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STJMMARY

The deteccion of granular deposits of immunoglobulín (Ig) and

conplement (C) in the glomerulí of over 707" of. paËients with glornerulo-

nephritis (GN) suggests that most GN in man is immune complex (rc)

nediated. However, flnal confirmation of the concept and diagnosis

of rcGN requires the detection of rc in the serum of such patlents

and the identificatíon of antigen Ín the glomerular rc deposits.

These two objectives are pursued in the present study.

I. The detection of circulatl-ng IC in patíents with GN. Four

assays for the detection of IC were evaluated in víËro and then used

to test sera from patients with a spectrum of renal diseases. The

Raji cell radioimnune assay (*IRCA) and the solíd phase Clq assay

(ClqSPA) were found to be more sensitive and specific than the radio-

labeled Clq binding assay (*IClqBA) or the mícrocomplement consumption

test (Mcr). rn general, the assays detected large amounts of círcu-

lating rc in patienÈs with sysremic lupus erythernaEosus (sLE) and

GN associated with other systernic díseases. The prevalence of rc

det.ectíon in primary GN was much loweri IC were detected more frequently

1n acute GN Ehan chronic (membranous, membranoproliferative, etc.) GN,

and ín patíents with low c3, c4, and properdin facror B (c3pA) 1eve1_s.

The inability of the assays Èo detect rc ín all patÍents with immuno-

fluorescence (rp) evidence of rcGN may simply reflect the liurited

sensitivíty of the assays, but. rnay irnply that some patients with GN

have as yet undefíned abnormal-ities in the handlíng of more or less

physiologÍc amounts of IC;

II. The identification of IC antigen and antíbody ín GN. Inproved

techniques are required for the identificat,ion of antígen and antibody
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in glomerular rc deposits. special- rF and elutíon techníques $/ere,

t.herefore, evaluated using the bovine serum albumin (nSa¡ índuced

serum sickness model of ICGN in the rabbit. Optirnal condl-tions for

the elution and recovery of glomerular rc antibody were defíned ín

these studies, and similar Èechniques r^7ere then applíed to identífy

antigen-antíbody systems in (i) spontaneous rcGN in rabbits, and (ii¡

hunan GN.

(í) IgG eluted from the kidneys of rabbits wíth spontaneous GN

react,ed with the glomerular capillaríes and blood vessels of normal

kidney sectíons. It ís proposed that a structural antígen, possibly

derlved from the glomerular epithelíal glycocal-yx, partl-cípates ín

Èhe formation of nephritogenic circulaÈing IC in this form of GN.

(ii) Eluates were obtaÍned from nephrectomy or autopsy kidneys

from paEients with various forms of GN. These eluates were screened

for antibodies to a panel of endogenous antigens (glomerular basement

membrane (GBM), renal tubular antígen (RTA), nucleíc acids, and IgG),

and viral antigens (rneasles virus, Epstein-Barr virus (EBV) , and

C-type virus). Antí-measles virus antíbodies were selectively concen-

trated over serum levels Ín four eluates (three SLB, and one primary

ICGN) suggesting a role for measles virus anti-gen-antibody IC in

Ehese patíents.

It ís concluded that multiple antígen-antibody systems can be

involved in indívidual patients ¡¿ith ICGN. and the particípation of

ubiquitous antigens agaín suggests that these patients have under-

lying abnormalities whích cause them to handle a t'normal'r antigen and

IC load in a nephrítogenic manner.
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ThÍs thesis contains no materÍal whlch has been subnitted for

the award of any other degree or diploma from any university. To

the best of my knowl-edge and bel-ief, this thesis contains no material

pubLíshed or written by anoÈher person, except where due reference Ís

made in the text of the thesfs.

2 tq77
\ )

Andrew J. I.loodroffe
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INTRODUCTION

tsackground. The role of immune mechanisms in the pathogenesis of

human glomerulonephritis (GN) was recognized in the 1950rs when renal

biopsy (1) and imnunofluorescence (IF) (2) techniques \¡rere introduced.

The detection by IF of ímmune reactants in the glomeruli of patients

with GN (2-5) strongly suggested an immunological process, and these

observaÈÍons I^/ere supported by studies ¡¡ith experimental models of GN.

In these studies ít was recognized that GN eould be mediated either

by antibodíes reactive with glomerular basement membrane (CSl4) antigens

to produce nephrotoxic or antí-GBM antibody GN (6-10), or by glomerular

trappíng of immune complexes (IC) formed in the circulation with non-

glomerular antigens, to produce ICGN (11-17). The two mechanísms could

be ídentified and differentiated one from the other by rF studies.

Thus anti-GBM antíbody GN is characterized by línear deposíts of

irnmunoglobulin (Ig) and complement (C) along the GBM, and ICGN by

the presence of granular deposíts of Ig and C in the mesangium or

glomerular capillary 1oops. These conditions could not be differen-

tiated by conventional morphologícal techniques, and the importance of

IF in the evaluation of renal biopsíes r¡ras recognized.

IF fÍndings in a series of. 2,540 renal specímens have recenEly

been reported by Wilson and Dixon (18). Granular deposits of Ig

generally accompanied by C were present ín approxírnately one half

of these specimens; línear deposition Tiras much less frequently observed

(57"). The íncídence of granular deposits in patients with clinico-

pathological evidence of GN r¿as even greater, between 70 and B0%.

These data support the view that the majority of human GN ís IC

nediated, a premise whieh wíll be explored in thís thesis.
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ExperÍmental Models of ICGN. Much of our knowled ge regardíng the

role of circulatíng IC in GN is derived from experimental rnodels of

artifÍcially induced GN (e.g. serum sl-ckness in the rabbit and autologous

rcGN in the rat) or spontaneous GN (e.g. I'autoimmune" rc disease in

New Zealand (NZ) rnice) . some of these models will now be reviewed.

(i) Serum sickness followíng the administration of foreígn serum

proteíns ü/as reported by Von PÍrquet in 1911 (19), but Èhe IC nature of

the disease \¡/as not recognized until the 50rs. The detectíon of circu-

lating and tissue IC in the bovine serum albumin (BSA) induced rabbit

model of serum sickness by Germuth (11,12) and Díxon (14-17) establ-íshed

the role of IC in this disease, and the model has subsequently been used

to study the factors involved ín IC medíated GN.

In acute (one-shot) serum sickness the sequence of events ís as

follows (17). After intravenous administration, BSA disappears from

the cÍrculaÈion in three phases. The first (24 ro 48 hours) is due to

equílibration with intra and extravascular fluids, and the second to

catabolisn (half disappearance time of 4.2 days) . Antibody can be

detected on day 4 or 5, and circulaÈíng IC are formerl. Initially the

IC are in antigen excess, are too small to be phagocytosed by the

reËÍculoendothelíaI system (RES), and contínue to circulate, As

antibody producËion íncreases, the circulating IC increase in sÍze and

by about day 10 are eliminated from the circulatíon (thírd phase).

During this iuunune elimination phase, small amounts of IC (BSA, anti-

body, and C) are deposited in vascular structures to produce arterltÍs

and proteinuric GN. Free antíbody appears in the círculatíon after

irurune elimination increasing the síze of the IC deposits and ttmaskinglr

the BSA. The disease, hor^rever, ís self-limiting and proteinuria ís
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transíent. The model closely resembles classical acute post-strepto-

coccal cN (PSGN) in man

rn chronic (daily injection) serum sÍckness (css) (15), rabbit"s

given BSA in amounts to balance antibody production develop proteinuric

ICGN after thto to three months. Like chroníc GN in man, the histologíc

lesions are variable, but a mixed membranous and prolíferative form

of GN ís most commonly observed.

(li¡ The autologous ICGN model ín rats is induced by immunízatíon

wíth extracts of rat kidney contaíning renal tubular antl-gen (RTA).

Morphologícally the lesíon closely resembles membranous GN in man.

The model, oríginally described by Heymann in 1959 (20), has since

been studied extensívely by Edgíngton and others (2L-23). Antibodíes

reactive with the proxímal convoluted Lubule cell brush border can

be eluted frorn the glomerular rc deposíts and the antigen has been

identified as a high rnolecular weíght (MI^I) lipoproteín (RTE-alpha 5) .

Snall amounts of thís antígen are normally present Ín t,he circulation

to form rc r¡ith antibody induced by immunization, and the constant

availabiliÈy of antigen maintains the disease. Quantitatíve studies

using radÍolabeled antígen (24) have recently confirmed these obser-

vatÍons. '

(iii) Sponraneous GN Ln NZ black (NZB) and NZB-white hybrid

mice (NZB x NZI{) Fl (25, 26) ís similar to human systemic lupus

erythenatosus (SLE). These míce develop anti-nuclear antÍbodies (ANA),

Coomb's positive haemolytíc anaemia, and progressíve ICGN. The role

öf C-type virus fnfection in the pathogenesís of Ëhis dísease ís

suggested by the detection of murine leukaemia virus antígens in the

glomerular rc deposits (27), and by the presence of anti-vlral
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antibodies in eluates from GN kidneys (28, 29). Hourever, the relatíve

conËríbuÈions of the different antigen-antibody systems (nuclear antigen-

antibody, and virus antÍgen-antibody) is still not c1ear. FÍnal1y,

these mice (as in human SLE) have a defect in thynus-dependent T cell
function (30) which might allow the formation of antibodíes to self-
antÍ.gens

(iv) Other vÍral Ínfections are also associated wíth ICGN. These

include lynrphocytic choríomeníngiris (LcM) (3r-35) and lacric dehydro-

genase (LDV) (36, 37) viral infectíons in mice, Aleutian disease in

nink (38), equine ínfectious anaemia (39), and hog cholera (40¡.

Typically these víruses are not highly cytopathíc but produce a

persisÈent ínfectíon ¡¿íth a constant supply of virar antigen which

effectively leads to chronic vÍrus antígen-antibody IC formation and

glornerular deposit.ion. In LCM the IC are ín â state of antigen excess,

and no free antibody can be detected in the círculatlon. However,

anti-LCM antÍbody can be eluted from the glomeruli, and LCM víral
antigen can be idenrifíed in rhe glomerular rc deposiÈs by rF (33, 35).

(v) Final1y, there is a background incidence of spontaneous ICGN

ín many specíes; guÍnea pÍgs (41), subhuman primates (42-44), rabbits

(4s¡' rats (hlílson, c. 8., personal cournunícation), dogs (46, 47), caÈs

(48)' horses (49)' and sheep (50, 51). These conditions, lÍke sponraneous

GN in manr are for the most part still poorly understood, and in vÍer¡

of theír possÍble simílarity to human ICGN are worthy of more extensive

study

Glomerular Depositíon of IC and the Mediation of ICGN. Factors

whích are knornm or believed to influence the glornerular deposítíon of

circulating rc include (i) the size and composlrion of the rc, (ií) rhe
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functíon of the RES and of the glomerular mesangium, and (iii) the

role of vaso-active substances.

(i) Studies with pre-formed IC have shor^¡n that large IC (grearer

than 19S) are cleared from the circulaEion much more rapÍdly than smaller

(antigen excess) complexes (52-56). Germurh (57) postulares rhree

categories of circulating IC: class I, small (less Èhan 1,0001000

daltons) soluble complexes formed in antl"gen excess which deposít along

the GBM and are highly nephritogenic; class rr, intermedÍate síze,

poorly soluble complexes whích are Eaken up by the mesangiurn and may

produce GN; and class IIT, large (greater than 11000,000 daltons)

insoluble complexes formed in antibody excess whích are rapídly removed

from the círculation by the RES and do not produce GN. This conceptual

approach is usefu.l rather than exacting, and although the avidity of

Ëhe antibody nay also be important (57, 5B) the ratio betr¿een the amount

of rc antígen and antíbody is probably the most crítica1 factor ín

determinj.ng the potenti-a1 nephritogenicity of rhe IC (59).

(ii) The RES effectively removes large IC frorn the circulation

and conceivably t'exhaustion" of this function could lead to glomerular

rc deposition. A similar role for the mesangÍum has been suggested

(60, 61) but recent studies ín rabbits with CSS índicate that mesangial

function (as measured by the uptake of aggregared human gamma globulin).

is in fact íncreased (62).

(iii) Finally, the role of vaso-active substances (histamine,

serotonin) and other medíators must be considered. By increasing the

perneability of the glomerular capl-ll-ary wa11, these substances increase

glomerular deposition of rc (63-65), and anragonísts of hístarnlne or

serotonin have been found to reduce the severity of acute serum sÍckness
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in rabbits (63), autologous rcGN in rats (66) , and spontaneous GN fn

NZ nice (67). Although C is present in the glomerular IC deposÍts and

nay participate in mediation of the inflanmatory response, there Ís no

evÍdence that the fixation of c by círculat.ing rc in any way alters

their ability to deposír ín blood vessels (55, 56).

The granular deposíts of rg and c in the glomeruli of the experi-

mental models dfscussed above are so characterístic that this has

become the hallrnark of the disease. However, certain recent studies

demand thaÈ this concepÈ be qualífíed. Thus Mauer et al (68) have

described in situ format.íon of glomerular mesanglal rc in rats given

aggregated human ganma globulin followed by antibody. similarly, rzui
et al (69) induced the ín situ formation of glomerular deoxyribonucleic

acid (oNA¡.attai DNA trC in mice; in Ëhís model, endogenous DNA released.

into the circulation following admínistration of bacteríal lipopolysac-

charide (LPS) binds to the GBM r+here it 1s then accessible to antibody.

Finally, fixation of antibody to conconavalin A (after ít has bound to

GBM associated polysaccharÍdes) produces in siËu glomerular rc in

rats (Golbus, s. M., personal communication)l tni" Arthus-líke

mechanÍsm tras also been idenÈifíed ín experimentar thyroiditis (70)

and tubulo-fnterstitial nephritis (71), and a sími1ar mechanísm could

conceivably be involved in certaín forms of human GN, partÍcularly

PSGN and mesangial rgA disease (18). As a corollary, it is clear

that ín serum sickness the glomerular bound rc are in dynamic equÍli-
brium r^rith antigen and antibody from the circulation and that. once

inftiated the dísease courd be maintaíned by glomerular depositÍon

of non-complexed antigen or antibody (lB).

