental autoimmune tubulointerstitial

nephritis in Guinea pigs. Am. J. Path. 96:21-29.

ANGERETTI, A, MERLINO, c. and NEGRO PONZI, a 1983. separation of IgM
for diagnostic purposes by exclusion chromatography: a comparison between six

gels. Boll. l.st. Sieroter Milan 1983. 62:501-508.

ASSMAN, K.J., IANGE, W.P., TANGELDER, M.M. and KOENE, R.A 1986. The

organ distribution of gp 330 (Heymann antigen) and gp 90 in the mouse and the

rat. Virchows Arch. 408: 541-553.



210

BAGCHUS, W.M. and BAKKER, W.W. 1987. Glomerulonephritis induced by

monoclonal anti-Thy-l antibodies in the nude rat. Proceedings of the Xth

lnternational Congress of Nephrology. london. Abst. p.313.

BAGCHUS, W.M., DONGA J., ROZING, J., HOEDEMAEKER, ph.J. and

BAKKER, W.W. 1986a. The specificity of nephritogenic antibodies. IV.

Binding of monoclonal antithymosyte antibodies to rat kidney. Transplantation.

41:739-745.

BAGCHUS, W.M., HOEDEMAEKER, P.J., ROZING, J. and BAKKER, W.W.

1986b. Glomerulonephritis induced by monoclonal anti-Thy 1.1 antibodies: A
sequential histological and ultrastructural study in the rat. I-ab. Invest. 55: 680-

687.

BAGCHUS, W.M., HOEDEMAEKER, P.J., ROZING, J. and BAKKER, W.W.

1986c. Acute glomerulonephritis after intravenous injection of monoclonal anti-

thymocyte antibodies in the rat. Immunol.Lett. Dr 109-113.

BAGCHUS, W.M., VOS, J.T.W.M., HOEDEMAEKER, Ph.J. and BAKKER, W.W.

1986d. The specificity of nephritogenic antibodies. III. Binding of anti-FxlA

antibodies in glomeruli is dependent on dual specificity. Clin. Exp. Immunol.

€: 639-647.

BAKKER,w.w., BAGCHUS, w.M. and HoEDEMAEKER, P.J. Lg7g. Antithymus

cell activity of nephritogenic antibodies. Transplantation fr: 217-2L8.

BAKKER, W.W., BAGCHUS, W.M., VOS, J.T., KOOISTRA K. ANd

HOEDEMAEKER, P.J. 1981. The specificity of nephritogenic antibodies. I.
Evidence on anti-T-cell specificity in nephritogenic antibodies detected by

cytotoxicity and MIF assays. Immunobiol. L59: 235-243.

BAI\,IDER, N.H. 1987. Monoclonal Antibodies: State of the Art. J. Urol. 137:603-

612.



zLl

BANDER, N.H., CORDON-CARDO, C., FINSTAD, C.L., WHITMORE, W.F.,

VAUGHAN, E.D., OETTGEN, H.F., MEI-AMED, M. and OLD, L.J. 1985.

Immunohistologic dissection of the human kidney using monoclonal antibodies.

J. Urol. 133: 502-505.

BARABAS, A.Z. and I-ANNIGAN, R. 1974. Induction of an autologous immune-

complex glomerulonephritis in the rat by intravenous injection of heterologous

anti-rat kidney tubular antibody. I. Production of chronic progressive immune-

complex glomerulonephritis. Br. J. Exp. Path. S: 47-55.

BARABAS, A.Z. and LANNIGAN, R. 1975. Induction of an autologous immune-

complex glomerulonephritis in the rat by intravenous injection of heterologous

anti-rat kidney tubular antibody. - Long term effects. Br. J. Exp. Path. 552 276-

279.

BARSKI, G., soRIEUl. s. and GoRNEFERT, F. 1961. "Hybrid" type cells in

combined cultures of two different mammalian cell strains. J. Natl. Cancer Inst.

26: t269-7277.

BASTIN, J.M., KIRKLEY, J. and McMICHAEL, A.J.1982. Monoclonal Antibodies

in Clinical Medicine. Edited bv A.J. McMichael and J.W. Fabre. Academic

Press, Honolulu.

BAXTER, J.H. and SMALI. P.A. 1963. Antibody to rat kidney: In vivo

effects of univalent and divalent fragments. Science 140: 1,406-1407.

BAZIN, R. and LEMIEUX, R. 1989. Increased proportion of B cell hybridomas

secreting monoclonal antibodies of desired specificity in cultures containing

macrophage-derived hybridoma Fowth factor G-6). J. Immunol. Meth. 116:

245-249.

BELEW, M., JUNTTI, N., LARSSON, A. and PORATH, J. 1987. A one-step

purification method for monoclonal antibodies based on a salt-promoted

adsorption chromatography on a "thiophilic" adsorbent. J.Immunol. Meth. 120:

173-182.



2r2

BHAN, A.K., SCHNEEBERGER, E.E., BAIRD, L.G., COLLINS, AB., KAMA^TA\

K., BRADFORD, D., ERIKSON, M.E. and McCLUSKEY, R.T. 1985. Studies

with monoclonal antibodies against brush border antigens in Heymann nephritis.

lab. Invest. fr: 427-432.

BISHOP, G.A, HALI* 8.M., DUGGIN, G.G., HORVATI{, J.S., SHEII+ AG. and

TILLER, D.J. 1986. Immunopathology of renal allograft rejection analysed with

monoclonal antibodies to mononuclear cell markers. Kid. Int. 29:708-7L7.

BLooM, A.D. and NAKAMURA, F.T. 1974. Established of a tetraploid,

immunoglobulin-producing cell line from the hybridisation of nvo human

lymphoryte lines. Proc. Nat. Acad. Sci. USA.7l:2689-2692.

BORUP-CHRISTENSEN, P., ERB, K. and JENSENIUS, J.C. 1988. Curing human

hybridomas infected with mycoplasma hyorhinis. J. Immunol. Meth. 110:237-

240.

BOSS, B.D. 1986. An improved in vitro immunization procedure for the production

of monoclonal antibodies. Meth. Enzymol. 121:27-33.

BOUMSELI. L. and BERNARD, A. 1980. High efficiency of Biozzi's high responder

mouse strain in the generation of antibody secreting hybridomas. J. Immunol.

Meth. f,$: 225-229.

BOUVET, J-P., PIRES, R. and PILLOI J. 1984. A modified gel filtration technique

producing an unusual exclusion volume of IgM: a simple way of preparing

monoclonal IgM. J. Immunol. Meth. 66:299-305.

BOYCE, N.W., FERNANDO, N.S., NEALE, T.J. and HOLDSWORTH, S.R.. 1989.

Acute pulmonary and renal injury following administration of heterologous anti-

lung antibodies in the rat: characterisation of ultrastructural binding sites,

basement membrane epitopes and inflammatory mediation systems. Lab.Invest.

Submitted.



2t3

BOYCE, N.W. and HOLDSWORTI{, S.R. 1985. Anti-glomerular basement

membrane antibody-induced experimental glomerulonephritis: Evidence for

dose-dependent, direct antibody and complement-induced, cell'independent

injury. J. Immunol. 135: 3918-3921,.

BRADFORD, M.M. 1976. A rapid and sensitive method for the quantitation of

microgram quantities of protein utilizing the principle of protein-dye binding.

Anal. Biochem. 72: 248-254.

BROWN, S.S. AND REVEI4 J.P. L976. Reversibility of cell surface label

rearangement. J. Cell. Biol. 68: 629-641,.

BUKOVSKY, J. and KENNETT, R.H. 1987. Simple and rapid purification of
monoclonal antibodies from cell culture supernatants and ascites fluids by

Hydrorylapatite chromatography on analytical and preparative scales.

Hybridoma 6:219-228.

BURLINGTON, H. and CRONKITE, E.P. 1973. Characteristics of cell cultures

derived from renal glomeruli. Proc. Soc. Exp. Biol. Med. l4Z: 143-149.

BURNET, F.M. 1957. A modification of Jerne's Theory of antibody production using

the concept of clonal selection. Aust. J. Science.20: 67-69.

CAMPBEII. A.M. 1984. I-aboratory techniques in biochemistry and molecular

biolory. Ed. R.H. Burdon and P.H. van Kippenberg. Vol. 13. Monoclonal

antibody technology: the production and characterization of rodent and human

hybridomas. Elsevier Science Publishers B.V., The Netherlands.

CHATELET, F., BRIANTI, E., RONCO, P., ROL-A,ND, J. and VERROUST, p.