"!er**
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F1nally, t\¡ro other mechanisms for the deposÍtíon of glomerular

irmune reactants have recently been proposed. c receptors have been

identified in human glomerular epitheLíaL (72, 73) and/or mesangíal

(74) cells, and Èhese may be involved in glomerular trapping of IC

from the círculation. These receptors have not been identifíed Ín

the glomeruli of experimental animals, and their precise role, Íf

âûY, in the medíation of ICGN requires further detailed evaluation.

similarly, Èhere is some evidence for a ttnon-immune c activatíon'

mechanism in some forms of GN (75). such patients have GN wíth glom-

erular deposíts of C in the absenee of Ig. This is accompaníed by

a depression in serum c levels, and may be nediated by the non-inmune

(non-Ig induced) activation of the alternatlve C pathway.

The precise mechanism of glomerular IC deposítlon is less

important in considering the urediatÍon of rc índuced glomerular

injury. couunon medíator pathways are involved wilh interact.íon

between the C, kinin, and coagulation systems (65, 76, 77). The

final urorphologic expression of injury depends on the tempo of the

disease rather than the nature of the underlying irnmunopathogenic

mechanism, and this limíts the value of tradítíonal morphologic

classíflcations of GN.

Human (presuured IC nediated) GN. The inadequacies of classlfi-

catíon are even more acute in human GN. Clinical, morphologícal, IF,

and ultrastructural features have been variously used to categoríze

human GN, and there has been much confusion in this areâ.. The problem

will not be resolved until a definÍtive aetiologic classÍfication

becomes available. In the meantime the best approach is a combination

of the various indices
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Table 1 depicts the key morphologic, IF, and ultrastructural

features of the major types of human GN. This classificat.ion identifies

the tr¿o major immunologic mechanísms (rc rnediated GN, and anti-GBM

antibody GN) and allows recognition of the various clini-co-pathological

forms of GN. Thus IF findíngs differentiaËe ICGN from anri-GBM anribody

GN, and clínical and serological informatíon separate ICGN secondary

to systemic diseases from prímary ICGN. The clinical presentation also

helps to differentj,ate the prímary rcGN subtypes, i.e., classical acute

PSGN with acuEe diffuse proliferat.ive GN, recurrent haematuria and

proteinuría with mesangial rgA disease, and the nephrotic syndrome

wíth focal sclerosing (FSGN), membranous (MGN), or membranoproliferatíve

GN (MPGN).

Morphologic lesions are sometimes characteristic, ê.g. in FSGN,

MGN, and MPGN, but more often are not diagnostlc and requíre qualificatíon.

In general the IC deposits detected by IF or electron microscopy

(EM) correspond to the site of the morphologic lesíons, but in some

instances, glomerular rc deposits are found in the absence of (and

presumably precede) rnorphologíc change. The localízation of deposits

to the mesangíum or Èo the subendothelial or subepithelial aspects

of the GBM, and the preponderance of one or more of the rg subclasses

in the deposits (as depicted in Tab1e 1 are useful pointers in

diagnosis. Thus the IF findings are characterístic in MGN and in SLE,

and are of díagnostic value in mesangial rgA dísease, minimal lesíon

nephrotic syndrome, (and anti-GBM anLibody GN). EM findíngs are

characterístic in MPGN (and its subtype, dense deposit disease), MGN

and classical acute PSGN, and are of diagnostic value in minímal lesíon

nephrotic syndrome and ín some forms of heredítary GN.



CATEGORY

PREST]MED ICGN

Prinarylì{

Focal sclerosing GN

Focal mesangÍal Pro-
liferative Gtil (rnesan-
gial IgA disease)

Acute diffuse Prolí-
ferative Gt{ (PSGN)

Rapidly progressíve
GN

Membranous GN

Membranop ro lif eraÈ ive
(mesangiocaPillarY) GN

Focal and segmental areas
of scLerosis

!'oc.al .uesangíal Prolifera-
tion

Granular Ie (IgM) and C3

in areas of sclerosis

Granular Ig (IeA) and C3

ín mesangium

ÎABLE 1

CHARACTERISTIC MoRPHoLoGIc, IF, Al{D IITTRASTRUCTURAL

rSÆURES OF THE MAJOR FORMS OF IIUMAN GN

MORPIIOLOCY IF (Ie Æ.TD C3) :p

Subendothelial and mesan-
gial- deposits and sclerosis

Mesangial dePosits

Subepithel-ial "humPs"

Variable

Extramembrafious ttsPikes tt

Subendothelial and intra-
¡nembranous sub-tYPes

Variable

Mesangial, subendothelial'
or subepithelial dePosiËs.
Microtubular sÈructures .

Mesangial and subendothe-
lia1 dePosfts

Variable

Variable

Subendothelial, subePi-
thelial dePosils

Gaps and dfscontinuitY in
GB14

Fuslon of foot Processes

Sptltting of GBM

Chronic (end-stage) Gl{ Variable prolif erat ive
and gclerotic lesions

Exudation and Prol-ifera-
t,ion of endoÈhelial and
mesangial cel1s

ExtracapillarY Prolifera-
tion t¡ith crescents

Diffuse thickening of GBM

Thickeníng of GBM with
mesangial Proliferation
and ÍnterPosition

Diffuse granular Ig and
c3

Variable granular Ig and
c3

Diffuse granular Ig (IgG)
and C3 al-ong GBM

Granular Ig and C3 in
mesangium and GBM

Residual granular Ig and
c3

Granular Ig (IgG, IgA'
IgM) and C3 in mesangium
or GBM and interstitium"
In vivo Æ'iA.

Granular Ie (IeA) and C3

in mesangium and GBM

VarÍable granular Ig and
c3

Varlable granular Ig and

C3 ln vessels and glornerull

Granular Ig and C3 1n
mesanglum and GBM

Llnear Ig (IgG) and C3

along GBM and TBM

Negatlve

Occasional segmental
Ig and C3

OccasÍona1 segmental"
Ig and C3

GN secondary to systemíc disease

Systemic luPus erythe-
matosus

Henoch-Schönlein
purPura

I,Iegener t s granuloma-
tosis

Polyarterltís nodosa

Subacute bacterial
endocardiEls

-GBM À}ITIBODY GN

Goodpasture t e
syndrome

Membranous" foca1, or
diffuse prollferative
GN

Focal or diffuse Prol-i'
feratlve GN

Proliferative and
crescent forming GN

Prollferatlve GN and
arteritis

Focal- or dlffuse Prol-i-
feratlve GN

ExtraeaplllarY Pro11fera-
tlon r¿Lth crescents

MECTIANISM UNCERTAIN

Minlmal leafon

Ilereditary GN

CoagulopaEhtes
(haernolytle uraemic
syndrome, lhrombo-
cytopaenlc PurPura)

No. or minlsral mtcroecoPlc
abnornallties

Proliferatlve GN and
fnterstltial nePhrttis

Varlable lschaemlc and
prollferaËive Leelons

Fibrin dePosltlon
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The routine evaluation of GN by renal biopsy has contributed

greatly to precision in diagnosis and prognosis, but in most instances

the aetíologic process remains obscure. The thrust of GN research

should be directed toward Lhis latter objectíve.

Aims of the Present Studies. As we have seen, the diagnosis of

ICGN in man rests largely on Èhe IF detection of characteristic

granular deposits of Ig and C within the glomeruli. In some patients

this is supported by the presence of depressed serum C levels (78), C

breakdown products 1n the eirculatíon (79), and cryoglobulins (80, Bl),

or rheumatoid factor (82), whích also suggest IC formation. However,

final confirmation of the concept and diagnosís of ICGN requíres I.

the detection of IC in the circulation, and ff. the ídentífication

of antfgen in the glomerular IC deposits.

These are the objectíves of the present study. The first offers

the simplicity and convenience of a serum instead of a tíssue diagnosis

of IC disease whích should help to further defíne the role of círculating

IC in the pathogenesís of GN and could be used as a rational serologic

parameter in guiding management. The second holds Èhe key to an

understandlng of Ëhe antigen-antibody systems involved in ICGN, and with

it the potential of specifíc therapy ín such patients. Recent advances

Ín technology have made these objectives feasible.
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I. THB DETECTION OF CIRCULATING IC TN PATIENTS I,JITH GN.

INTRODUCTION

The technology in rhis area is still new and, although rnany

different IC assay systems have been proposed, ít ís clear that none

are infallíble and that each has íts own specíal reacti-vity, sensitivÍ-Èy,

and idíosyncrasies. Assays which are based on the physico-chemical

properties of IC ínclude analyt,ical or sucrose gradient ul tracentri-

fugation (65, 83), precipítaLion with polyethylene glyeol (84), and

the detectíon of cryoglobulíns (80, Bl). Assays based on the immuno-

chemícal properties of IC are, in general, more sensit,lve. These

rely on the alt.ered Fc reactivity of complexed. Ig, which causes fíxation

of C (85, 86), binding of Clq (87-91), and binding of RF (90, 92);

or on the specíal properties of IC bound C components, whích cause

binding to bovine conglutinin (93), and the productíon of serum

immunoconglutinins (94). Fínally, there are assays based on the cellular

reactiviEies of IC: IC induced plateleÈ aggregatíon (95), phagocytosis

of IC by perÍtoneal macrophage cells (96), inhíbition of C dependent

lymphocyte EAC rosette formatÍon (97), and bíndíng of IC to the C

receptors of certain lymphoblastoid cell l-ínes (98).

In the present study, four IC assays were used to test sera from

patíents r^rith GN. These are Ëhe Raji cell radioimmune assay (98) in

whích the binding of serum IC to cell surface C receptors is quantitated,

the radiolabeled Clq binding assay (BB) ¡¡hich quantitates the binding

of Clq to serum IC, a solíd phase Clq bindíng assay (91) ín which serum

IC are bound to Clq coated tubes, and the microcomplement consumptíon

test (85, 86) wåích measures serum anticomplementary activíty by

quanËitating consumptíon of added C by the test serum. In this way,
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the individual reactivÍties of different assays could be evaluated

and exploited. Sera from patients wíth a spectrum of renal diseases

r¡ere tested in three sepårate studies, and t,he results correlated with

clinico-pathologÍcal information. Renal rF detecÈion of granular

deposits of Ig and C was used as the crÍterion of ICGN.

METHODS

IC Assays

The Raii cell radíoimmune as saY (*<1Pg¡¡ (98) . Rají cells, a

lymphoblasLoid ce1l line derived from Burkittts lymphoma, r^rere cultured

in Eagles minimal essenEial medium (miu¡ and were used ín the assay

when a concentration of I x 106 cerls per m1 was reached. cell

viability as determined by trypan blue exclusion was greater than 95%.

Each test was performed in triplr-cate. 2 x 106 Raji cel1s in 200 ul

1% BSA-MEM were reacted with 25 ul of a Lz4 dilution of test serum

for 45 min at 37o C. The cel1s were washed three times r¿ith 1% BSA-MEM

and then reacted wíth approximately 2.5 ugL25T goat anti-human rgG

in 30 ¡tr 17" BSA conËaining 131r ssa for 30 min ar 40 c. The cells

were washed once Ln L% BSA-}.íEM and radíoactivity in the cell pellet

r¿as determined in a gamma-counter. The uptake 
", "', goat ant.Í-

human IgG was calculated after correcting for non-specific binding of
131, ura and the result referred to a standard curve of the uptake of

anÈibody by cells lncubated with aggregated human gamma globulín (AHG)

Ín normal human serum (NHS). The amount of complexes in the test

serum r^ras expressed as ug AHG equívalent (equív) per ml serum.

The radiolabeled Clq blnding assay (*rclqBA) . The assay hras

nodífied frorn Nydegger et a1 (BB). Clq was isolated from fresh NHS using
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the method of Yonemasu and stroud (99) except. that relatíve salt

concentrations of 0.04 M and 0.078 M were used for the fírst and

second precipitatÍon sÈeps, respectívely. The purity of the isolate

vras confírned by innnunoelectrophoresÍs using rabbít antisera to r¿hole

human serum and to human clq. The clq v/as stored at -70o c ln alíquots

at a concentration of I mg per rnl. 500 ug quantíÈies were radiolabeled

with 0.5-1.0 mCi 125I ,r"ing chloramine T (100) and specíf,ic acrivitj.es

of 0.3-L.4 uCi per Ug r^¡ere obtained , L% BSA was added and alíquots

h¡ere stored at -70o c. For use ín the assay, an aliquot, \^/as thawed,

diluted in isotonic Veronal-buffered saline (VBS) (101) conËaíníng

1Z BSA, and centrifuged at 10,000 x G for 30 rnin at 40 C. The upper

one half of the supernat.ant r^ras used for the assay. Each test ï"/as

performed ín duplicate. 200 ul serum in 100 u1 VBS was heated at

560 c for 30 min, cooled to 25o c, and approxímately 0.1 ug 
125r 

aro

in 100 pl volume was added. After 30 rnin at 25o C,2.5 ml of poly-

ethylene glycol (PEG) (union carbide Mtr,I 6000) in 0.1 M borate buffer

pH 8.4 r¿as added to a final concentratíon of. 2.67" and reacted for 30 nin

at 25o c. The precípitate obtained after centrifugatlon aE 1000 x G

for 30 min was washed once with 2.6i¿ PEG and then counted in a gamma-

counter. The result r¡/as expressed as percent bindíng of added 125 , atq.

The solíd phase Clq binding assay (ClqSPA). The merhod was

rnodified from Hay et al (91). L2 x 75 rnm polystyrene tubes (Falcon

ca.) were coated r¿ith freshly isolated clq (99) by incubarion with

approxímately 4 uc clq in 1.0 nl 0.15 M phosphate buffered saline (pBS)

pH 7.2 for 20 hours at 40 c. The tubes were then r,rashed three times

r¿ith 5.0 rnl PBS, incubated \^rith 2.0 ml 1Z BSA in PBS f.or 2 hours at

25o c, washed a further Ëhree times with PBS, and then sÈored at -70o c
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until. use. Using the above protocol, 500 to 1000 tubes coul-d be

coaEe<l with the Clq isolated from 100 nl serum. In preliminary studies

Ít was found that the tubes r¡ere stable with -70o C storage for at

least two months.

The assay was performed as follows. 50 pl test serum r¡as incubated

with 100 ul 0.2 M ethylenediamineletraacetic acíd (EDTA) pH 7.5 for

30 min at 37o C. 60 ul of the EDTA treaËed serum (equivalenr ro 20 pl

whol-e serum) was added to Clq coated tubes in 1.0 rnl PBS. Each test

was performed in duplicate. The tubes were incubated for 60 min at,

37o C and for 20 hours at 40 C, and then washed Ëhree times with PBS.

ApproximateLy 2.5 ug 
125I go"t anti-human IgG antíbody was added ín

1.0 m1 1% BSA-PBS and incubated for 60 mín at 37o C and 30 min at

40 C. The tubes were then washed three times with PBS and radioact,ivity

bound to Ëhe tubes sras counted ín a gaûuna-counter. The result was

referred Èo a standard curve of the bínding obtained with AHG in

NHS, and expressed as ¡rB AHG equiv per ml.

The microc lement cons Èion test . A modifícation of the

assays described by Mayer et al (85) and by Mowbray et al (86) for the

detect.íon of anti-complementary actívíty in sera rrras employed. Each

test vras performed in duplícate usíng glass Èubes. 100 pl Èest serum

was heated at 560 C for 30 rnin and then cooled for 15 mín at 0o C. Fresh

NHS diluted to contain 2-2.5 at"50 was added in 300 Ul VBS and reacted

for 30 min at 37o C. 200 ¡r1 of a 3% suspensíon of sheep red blood cells

optínally sensitízed wiEh rabbit antí-sheep red cell IgM antibody was

added and incubated for 60 min at 37o C. The mixture üras Ëhen diluted

with 1.0 m1 ice-cold VBS, centrífuged at 1500 x G for 10 min, and cell

lysis quantitated by measuríng the released haemoglobín (412 nM) using
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a GÍlford spectrophoto¡rleter. Background absorption with the test

serum blank (100 uf serum and 1.5 ml VBS) was sublracted and the result

expressed as percent inhibition of control lysis wíth C alone (100 Ul

VBS replacing the Èest serum).

A panel of 66 control sera v/as obtaíned from healthy laborat,ory

personnel and stored in alíquots at -70o C. Sera from the panel were

used to determine the 957" confidence linÍt for normal serum in each of

the assays. This was LL.I1¿ blndíng of Clq in the *IClqBA, 29 ug AHG

equív per ml in the Clq SPA, and 30% ínhibítion of control lysis ín the

MCT. The background bínding in the ìkIRCA, ho¡¿ever, varied considerably

from day to day and, l-n order to control this variation, four standard

normal sera, selected to statÍstícally represent the total control

group, were EesEed ín each dayts assay. The bÍndíng obtained with

these sera r¡ras used to determine the upper liruit of normal for each day,

and quantitat.íon of the test sera I¡Ias expressed as ¡Lg AHG equiv per ml

above this value. Usíng this sysËem, the average standard error of

Lhe mean values obtaíned on 6 different days with 9 sera was L2.4%,

In Vítro EvaluatÍon of IC Assays.

Detection of AHG and the effect of heaË ínactivatíon of serum. The

sensiËivity of the assays vras assessed by determlning the minimum amount

of AHG detected in NHS. AHG r¡ras prepared from Cohn Fractíon II using

t,he method described by Mauer et al (102), whích employs an ultracentri-

fugaÈÍon sËep to remove unaggregated garnma globulin. Sucrose densíty

gradíenÈ fractionaÈion of 125, Itbul-ed AHG showed the aggregates Lo be

40-100 S. Protein concentration was quantiÈated by rnicro-Kjeldahl

nÍtrogen determinatíon and Èhe AHG was stored in aliquots at -70o C.

Prior to use in the assays, each aliquot ltas cenËrifuged aÈ 101000 x G



24

for 5 min. serial dilutions of AHG were íncubated in NHS for 30 nin

and then tested in the assays.

Detectíon of in vit.ro forned complexes. Complexes of varying

antígen-antibody raÈios were formed in vitro with human serum albumin

(HSA) and rabbit anti-HSA anÈibody, BSA and rabbir anri-BSA antfbody,

and with tetanus toxoid (Wyeth) and tet.anus immune human serum. Tubes

were incubated for 60 min at 37o C and then for lB hours at 4 o 
C,

Precípítates obtained by cenËrifugatíon at 2000 x G were washed r¡ith

PBS, and the protein content (rnícro-Kjeldahl nitrogen determinatíon)

used to define the equívalence point. The supernatants were then

tested in the IC assays.

The effects of storage and handling conditions of sera. A panel

of sera r,rere Èested ín the assays after repeated freeze-thawing or

after sEorage at 25o , 4o, -20o, or -70o C.

The influence of non-IC reactants. The effects of heparin, DNA,

and endotoxin were studied by testing NHS to r¡hich heparin (Lipo-

HepÍn, Riker Laboratories), DNA (ca1f thymus DNA, I,rlorthíngton Bíochernical

Corp.) or U. coli endotoxin (Difco Laboratories) had been added. The

influence of serum antí-lymphocyte antÍbodies on the *IRCA was studied

by a Raji-cytot,oxícity assay. À rnodÍfícation of the microcytotoxicíty

assay described by Terasakí and McClelland (103) was employed. 1 ul

Eest serum which had been heat inactivated at 560 c for 30 nín was

added t,o a mícrodroplet of 1000 Raj í cells under míneral oil and

reacted for 30 min at 25o c. 2 ur rabbit c {1:2 normal rabbit serum

(NRS)] was added and íncubated for 3 hours at 25o C. percent eyro-

toxicity was determined by eosin dye exclusíon under phase contrast

mícroscopy. 33 sera from patíents wíth SLE were tested and the results

r¡/ere correlated with those of the *IRCA.



25

Sucrose density gradient fractionation of test sera. 300 u1 of

1:2 dílutl-ons.of selected test sera were applied to 5 ml L0-377. sucrose

gradients ín PBS wÍth a 200 ul 60% sucrose "cushion". 75 (131r rgG) and

19S (125r ïgM) markers r^rere applíed to identícal gradÍerLrs. The

gradients r.rere centrifuged at 250,000 x G for 6.2 hours ín an SI^f 50.1

rotor and 30 drop fractíons were collected. Each fraction was then

díalyzed against PBS for 48 hours, and tested in the *IRCA. The IgG

concentratÍon of each fractlon was quant.ítafed by radioimmunoassay for

human lgc (f04).

Patients and Sera.

Sera from three groups of patients r^/ere studied separately.

Group A (*IRCA). Sera frour 213 patlents referred by contríbutors

for IF evaluation of renal dísease were selected for study. Selection

was based upon renal IF fíndÍngs so that only patíents wíth unequivocally

positive or negative IF were included. Patients r^¡ere t,hen sub-categorízed

accordÍng ts available clinical and pathological information. No proto-

col vras followed for the collection and handlíng of the sera in this

group, all of which fr"a U".n thawed and refrozen at least once before

IC determínation.

Group B (*IRCA, *IC1qBA, and MCT). Sera frorn 85 patients wíth

GN were obtained in a prospective study perforned in collaboratíon

with Dr. R. J. Glassock and Dr. I^f. A. Border, UCLA Harbor General

Hospital, Torrance, Ca. In each patient appropríate investigations

were performed to establish a defÍnitive c1ínica1 or pathological

dlagnosis. Renal bÍopsy wíth 1íght microscopic and IF fÍndíngs \¡/as

performed ln 69 patients. Serum C3, C4, and properdin factor B (C3PA)

determinations (105) were carríed ouË in all patients and when indícated,
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sera f¡/ere tested f or c3 nephrític factor actívity (106) , ANA, and

anËi-GBM antibodies (107). Sera for IC determinations were obtained

as follo¡¿s: blood was collected in glass vacutainer tubes, allowed

to clot at 25o C for 60 mín, and the serum separated by centrÍfugation

at 2000 rpm for 10 nin at 25o C. The serum was stored ín 0.5 ml

aliquots at -70o C until being tested ín the. ¡kIRCA, the *IClqBA, and

the MCT. control sera fro¡n 31 healthy laboratory personnel were

collecÈed and tested in the same r^ray.

Group C (*tnCa and CIqSPA). This study l4ras performed in colla-

boratíon with Dr. K. s. K. Tung, uníverslty of New Mexico, Alberquerque,

N. M. with sera obtaÍned from 57 patients wÍth GN and other renal

díseases. Each patíent was fully evaluat.ed by serological test.ing

and renal biopsy. Sera for IC determinatíons \^7ere stored 1n aliquot.s

at -7Oo C until being tested in the *IRCA and Ëhe ClqSPA. Control

sera from 29 healthy laboratory personnel were collected and fested

ín the same r¡ray

RNSULTS

In Vitro Evaluatíon of IC Assays.

Detection of AHG and the effect of heat, inactivation of serum

(Fies. 1-4). All four ass ays vrere able to detect 5-10 pg AHG per ml

NHS r.rhÍch is in accord with sensitivities previously reported with

these assays (BB, 91, 98, 108). However, in the *IClqBA (Fie. 3)

and the MCT (Fie. 4) Èhis sensítiviry was only obtained íf AHG was

added to pre-heat ínactlvated NHS. when AHG r¡as added to fresh NHS

and then heat l-nactivated, whích more closely resembles the situation'

in vÍvo, the mlnimum amount of AHG detectâble by the *IClqBA or the

MCT was 50-100 pg per m1. These fÍndings suggest that heat inactivation
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is not very effective ín removing bound C, and that this factor may

linit the detection of in vivo formed IC by these assays. On Lhe

other hand, there \4ras no evidence for heat-induced aggregatíon of serum

gamna globulin (the background t'5, ato bínding was slightly less with

heat ínactívated NHS than wíth fresh NHS), or for thermolabile ïC

(known positive sera remained positive in the ?tIRCA after heat

inactivation). These problems Lrere not encountered wíth the *IRCA

whÍch uses fresh test sera, or the CIqSPA which uses EDTA treated sera.

Det.ect.ion of ín vítro forrned IC. All four assays qrere able to

detect IC formed ín vitro near equívalence. The assays were much less

sensitive wiEh low MI,l , antigen excess complexe.s. Fig. 5 illustrates

the detection of HSA-anti-HSA complexes wÍth the *IClqBA.

The effects of storase and handline condiÈions of sera. The effects

of repeated (10x) freeze-thawing of Èest sera and of standing at 25o C

f.or 4 hours were evaluaLed. Under these condítions, NHS became anti-

complementary in the M;T, but no effecÈ ¡,¡as noted in the *IClqBA, the

ClqSPA, or the *IRCA. The anÈicomplementary actívÍt.y was prímarily a

storage-índuced phenomenon; all of. L2 NHS became anticomplementary

after 2 days at 25o C, 7 of. L2 became anticomplementary after 3 days

aÈ 40 C, and 5 of L2 after 3 days at -20o C. Sirnilar findings by

Nielsen and Svehag (109) \,rere attributed to aggregatíon of serum

gamma globulin. The effect v/as not enhanced by repeated freeze-

thawing cycles and was not observed in NHS stored at -70o C for up

to 2L days. optímal handlíng of test sera and -70o C storage are

Èhus particularly críËícal 1n Èhe MCT.

The fnfluence of non-IC reactants (Table 2). Heparin, when added

to NHS, produced anticomplemenEary activity ln the MCT and lncreased
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L25binding of I Clq l-n the xIClqBA. In the *IClqBA (Fig. 6) the effect

was maximal with 100u heparin per ml NHS but r¿as still detected with

less Lhan lu per ml. Heparín had no effect on the *IRCA or the ClqSPA.

SÍrnilarly, DNA, both natíve and denatured, caused an increase in 125, atq

bínding when added to NHS. The effect., however, hras less marked than

Ëhat of heparin; maxímum specifíc 125, ctq bindíng was 2.77, wítn 50 ug

DNA per ml. DNA r¡as anticomplemenËary in the MCT but had no effect

on the *IRCA or the ClqSPA. E. colí endotoxín (100 uC per ml NHS)

had no significant effect on the *IC1qBA, the ClqSPA, or the *IRCAT

but was anticomplementary ín the MCT. Finally, 9 of 33 SLE sera (27%)

were found to have cytotoxíc activity (>L0% cplls killed) when tested

wlth Raji cells in the mícrocytotoxicity assay. 8 of these 9 sera

(89%) were positíve in the *IRCA (mean 150 ug AHG equfv per ml),

compared \rith 19 of 24 (7giÐ and 123 ug AHG per m1, respectívely,

for the cytotoxic negatíve group. Analysis of the individual sera

shor,¡ed some correlation between cytotoxic actívity and the degree of

*IRCA posÍtivíty. Although not conclusive, these findings suggest thaE

serum anti-lymphocyte antibodies may contribute to *IRCA positivíty.

TABLE 2

THE INFLUENCE OF NON-IMMUNE COMPLEX REACTANTS ON

MCT, *IC1qBA, *IRCA, AND CIqSPA

Serum
Antí-Lyrnphocyte

Anribody

Suboptimal
Storage

Condítions

MCT

*IClqBA

*IRCA

CIqSPA

Heparin

#

#

0

0

DNA Endotoxin

##

0

0

0

0

0

0

+

0

0

0

0

?

0

'i¡l*..,
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NHS,

serum from a patÍ-ent with acute GN and glomerular rc deposÍts, and

serum from a patíent with sLE r¡ere fractíonaÈed by sucrose density

gradient ultracentrifugatlon, and the fractions tested in the *IRCA.

13 to 19s peaks of *rRCA binding were detected in the two nephritic

sera, presumably representing the rc containing fractíons, but the

najoríty of the *IRCA binding in the SLE serum was in fact assocíated

wíth the 7s fraction. After correction for rgG content, the bÍnding

observed with the SLE 75 fractl-on was 2.3 tiures greater than wÍth the

NHS 75 fraction. Thís monomeric react.ant in SLE serum may represent

antí-lymphocyte antíbody or antibodíes that bild to cel1 components,

but Ís nor yet fu1ly characterized (Eisenberg, R. A., personal communi-

cation) .

ResulEs of IC Study

Group A (*IRCA). (Tables 3 and 4) . Of the 213 patients, there

¡'rere 41 with SLE, 111 r¿ith non-lupus GN and granular glomerular deposits

of rg and c, 31 wÍth rF negative renal dÍseases, 7 wíth antJ.-GBM

anti-body GN, and 23 renal transplant patients Table 3 . Sera in the

rF negatíve renal dísease group (end-stage GN, hypertensive renal

disease, chroníc pyelonephritis, eÈc.) were used as an internal control

for this study since these sera had been handled and stored ín the same

manner as the entire group. However, Ít was recognízed that círculating

IC nay still be present. in patÍents wíth end-stage GN in whom glomerular

rc can no longer be detected. 3 of these eontrol sera (l0z) were

positive. rn contrast, 687. of the sLE sera, 23 T. of the non-SLE rF

positíve GN sera, and 26% of. the renal transplant serâ were positíve.