1986a. Ultrastructural localization by monoclonal antibodies of brush border

antigens expressed by glomeruli. 1. Renal distribution. Am. J. Path. 122:5Cf,-

511.



214

CHATELET, F., BRIANT, E., RONCO, P., ROI-AND, J. and VERROUST, P.

1986b. Ultrastructural localization by monoclonal antibodies of brush border

antigens expressed by glomeruli. II. Extrarenal Distribution. Am. J. Path.

L22:512-519.

CHEN, T.R. 1977. In situ detection of mycoplasma contamination in cell cultures by

fluorescent Hoechst 33258 stain. Exp. Cell Res. 104: 255-262.

CHEN, F.M., NAEVE, G.S. and EPSTEIN, A.L. 1988. Comparison of mono Q,

superose-6, and ABx fast protein liquid chromatography for the purification of

IgM monoclonal antibodies. J. Chromatogr.444: 153-164.

I CHIORAZZI, N., WASSERMAN, R.L. and KUNKEI, H.G. 1982. Use of Epstein-

Barr virus-transformed B cell lines for the generation of immunoglobulin-

producing human B cell hybridomas. J. Exp. Med. 156: 930-935.

CI-AFLIN, L. and WILLIAMS, K 7978. Mouse myeloma-spleen cell hybrids:

Enhanced hybridisation frequencies and rapid screening procedures. Curr. Top.

Microbiol. Immunol. 81: 107-109.

CLARK M., COBBOLD, S., HALE, G. and WALDMANN, H. 1983. Advantages of
rat monoclonal antibodies. lmmunol. Today 4: 10G101.

CLEZARDIN, P., BouGRo, G. and McGREGOR, J.L. 1986. Tandem purification

of IgM monoclonal antibodies from mouse ascites fluids by anion-exchange and

gel fast protein liquid chromatography. J. Chromatogr. 354: 425-433.

COCHRANE, C.G. and GRIFFIN, J.H. 1982. The biochemistry and pathophysiologr

of the contact system of plasma. Adv. Immunol. 17:24L-306.

cocHRAl.IE, c.G., MULLER-EBERHARD, HJ.and AIKIN, B.s. 1970. Depletion

of plasma complement in viyo by a protein of cobra venom. Its effect on

various immunologic reactions. J. Immunol. 105: 55-69.



2r5

COCHRANE, C.G., MULLER-EBERHARD, H.J. and AIKIN, B.S. 1970. Depletion

of plasma complement in vivo by a protein of cobra venom. Its effect on

various immunologic reactions. J. Immunol. 105: 55-69.

COHEN, I.R. and COOKE, A. 1986. Natural autoantibodies might prevent

autoimmune disease. Immunol. Today 7: 363-364.

COTTON, R.G.H. and MILSTEIN, C. 1973. Fusion of trvo immunoglobulin

producing myeloma cells. Nature 244:42-43.

COUSER, W.G. 1982. What are circulating immune complexes doing in the

glomerulus? New Eng. J. Med. 304:1230-1232.

COUSER, W.G., STEINMULLER, D.R., STILMANT, N.M., SAI-ANT, D.J. ANd

LOWENSTEIN, L.M. 1978. Experimental glomerulonephritis in the isolated

perfused rat kidney. J. Clin. Invest. 62: 7275-1257.

coUSER, w.G. and SALANT, D.J. 1,982. Immunopathogenesis of glomerular

capillary wall injury in nephrotic states. Contemp. Issues Nephrol. l: 47-83.

COUSER, W.G.,DARBY, C., SALANT, D.J., ADLER, S., STILMANT, M.M. ANd

LOWENSTEIN, L.M. 1 985. Anti-GBM antibody-induced proteinuria in isolated

perfused rat kidney. Am. J. Physiol. 249: F241-F250.

CROCE, C.M., LINNENBACH, A., DOLBY, T.W. and KOPROWSKI, H. 1981. The

use of mouse-human and human-human hybridomas in human genetics and

immunology. In: Research Monograph in Immunolory. Vol. 3. Monoclonal

antibodies and T-cell hybridomas. Eds. G.J. Hiimmerling, U. Hiimmerling and

J.F. Kearney. Elsevier/North-Holland Biomedical Press. The Netherlands.

CULLING, C.F.A. 7974. Handbook of histopathological and histochemical

techniques. Butterworths Co. Ltd. (Publ.)



216

CYBUI^SKY, A.V., QUIGG, R.J., BADAI-AMENTT, J. and SAI-ANT, DJ. 1987.

Anti-FxlA induces association of Heymann nephritis antigens with

microfilaments of cultured glomerular visceral epithelial cells. Am. J. Path. 129:

373-384.

D'AGATI, V.D., APPEI. G.B., ESTES, D., KNOWLES, D.M. and PIRANI, C.L.

1986. Monoclonal antibody identification of infiltrating mononuclear leukocytes

in lupus nephritis. Kid. Int. il: 573-581.

DAIvIJANOV, I. and KNOWLES, B.B. 1983. Monoclonal antibodies and tumor-

associated antigens. l,ab. Invest. 48: 510-525.

DANIEI-SSON, A., LIUNGLOF, A. and L-A,NDBLOM, H. 1988. One-step

purification of monoclonal IgG antibodies from mouse ascites. An evaluation

of different adsorption techniques using high performance liquid
chromatography. J. Immunol. Meth. 115: 79-88.

DIXON, F.J., VAZQUEZ, J.J., WEIGLE, W.O. and COCHRANE, C.G. 1958.

Pathogenesis of serum sickness. Arch. Pathol. 65: 18-28.

DIXON, F.J., FELDMAN, J.D. and VAZQUEZ, J.J. 7961,. Experimental

glomerulonephritis: The pathogenesis of a laboratory model resembling the

spectrum of human glomerulonephritis. J. Exp. Med. 113: 899-919.

EBEI{ H., AULBERT, E. and MERKER, H.J. 1976. Isolation of the basal and

lateral plasma membranes of rat kidney tubule cells. Biochem. Biophs. Acta

433: 531-546.

EDELMAN, G.M. and GALLY, J.A. 1962. The nature of Bence-Jones proteins:

Chemical similarities to polypeptide chains of myeloma globulins and normal Y-
globulins. J. Exp. Med. 1,1,6:207-227.

EDGINGTON, T.S., GLASSOCK. R.J. and DIXON, F J. 1967a. Autologous immune-

complex pathogenesis of experimental allergic glomerulonephritis. Science 155:

1432-1434.



EDGINGTON, T.S., GI-A,SSOCK.

Characterization and isolation

Immunol. 22: ll99-L210.

217

R.J., WATSON, J.I. and DIXON, F.J. 1967b.

of specific renal tubular epithelial antigens. J.

EDGINGTON, T.s., Gt-A.ssocK. R.J. and DIXoN, F.J. 1968. Autologous immune

complex nephritis induced with renal tubular antigen. J. Exp. Med. 127:555-

569.

EHRLICH, P. 1900. The Croonian I-ecture: On immunity with special reference to

cell life. Proc. R. Soc. Innd. (Biol.) 66:424-448.

EVANS, W.H. L978. l,aboratory techniques in Biochemistry and Molecular biologr.

Ed. T.S. Work and E. work. Vol. 7 (Pt 1). Preparation and characterisation of
mammalian plasma membranes. Elsevier Science Publishers B.V. The

Netherlands.

EY, P.L., PROWSE, S.J. and JENKIN, C.R. 1978. Isolation of pure IgGl, IgG2a

and IgG2b immunoglobulins from mouse semm using protein A-Sephorose.

Immunochem. 15: 429-436.

FALKENBERG, F.W., MAJ, U., PUPPE, C., AFIFI, M.S., RISSE, P, GRIMM, V.,

HARMANN, B., HERRMANN, G. and MONDORF, A.W. 1985. Urinary

kidney-derived antigens determined by tests built on monoclonal antibodies: new

markers for kidney damage. Uremia Invest. 9: 103-110.

FALKENBERG, F.W., MAI, U., puppE, C., RISSE, p., HERRMANN, G.,

HECKING, E., BREMER, K., MONDORF, A.W. and SHApIRA Z. 1936.

Kidney-derived urinary antigen assays with monoclonal antibodies for the

detection of renal damage. Clin. Chim. Acta 1,60: t7l-182.

FALKENBERG, F.W., MULLER, E., RIFFELMANN, H.D., BEHRENDT, B. ANd

WAKS, T. 1981a. The production of monoclonal antibodies against glomerular

and other antigens of the human nephron. Renal Physiol. (Basel) 4: 150-156.