None of the antí-GBM antibody GN sera hras posítÍve. The results indÍcate

that the prevalence of *IRCA positivity is much greater in SLE Ëhan in
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any other group. Ilowevèr, the prevalence in both t.he non-SLE IF

posítive GN group and in the transplant group r^ras greater than in the

control group.

SLE

IF posítíve renal di-sease

IF negatíve renal disease

Anti-GBM antíbody GN

Transplant sera

TABLE 3

RESULTS OF IC STUDY. GROUP A (*IRCA)

*IRCA positive/total studied

28/4L

25/Ln

3l3L

0/7

6123

ol

68

23

10

26

Of the 38 patients in the non-SLE IF positive GN group wíth

defínitive histologic diagnoses Table 4 the *TIRCA r^ras most often

positive in acute GN (AGN) (5/7). In particular, none of the 12

patients with rapídly progressíve GN (R?GN), none of the 5 with MPGN,

and only 1 of the 5 wíth MGN were positive. Transplant patients vrere

sub-categorized by IF evaluation of the grafted kidneys into those

wl-th granular deposits of Ig and C (suggesting glomerular IC deposíts)

and those wíth IF negatíve grafrs (table 4). 6 of rhe 14 patíents

with IF positive grafts were posítive in the *IRCA, and 3 of these 6

patient,s had clinical and pathological evidence suggesting recurrence

of theír oríginal GN ín the transplant kídney. None of the 9 patients

r¡íth IF negatíve kídney grafts was posíËive in the *IRCA.

0
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TASLB 4

SUBCLASSIFICATION OF PATIENTS IN GROI'P A

IF posítive renal diseases
with hístologic díagnosís

Acute GN (AGN)

Focal GN

Rapldly progressive GN (RPGN)

Membranoproliferative GN (WCtl¡

Membranous GN (MGN)

Focal sclerosing GN (FSGN)

Chronic GN (CGN)

Transplant sera

IF positive graft

IF negative graft

*IRCA positíve/total studíed

s/7

215

0/L2

0ls

L/5

0lL

Ll3

6lL4

0le

Grouo B (*IRCA. *ICloBA. and MCT). (tables 5 and 6). The patíents

r.rere categorízed ínto three rnajor groups: SLE (n=23), GN assocÍated

with other systemic diseases (n=17), and primary ICGN' i.e., GN wiLh

granular deposíts of Ig and C ín the absence of systemic disease (n=36).

The prevalence of positivity of sera in these groups and ín the control

group (n=31) is given for each assay, and for the panel of assays

Table 5 . Each group of Lest sera had a higher prevalence of posiÈívity

r¿ith each test than did the conLrol group. However, this \ÁIas more marked

in the SLE group (particularly wíth the *IRCA, 74%), and in the group

with GN associaLed wfth other systemic diseases (partícularly wíth the

*IC1qBA, 4L%) , than in the primary'GN group. The amounLs of IC detected
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in patients with prímary GN were also less than 1n SLE or GN assocíated

wiEh other systemic diseases (Fig. B). The correlati-on betr¡reen the

three assays vras noE statistically sígnificant, and when Èhe three

assays were used in combination, the prevalence of posítivity in each

of the t.hree patient categories wâs further increased, í.e,, SLE B7%,

GN with other sysÈemic disease 657", prímary GN 39%, (control L07").

TABLE 5

RESULTS OF IC STUDY. GROI]P B

Patients (number studied)
'TIRCÀ

(*IRCA, *IC1qBA,

percent posítíve

*IClqBA MCT

35 27

4L 18

L7 L4

36

MCT)

sLE (23)

Other systemíc GN (17)

Primary cN (36)

Control (:f¡

74

29

L4

3

ANY TEST

87

65

39

t0

Patients were sub-categorized according to clinico-pathologic

críleria. Data from patj-ents wíth primary GN, GN associated with

non-SLE systemic diseases, and from 9 addítíonal patients {antí-GBM

antibody GN (n=3), mÍnimal lesíon nephrotic syndrome (n=5), pre-eclamptíc

toxaemia (n=1) Ì, is given in Table 6. In the primary GN group , 4 of

7 patienls r^/íth AGN, 3 of B with mesangial injury GN, and 4 of l1

with MPGN were positive in one or more of the assays. In the group

wíth systemic díseases, 4 of 6 patients with subacute bacterial endo-

cardítis (SnU), 3 of 4 r¿íth polyarteritis nodosa (PAN), and 2 patients

with SjUgrents syndrome associated GN were positive. None of the 3
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TABLE 6

SUBCLASSIFTCATION OF PATIENTS IN GROUP B

Clin-path Subcatesory *IRCA

number positive

*IClqBA MCT ANY TEST

Prinarv GN

7 AGN

B Mesangial ínjury GN

2 RPGN

11 MPGN

2 MGN

4 FSGN

2 CGN

GN associated wit.h
systemic disease

6 SBE

4 PAN

2 HSP

2 HUS

1 Vasculitls

2 SjUgrenrs disease

Other GN

3 Anti-GBM antibody GN

5 Minímal lesíon

1 PET

SBE, subacute bacteríal endocarditis; PAN, polyarteritis nodosa; HSp,

Henoch-SchUnlein purpura; HUS; haemolytic-uraemic syndrome; PET, pre-

eclamptic toxaemia,

4

3

I

4

0

2

0

I
2

I

I

0

0

0

2

2

0

0

0

2

0

1

1

0

3

0

0

0

4

3

0

2

0

2

I

0

0

1

0

I

3

2

0

I

0

1

2

I

0

0

0

2

0

3

1

0

3

1

0

0

0

0

0

0
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patients r,¡íth antí-GBM antíbody GN was positive. Serum antícomple-

mentary activíty vras detected in 3 of the 5 patients with minimal

lesion nephrotic syndrome, a condiÈion not, thought to be mediated

by clrculat.lng IC, but in v¡hÍch posítive resulÈs have been report.ed

with the macrophage uptake assay (1f0), the Clq deviatj-on test (111),

and the lymphocyte EAC rosette test (112). These sera rrere negative

in the *IRCA and the *IClqBA. Anticomplementary activity was detected

Ín the one patíent with pre-eclamptic Èoxaemia (PET) ín this study, a

condition in which glomerular ímmune deposits have been reported

(113), and in 9 of 9 v¡omen in the thírd trimester of pregnancy

(Border, W. A., personal eommunication). Agaín, these sera \üere

negative ín the *IRCA and the *IClqBA. Thomson et al (114) reported

serum anticomplementary activíty Ín 5 of 14 patients r¡ith PET, but

found no other corroborative evidence for ci-rculating IC.

C data on the sera from the three groups of patients in group B

is given in Table 7. Overall, there r¡ras an inverse correlation between

TABLE 7

SERT]M C DATA ON PATIENTS IN GROI]P B

Serum C levels *
(number in each catesorv)

Prevalence of posítivity
ín IC assavs (%)

*IRCA MCT

C3 low (40)

C3 normal (45)

C4 row (27)

C4 normal (58)

C3PA low (21)

C3PA normal (64)

52

25

33

22

45

20

26

IB

*IClqBA

2B

22

30

22

59

L9

3s

T6

*Normal range (ue/ml) for C3 is 1104-1373, C4 456-745, and C3PA

L53-226.

30

19
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C levels (C3, C4, C3PA) and positivity in the assays. This correla-

tion was more marked wiÈh the *IRCA and the MCT Ehan with the *lClqBA.

C3 nephritic factor $/as detected in two patíents with MPGN; one \¡ras

positive in the MCT only, and the other was negative in all three assays.

Seríal IC determinat,ions by the *IRCA and the *IClqBA were performed

\,ríth 55 sera from 7 patíents, 3 with SLE, 2 with Henoch-SchUnleln

purpura (HSP), 1 with MPGN, and 1 wíth mesangial TgA di-sease. 0f the

3 SLE patients, one r,ras repeatedly negative ln the trIRCA, one was

repeatedly positive, and one converted from positive to negatíve.

Serial *IRCA determínations in the patíents with HSP, MPGN, and IgA

dísease Ì^rere consistently negatíve. There was considerably more

variation using the *IC1qBA. Thus, sera from the 3 patients with

SLE and from the patient with IgA disease were positive on some

occasions and negatíve on others. Sera from the patíents with HSP

and MPGN \^¡ere consistently negative ín the *IC1qBA.

Group C (*fnC¡, and CIqSPA). The results of thís study are

summarized in Tabl-e B. The overall prevalence of círculaÈíng IC, as

determined by both assays was 47%; 527" in patients with presumed ICGN

and, 3I% in those wlth non-ICGN renal dísease. The prevalence differed

greatly according to the type of GN. Assocíated r¿ith a high prevalence

of circulating IC ¡¡ere patients with SLE (100%), RPGN (B0Z), and AGN

(7Li¿). In contrast circulating IC r^rere not detected in patients r¿íth

mesangial IgA disease (07") or MGN (07"). A similar correlation existed

r^rhen the data from either the *IRCA or the CIqSPA alone was consl-dered,

though as a rule a higher prevalence q/as detected by the *IRCA. Once

agaín the hÍghest levels of circularing IC r^rere ín sera from patients

with SLE.



TABLE B

RESULTS OF IC STUDY. GROUP C (*TNCA AND CIqSPA)

number positive

(nurnber
studied)

(2e)

(e)

(7)

(s)

(s)

(7)

(8)

(1)

(1)

(1)

(44)

(4)

(3)

(2)

(r)

(r)

*IRCA

19

Clq SPA

0

T7

41

EITHER

23

Diagnostíc category

Controls

Presumed ICGN

SLE

AGN

RPGN

CGN

Mesangial IgA disease

MGN

!.Iegener I s granulomatosis

HSP

Diabetic nephropathy
with glorn IC

Non ICGN diseases

Mínirnal lesion

Anti-GBM antibody GN

Monoclonal gamrnopathy

Renal amyloid

Medullary cystic disease

Acute renal fail-ure
? cause

Renal ínfarct

33

9

5

4

3

0

0

I

0

6

5

3

1

0

0

1

0

9

4

3

2

0

0

I

0

II0

I

2

0

0

0

1

0

0

0

0

0

2

0

0

0

1

9.

4

0

_q

I

I

9
3

(1)

(1)

(rl¡
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Follow-up sera (obtained after an i-nterval of 13 to 583 days)

were sEudied in 27 patíents. In 20 of these patlents, the repeat IC

determinatíon remaíned eíther positive (8 patÍents) or negatlve (12

patients). One SLE patient converted from positive to negative.

This r¿as associated r¡ith improvl-ng renal function and a decrease in

the amounl of glornerular IC in serial renal biopsles. Two other

patíents converted from positive to negative 1n both the *IRCA and

the CIqSPA; one RPGN patient who improved clinlcally without haemo-

dialysis, and a patient with AGN who made a complete clínical recovery.

However, the number of pat.íents in thís study \^tas too small to permit

any definite conclusion regarding the correlation between clinical

actJ-vity and círculating IC.

36 patients \.¡ere studied for circulatíng IC within one month of

t.heir renal biopsy. Granular deposits of Ig and/or C3, consistent

wlth glornerular IC, were as frequent in patients rvíthout circulating

IC (58%) as those wíth circulating fC (46%). This overall lack of

correlation between glomerular and circulating IC was largely due to

the consístently negatíve IC determinations in patienÈs with MGN and

mesangial IgA disease. Tha absence of cÍrculating IC 1n MGN has

been noted previousfy (115) but is still unexplained, whereas Èhe

failure to detect círculating IC ín mesangíal IgA disease must be

qualffied since both assays have IgG specific end points. Circulating

IC were det.ected in two patients without glomerular deposits. One

of rhese r^¡as a patient with ninirnal lesion nephrotíc syndrome, while

the second had acute renal faíli¡re of uncert,aín origín. In contrast

to the other st,udies, circulatíng IC were also found ín 2 of 3

patienÈs with antí-GBM antibody GN. GBM antigens have been demon-
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strated in serum (116), and it is, therefore, conceivable Èhat círcu-

lating GBM-anËi-GBM IC could be formed in patients wíth anti-GBM

antibody GN.

Attempts r¿ere made to correlate the results of the IC sËudies

with Ëhe ultrastructural lscalízation of electron-dense deposits

wÍthin the glomerulus. As a rule, circulating IC r¿ere absent r¿hen

IC were exclusively subepiÈhetÍal. However, thís observation is

based on findings in idiopathic MGN, and it, would be necessary to

study patíents with the membranous form of SLE GN before any conclu-

sion is made. Mesangial IC may or may not be associated with circu-

lating IC. Thus, 7 pati-ents with mesangial IgA disease r¡rere negatíve

for círculating IC, whereas 3 patíents l^riËh AGN, 4 patíents with SLE,

and 1 patíenË \ÀriËh diabetíc nephropathy whose glomerular IC were

exclusívely rnesangial in locatíon, were positive. These results

indícate that the detection of círculating IC correlates better with

the type of GN than with the site of glomerular IC.

Finally, there hras an inverse correlaEion between serum C3

levels and posítivity in eiÈher the *IRCA or the ClqSPA (Table 9).

TABLE 9

CORRELATION BETI^IEEN SERI]M C3 LEVELS

CIRCULATING IC, AND GLOMERULAR.IC IN GROUP C

Serum C3 levels
(number)

C3 low (28)

C3 norrnal (2f¡

*IRCA

67

C1q SPA

52

% posítivlty
ín IC assays

% glomerular
IeG and/or C3

B2

2T L4 BO
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There h¡as no such correlatíon between c3 levels and the presence or

absence of glomerular IC.

DISCUSSION

The sensitivity of rc assays has generally been evaluated by the

in vitro detection of AHG. ExÈrapolat,ion from sensitivítíes reported

in the literature are limited by the fact that no two batches of AHG

are idenÈícal, and estimation of sensitivity will be lor¿er with

preparatíons that have not been freed of monomeríc gamma globulÍn

than with Ëotally aggregated preparations. Finally, the sensitivity

should refer to the detectíon of AHG in serum rather than buffer. In

this study the *rRcA and clqspA were more sensírive (5 to 10 ug AHG

per ml serum) than the *rclqBA and rhe Mcr (50 to lo0 pg AHG per rnl).

studies with in vitro formed rc showed that the assays can readily

detect large complexes near equivalence, but that they are less sensi-

tíve with smaller, antigen excess complexes.

The sensitivíty of the *rClqBA and the MCT with AHG added ro fresh

serum and subsequenËly heaË inactivated r¿as less than with AHG added

Èo pre-heat inactivated serum. Thi-s reduced sensitivíty ís probably

due to ínhibition by pre-fixed c, whích imples rhat rhe abilíry of

these assays to detect IC which have fixed C in vivo míght be impaíred

relative to detection wíth the *IRCA. The heat inactivat.ion step has

been prevíously critícized (117). on one hand, heat-índuced aggrega-

tion of serum gamma globulín could produce false positive results

and, on the other hand, false negatives might be obtained wíth ther-

molabile rC reactants. In this study v¡e found no evídence for heat-

induced aggregation; in fact, the background binding of clq ín the

*IClqBA was slightly less with heat i-nactívated sera than with fresh
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serum. (This observation hTas also made by Zubler et al (118) and

has been attríbuted to the Íncorporation of Clq ínto the Clqrs complex

in fresh but not ín heat.ed serum). simil-arly, heat inactivacion of

test sera did not affect *rRCA positivíty. However, heat-labile

anticomplementary activity has been reported with cerLain in vitro
reactants (109) and sera (1-19), and it is clear that assays which

utílize unheated test sera are at an advantage ín this regard.

The specifícity of the assays must also be established. rn
particular, clq is knor,m to bind endotoxin (r20) and polyanionic

substances (121 , L22) and, sínce neither the fluíd phase *rclqBA

nor the MCT have IgG specifíc end-points, such- substances could produce

false posíÈive results. In thís study, the in vítro addítion of endo-

toxin, heparin, or DNA to NHS produced ant,icomplementary activity in

the MCT. The *rclqBA was affected by heparin, and to a lesser extent

DNA, but not by endotoxín. The *rclqBA detects macromolecular clq

reactants whích are insoluble in 2.6"/" PEG. Endotoxín and DNA are pEG

soluble (118), while heparín (MI,I 6000 to 20000) is presumably bound

to serum proteins to form PEG insoluble complexes. The effects of

sub-optimal handling and storage conditíons of test sera r¡ere al-so

evaluated. The MCT was parËicularly susceptibre to such factors,

and NHS rapidly became antícomplementary unless stored at -70o c. The

*IRCA and CIqSPA were not. affeeted by these conditions and were not

influenced by heparín, DNA, or endotoxr-n. There is, however, some

evÍdence that serum antí-lymphocyte antibodies can ínfluence the *IRCA.

warm, reactive rgG Ëype serum anti-lyrnphocyte antibodies have been

identífíed tn sLE (123), and iË is likely rhat rhese conrribure ro

*IRCA posltivíty ín some lupus sera.
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The above consíderations are ímportant in the interpretation of
data generated by IC assays and wherever possible the data should be

corroborated by independent, serologic and tissue (rF) studíes. The

specificfty of the MCT ís particularly questíonable, and thís assay

is best regarded as a screening test. rn these studies, the *rclqBA

r¡as less sensírive than the clqspA or the *rRCA, and detected rc in
only B of 23 patÍ-ents r¿íth sLE. This nay be due in part to Èhe dele-

teríous effects of preliminary heat-ínactivatlon of test sera (ll8),

and in using EDTA-treated sera in the clqspA, rc were detected ín 6

of 9 patíents with sLE. The *rclqBA, however, díd detect large amounts

of IC in some *IRCA negative patienEs (partícularly those with GN and

systemÍc diseases Õt.her than sLE). The reactivitíes of the assays

are different r.rith the *IRCA detecting IC which have fíxed c3 ln vfvo,
and the Clq assays detecting IC which can fix additional Clq in vitro.
These different reactivl-tíes can be exploiËed by usíng the assays in
combination.

rn thís study and ín others (BB, 91, 95, 96, 1ro, Lr7, 118, L24),

rc were detected most frequently in sLE. símílarly, circulatíng rc

were detected more frequently in GN assocíated wíth other systemíc

diseases than in primary GN, and in acute GN more frequently than ín
chronic GN. The poor correlation betr¡een glomerular IC and detectable

círculating IC requíres explanation. Quantitative differences in the

load of círculating rc may account for these findings. Thus, in group

c, large amounts of círculatíng rc v¡ere detected in systemíc (sLE)

and acute or fulminant (AGN, RPGN) GN. rt is posslble that the more

índolent forms of GN (MGN, MPGN, etc.) are mediated by much smaller
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quantities of circulating IC and that the linited sensítÍvíty of the

assays precludes Èheír detection. In addftion, such patient.s may have

inherent abnormalíties causing them to handle more or less physÍologíc

amounts of circulatÍng IC in a nephritogenic manner.

AlÈernaÈively, círculaÈíng IC may be present only internníttently

or wit.h changing compositíon in some forms of GN. The detectíon of

circulating rc rn¡ould Ëhen be influenced by the timing of such deter-

minations. Thus, círculaÈing rc may be presenÈ only during the acute

phase of PSGN or during exacerbation in mesangíal rgA disease. Glom-

erular IC deposits are probably more persl-stent and could, Lherefore,

be present in the absence of randomly detecÈable circulating rc. rn

experimental serum sickness it is clear that the glomerular IC deposits

are ín dynamic equflibrium r¿ith IC in the circulatíon, and that once

inl-tiated, the dísease could be perpetuated by "layeri-ng" of free

(non-rc) antigen or antíbody onto exísting binding sítes in the

glomerular rc deposits (18). More extensive studies with serial rc

determínations may identj,ty a similar process Ín human GN.

The size and composítion of circulating rc may influence both

their detection and t.heir site of localízatíon r¿ithÍn the glomerulus.

Thus, most rc assays detect large rc more readíly than small rc, and

it has been suggested that small rc are responsÍ.ble for MGN (57).

This concept could explain the absence of detectable rc ín MGN (ll5),

but requÍres further evaluation.

Fínally, Ít ls possible that the glomerular immune deposits in

some forms of GN in facÈ represent in sltu formed rc (see page 14)

and in thls situation glomerular rc would be present in the absence

of circulating IC.



4B

The failure to detect circulating IC in all patients with presumed

IC nediated GN ís shared by others. Thus, Johnson et al (1U) descrlbed

serum anticomplementary activíty in 19 of 51 (377.) patíents wiÈh GN,

SËUlinger et al (110) using the macrophage uptake assay detected

circulating IC Ln 29 of 60 (48i4) patients with GN, Rossen et al (125)

using the *.IC1qBA detected circulating IC in 18 of 100 (18%) patients

wiÈh GN, Gluckman et al (L26) usíng the lymphocyte EAC rosette test

reported ínhibition in 32 of. 67 (48i4) patients with GN, and Sobel

et al (11f) using the Clq deviation test detected circulating IC in

approximateLy 40% of patients wíth GN. Some of the current difficulties

may be resolved as more sensítive and specific. IC assays become

available. In t.he meantíme, seríal IC determinations may prove to

be of clinical and prognostic value in some patients, but it is clear

that these serologíc sludles can not replace renal IF ln GN diagnosis.

CONCLUSION

Four IC assays r¿ere used in this study to test sera from patíenLs

with GN: the Raji cell radioimrnune assay (*IRCA), the radiolabeled Clq.

bindíng assay (*IClqBA), a solíd phase Clq binding assay (crqsp¿'),

and the microcomplement consumptíon test (MCT). The sensitivfty and

specificity of each assay vlas evaluated in prelirnínary studies ' and

the greater sensitivity {5 to 10 ug of AHG per ml serurn} and IgG

specificity of the *IRCA and the CIqSPA ürere apparent. Problems related

to the prelíninary heat inactivation of test sera, the interaction of

Clq with substances other than IC, and the effects of suboptimal

storage of test sera were experienced wíth the MCT and, to a lesser

extent, the *IClqBA. However, the índívidual reactivítíes of the
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different assays could be exploited by using them ín combination. In

these studÍes large amounÈ of circulating IC were detected ín SLE and

Ín GN associated with other systemíc diseases. IC were detected more

freguently in patients wíth acute Èhan chronic GN, and in patients

with low serum C3, C4, and C3PA levels. Serial IC deËermínations may

be of cli-nical and prognostic value Ín some patients, but the poor

correlatÍon between circulaËing IC and glomerular IC lírníts the value

of such studies in the díagnosis of ICGN.
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II. THE IDENTIFICATION OF IC ANTIGEN AND ANTIBODY TN GN.

Identifícation of the antigen and of the specificity of the anti-

body in the glomerular deposit.s of GN r¡ould conflrm their IC nature,

and cou1d, by providing an aetiologíc diagnosis, permit the introduction

of more speciflc therapeutÍc measures.

Numerous antigens have already been dernonstrated ín human ICGN.

These include the specific ínfectÍous agents responsible for ICGN

secondary to nephrítogeníc streptococcal infection (PSGN) (L27-I32),

SBE (133, 134), ínfecEed ventrículoatrial shunts (135), pneumococcal

pneumonÍa (136), typhoid fever (137), syphilís (138), rnalaria (139, 140),

schlstosomíasis (141), toxoplasmosis (I42), and hepatítis B infectlon

(L43-I46). Oncornavirus related anËigen has been detected in glomerular

IC deposlts of patients wl-th leukaemia (L47), and a human C-type virus

ant,igen (HEL 12) has recently been identified in the glomerular IC

deposits of patients wíth SLE (148). Measles virus has been detected

in gl-omerular IC in subacute sclerosing panencephalitís (SSPE) (f49),

and ín one patíent with SLE (150), and Epstein-Barr vírus (EBV) has

been incriminated in GN associated with Burkítt's lymphona (151) and

infecËíous mononucleosis (I52-L54). Finally, a number of endogenous

antigens have been identifled in glonerular IC deposits: nuclear

antigens in SLE (f55-157); RTA in MGN (158), sickle cell anaemía (159),

and renal carcinoma (160); thyroglobulin in ICGN associated r¿ith

thyroiditis (161); earcínoembryonic antigen (CEA) and tumour antigens

ín ICGN associated with malignancies (162-165), and Ig ín cryoglobulínaemla

(80, 81) and possibly other forms of GN (aZ¡.
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In general the identification of IC antígens has been successful

only in patienEs in r¿hom the nature of the putatíve antigen could be

reasonably predicted on other grounds. However, in most patients with

GN, there are no clinical or serological clues \,rith r^rhich to direct a

search for antígen, and such attempÈs are probably made even more

difficult by "maskingt'of the IC bourr¿ antígen by antíbody in excess.

These problems r¡ere addressed in t,he fol1owíng sÈudies: A. Techniques

for the detection of glomerular IC antigen and antíbody were explored

ín the CSS rabbit model of ICGN. These techníques \{ere then used to

study the antigen-antibody systems in B. spontaneous GN ín rabbits,

and C. human GN.
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A. EVALUATION OF TECHNIQUES FOR THE DETECTION OF GLOMERULAR IC ANTIGEN

AND ANTIBODY IN THE CSS MODEL OF ICGN.

INTRODUCTION

Atternpts to identlfy antigen ín glomerular deposít.s by inununo-

histochemical techniques have been successful in some lnstances, but

are limited, in part, by masking of the antigen by antibody in excess.

AlternaÈively, the specificiÈy of glomerular bound antibody can be

studied after díssociation of the glornerular IC with appropriate

elution buffers. Freedman and Markowítz (166) introduced the elutíon

techníque in 1959, demonstrating the presence of ANA ín a renal eluate

frorn a patient wiÈh SLE. The techníque has been of particulat value

in studies with anti-GBM antibody GN (167-169), in which the antigen

(cBM) is tissue fixed, and ín lupus nephrítis (155,157,170), in

which the ídentity of at least one of the antígenic components (DNA)

ís known.

Applicatíon of these techniques to Èhe study of primary ICGN with

unknown antígen-antibody systems is more dífficulÈ, and optímal elution

condicíons are needed if this approach is to be successful. The

elution of IC antigen and antibody from kidneys of rabbits with BSA

Índuced CSS was quantitated ín order to defíne Ehese conditions.

METHODS

Chroníc Serum Sickness Model.

CSS GN v¡as induced in 3 kg male New Zealand l{híte rabbits by

repeated injection of BSA (171). BSA was administered inEravenously

(IV) six days per week and antí-BSA antibody productíon ¡¿as determíned

weekly by the radioactive precípitin method (P-80) (L72). The lnitial

BSA dosage r{as t0 rng per day; subsequenËly, the dosage was adjusted
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\,reekly to balance ântíbody production. Rabbíts rnakíng a sust,aíned

precípitatíng antibody response developed proteinuric css GN after 4

to 10 weeks of injection. rF studies of the kidneys demonstrated

typícal granular glomerular IC deposits of IgG, BSA, and C3 (FÍg. 9).

rv injections of. r25t 
BSA or 131t t"bbir anti-BSA anríbody were given

24 hours before sacrifice in order to radiolabel a port,ion of the

antigen and/or antíbody in the IC deposirs (171).

Elution Technique and Quantitation of Eluted BSA and Anti-BSA Antibody.
25 L25 131Portions of single I BSA) or paired ( I BSA and I anti-

BSA antíbody) labeled CSS kidneys qrere weighed, cut ínto small pieces

whÍle stíll frozen, suspended in PBS, and t,hen- homogenized in a chilled

I,Iarlng Blendor. The homogenate r,ras washed repeatedly with pBS by

centrifugation at 2000 x G, counted, and then suspended ín the eluting

buffer and stirred for a specified tíme and temperature. The suspensíon

was then centrifuged, and radíoactivity 1n the eluted homogenate was

counted. Elution of BSA and anti-BSA antibody was quantitated by

calculating the percent of counts eluted from the r¡ashed homogenate.

Protein bound radioactive iodíne ín the PBS washes and in the eluate

was determined by precípitation in trichloroacetic acÍd (TCA) at a

final concentratlon of 10%. rn some experiments, the eluates hrere

either neutralized or dialyzed against PBS, centrifuged, and then recounted

to determine the percentage of the eluted counÈs that precipitated on

return to physíologic conditions.