21,8

FALKENBERG, F.W., RIFFELMANN, H.D., MULLER, E., GANTENBERG, w.,
BEHRENDI B. and WAKS, T. 1981b. Monoclonal antibodies against

antigens in the human kidney. Res. Mon. Immunol.3. 148-155.

FAZEKAS de ST. cRoTH, s. and SCHEIDEGGER, D. 19g0. production of
monoclonal antibodies: Stratery and tactics. J. Immunol. Meth. 35: l-21.

FEENSTRA" K., LEE, R., GREBEN, H.A., ARENDS, A. and HOEDEMAEKER,
P.J. 1975. Experimental glomerulonephritis in the rat induced by antibodies
directed against tubular antigens. 1. The natural history: A histologic and

immunohistologic study at the light microscopic and the ultrastructural level.

I-ab. Invest. 2: 235-242.

FEII c., BARTAL, A.H. and HIRSHAUT, y. 1984. Enhancement of hybridoma
formation by addition of insulin to HAT medium (HIAT). Hybridom a l: 377-

380.

FERNANDO, N.s., BOYCE, N.w., HOLDSWORTH, S.R. and NEALE, T.J. 19g9.

Iocalisation of antiglomerular basement membrane-binding polyclonal antibodies in
the rat using post-embedding immunogold electron microscopy. Br. J. E*p. path. In
press.

FESTING, M.F.W. 1979. Inbred strains in Biomedical Research. Oxford Univ. Press.

lnc. N.Y.

FosrER, c.s. 1982. Lymphocyte hybridomas. cancer Treat. Rev.9: 59-94.

FUKUSHI, Y., ORIKASA s., SHEPARD, T. and HAKOMORI, s. 19g6. changes
of L ex and dimeric L ex haptens and their sialylated antigens during
development of human kidney and kidney tumors. J. Urol. 135: 1048-1056.

GABBAI, F.8., MUNDY, C.A., WIISON, C.8., and BI-AI.ITZ, R.C. 19gg. An
evaluation of the role of complement depletion in experimental membranous

nephropathy in the rat. Lab. Invest.S: 539-549.



219

GALFRE, G, HOWE, S.C. and MIISTEIN, C. t977.

histocompatibility antigens produced by hybrid cell lines.

Antibodies to major

Nature 266:550-552.

GALFRE, G. and MIISTEIN, C. 1981. Preparation of monoclonal antibodies:

Strategies and procedures. Meth. En4ymol. D: t-46.

GARCIA-GONZALEZ,M.,BETTINGER, S., OTT, S., OLMR, p., KADOUCHE,
J. and POULETTY, P. 1988. Purification of murine IgG3 and IgM monoclonal

antibodies by euglobulin precipitation. J. Immunol. Meth. l1l: 17-23.

GEFTER, M.L., MARGULIES, D.H. and SGHARFF, M.D. 1977. A simple method
for polyethylene glycol-promoted hybridisation of mouse myeloma cells. Som.

Cell Genet. J:231-236.

GERMUTH, F.G. 1953. A comparative histologic and immunologic study in rabbits
of induced hypersensitivity of the serum sickness type. J. E p. Med. frz 257-

282.

GERMUTH, F.G., McKINNON, G.E. 1957. Studies on the biological propenie of
antigen-antibody complexes. I. Anaphylactic shock induced by soluble antigen-
antibody complexes in unsensitized normal Guinea pigs. Bull. Johns Hopkins.
Hosp. 1,07: 73-42

GERSHON, D. and SACHS, L. 1963. Properties of a somatic hybrid berween mouse

cells with different genotypes. Nature 198: 912-913.

GI-ASSOCK R.J. and WATSON, J.I. 1966. Studies on

in adjuvant nepritis in rats (Abst.). Fed. proc. E:
tbe pathogenesis of kidney

659.

GODING, J.W. 1978. Use of staphylococcal protein A as an immunological reagent.

J. Immunol. Meth. 20 241-253.

GODING, J.w. 1980. Antibody production by hybridomas. J. Immunol. Meth. f,!:
285-308.



220

GODING, J.W. 1983. Monoclonal Antibodies: Principles and Practice. Academic

Press, Inc. Florida, USA.

GORBUNOFF, MJ. and TIMASHEFF, S.N. 1984. The interaction of proteins with

hydroryapatite. III. Mechanism. Anal. Biochem. 136: 440-445.

GREGORY, J.E. and RICH, A.R. 1946. Experimental production of anaphylactic

pulmonary lesions with basic characteristics of rheumatic pneumonitis. Bull.

Johns Hopkins Hosp. 78:1.-12.

HANCOCK W.W. 1984. Analysis of intragraft effector mechanisms associated with

human renal allograft rejection: Immunohistological studies with monoclonal

antibodies. Immunol. Rev. 77: 61-84.

HANCOCK W.W. and ATKINS, R.C. 1983. Monoclonal antibodies to human

glomerular cells: A marker for glomerular epithelial cells. Nephron 33: 83-90.

HENGARTNER, H., LUZZATI, A.L. and SCHREIER, M. 1978. Fusion of in vitro

immunological lymphoid cells with x63 Ag8. Curr. Topic. Microbiol. Immunol.

81.:92-99.

HENSON, P.M. and COCHRANE, C.G. 1971. Acute immune complex disease in

Rabbits. The role of complement and of a leukocyte-dependent release of vaso

active amines from platlets. J. E*p. Med. 133:554-577.

HERRMAN, S.H. and MESCHER, M.F. 1979. Purification of the H-2IC molecule

of the murine major histocompatibility complex. J. Biol. Chem. 254: 8713-

87t6.

HERRMAN, S.H., CHOW, C.M. and MESCHER, M.F. 1982. Proteolytic

modifications of the carboxyl-terminal region of H-2K. J. Biol. Chem. 257:

14181-14186.

HESS, E.V., ASHWORTH, C.T. and ZIFF, M. 1962. Transfer of an autoimmune

nephrosis in the rat by means of lymph node cells. J. Exp. Med. ll5: 421438.



22L

HESSLING, J.J., MILLER, S.E. and LEVY, N.L. 1980. A direct comparison of

procedures for the detection of mycoplasma in tissue culture. J. Immunol. Meth.

38:31.5-324.

HEYMANN, W., HACKEL, D.8., HARWOOD, S., WILSON, S.G.F. and HUNTER,

J.L.P. 1959. Production of nephrotic syndrome in rats by Freund's adjuvants

and rat kidney suspensions. Proc. Soc. Exp. Biol. Med. 100: 660-664.

HEYMANN, W., HUNTER, J.L.P., HACKEI. D.B. and CUPPAGE, F. 1962.

Transfer of experimental auto-immune nephrosis in rats. Proc. Soc. Exp. Biol.

Med, LL1,:568-572.

HINGL.AISE, N., KAZATCHKINE, M.D., CHARRON, D.J., APPAY, M.D.,

MANDET, C., PAING, M. and BARIETY, J. 1984. Immunohistochemical study

of Ia antigen in the normal and diseased kidney. Kid. Int. E: 544-550.

HIRSCH, F., DRUET, E., VENDEVILLE, 8., CORMONT, F., BALIN, H. ANd

DRUET, P. 1984. Production of monoclonal anti-glomerular basement

membrane antibodies during autoimmune glomerulonephritis. Clin. Immunol.

Immunopath. S: 425-430.

HOLDSWORTH, S.R., NEALE, T.J. and WIISON, C.B. 1981. Abrogation of

macrophage-dependent injury in experimental glomerulonephritis in the rabbit

- use of an anti macrophage serum. J. Clin. Invest. 68: 686-698.

HOLDSWORTH, S.R. and NEALE, T.J. 1984. Macrophage-induced glomerular

injury. I-ab. Invest. 51: 172-180.

HOLMBERG, D. and COUTINHO, A. 1985. Natural antibodies and autoimmunity.

Immunol. Today. 6: 356-357.

HONDA K., MAEDA Y., SASAKAWA, J., OHNO, H. and TSUCHIDA" E. 1981.

Activities of cell fusion and lysis of the hybrid type of chemical fusogens. I.

Structure and function of the promotor of cell fusion. Biochem. Biophys. Res.

Commun. 100:442-448.



I

222

HOOKE, D.H., GEE, D.C. and ATKINS, R.C. 1987. Leukocyte analysis using

monoclonal antibodies in human glomerulonephritis. Kid. Int. 31: 964-972.

HOOKE, D.H., HANCOCK, W.W., GEE, D.C., KRAFT, N. and ATKINS, R.C.

1984. Monoclonal antibody analysis of glomerular hypercellularity in human

glomerulonephritis. Clin. Nephrol. 22: 163-168.

HORIBATA K. and HARRIS, A.W. 1970. Mouse myelomas and lymphomas in

culture. Exp. Cell Res. 60: 6l-77.

HUDSON, L. and HAY, F.C. 1980. Practical Immunology.Znd edition, Blackwell

Scientific Publications. [-ondon.

HUNTER, J.L.P., HACKEL, D.B. and HEYMANN, W. 1960. Nephrotic syndrome

in rats produced by sensitization to rat kidney proteins: Immunologic studies.

J. Immunol. St 319-327.

JACOB, L., LETY, M.A., BACH, J-F., LOUVARD, D. 1986. Human systemic lupus

erythematosus sera contains antibodies against cell-surface protein(s) that

share(s) epitope(s) with DNA. Proc. Nat. Acad. Sci. USA 83:6970-6974.

JACOB, L., LETY, M.A., CHOQUETTE, D., VIARD, J-P., JACOB, F., LOUVARD,

D., BACH, J-F. 7987. Presence of antibodies against a cell-surface protein,

cross-reactive with DNA, in systemic lupus erythematosus: A marker of the

disease. Proc. Nat. Acad. Sci. USA 84:2956-2959.

JERAJ, K., FISH, A.J., YOSHIOKA, K. and MICHAEI. F. 1984. Development and

heterogeneity of antigens in the immature nephron. Reactivity with human anti-

glomerular basement membrane autoantibodies. Am. J. Path. 117: 180-183.

JOHNSON, E., MIRIBEL, L., ARNAUD, P. and TSANG, K.Y. 1987. Purification

of IgM monoclonal antibody from murine ascitic fluid by a two-step column

chromatography procedure. Immunol. Lett. 14: 159-165.

JONES, H.B. L947. Papers on chemical pathology and prefaced by the Galstonian

I-ectures, read at the Royal College of Physicians. I-ancet ii: 88-92.



223

JONES, H.B. 1948. On a new substance occurring in the urine of a patient with

mollities ossium. Phil. Trans. R. Soc. L,ond. 138: 55-62.

JOSIC, D., HOFMANN, W., HABERMANN, R., SCHUWY\E,J.D. and REUTTER,

W. 1988. Isolation of immunoglobulins and their use in immunoaffinity HPIC.

J. Clin. Chem. Clin. Biochem.26: 559-568.

ruAREZ.SALINAS, H., ENGELHORN, S.C., BIGBEE, W.L., LOWRY, N.A. ANd

STANKER, L.H. 1984. Ultrapurification of monoclonal antibodies by high-

performance hydroxylapatite (HPHT) chromatography. Biotechniqu es ?: 764-

167.

JUAREZ-SALINAS, H.n OTT, G.S., CHEN, J.C., BROOKS, T.L. and STANKER,

L.H. 1986. Separation of IgG idiotypes by high-perfonnance hydroxyglapatite

chromatography. Meth. Enz. 127: 61,5-622.

KAWAI, H., YANO, S. and NARUSE, T. 1986. Isolation and characterization of rat

nephritogenic and non-nephritogenic brush border antigens. Clin. Exp.

Immunol. 66:41,4-422.

KAY, C.F. 1940a. The mechanism by which experimental nephritis is produced in

rabbits injected with nephrotoxic duck serum. J. Exp. Med. 72:559-572.

KAY, C.F. 1940b. Blood pressure in experimental nephritis produced by injection

of nephrotoxic serum. Arch. Path. 29: 57-66.

KEARNEY, J.F. 1984. Hybridomas and monoclonal antibodies. In Fundamental

Immunology.Ed.W.E. Paul, Raven Press, N.Y. 75I-766.

KEARNEY, J.F., RADBRUCH, A., LIESEGANG, B. and RAIEWSKY, K.1979. A
new mouse myeloma cell line which has lost immunoglobulin expression but

permits the construction of antibody in secreting hybrid cell lines. J. Immunol.

123:1548-1550.



224

KEARNEY, R. 1983. Binding of murine Ig M and monoclonal IgM/AG)hybrid anti-

type III pneumococcal polysaccharide (S111) antibodies to staphylococcal protein

A. Aust. J. E*p. Biol. Med. Sci. 61: 91-104.

KEFALIDES, N.A. 1987. The Goodpasture antigen and basement membranes: The

search must go on. (Editorial). Lab. Invest. 56: 1-3.

KENNETI, R.H. 1980. Monoclonal antibodies - Hybrodomas: A new dimension in

biological analysis. Ed. R.H. Kennett, T.J. McKearn and K.B. Bechtel. Plenum

Press. N.Y.

KERJASCHKI, D. and FARQUHAR, M.G. 1982. The pathogenic anrigen of

Heymann nephritis is a membrane glycoprotein of the renal proximal tubule

brush border. Proc. Nat. Acad. Sci. USA. Zg: 5s57-s561

KERJASCHKI, D. and FARQUHAR, M.G. 1983. lmmunocytochemical localisation

of the Heymann nephritis antigen (GP330) in glomerular epithelial cells of

normal lrwis rats. J. Exp. Med. 157: 667-686.

KEzuASCHKI, D., SAWADA, H. and FARQUHAR, M.G. 1986. Immunoelectron

microscopy in kidney research: Some contributions and limitations. Kid. Int. 30:

229-245.

KINOUCHI, T., NAKAYAMA, E., UEDA, R., ISHIGURO, S., UENAKA, A, ODA"

H. and KOTAKE, T. 1987. Characterization of a kidney antigen defined by a

mouse monoclonal antibodv K2.7. J. Urol. 137: 151-154.

KLA,SSEN, J., SUGINAKI, T., MIGROM, F. and McCLUSKEY, R.T. 1971. Studies

on multiple renal lesions in Heymann nephritis. [ab. Invest.61 577-585.

KLEIN, R., KAPPERSTTTCK M., CHUKHROVA A.I. and I*APUR, V*A- L979.

Affinity chromatography of a myeloma immunoglobulin M and its tryptic Fab

on (Fc)5 fragments using lectins covalently coupled to sepharose 48. Mol.

Immunol. 16: 421-425.



225

KNIKER, W.T. and COCHRANE, C.G. 1965. Pathogenic factors in vascular lesions

of experimental serum sickness. J. E p. Med. 722:83-97.

KNUTTON, S. 1979. Studies of membrane fusions. III. Fusion of erythrocytes with

polyethylene glycol. J. Cell. Sci. 36: 61-72.

i KNUTTON, S. and PASTERNAK C.A. 1979. The mechanism of cell-cell fusion.

Trends Biochem. Sci. 4: 220-223.

KOHLER, G. 1980. Immunoglobulin chain loss in hydridoma lines. Proc. Nat. Acad.

Sci. USA. 77: 2197-2199.

KoHLER, G., HENGARTNER, H. and SHULMAN, M.J. 1978. Immunoglobulin

production by lymphocyte hybridomas. Eur. J. Immunol. S: 82-88.

KoHLER, G., HOWE, S.C. and MIIJTEIN, C. 1976. Fusion between

immunoglobulin-secreting and nonsecreting cell lines. Eur. J. Immunol. 6:292-
295.

KoHLER, G. and MIISTEIN, C. 1,975. Continuous cultures of fused cells secreting

antibody of predefined specificity. Nature 256: 495-497.

K6HLER, G. and MIISTEIN, C. 7976. Derivation of specific antibody-producing

tissue culture and tumour lines by cell fusion. Eur. J. Immunol. 6: 511-519.

KORNGOLD, L. and LIPARI, R. 1956. Multiple myeloma proteins. III. The

antigenic relationship of Bence-Jones proteins to normal gamma-globulin and

multiple myeloma serum proteins. Cancer 9:262-272.

KOZBOR, D. and RODER, J.C. 1983. The production of monoclonal antibodies

from human lymphocytes. Immunol. Today. !:72-79.

KOZBOR, D., ABRANOW-NEWERY, W., TRIPPUTI, P., COLE, S.P.C., WEIBEI.!

J., RODER, J.C. and CROCE, C.M. 1985. Specific immunoglobulin production

and enhanced tumorigenicity following ascites $owth of human hybridomas.



226

KOZBOR, D., RODER, J.C., SIERZEGA, N.E., COLE, S.P.C. and CROCE, C.M.

1986. Comparative phenotypic analysis of available human hybridoma fusion

partners. Meth. Enzymol. 121: 120-140.

KRAKOWER, C.A. and GREENSPON, S.A. 1951. Localization of the nephrotoxic

antigen within the isolated renal glomerulus. Arch. Path. fl:629-39.