A radiolabeled BSA binding assay was used to quantítate functional

anti-BSA antibody actlvity in the eluates, 3 x 2 ml alíquots of the

eluare (srill dissociared) were added ro 131t BSA (t-200 ue) in 50 ul

volume. Each alíquot r^ras then either neutralized or dialyzed agaínst

(1
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Ei-ggtg -2. IF detectl-on of rabbit IgG in the glomer:ular:
T.C deposits of CSS GN. (CSS kidney section stained
w.Lth FITC conjugated 'goat anti-rabbit IgG)'
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PBS and incubated for lB hours at 40 C. The precipitates obËained

after 50% saturated ammonium sulphate (SAS) precipitation were counted,

and the percent "ínsertion" of 131f 
SSR was determined for each quantiËy

of added 131r sSA,. The assay was stand ardízed with BSA anti-BSA complexes

formed ín vitro: I to 2O7L ug antí-BSA antibody (determined by the

quantitatíve precípitin rnethod) was added to BSA at equivalence (Ab:Ag =

5.5:1 by weight) in PBS and allowed to reacL for 18 hours at 40 C. The

resultant complexes r¿ere then díssociated in 0.02 M cítrate buffer pH 3.2

for 60 min at 25o c and then combined r^/íth 1 to 5000 ug 
l31l us¿,. The

solutions r¡/ere neutralized with 0.1 N NaOH and incubated for 18 hours

at 40 C. The precÍpitates obtained u/ith 502 SAS were counted, and the
1

amount (ug) of t31I 
BSA required for 50% insertion was calculated for

each quanËity of antl-BSA antibody. A standard curve (Fig. 10) was

obtained and this was used to quantitate eluted antibody. In a cypical

experiment, 3 x 2 ml aliquots of a 20 ml citrate buffer eluate from a

4.I2 gm portion of CSS kidney were added to 10, 100, and 200 ug 
131t nsa,

and 50% 
131t uro insertion was achieved with 38 ug 

131r usa which, by

extrapolation from the standard curve, represents 110 Ug anti-BSA

antibody per ml (Fig. 10), and total antí-BSA antibody eluted = 267 vg

per gm kídney. Since the avidity of the dissocíated antibody could

influence the apparent amount of antibody recovered, the test was used

to compare recovery of antibody from portíons of homogenates from the

same kidney so that the values obtained would be relative.

Immunochemical Characterization of CSS Kidney Eluates.

Eluates r¡rere concentrated to 0.5-l-.0 rnl by negative pressure

ultrafiltraÈíon.

Protein concentratíon was quantiÈated by rnicro-Kjeldahl nitrogen

determinaEion r^¡j-th an assumeð, L67" nítrogen content
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was achieved by comparison with the amotrnt of
required for 50% insertion in citrate buffer dissociated
in vítro formed BSA anti-BSA antibody IC contaÍníng
increasing amounts of anti-BSA antibocly. An example of
the use of this assay is shown for an eluate in which
50% insertion was achieved wíth 38 t,g 131I BSA which
represents 110 ug anti-BSA antibody per rnl.
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IgG concentration was determined by radiointrnunoassay (104).

(Exposure of antibody to 0.02 M cítrate buffer at pH 3.2

did not appreciably affect IgG quanritation.)

Gel díffusion was performed ín L% agarose in PBS, and imrnunoelectro-

phoresís in L% agarose ín barbital buffer pll 8.2, ionic strength

0.04, wíth goat antisera to whole rabbit serum, IgG, IBM,

and albumin; with sheep antiserum to C3; and with rabbit

antiserum to BSA.

SAS precípitation was done usíng the appropriate concentraÈíon of

SAS for 30 min at 40 C, follor¿ed by centrífugacíon at 2000 x G.

Isolatíon of IgG \¡/as accomplished by chrornatography \,rith diethyl-

aminoethyl cellulose (DEAE) equilíbrated wirh 0.01 M phosphaÈe

buffer pH 7.5.

Sucrose density gradient fractionation: 300 u1 aliquots of a

concentrated unneuÈralízed citrate buffer eluate were placed

on 5 ml L0-37"/. sucrose gradients ín 0.02 M citrate buffer

pH 3.2. 125t 
us¿. (4.5 s), t"t rgG (7 s), "r,d 

125r rgu (19 s)

were used as markers in a separate tube. The gradienËs were

centrifuged at 2501000 x G for 6.2 hours, and drained; then

the IgG fractions were collected, pooled, and dialyzed agaínst

PBS.

Studies with El-uted Anti-BSA Antibody.

IF: Eluted anti-BSA antibody activity was detected by indirect

IF. Rat liver or kídney obtained 60 rnin after IV infusion of

125 rng of heat-aggregated BSA was used as a target. BSA

deposits $rere present in the Kupffer cells of the hepatic

sinusoíds (Fig. 11), ín the glomerular mesangium and, to a
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Fígure 11. BSA deposirs in the Kupffer ce11s of the hepatic
sinusoids of a rat after IV administration o f heat aggîe-
gated BSA. -(Rat liver section reacted with rabbit anti"-
BSA antibody and then FITC conjugated goat anti-rabbil
rgc) .
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lesser extenE, \,ü1Èhfn the glomerular capillary lumens. The

eluate was incubated with the target sect.ion which was then

reacted with fluoresceín ísothiocyanate (FITC) conjugated goat

anri-rabbir IgG.

C fixíng capacity (173): Eluates r^rere dlalyzed against isotonic

VBS and heated at 560 C for 30 rnin before beíng tested by

indírect rF using a BSA-infused rat kidney targer, fresh NRS

(1:10) as a source of c, and Frrc conjugated sheep antí-rabbít

C3 which had been absorbed wÍrh rabbir IgG.

E1u¡íon of Cryostat Sections of CSS Kidney.

six 5 ¡.r cryostat sections from a css kidney \^rere mounted side by

side on glass slídes, surrounded by a ríng of embroidery

paint (Lee Inlards, Elgin, I11.), and washed ín pBS for 30 min.

The sectíons \^rere covered wíth 200 ul of the elutíon buffer

and íncubated for a specified time and temperat,ure. The

"eluate" was then aspirated from each slide and dialyzed

against PBS. IgG concentrations in the eluates were determined

by radioirünunoassay, and anti-BSA antibody activity was tested

by IF. The efficiency of elution vras assessed by IF of the

eluted sections for IgG, BSA, and C3.

RESULTS

_Quantitative Evaluatíon of Different Elution Condj-tions.

Homogenizatíon time (Table 10).

Portions of u L25T 
BSA and l31l .nti-BSA antíbody labeled CSS kídney

r"rere homogenized for times ranging frorn 15 sec to 10 min, rvashed 3 t,imes

t^rith PBS, and t,hen eluted r¡íth 0.02 M cítrate buffer at pH 3.2 for 60 rnin

at 25o c. the amounr or 125t 
BSA and 131r ,r,ti-BSA antibody in the



TABLE 10

THE EFFECT OF HOMOGENIZATION TIME ON THE

ELUTToN o¡' 125r 
BSA AND 131t ¿Nrr-BSA ArirrBoDy

FROM CSS KIDNEY

Time of
Homogenization

(min)

0.25

0.5

1

2

10

L25I BSA
( cP¡l't

r¿ashed homogenate)

I Anti-BSA Antibody
(cPM

r¡ashed homogenate)

6827

6306

5780

4655

4223

1311 ¡.rr.r-rse
Antlbody Eluted

(i¿)

(76)

( 78)

(7e)

(66)

(61)

125, uro
Eluted

("/")

131

25268

23800

20180

L6948

12855

* counts per minute

(tt¡
(81)

(77)

( zs¡

(72)

o\o
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ltashed homogenate and in the eluate decreased with increasing homogenÍ-

zatíon times. The percenË elution of the resídual BSA and antí-BSA anti-

body was much less affected. Presumably, prolonged homogenÍzation

dÍslodges the least firrnly bound BSA-anÈi-BSA cornplexes from the kidney

tissue and this reduces the amount of antígen and antíbody available

for elution. Homogenization should, therefore, be restricted to the

minimum Líme required for adequate dispersion of the tissue (generally

10-30 sec).

l.Iashine the homosenate (Fis. 12).

The washíng procedure ¡¿as evaluated by recording protein bo.rrrd 125I

BSA or 131I 
"rrti-BSA antíbody counts in each o-f four consecutive pBS

washes and in the final eluate. Free iodine and most of the unbound

125, ura 
"nd 

l3lr anti-BSA antibody r¡¡ere removed duríng the first pBS

wash, and 3 or 4 washes r^rere found to be adequate. In studies with

paired labeled CSS kidneys, ít was found rhat 125 I BSA 
".,d131t anri-

BSA antlbody counts paralleled each other during r""nrrry and elutíon of

the homogenat.e.

The effect of a final r¡râter wash of the hornogenate, previously

ernployed (168) to lower ionic strength prior to elution, vras evaluated

and was found Ëo reduce the elution of 125t ora by approxímately 60%.

This step was subsequently omítted

Volume of elutlon buffer (Fie. f3).
L25Elution of I BSA from washed homogenates of CSS kidney \¡ras quan-

titated usíng cítrate buffer volumes varying from 2.5 to 20 ml per grn

of homogenate. A ratio of at least 10 ml of cítrate buffer per gm of

homogenate was required for optimal elutio., of 1251 nsA. Irith ratios

less than Èhis, the end-elution pH of t.he suspension rose above 3.50,

and the elution yield decreased
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pH of elurion buffer (¡'ie. 14).

Pooled, washed homogenates from 125I ,r¡ labeled css kidneys were

eluted for 60 min at 25o c wírh 0.15 M Nacl (20 ml per gm homogenate)

adjusted wíÈh HCl or NaoH to pH values from 1.5 to 11.0. The results

are the mean of tríplicate studies. Dissocíation and elutio., of 125r

BSA increased sharply with pH values less than 4.0 or greater than 10.0,

and the effective pH zones for elution are thus crÍtically restrictive.

Molarity of chaotropic ion elutíon buffers (Fie. 15).

Pooled, washed homogenates from 125, ura labeled css kidneys \,rere

eluted for 60 min at 25o c \^'ith 20 ml per gur of homogenate of 0.5 to

3.0 M sodíum chloríde, potassium thiocyanaÈe, or potassium iodide, in

PBS at pH 7.0. The results are the mean of triplícate studies. Dísso-

ciation and elution of 125, ssa increased rran ,.r..easing molarity of

the chaotropic ion buffers. Potassium iodide was the most effective

of these buffers, but difficulty ín separating (by centrifugatíon)

homogenat,es eluted with potassium íodíde aL 2 1"1 and above is a technícal

1ímitation.

Elution with standard buffers.

Two separate studies \^rere performed: in one, Table 11 , aliquots

of pooled, washed homogenates from l25r nsa la.beled css kidneys hrere

eluted for 30 min at 25o C with síx different buffers: 0.02 M citrate

buffer at pH 3.2, 3 M sodium chloride at pH 5.3, 2 M sodium thiocyanate

in acetate buffer at pH 4.5, 0.15 M sodíum chloride at pH 1.5, 0.15 M

sodium chloride at pH 11.0, and PBS. The percent of 1251 
BSA eluted

was determíned for each buffer. The eluates were then either neutralized

(citrate and 0.15 M sodium chloríde buffers) or dialyzed agaínst pBs
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Fieure 12. The proteín bound 125t ,sa
counts per minute found in four con-
secutive PBS washes of CSS kidney
homogenate and in its subsequent
citrate buffer eluate are shov¡n.

Fíeure 13. 125The percent of I BSA which
eluted from r¿ashed CSS kidney homo-
genates using citrafe buffer volumes
from 2.5 to 20 ml per gm homogenate
is shovrn.

* The number in parentheses is the
pH of suspension ¿rfter elution.

Figure 14. The perce.,t 125r 
BSA whích

eluEed from washed CSS kidney homo-
genates rüith 0.15 M NaCl at pH
values varying from 1.5 to ll.0
is shor^m.

125Fígure 15. The percent I BSA whích
eluEed from \nrashed CSS kídney homo-
genates vrith 0.5 to 3 M chaotropic
ion buffers (sodium chloride,
potassium thiocyanate, potassium
iodide) in PBS pH 7.0 is shown.
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(3 M sodium chloride and sodium thiocyanate buffers), and the percentage

of the eluted 125t usa that r¿as precipitated by centrifugation afEer

return to physiologic conditions was determined. The results are

the mean of seven índividual experíments. Some variatíon in the ease

of elutÍon ú/as noted for different pooled homogenates; ir was felt

that kidneys with more advanced nephritis and scarring generally eJ-uted

less r¿ell, but this r¡as not quantitated.

TABLE 11

THE EFFECT OF DIFFERENT ELUTION BUFFERS

ON THE ELUTION OT 125T 
BSA FRoM CSS KIDNEY

125, usa
Eluted

(%\

Precipit at
Elureã 125

(z>

íon of
IBSA*

Elution Buffer

0.02 M CÍLrate Buffer

3 M Sodiurn Chloride

2 M Sodium Thiocyanate

0.15 M Sodiu¡n Chloride

0.15 M Sodiurn Chloride

PBS

PTI

3.2 72

5.3 73

4.s 43

1.5 58

11. 0 56

7.2 10

L25* Percentage of the eluced I BSA r¡hich precípítated

on return of the eluate to physiologic conditions.

]-25The best elution of I BSA in thís study was achíeved with 0.15 M

sodíum chloride ptl 11.0, wíth íntermediate amounts usíng 2 M sodium

thiocyanaÈe pH 4.5, 0.02 M citrate buffer pH 3.2, or 0.15 M sodium

66

25

6B

58

B5

7
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chloríde pH 1.5. Elution wirh 3 M sodium chloride pH 5.3 was much

less efficient. Preeipítation of eluted 125r ssa on return to physio-

logic condit,ions, a measure of the recombination of eluted BSA and

anti-BSA antibody tai4g infra), \¡/as greatesË wíth citrate buffer and

3 M sodíurn chloride.

In the other study Table 12 , aliquots of washed homogenate from

a r25r 
BSA labeled css kidney r.rere elured for 60 min at Zso c with

seven different buffers: 0.02 M citrate buffer at pH 3.2, 0.1 M

borate buffer aE pH LL.25, 2.5 M potassium íodide at pH 7.0, 2.5 lq

potassíum thiocyanate aE pH 7.0, I M propríonlc acid at pH 2.1,3 M

sodium chl-oríde at pH 5.3, and pBS. E1uÈed 125r usa and functíonal

anti-BSA antíbody (radiolabeled BSA binding assay) r¡rere quantitated

for each buffer. The results are the mean of duplicate studies.