L/,EMMLI, U.K. 1970. Cleavage of structural proteins during the assembly of the

head of bacteriophage T4. Nature 227: 680-685.

[-ANE, R.D. 1985. A short-duration polyethylene glycol fusion technique

increasing production of monoclonal antibody-secreting hybridomas.

Immunol. Meth. 8l: 223-228.

LANE, R.D., CRISSMAN, R.S. and LACHMAN, M.F. 1,984. Comparison of

polyethylene glycols as fusogens for producing lymphocyte-myeloma hybrids. J.

Immunol. Meth. 72: 7l-76.

I-ANE, H.C., SHELHAMER, J.H., MOSTOWSKI, H.S. and FAUCI, A.S. 1982.

Human monoclonal anti-keyhole limpet hemocyanin antibody-secreting

hybridoma produced from peripheral blood B lymphocytes of a keyhole limpet

hemocyanin-immune individual. J. Exp. Med. 155: 333-338.

t trE, S-K., SINGH, J. and TAYLOR, R.B. L975. Subclasses of T cells with different

sensitivities to cytotoxic antibody in the presence of anesthetics. Eur. J.

Immunol. 5:259-262.

LLABEUF, A., I€BORGNE de KAOUEL, C., KOURIISKY, F.M., MALISSEN,B.,

MANUEL, Y. and SANDERSON, A.R. 1981. An antigenic determinant of
human B?-microglobulin masked by the association with HL-A, heavy chains at

the cell surface: Analysis using monoclonal antibodies. J. Immunol.127: 7542-

LIN, C.Y., YANG, Y.M. and FU, Y.K. 1986. T-cell subsets in glomerulonephritis.

Int. J. Pediatr. Nephrol. Z: 63-68.

for

J.



227

LINDEMANN, W. 1.900. Sur le mode d'action de certains poisons rdnaux. Ann.

Inst. Pasteur 14: 49-59.

LITTLEFIELD, J.W. 1964. Selection of hybrids from matings of fibroblasts in vitro

and their presumed recombinants. Science 145:709-710.

LOWRY, O.H., ROSEBROUGH, N.J., FARR, AL. and RANDALI. R.J. 1951.

Protein measurement with the Folin phenol reagent. J. Biol. Chem. 193:265-

275.

LUBEN, R.A., BRAZEALL, P., BoHLEN, P. and GUILLEMIN, R. 1982.

Monoclonal antibodies to hypothalamic growth hormone-releasing factor with

picamoles of antigen. Science 218: 887-889.

McKINNEY, M.M. and PARKINSON, A. 1987. A simple, non-chromatographic

procedure to purify immunoglobulins from serum and ascites fluid. J.Immunol.

Meth.96: 271.-278.

McCONAHEY, P.J. and DIXON, F.J. 1966. A method of trace iodination of proteins

for immunologic studies. Int. Arch. Allergy. 29: 185-189.

McGARRITY, G.J., VANAMAN, V. and SARANA, J. 1984. Cltogenetic effects of

mycoplasmal infection of cell cultures: A review. In Vitro 4: 1-18.

MAHIEU, P. 1972. Biochemical structure of glomerular basement membrane in

chronic glomerulonephritis. I. I-obular and membrano-proliferative

glomerulonephritis. Kid. Int. 1: 115-123.

MAHIEU, P. and WINAUD, R.J. 1970. Chemical structure of tubular and glomerular

basement membranes of human kidney. Isolation, purification, carbohydrate and

amino acid composition. Eur. J. Biochem. 12:410-418.

MAKKER, S.P. and SINGH, A.K. 1984. Characterization of the antigen (gp600) of
Heymann Nephritis. [,ab. Invest. 50:287-293.



228

MARKWEII- M.A.K., HAAS, S.M., BIEBER, L.L. and TOLBERT, N.E. t978.

modification of the Inwry procedure to simplify protein determination

membrane and lipoprotein samples. Anal. Biochem. 87:206-210.

MARQUARDT, H., WILSON, C.B. and DIXON, F.J. 1973. Isolation and

immunological characterization of human glomerular basement membrane

antigens. Kid. Int. 3:57-65.

MARQUARDT, H., WIIJON, C.B. and DIXON, F.J. 1973b. Human glomerular

basement membranes: Selective solubilization with chaotropes and chemical and

immunologic characterisation of its components. Biochemistry 12: 3260-3266.

MASUGI, M. 1934. Uber die experimentelle glomeralonephritis durch das spezifische

antinierenserum. Beitr. pathol. Anat. D: 429-466.

MASUGI, M. and SATO, Y. 1934. Uber die allergische gewebsreaktion der niere.

Ein experimenteller beitrag zur pathogenese der glomerulonephritis und

percarteriitis nodosa. Virchows Arch. 293: 857-866.

MATSUO, S., FUKATSU, A., TAUB, N.L., CALDWELL, P.R.B., BRENTJENS,

J.R. and ANDRES, G. 1987. Glomerulonephritis induced in the rabbit by anti-

endothelial antibodies. J. Clin. Invest. 79: 1798-181,1.

MENDRICK D.L. and RENNKE, H.G. 1986. Immune deposits formed in situ by

a monoclonal antibody recognizing a new intrinsic rat mesangial matrix antigen.

J. Immunol. 137: 1517-1526.

MENDRICK D.L. and RENNKE, H.G. 1988a. I. Induction of proteinuria in the

rat by a monoclonal antibody against SGP-115/107. Kid. Int.33: 818-830.

MENDRICK D.L. and RENNKE, H.G. 1988b. II. Epitope specific induction of
proteinuria by monoclonal antibodies. Kid. Int. 33: 831-842.

MENDRICK D.L.,RENNKE, H.G., COTRAN, R.S,, SPRINGER, T.A and ABBAS,

AK. 1983. Monoclonal antibodies against rat glomerular antigens: Production

and specificity. [ab. Invest.€: 107-117.

A
in



229

MICHAEI-, AF., YANG, J-Y., FALK R.J., BENNINGTON, N.J., SCHEINNAN,

J.I., VERMER, R.L. and FISH, A.J. 1983. Monoclonal antibodies to human

renal basement membranes: Heterogenic and ontogenic changes. Kid. Int. 24:

74-86.

MILSTEIN, C. 1980. Monoclonal Antibodies. Sci. Am. 243:56-64.

MINO, Y., HIRAKAWA S. and OTA, Z. 1984. Production of monoclonal antibodies

to human glomerular basement membrane. Acta Med. Okayama 38: 483-486.

MISRA', R.P. 1972. Isolation of glomeruli from mammalian kidneys by graded sieving.

Am. J. Clin. Path. 58: 135-139.

MOVAT, N.2., McGREGOR, D.D. and STEINER, J.W. 1961. Studies of nephrotoxic

nephritis. II. The fine structure of the glomerulus in acute nephrotoxic

nephritis in dogs. Am. J. Clin. Pathol. 36: 306-321.

NAISH, P.F., THOMSON, N.M., SIMPSON, I.J. and PETERS, D.K. 1975. The role

of polymorphonuclear leucocytes in the autologous phase of nephrotoxic

nephritis. Clin. Exp. Immunol. 22: 102-111.

NAKAMURAe T. 1986. Monoclonal antibodies to human glomerular antigens.

IL Using human adult kidney components as antigens. Clin. Immunol.

Immunopath. 41: 399-408.

NATORI, Y., HAYAKAWA I. and SHIBAT.\ s. 1986. passive Heymann nephritis

with acute and severe proteinuria induced by heterologous antibody against

renal tubular brush border glycoprotein GP108. l,ab. Invest. 55: 63-70.

NATORI, Y., HAYAKAWA I. and SHIBAT,\ s. 1987. Identification of gp10g, an

antigen of passive Heymann nephritis, dipeptidyl peptidase. Clin. Exp.Immunol.

7!:434-439.

NEALE. T.J. 1983. The immunopathogenesis of glomerulonephritis: Muddied waters.

N.Z. Med. J. 96: 622-625.



230

NEALE, T.J., CARSON, S.D., TIPPING, P.G. and HOLDSWORTH, S.R. 1988.

Participation of cell-mediated immunity in deposition of fibrin in
glomerulonephritis. Lancet (ii) 8608, 421424.

NEALE, T.J., COUSER, W.G., SAI-ANT, D.J., LOWENSTEIN, L.M.and WII-SON,

C.B. 1982. Specific uptake of Heymann's nephritic kidney eluate by rat kidney.

Studies in vivo and in isolated perfused kidneys. I-ab. lnvest. 46:450-453.

NEALE, T.J. and WII-SON, C.B. 1982. Glomerular antigens in Heymann's nephritis:

Reactivity of eluted and circulating antibodies. J. Immunol. 128: 323-330.

NEOH, S.H., GORDON, C., POTTER, A. and ZOLA" H. 1986. The purification

of mouse monoclonal antibodies from ascitic fluid. J. Immunol. Meth. 9l:231-
235.

NII^SSON, B.O., GR6NVIK, K.O. and SVALANDER, P.C. 1983. Experiments with

immunisation of mice with blastocyst by an intrasplenic route. Ups. J. Med. Sci.

88(2): ls1-1s3.

NII.SSON, 8.o., SVAI-ANDER, P.c. and LARSSON, A. 1987. Immunisation of mice

and rabbits by intrasplenic deposition of nanogram quantities of protein attached

to sepcrose beads or nitrocellulose paper strips. J. Imm. Meth. D:67-75.

NISHI, T., NOSAK{ K., KAWASAKI, H., KUWATA" S., KOSEKI, T. and ENDOU,

H. 1984. Monoclonal antibodies against rat kidney antigens. Proc. IXth Int.

Cong. Nephrol. LA,, USA.

NOSSAL, G.J.V. and LEDERBERG, J. 1958. Antibody production by single cells.

Nature 181: 1419-1420.

NOWINSKI, R., BERGLUND, C., I-ANE, J., LOSTROM, M., BERSTEIN, I.,

YOUNG, W. and HAKOMERI, S. 1980. Human monoclonal antibody against

Forssman antigen. Science 2'10: 537-539.



23r

OHNISHI, K., CHIBA" J., GOTO, Y. and TOKUNAGA T. 1987. Improvement in

the basic technique of electrofusion for generation of antibody-producing

hybridomas. J. Immunol. Meth. 100: 181-189.

OI, V.T. and HERZENBERG, L.A. 1980. Immunoglobulin-producing hybrid cell

lines. In: Selected methods in cellular immunology. Ed.B.B. Mishell and S.M.

Shiigi. Publ. W.H. Freeman, San Francisco. pp.351,-372.

l

I OI, V.T., JONES, P.P., GODING, J.W. and HERZENBERG, L.A 7978. Properties

of monoclonal antibodies to mouse Ig allotypes, H-2, and Ia antigens. Curr.

Top. Microbiol. Immunol. 81: 115-129.

OKADA, Y. 1958. The fusion of Ehrlich's tumor cells caused by HVJ virus in vitro.

Biken's Journal 1: 103-110.

OKUDA., R., KAPLAN, M.H., CUPPAGE, F.E. and HEYMANN, W. 1965.

Deposition of autologous gamma globulin in kidneys of rats with nephritic renal

disease of various aetiologies. J. Lab. Clin. Med. 66: 204-215.

ORTHO MULTICENTER TRANSPLANT STUDY GROUP. 1985. A randomized

clinical trial of OKT3 monoclonal antibody for acute rejection of cadaveric renal

transplants. New.Eng.J.Med. 313: 337-342.

OSTBERG, L. 1986. Human x (mouse x human) hybridomas. Meth. En4ymol. 121:

228-234.

PARDUE, R.L., BRADY, R.C., PERRY, G.W. and DEDMAN, V.R. 1983.

Production of monoclonal antibodies against calmodulin by in vitro

immunisation of spleen cells. J. Cell. Biol. 96: 1149-1f54.

PARKS, D.R., BRYAN, V.M., OI, V.T. and HERZENBERG, L.A. L979. Antigen-

specific identification and cloning of hybridomas with a fluorescence-activated

cell sorter. Proc. Nat. Acad. Sci. USA 76: 1962-1966.



232

PATEL, R., CONNOR, G., PATEL, D.R., SORIANO, A. and NAJERA D. 1986.

T-cell subsets in idiopathic glomerulonephritis. Int. Arch. Allerry Appl.

Immunol. D: 182-L87.

PAUI. L.C., RENNKE,H.G., MILFORD, E.L.and CARPENTER, C.B. 1984. Thy-

1.1 in glomeruli of rat kidneys. Kid. Int.25:777-777.

PERICO, N., DELAINI, F., TAGLIAFERRI, M., ABBATE, M., CUCCHI, M.,

BERTANI, T. and RF,MUZZI, G. 1988. Effect of platlet-activating factor and

its specific receptor agonist on glomerular permeability to proteins in isolated

perfused rat kidney. Lab. Invest. 58: 1.63-771.

P[-ATT, J.L., LE BEIN, T.W. and MICHAEL, A.F. 1983. Stages of renal ontogenesis

identified by monoclonal antibodies reactive with lymphohemopoietic

differentiation antigens. J. Exp. Med. 157: 1,55-172,

PONTECORVO, G. 1975. Production of mammalian somatic cell hybrids by means

of polyethylene glycol treatment. Som. Cell. Gen. 1: 397-400.

POTTER, M. 1972. lmmunoglobulin-producing tumors and myeloma proteins of

mice. Physiological Reviews. 52: 631-719.

POTTER, M. and BOYCE, C.R. 1962. Induction of plasma-cell neoplasms in strain

BALB/c mice with mineral oil and mineral oil adjuvants. Nature 193: 1086-

1087.

PRESSEY, A, PUSEY, C.D., DASH, A., PETERS, D.K and LOCKWOOD, C.M.

1983. Production of a monoclonal antibody to autoantigenic components of

human glomerular basement membrane. Clin. Exp. Immunol. S: 178-184.

PUSEY, C.D., DASH, A, KERSHAW, M.J., MORGAN, A., REILLY, A., REES,

AJ. and I-OCKWOOD, C.M. 1987. A single autoantigen in Goodpasture's

syndrome identified by a monoclonal antibody to human glomerular basement

membrane. tab. Invest. 56:23-31.



233

QUIGG, R.J., CYBUIJKY, A.V., JACOBS, J.B. and SAI-ANT, D.J. 1988. Anti-
FXIA produces complement-dependent cytotoxicity of glomerular epithelial cells.

Kid. Int. S: 43-52.

RAVAOARINORO, M. and LECOMTE, J. 1988. Evaluation of three methods for

curing hybridomas from mycoplasma contamination. Hybridoma 7: 79-86.

i RAYMOND, Y. and SUH, M. 1986. Lymph node primary immunisation of mice for
the production of polyclonal and monoclonal antibodies. J. Immunol. Meth. !f,:
103-106.

READING, C.L. 1982. Theory and methods for immunisation in culture and

monoclonal antibody production. J. Immunol. Meth. fi:261-29L.

READING, C.L. 1986. In vitro immunisation for the production of antigen-specific

lymphocyte hybridomas. Meth. Enrymol. 121:'J,8-27.

REASON, D., CARMINATI, J., KIMURA, J. and HENRY, c. 1987. Directed fusion

in hybridoma production. J. Immunol. Meth. 99 253-257.

REIK L.M., MATNES, S.L., RYAN, D.E., LEVIN, W., BANDIERAT S. and

THOMAS, P.E. 1987. A simple, non-chromatographic purification procedure

for monoclonal antibodies. Isolation of monoclonal antibodies against

cytochrome P450 isorymes. J. Immunol. Meth. 100: 723-130.

RENAU-PIQUERAS, J., PEREZ-SERRANO, M.D. and MARTINEZ-RANON, A.

1983. Stereological study of m'drine myeloma and hybridoma cell in vitro and

is fu. J. Submicrosc. Qt. l5(1): 607-619.

REYNOLDS, E.S. 1963. The use of lead citrate at high pH as an electron-opaque

stain in electron microscopy. J. Cell Biol. 17: Z0g-212.

RICH, A.R. and GREGORY, J.E. 1943. The experimental demonstration that peri-

arteritis nodosa is a manifestation of hypersinsitivity. Bull. Johns Hopkins.

Hosp. 72:65-88.



234

RODER, J.C., COLE, S.P.C. and KOZBOR, D. 1986. The EBV-Hybridoma

technique. Meth. Enrymol. 121: 140-L67.

ROITT, I., BROSTOFF, J. and MALE, D. 1985. Immunology. lst Edition, Churchill

Livingstone, Edinburgh, UK.

RONCO, P., ALLEGRI, L., MELCION, C., PIROTSKY, E., AppAy, M-D.,

BARIETY, J., PONTILLON, F. VERROUST, P. 1984a. A monoclonal

antibody to brush border and passive Heymann nephritis. Clin. Exp. Immunol.

55:379-332.

RONCO, P., MELCION, C., GENITEAU, M., RONCO, E., REININGER, L.,

GALCERAN, M. and VERROUST, P. 1984b. Production and characterisation

of monoclonal antibodies against rat brush border antigens of the proximal

convoluted tubule. Immunol. 53: 87-95.