TABLE 12

THE EFFECT OF DIFFERENT ELUTION BUFFERS ON

THE ELUTION oF 125, ,,o AND ANTI-BSA ANTIB0DY

FROM CSS KIDNEY

Elutlon Buffer

0.02 M Citrate Buffer

0.1 M Borate Buffer

2.5 14 Potassium Thiocyanate

1 M Proprioníc Acid

3 M Sodiurn Chloride

PBS

P}I

3.2

LL.25

7.O

2.7

5.3

7.2

125t usa
Eluted

("/")

55

BO

35

B6

l3

Anti-BSA Antibody
Eluted*

(ug per sm kidnev)

344

L43

L42

270

97

4

* Quantitated by the radiolabeled BSA binding assay.
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I,faxinal elution of 125t 
BSA r¿as achieved vrith 1 M propríonic

acid at pH 2.7 and 0.1 M boraËe buffer at pH 11.25. These buffers,

however, yíelded less functional antibody than did citrate buffer. , 
,

3 M sodium chloríde and 2.5 M potassium thiocyanaÈe gave 1ow and

intermediate results, respectively . 2,5 M potassium iodide (not shovrn

ín Table 12) eluted homogenaLes could not be separated compl-etely, and

thís precluded quantÍtaÈion of the elution of 125, SSR. Using rhe

radiolabeled BSA blndíng assay, which is not greatly affected by the

presence of kidney homogenate, 2.5 M potassium íodíde eluted 202 yg

anti-BSA antibody per gm kidney.

Elution time (Fie. f6).

Portíons of washed homogenates from t25, uro labeled css kídneys

were eluted with citrate buffer at 25o C for tímes varying from 15 min

Ëo 24 hrs. Elution of funcfional ant{-BSA antibody was maximal at

4rz hrs, and the reduction in antibody activity seen ín the 24 hr

eluate was attribuËed to Èhe deleterious effects of prolonged exposure

of antibody to acid pH. Elution of L25t BSA decreased wíth elution

times longer than 60 min. This may have been due to progressíve

denaturation of 125I uSA since the percentage of the eluted counts

which preeipítated after neutralization (a measure of antígen-

antibody recombinatíon and, therefore, of the lntegrity of the eluted
125r usA) also decreased wíth elution time.

Elution temperature (Table 13).

Portions of washed homogenates from 125, urn labeled CSS kidneys

were eluted with citrate buffer for 60 rnin at, 40, 25o,37o, or 560 C.

Elution of both 125, ura and antÍ-BSA antíbody uras stgnificantly
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varying from 15 min to 24 hours is shovm.
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The number in parentheses shows the percentage of the elutedr¿rI BSA which precipitated on return of the eluate to
physiologic condítíons.
The anti-BSA antíbody activity was quantl,tated by the
radiolabeled BSA binding assay (see Figure 10).
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greater at either 25o

antíbody eluted at 56

activit¡r under these condl-tÍons.

Elution
Temperature

(oc)

6B

Cor C than at 40 C, but less functional
o C, suggesting a deleteríous effect on antibody

370

TABLE 13

THE EFFECT OF TEMPERATURE ON

THE ELUTIoN oF 125I usI AND ANTI-BSA

ANTIBODY FROM CSS KIDNEY

125r 
us¡,

Eluted
(7.)

4

25

5B

7B

B1

6B

Anti-BSA Anttbody
Eluted*

(ug per gm kidney)

205

264

253

L46

37

56

* Quantitated by the radiolabeled BSA bindíng assay.

Irmnunochemical Characterization of CSS Kidney Eluates.

The unfractionated CSS kidney eluate was found to be a relatively

crude preparation with IgG accounting for only L)ll of. the ¡otal protein

content. Contamination by serum and tissue proteins could be reduced

by furEher purifícation; the rgG concentration after 502 sAs preclpi-

tation and 0.01 M DEAE fractionation was 431l.

Immunoel-ectrophoresis of unfractíonated eluates revealed IgG

and rgM, together wtth faint lines in the pre-alburnin and s-globulin

regions (Fig. 17). Rabbit serum albumin and C3 could be dernonstrated,

by gel díffusíon, as could anti-BSA antibody (Fig. 18). llowever, BSÁ
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Fj_gure 17. Immunoelectrophoresis of coneentrated citrate
buffer CSS kidneY e luate (top well) and serum from the
same animal (bottom well). Trough contaíns goat anti-
serum to whole normal rabbit serum. Anode is to the
right.

Figure lB. Gel diffusion; the detection of precipitatíng
anti-BSA antibodY in a concentrat ed citrate buffer CSS

BSA

Eluot
css

kidney eluate.
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could not be detected, presumably because it was bound to antibody

in excess. Free BSA was identified by gel diffusion in the concen-

trated supernatant obtained after 33% sAS precipitation of an un-

neutralízed citrate buffer CSS kidney eluate. ïn thís sítuation,

advantage was taken of the different relative solubílities of IgG and

BSA at a fína1 concentration of 332 SAS in an acid medíum. The total

recovery of rgG was less than at 502 sAS; however, Èhe 332 sAS concen-

tration allowed partial separation of rgG from BSA, the latter being

insoluble in 50% SAS in the acid conditions of this study.

Recombination of eluted anti-BSA antibody with eluted BSA occurs

following return of the eluate to physiologic -conditíons, and this

effecËively reduces the yield of free antÍbody. up to 75y" of eluted
125, ,sa could be precípitated after díalysis or neutralizaríon of the

eluates. This phenomenon \^/as abrogated by the addition of excess

unlabeled BSA, and was, therefore, attributed to, and used as an index

of, recombination. The loss of eluted antí-BSA antibody by recombina-

tion could be prevented if steps r¡ere taken to partitíon eluted antigen

(BsA) and antibody prior to return of the eluate to physíologic condi-

tions. Thus, the pooled IgG fractions obtained after sucrose density

gradient ultracentrifugatíon of díssocíaÈed citrare buffer eluat,es

had up to four times more antí-BSA antibody activity (radiolabeled

BSA bínding assay) per ug IgG than the unfractíonated eluate. Recovery

of total IgG wíth this technique was 357".

Finally, the concentration of anti-BSA antíbody in the renal

eluates v/as compared wíth that in serum. Antt-BSA antibody activíty

in citraÈe buffer eluates and in their corresponding sera r¡ere títrated

by Índirect IF, and IgG concentrations were determined by radíoifltrnuno-
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assay. The minimum amount of rgG required for positive rF was used

Lo determine the specific antibody concentratíons. It r¿as found that

anti-BSA antíbody was selectively concentrated in the eluates. Even

at 24 hours after the lasÈ injection of BSA when the serum is in

great antibody excess, a Lwo t,o five-fold íncrease ln specific antibody

concentrat.íon was detected in the eluates.

Studies with Eluted Anti-BSA Antibody.

In thls study, citrate buffer eluted anti-BSA antíbody was

reactive l-n conventional gel diffuslon, índirect IF, and radiolabeled

BSA binding test syst.ems. In t.hese systems, the quantíty of antibody

was more often límiting than any qualitative functional l-mpairment

of antibody activiÈy.

In contrast., an impairment of C fíxation was observed in preliminary

studies with citrate buffer treated anti-BSA antibody. When 0.02 M

cítrate buffer pH 3.2,0.1 M borare buffer pH 11.25, I M proprionic

acid pH 2.7, 2.5 l4 potassíum iodide pH 7.0, and 2.5 Vlpotassium thío-

cyanate pH 7.0 CSS kÍdney eluates, each containing approximately 50 Ug

IgG per m1, were tested for their abilíty to fix C in a modified

Burkholder technique (173), only the chaotropic ion (2.5 M potassium

íodíde and thíocyanate)-eluted antibodies effectively retained C

fíxing actívity. Thls factor lj.urits the applicatíon of C fixation

tests in the deteetion of eluted antíbody

Dí-rectly labeled antibody is requÍred when studying the reactÍvlty

of eluates r¡ith glomerular rc containing homologous rgG. Therefore,

techniques for FITC conjugation and radioíodl-natíon of eluted anti-BSA

antíbody were devised. Initial attempts to conjugate eluted antí-BSA

antlbody r'¡ith Frrc were frustrated by aggregation of the conjugated
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protein. However, it was possible to FITC conjugate SAS precípitated

or 0.01 M DEAE fractionated citrate buffer eluates at 100-200 pg IgG per

rnl by dialysís agaínst 10 volumes of 0.025 M carbonate buffer, pH 9.5,

with 0.01 ng FITC per ml. The conjugated eluate was then fractionated

by mixíng with a suspension of DEAE in phosphate buffer in raËios

adjusted to yíeld a final molaríty of 0.05 to 0.1. Such FITC conjugated

eluat.es reacÈed with the glomerular IC deposits in CSS kidney sectíons,

and Ehis staining could be blocked by prior absorptíon of the conjugate

víth BSA or by pre-lncubation of the sectíons wíth unconjugated'anEi-

BSA antibody, thus confirming íLs immunologíc specíficity. It was

found thal r¿eak staining with these conjugates., could be greatly

enhanced by pretreatment of the CSS kidney sectíons wíth 1% BSA (Fíg. 19)

Presumably, the added BSA is bound to glomerular IC by anti-BSA antibody

present Ín excess. The effect is to increase the quantity and the

accessibilÍty of glomerular bound BSA, and to thus augment the subsequent

reaction with FITC conjugated antí-BSA antibody.

Citrate buffer CSS kidney eluates v¡ere radiolabeled ritt 125t 
by

using chloramine T (100). Very poor upcake of 125, r." achíeved with

unfractionated eluates; in contrast, 0.01 M DEAE fract.ionated eluates

!Íere successfully radiolabeled and reÈained anti-BSA antibody activity

as shown by IF testing.

Elution of Cryostat Sections of CSS Kidney (Table 14).

Subnicrograrn IgG concentrations, at the limiE of sensltivity of

Èhe IF tesL system for antí-BSA antíbody, were elut,ed wÍth this technique.

Elution at 25o C or 37o C r.ras more effícient than at 40 C. The best

results were obËaíned with 0.1 M borate buffer at pH 11.25, 2.5 lI

potassium iodide at pH 7.0, and 0.02 M citrate buffer at pH 3.2. IF



Figure 19. The IF detection of BSA in glomerular IC deposits
is shown on serial sections of the same glomer:ulus from a

using FITC conjugated anti-BSA antibody eluted from a CSS

The binding of the eluate noted in (A) ís greatly enhanced
pretreatment of the section wíth 1% BSA as shown in (n).
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of the el-uted secti-ons showed Èhat rgG, BSA, and c3 were eluted in
parallel, and that Èhis estímate of the effícíency of elution correlated

well with the amount of IgG recovered in the eluate

TABLE 14

ELUTION OF CRYOSTAT SECTIONS

OF CSS KIDNEY (60 rnin, 25o C)

Elution Buffer

0.02 M Citrare Buffer

2.5 M Potassium lodide

2.5 l'4 Potassium
Thiocyanate

0.1 M Borate Buffer

3 M Sodium Chloride

PBS

PH

3.2

7.0

7.0

LL.25

5.3

7,2

IF of EluËed
Sect íons
for IgÇ*

Eluted
Antí-BSA

Antibody**
IgG Eluted
(ng per m1)

4l-6

632

2L6

826

33

6B

2+

2+

2+

1+

3+

4+

+

+

0

+

0

0

* BSA and C3 were eluted ln parallel with IgG.

** Detected by indirect IF.

DISCUSSION

Factors r¿hích adversely affected the quantíty or qualíty of elut.ed

antíbody were identified at each sEep ín Ëhe elutíon process. In this

way, optímal conditions for homogenization, washing, buffer volume, and

elution tlme and t,emperature hrere defined. It was found that prolonged

homogenizaËion of the kidney tissue reduced the elution yíeld. This

effect was minimized 1f homogenization vras restricted to 30 sec, which

¡¿as suffícient time for effecËive dispersÍon of the tissue. Removal
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of free BSA and antí-BSA antibody was effectively achieved with three

or four PBS washes of the homogenate; however, attempts to lor^rer the

ionic strength of the homogenate by a final \¡/ater wash resulted in a

decrease in the elution yield. The volume of the eluLion buffer was

also found ro be crítical. Optímal elution wíth citrate buffer qras

achieved r¿ith a buffer volume of 10 ml or more per gm of homogenate,

the ratio required for mainËenance of an effective pH in the suspensÍon.

The amount of functional antí-BSA antibody eluted with citrate buffer

increased with elutíon tíme up to at least 4 hours. There was a

slight decrease in eluted antibody activity at 24 hours, presumably

because prolonged exposure to acíd pH has a de.leterious effect on

antíbody actívity. Elutíon at 25-370 c was more efficíent than ar

40 C and functional antibody actívíty decreased with eluEion at,560 C.

Signíficant quantítative and qualitative differences in eluted

antibody were also apparent with various standard elution buffers. In

general, the rnost efficient buffers also tended to have the most

pronounced deleterious effects on the functíonal activity of the

eluted antlbody. rn this study, elutíon of functional antibody was

optímal with 0.02 M citrate buffer at pH 3.2, but ít is recognized

that each antigen-antibody system may well be different. In particular,

elution with chaotropíc lons has been advocated in studies with ín vitro

rc (174), in the dissociaríon of anrí.body fixed to eryrhrocyres (175),

and Ín elutíon of human rcGN kidneys (159). Good preservation of

functional antibody actívity wíth these elutíon agents is ft¡rther

supported in the present study, in whl-ch antibodies eluted with chaòtropfc

ion retained the ability to fix c. rmpairment of the c fíxíng capacÍty
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of acid eluted antibodies has been prevíously reported (176-17g) and

attribut.ed to structural alteraEions in the Fc portion of the imrnuno-

globulin molecule (178)

The problem of recombination of eluted anËibody wíth dissociated

antÍgen was recognized and quantitated in thÍs study. rt was found

that up to 75:l of the elut,ed antibody is lost to further study by

recombination unless st.eps are taken to partítion eluted antigen and

antibody before return of the eluaÈe to physiologic conditíons. This

can be achíeved, for example, by sucrose density gradient fractionation

of the díssociated eluate. rn another approach, Milgrom eÈ al (L7g)

enployed immunoelectrophoretíc techníques to s-eparate eluted antigen

and antibody. The problem may be símpler if the antigen ís known.

For example, deoxyríbonuclease can be used to elute ANA from rc in

SLE kidneys (155, 157) by desrroying DNA.

rmmunochenically, the eluate r¡/as a rather crude mixture of a

number of proteins that included not only specífic ant.íbody (free and

in combination wíth antigen), but c, albumin, and unídentlfied tíssue

proteins. sAS precipitation of citrate buffer eluates prior to neu-

tralizatÍon proved to be a convenient one-step technique ín the

coneentratíon and purificatíon of eluted antíbody. Further purífica-

tion and rgG fractionation was possible, but, of course, reduced the

fínal åmount of antibody recovered.