RONCO, P., NEALE, T.J., WILSON, C.8., GALCERAN, M. and VERROUST, P.

1986a. An immunopathologic study of a 330 kD protein defined by monoclonal

antibodies and reactive with anti-RTEo5 antibodies and kidney eluates from

active Heymann Nephritis. J. lmmunol. 136(1): 125-130.

RONCO, p., GENITEAU, M, POUJEOL, p., MELCION, C., VERROUSI p. and

VANDERWALLE, A. 1986b. Characterization of monoclonal antibodies to

rabbit renal cortical cells. Am. J. Physiol. 250: C506-C516.

ROSETO, A., GUILLEMIN, M-C., CHEHIMI, J., MAZERON, M.C. and PERIES,

J. 1984. Elimination of mycoplasma, bacteria and fungi contaminants of
hybridoma cultures by intraperitoneal passage in the mouse. Hybridoma}z2gT-

300.

RUTTER, w.J. L967. Protein determination in embryos. [n: Methods in
Development Biology. F.H. Wilt and N.K. Wessels (Eds.). pp.67l-683.

SAI-ANT, D.J., BELOK s., MADAIO, M.P. and cousER, w.G. 1980. A new role

for complement in experimental membranous nephropathy in rats. J. Clin.

Invest.66: 1339-1350.



235

SAMOII-OVICH, S.R., DUGAN, C.B. and MACARIO, A.J.L 1987. Hybridoma

technolog5r: new developments of practical interest. J.Immunol. Meth. 101: 153-

170.

SAVAGE, C.O., PUSEY, C.D., KERSHAW, M.J., CASHMAN, S.J., HARRISON,

P., FIARTLEY, 8., TURNER, D.R., CAMERON, J.S., EVANS, DJ. ANd

LOCKWOOD, C.M. 1986. The Goodpasture antigen in Alport's syndrome:

studies with a monoclonal antibody. Kid. Int. S: 107-1.L2.

SCHLOM, J., WUNDERLICH, D. and TERAMOTO, Y.A. 1980. Generation of

human monoclonal antibodies reactive with human mammary carcinoma cells.

Proc. Nat. Acad. Sci. USA 77: 6841-6845.

SCHWABER, J. and COHEN, E.P. 1974. Pattern of immunoglobulin synthesis and

assembly in a human-mouse somatic cell hybrid clone. Proc. Nat. Acad. Sci.

USA. 71.: 2203-2207.

SCOTT, D.W. 1985. Mechanisms in immume tolerance. C.R.C. Crit. Rev. Immunol.

5: l-25.

SEDMAK J.J. and GROSSBERG, S.E. 1977. A rapid, sensitive, and versatile assay

for protein using Coomassic brilliant blue G250. Anal. Biochem. 79:544-552.

SHARON, J., MORRISON, S.L. and KABAT, E.A. 1980. Formation of hybridoma

clones in soft agarose: effect of pH and of medium. Som. Cell Genet. 6: 435-

441..

SHULMAN, M., WILDE, C.D. and K6HLER, G. 1978. A better cell line for making

hybridomas secreting specific antibodies. Nature. 276: 269-270.

SIMPSON' I.J., AMOS, N., EVANS, D.J., THOMSON, N.M. and PETERS, D.K.

1975. Guinea-pig nephrotoxic nephritis: I. The role of complement and

polymorphonuclear leukorytes and the effect of antibody subclass and fragments

in the heterologous phase. Clin. Exp. Immunol. 19: 499-51,1.



236

SINGH, A.K. and MAKKER, S.P. 1985. The distribution and molecular presentation

of the brush border antigen of Heymann nephritis in various rat tissues. Clin.

Exp. Immunol. 60: 579-585.

SINGH, A.K. and MAKKER, S.P. 1986. Circulatory antigens of Heymann nephritis.

I. Identification and partial characterization. Immunolory fl:467472.

SPITZ, M., SPITZ, L., THORPE, R. and EUGUI, E. 1984. Intrasplenic primary

immunisation for the production of monoclonal antibodies. J. Immunol. Meth.

70:39-43.

STjLHLI, C., STAEHELIN, T., MIGGIANO, V., SCHMIDT, f. and HARING, P.

1980. High frequencies of antigen-specific hybridomas: Dependence on

immunization parameters and predictions by spleen cell analysis. J. Immunol.

Meth. 2:297-3M.

STANBRIDGE, E.J. 1981. Mycoplasma detection - an obligation to scientific

accuracy. Isr. J. Med. Sci. 17: 563-568.

STANKER, L.H., VANDERLAAN, M. and JUAREZ-SALINAS, H. 1985. One step

purification of mouse monoclonal antibodies from ascites fluid by

hydrorylapatite chromatography. J. Immunol. Meth. 76: 157-L69.

STEIN, H., GATTER, K., ASBAHR, H. and MASON, D.Y. 1985. Use of freeze-

dried paraffin-embedded sections for immunohistologic stainingwith monoclonal

antibodies. I-ab. Invest. 52: 676-683.

srRIKE, L.8., DEVENS, B.H. and LUNDAK R.L. 1984. Production of human-

human hybridomas secreting antibody to sheep erythrocytes after in vitro

immunization. J. Immunol. 732: 1798-1803.

SUGISAKI, T., KIASSEN, J., ANDRES, G.A., MILGROM, F. and McCLUSKEY,

R.T. 1973. Passive transfer of Heymann nephritis with serurl Kid. Int. 3: 66-

73.



237

TEALE, J.M. and KLINI\4AN, N.R. 1984. Control of the production of different

classes of antibody. Ch. 19 In: Fundamental Immunolory. Ed. W.E. Paul.

Publ. Raven Press, N.Y.

THEOFILOPOULOS, AN. and DIXON, F.J. 1982. Autoimmune Diseases:

Immunopathology and Etiopathogenesis. Am. J. Path. 108: 321-365.

THOMSON, N.M., WIJ, A, ATKINS, R.C., HOLDSWORTH, S.R. and McGINLEY,

E. 1984. Induction of experimental glomerular injury by monoclonal antibodies.

Proceedings of the IXth International Congress of Nephrology, Los Angeles,

June 11-16.

THORPE, R., PERRY, M.J., CALLUS, M., GAFFNEY, P.J. and SPITZ, M. 1984.

Single shot intrasplenic immunization: An advantageous procedure for

production of monoclonal antibodies specific for Human Fibrin Fragments.

Hybridoma 3: 381-385.

TOWBIN, H., STAEMELIN, T. and GORDON, J.1979. Electrophoretic transfer of

proteins from polyacrylamide gels to nitrocellulose sheets: Procedure and some

applications. Proc. Nat. Acad. Sci. USA.76:4350-4354.

UEDA R., OGATAT S-I., MORRISSEY, D.M., FINSTAD,C.L., SZKUDLA,REK J.,

WHITMORE, W.F., OETTGEN, H.F., LLOYD, KO. and OLD, L.J. 1981. Cell

surface antigens of human renal cancer defined by mouse monoclonal

antibodies: Identification of tissue-specific kidney glycoproteins. Proc. Nat.

Acad. Sci. USA. 78:5L22-5726.

UNANUE, E. and DIXON, F.J. 1967. Experimental glomerulonephritis:

Immunological events and pathogenetic mechanisms. Adv. Immunol.6: 1-91.

VAN, DAMME, B.J.C., FLEUREN, G.J., BAKKER, W.W., VERNIER, R.L. ANd

HOEDEMAEKER, P.J. 1978. Experimental glomerulonephritis in the rat

induced by antibodies directed agains tubular antigens. V. Fixed glomerular

antigens in the pathogenesis of heterologous immune complex

glomerulonephritis. [ab. Invest. 38: 502-510.



238

VAN NESS, J., [-A,EMMLI, U.K. and PETTIJOHN, D.E. 1984. Immunization in

vitro and production of monoclonal antibodies specific to insoluble and weakly

immunogenic proteins. Proc. Nat. Acad. Sci. USA El: 7897-7901.

VAN RENSWOUDE, J. and KEMPF, C. 1984. Purification of integral membrane

proteins. Meth. Enz. 104: 329-339.

VERROUST, P.J. 1989. Kinetics of immune deposits in membranous nephropathy.

Kid. Int.5: 1418-1428.

VOLLER, A., DRAPER, C., BIDWELL, D.E. and BARTLETT, A. 1975. Microplate

enryme linked immunsorbent assay for Chaga's disease. Lancet 1 (79M) 426-

428.

VON PIRQUET, C.E. 1911. Allergy. Arch. Int. Med. 7:259-288.

WASSERMAN, R.L., BUBENS, R.D. and THAXTON, E.S. 1986. In vitro

stimulation prior to fusion generates antigens binding human-human hybridomas.

J. Immunol. Meth. 93:275-283.

WHSLA'NDER, J. and HEINEGARD, D. 1985. The involvement of type IV collagen

in Goodpasture's syndrome. Ann. NY Acad. Sci. 460: 363-374.

WmSLnt-lDER, J., BARR, J.F., BUTKOWSKI, R.J., EDWARDS, S.J., BYGREN,

P., HEINEGARD, D. and HUDSON, B.G. 1984a. Goodpasture antigen of the

glomerular basement membrane: l.ocalisation to noncollagenous regions of type

IV collagen. Proc. Nat. Acad. Sci. (USA) 81: 3838-3842.

WilSI-ANDER, J., BYGREN, P. ANd HEINEGARD, D. 1984b. ISOIAtiON Of thc

specific glomerular basement membrane antigen involved in Goodpasture's

syndrome. Proc. Nat. Acad. Sci. USA 81: 1544-1548.

WEISSMAN, D., PARKER, D.J., ROTHSTEIN, T.L. and MARSHAK-ROTI{STEIN,

A. 1985. Methods for the production of xenogeneic monoclonal antibodies in

murine ascites. J. Immunol. 135: 1001-1003.



239

WELLS, J.V. and RIES, C.A. 1980. Hematologic diseases. In: Basic and Clinical

Immunology. Edited by H.H. Fudenberg, D.P.Stites, J.C. Caldwell, J.V. Wells.

3rd edition. I-ange Medical Publications, l-os Angeles, Calif., USA

WESTERWOUDT, R.J. 1985. Improved Fusion Methods. IV. Technical aspects.

J. Immunol. Meth. 77: 18l-196.

WESTERWOUDT, R.J. 1986. Factors affectingproductionof monoclonal antibodies.

Meth. Enzymol. 721,: 3-L8.

WHITE, J. and HELENIUS, A. 1980. pH-dependent fusion between the Semliki

Forest virus membrane and liposomes. Proc. Nat. Acad. Sci. USA 7l:3273-
3277.

WIISON, C.B., DIXON, F.J., FORTNER, J.G. and CERILLI, J. L97L. Glomerular

basement membrane reactive antibody in antilymphocyte globulin. J. Clin.

Invest.50: 1525-1535.

woJCHowsKI, D.M. and SYTKOWSKI, A.J. 1986. Hybridoma production by

simplified avidin mediated electrofusion. J. Immunol. Meth. 90:773-177.

WOJCIESZYN, J.W., SCHLEGEL, R.A., LUMLEY-SAPANSK, K and JACOBSON,

K.A 1983. Studies on the mechanism of polyethylene glycol-mediated cell

fusion using fluorescent membrane and cytoplasmic probes. J. Cell. Biol. 96:

151-159.

YAMAMOTO, T., WILSON C.B. 1987. Complement dependence of antibody-

induced mesangial cell injury in the rat. J. Immunol. 138: 37sg-376s.

YELTON, D.E., DIAMOND, 8.A., KWAN, S.P. and SCHARFF, M.D. 1978. Fusion

of mouse myeloma and spleen cells. Curr. Top. Microbiol. Immunol. 81: 1-7.

ZIMMERMAN, U. 1982. Electric field-mediated fusion and related electrical

phenomena. Biochim. Biophys. Acta 694: 227-27i.


	10001.pdf
	10002.pdf
	10003.pdf
	10004.pdf
	10005.pdf
	10006.pdf
	10007.pdf
	10008.pdf
	10009.pdf
	10010.pdf
	10011.pdf
	10012.pdf
	10013.pdf
	10014.pdf
	10015.pdf
	10016.pdf
	10017.pdf
	10018.pdf
	10019.pdf
	10020.pdf
	10021.pdf
	10022.pdf
	10023.pdf
	10024.pdf
	10025.pdf
	10026.pdf
	10027.pdf
	10028.pdf
	10029.pdf
	10030.pdf
	10031.pdf
	10032.pdf
	10033.pdf
	10034.pdf
	10035.pdf
	10036.pdf
	10037.pdf
	10038.pdf
	10039.pdf
	10040.pdf
	10041.pdf
	10042.pdf
	10043.pdf
	10044.pdf
	10045.pdf
	10046.pdf
	10047.pdf
	10048.pdf
	10049.pdf
	10050.pdf
	10051.pdf
	10052.pdf
	10053.pdf
	10054.pdf
	10055.pdf
	10056.pdf
	10057.pdf
	10058.pdf
	10059.pdf
	10060.pdf
	10061.pdf
	10062.pdf
	10063.pdf
	10064.pdf
	10065.pdf
	10066.pdf
	10067.pdf
	10068.pdf
	10069.pdf
	10070.pdf
	10071.pdf
	10072.pdf
	10073.pdf
	10074.pdf
	10075.pdf
	10076.pdf
	10077.pdf
	10078.pdf
	10079.pdf
	10080.pdf
	10081.pdf
	10082.pdf
	10083.pdf
	10084.pdf
	10085.pdf
	10086.pdf
	10087.pdf
	10088.pdf
	10089.pdf
	10090.pdf
	10091.pdf
	10092.pdf
	10093.pdf
	10094.pdf
	10095.pdf
	10096.pdf
	10097.pdf
	10098.pdf
	10099.pdf
	10100.pdf
	10101.pdf
	10102.pdf
	10103.pdf
	10104.pdf
	10105.pdf
	10106.pdf
	10107.pdf
	10108.pdf
	10109.pdf
	10110.pdf
	10111.pdf
	10112.pdf
	10113.pdf
	10114.pdf
	10115.pdf
	10116.pdf
	10117.pdf
	10118.pdf
	10119.pdf
	10120.pdf
	10121.pdf
	10122.pdf
	10123.pdf
	10124.pdf
	10125.pdf
	10126.pdf
	10127.pdf
	10128.pdf
	10129.pdf
	10130.pdf
	10131.pdf
	10132.pdf
	10133.pdf
	10134.pdf
	10135.pdf
	10136.pdf
	10137.pdf
	10138.pdf
	10139.pdf
	10140.pdf
	10141.pdf
	10142.pdf
	10143.pdf
	10144.pdf
	10145.pdf
	10146.pdf
	10147.pdf
	10148.pdf
	10149.pdf
	10150.pdf
	10151.pdf
	10152.pdf
	10153.pdf
	10154.pdf
	10155.pdf
	10156.pdf
	10157.pdf
	10158.pdf
	10159.pdf
	10160.pdf
	10161.pdf
	10162.pdf
	10163.pdf
	10164.pdf
	10165.pdf
	10166.pdf
	10167.pdf
	10168.pdf
	10169.pdf
	10170.pdf
	10171.pdf
	10172.pdf
	10173.pdf
	10174.pdf
	10175.pdf
	10176.pdf
	10177.pdf
	10178.pdf
	10179.pdf
	10180.pdf
	10181.pdf
	10182.pdf
	10183.pdf
	10184.pdf
	10185.pdf
	10186.pdf
	10187.pdf
	10188.pdf
	10189.pdf
	10190.pdf
	10191.pdf
	10192.pdf
	10193.pdf
	10194.pdf
	10195.pdf
	10196.pdf
	10197.pdf
	10198.pdf
	10199.pdf
	10200.pdf
	10201.pdf
	10202.pdf
	10203.pdf
	10204.pdf
	10205.pdf
	10206.pdf
	10207.pdf
	10208.pdf
	10209.pdf
	10210.pdf
	10211.pdf
	10212.pdf
	10213.pdf
	10214.pdf
	10215.pdf
	10216.pdf
	10217.pdf
	10218.pdf
	10219.pdf
	10220.pdf
	10221.pdf
	10222.pdf
	10223.pdf
	10224.pdf
	10225.pdf
	10226.pdf
	10227.pdf
	10228.pdf
	10229.pdf
	10230.pdf
	10231.pdf
	10232.pdf
	10233.pdf
	10234.pdf
	10235.pdf
	10236.pdf
	10237.pdf
	10238.pdf
	10239.pdf
	10240.pdf
	10241.pdf
	10242.pdf
	10243.pdf
	10244.pdf
	10245.pdf
	10246.pdf
	10247.pdf
	10248.pdf
	10249.pdf
	10250.pdf
	10251.pdf
	10252.pdf
	10253.pdf
	10254.pdf
	10255.pdf
	10256.pdf
	10257.pdf