MeEhods suitable for the detection of antibody activiËy ln

eluat.es were evaluated. simple gel precipitation techníques lacked

sensitivity, and methods based upon c fixation were limíted by the

impairment of c fixing capacity of eluted anËibody. A binding assay.

in whích eluted anti-BSA antibody could be quantitated by íts bÍnding
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131$riËh I BSA proved Èo be highly satisfactory. Similarly, indírecÈ

IF was shor¡n to be a sensitive and semí-quant,itative technique for

Ëhe detection of eluted anti-BSA antÍbody. By comparing the concen-

trations of IgG in serum and eluates minimally requíred for positive

IF, it. was possible to demonstrate an increased concentration of

specifíc antÍbody in the eluates over that in the corresponding sera,

a prerequfsite for interpretatíon of the significance of eluted anti-

body.

The increased sensitívity of indírect (double antibody) assays

ís generally advantageous, but these techniques cannot be used for

the identification of antigen in glomerular IC. deposits which conEain

homologous IgG. In Ehis sítuation direct techniques usíng labeled

antíbody are required. Thus, it was possible to FITC conjugate SAS

precipitated or IgG fractionated eluted anti-BSA antíbody for use as

IF reagents r¡íth CSS kídney secEions. Such FITC conjugates reacted

specÍfically with BSA in the glomerular IC. It was found that this

staíníng could be greatly augmented by pre-incubatíon of the secEíons

with unlabeled BSA. This observation is of particular interest..

Presumably, the added BSA is bound to glomerular IC by anti-BSA anti-

body present ín excess, thus íncreasÍng the amount and accessibility

of glomerular bound BSA. This technique of trantigen IF" has wide

application, and may facílitate the identíficatíon of antigen in

other types of ICGN.

Studies r^riËh elutíon of antibody from cryostat sectíons of CSS

kidney confirmed the previous reports (138, 169, 180, l8l) that these

micro-elution techniques can be used successfully, but índicat.ed, as

.expected, that the quantíty of antibody eluted ís very small. Símilar
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procedures have been advocated for use prÍor to staining cr)¡ostat

sections for speciflc antigen (155, 159, 160, 182-184). This has

been done Ín an attempt to rrunmask' antigen by the partial elution

of antibody; however, in the CSS model of ICGN elution of anrígen

and antibody appeared to occur in parallel. (The quantity of eluted

antibody can profitably be increased by collecÈing and elut,ing rnultiple

cryostât kidney sect.ions in a small tube, and usíng this cechnique,

it was possible to elute ANA. and anti-GBM antlbody from kídney

biopsy specimens from patíents with SLE and anti-GBM antíbody GN,

respectively.

CONCLUSION

Antigen and antibody from glomerular IC deposits ín rabbits wíth

experimental BSA índuced CSS were quantítaËed 1n eluates from kídneys

in whích a portion of the antigen and antíbody had been radiolabeled.

The largest quantíties of 125, urO eluted r¿ith 1 M proprionic acid

at pH 2.7 (867") and 0.1 M borate buffer at pH IL.25 (802). However,

these buffers yielded less functional antí-BSA antibody than 0.02 M

citrate buffer at pII 3.2 (344 ug per gm kÍdney). Círrare buffer-

eluted anti-BSA antíbody v¡as reaetíve in imnunodíffusion, IF, and

radÍolabeled BSA bindíng test systems, but c flxatíon sras impaired

relatíve to chaotropic íon-eluted antíbody. rt was found that up to

757. of the eluted antibody I¡ras lost to further study by recombination

with eluted BSA unless steps were taken to fractíonate the dlssocíated

eluate prior to neutralÍzation. Elutíon of cryostat sectíons of CSS

kidney was also studíed; BSA, IgG, and C3 el-uted in parallel, and

sub-mícrogram quantiÈies of anti-BSA anEíbody were recovered with

this techníque.
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B. THE IMMI]NOPATHOGENESIS OF SPONTANEOUS GN IN RABBITS.

INTRODUCTION

The occurrence of spontaneous GN in New Zealand white rabbits has

been descrÍbed by Verroust et al (45). In this study 3 of. 25 laboratory

Ne¡¿ Zealand ¡¡hite rabbits (age 14 Ëo 52 weeks) r¡ere found to be protein-

uríc. These rabbits had features of a rnl-xed membranous and prolifera-

tive form of GN, and IF studies revealed granular deposits of IgG and

C3.along the GBM consistent with Blomerular IC deposíts. Sínilar

features were found ín 5 to 10% of New Zealand white rabbits by l,Iílson

and Abinanti (l,iílson, C. 8., personal communication). The disease ís

generally indolent, and proteinuria may be inLermittent. However,

some rabbits, particularly perlpartum does, become frankly nephrotíc

and may succumb to the dlsease.

The present study was designed to explore the immunopathogenesis

of this form of GN.

METHODS

Experimental anímals. 42 New Zealand whÍte rabbíts r^rere studied

(21 B to L2 week old anímals, and 21 adults).

ProËeinuría. 24 hour urine protein determínations were performed

on three consecuËive days by the sulphosalicylic acid method (fB5).

Abnormal protelnuría was defíned by two measurements above 20 ngl24

hours.

Patholoeical studÍes.

(i) Histology. Tlssue samples were fíxed in Bouinfs solution,

post-fixed in 50% ethyl alcohol, and stained wíth haematoxylin-eosln

or períodíc acid Schtff (PAS).
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(ii) rF. Tissue samples r4rere snap-frozen in líquid nítrogen.

2p thick cryostat sectíons were fixed (50% ether-alcotrol followed by

95% alcohol) and reacred wirh Frrc conjugated goat, anti-rabbir rgG

and sheep anti-rabbít C3.

(iií) EM. Tissue fragments were diced ín 27" glutaraldehyde and

post-fixed ín 1% osmic acid. The sections \^¡ere stained wLtln 27. uranyl

acetate and 0.57" Lead cítrate.

Det.ect.íon of circulaÈíng IC. Sera from these anlmals \rere tested

for rc by the *rRcA using L25t go^t anri-rabbir rgc anribody and heat

aggregated rabbit ganma globulin for the standard curve.

ElutÍon studÍes. Kidneys from rabbíts with proteinuric GN and

from cont,rol rabbi-ts \,rere homogenízed, washed six times wíth pBS, and

eluted r¿ith 0.02 M citrate buffer pH 3.2 for 2 hours at 25o c. The

eluted rg was coricentrated by precipÍtation ¡+rith 50% sAS and then

dialyzed agaínst PBS. The rgG content, of the concentrated eluates

was quantitated by radioinmunoassay for rabbít IgG (f04), and the

react.ivity of the eluates (and sera) with sectíons of nornal rabbit

kidney (NRK) was tested by índirect IF using FITC conjugared goar

anti-rabbit IgG.

Additlonal studies to determine the specifícít y of the eluted

antibody.

(i) Glomeruli v¡ere isolated from the cortices of NRK using

the method of Rrakower and Greenspon (9), and a renal tubule prepara-

tion (Fx 1A) r¡/as prepared as described by Edgington et al (2L) . The

abíl1ty of these preparatíons to absorb Ëhe reactivity of the eluted

antibody was tested by incubatl-ng aliquots of the eluates with equal
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volumes of packed glomerulí or Fx 1A respectívely for 18 hours at 40 c.

The supernatants (after centrifugatíon at 8,400 x G for 10 rnin) were

then tested by indirect IF with sectlons of NRK.

Extract.s q¡ere obtaíned from the glomerular suspensíon by soníca-

tion, treatment with I M urea, and various enzymes {pronase (K & K

Laboratories), trypsín (I.Iorthington Biochemícal Corp.), and neuraminí-

dase (ICN Pharmaceutícal fnc.)Ì. The ability of these various extracts

to absorb the IF reactívíty of the eluted antibodíes r¡ras tested as

above. The extracts were also Èested by gel diffusion (L7" agaxose in

PBS) with the eluates and sera from rabbíts with GN.

(ii) The eluates hrere tested for anti-GBM antibody by radío-

l-urnunoassay ( 107) .

(iii) Eluates and sera were studied for ant.i-smooth muscle

anÈibodies by indirect IF using unfixed cryostaÈ sections of fresh

rabbit uterus (186). In addiÈion, highly purífíed rabbir skeleral

musele F-actín (obtained from Dr. M. Hegeness, DepartmenE of Biology,

University of Calífornía, San Diego, Ca.) was tested by absorption IF

and gel díffusÍon ¡¿ith rabbíE GN eluates and sera, and with high

Litre human smooth muscle antibody (HuSMA) sera (obtained from

Dr. D. G. Taylor, Department of Cllnícal Immunology, Scripps Clínic

and Research Foundation, La Jolla, Ca.). The absorption IF studles

were performed with F-actin as in (i) above; gel diffuslon studl-es

v/ere carried out wíth depolymerized actin ín 17" agarose lríth 0.0005

M KCI 0.002 M Tris HCI buffer, and 0.0005 M 2-mercaptoerhanol pH 7.9.

(iv) NRK sectlons r¡/ere pre-treated with 100 ul coll-agenase

(Worthíngton Biochemical Corp.), pronase, or neuramlnidase for 60 min

at 37o C and then reacted r.¡ith the eluates by indírect IF.
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(v) Human ß, glycoVrotein III (Hu ß2 cp III) (obrained frorn

Prof . H. G. Schwick, Behringwerke, Marburg, I^Iest Germany) \,ras t,ested

by absorptíon rF and gel diffusion r¡ith the rabbit GN eluates and

sera, and wlth rabbit antiserum to Hu ß2 GP rrr (Behring Diagnostics).

RESIILTS (Table 15)

Proteinuria. Proteinuría (range 44 to 338 mg/24 hours) was

(L27"). All but one of these weredetected ín 5 of rhe 42 rabbits

adult

Patholosical studies. Histol ogical examination of the kidneys

from these rabbits revealed irregular thíckening of the GBI'I, varlable

mesangial proiif.rrtive change, and areas of t.ubulo-interstitíal

damage. IF studies showed finely granular deposits of IgG and C3

along the GBM or in the mesangiuru; no deposíts \.rere present in the

tubulo-interstitial areas. EM examinatíon revealed "saw-tooth"

irregularities of the GBM, and electron-dense deposfts predominately

in the subepithelíal aspect of the GBM. Figs. 20-22 illustrate some

of these features.

Detection of circulatíns IC. Serum IC r,¡ere detected by the *IRCA

Ín one of the 5 rabbíts with GN.

Elution studies. I gG eluted from the kidneys of rabbits with GN

v¿as reactíve by indirect IF wíth the gloureruli and blood vessels of

NRK sections (Fig. 23). The glomerular staining \.ras particularly

stríking. The stainíng was quite dlffuse and could not be clearly

localized Eo any recognizable glornerular substructural component.

The distribuLion was quite unlike that of antÍ-GBM antibody and appeared

to involve glomerular ceII cytoplasm. A similar patÈern of staining
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Fígure 20. Light mícroscopíc
appearance of the glomerular
lesions seen in rabbi"t ll2
wíth spontaneous GN. There
is pronounced thíckening of
Ëhe GBM. Haematoxylin and
eosin.

Figure 21. Detection of finelY
granular deposits of IgG
along the GBM. (Rabbir /12

with spontaneous GN). FITC
conjugated goat anti-rabbit
rgG.

Fjsure 22. Electron dense
deposits in the subepithe-
líal aspect of the GBM with
fusíon of the epithelial
ce11 foot proeesses (na¡Uit
ll2 wLth spontaneous GN) .
(x 20,000),
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fisure 23. Staining of the
by IgG eluted from the k
(Sections of NRK reacted
goat antí-rabbit IeG).

84

glomerular capillary and blood vessel wal1s
ídney of a rabbit (/12) with spontaneous GN'

wíth the eluate and then with FITC conjugated

I
f

Físure 24. Indi-rect IF with the serum of a rabbit
GN. The pattern of staining o f the glomerular
is similar to that seen with the corresponding
but is much less intense.

(/É2) with spontaneous
and blood vessel walls
eluate (Flggre. l"J),



TABLE 15

RENAL PATHOLOGY AND ELUTTON STUDIES

IN RABBITS WITH SPONTANEOUS GN

I Adult

2*z\ Adult

Number Age
Prot.einuria
rLEl24 hours*

Immunofluorescence
(IgG and C3

0 ro 4+)

4* granular deposi-ts
along GBM

3-4* finely granular
deposits along GBM

IgG eluted
(uelem kidnev)

B5

92

25

19

E/S ratio of
anËi-glomerular

antibody

10

51

183

153

44

338

6T

Lighr
Microscopy

GBM thickening and mesan-
gial proliferation

GBM thickening. Focal
areas of tubulo-intersti--
tlal daurage

5

2

203 12wk Focal mesangial hyper-
trophy

Focal mesangial proli-
feration

GBM thickening, mesan-
gial proliferatíon, and
focal areas of tubulo-
interstitial damage.

1-2* segmenÈal granular
deposíts (predourinantly
mesangial)

l-3* segmenËal granular
deposits (predominantly
mesangial)

2-3* finely granular
deposíts along GBM

4 Adulr

5 Adutt

6

æ
l_¡t

* mean. of three determinations

** circulating IC detected by *IRCA
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was found rrrith rat, baboon, and human kidney target sectíons. No

staining vras detected with eluates from non-GN control kÍdneys.

sera from the 5 rabbits wíth GN (and from some of the control

rabbíts) stalned NRK glomeruli and blood vessels ín a similar manner

albeít much less brightly (FÍg. 24). The sera and eluates r^7ere

tested at serial diluËíons to determine t.he rF end poínt tiËre, and

rgG was quantítated by radioiurnunoassay (104) to obtaín el_uate to

serum (E/s) ratios of 'rantí-glomerularrt antibody per ug rgc. An

íncreased concenfration of this antlbody was demonstrated in each of

the 5 eluates Table 15

Studies to determine the specificitv of eluted antíbodv.

(i) The rF reacËivity of the eluted antÍ-glomerular antíbody

was totally abolished by absorption with isolated glomeruli. However,

none of the glomerular extracts (obtained by sonication or by treat-

ment with B M urea, pronase, trypsin, or neuraminidase) was able to

absorb this reactivity, and none reacted wíth the eluates or sera by

gel dÍffusion. The renal tubule preparatíon (Fx 1A) did not absorb

the IF reactivity of the eluates.

(ii) Anti-GBM anÈibody actíviry was not derected by radio-

ímmunoassay (and pre-incubatíon of kidney sections wíth antí-GBM

antibody did not prevent subsequenÈ staining of the glomerular

capillary wal1 by the eluates).

(iii) The eluates (and sera) stained smooth muscle in blood

vessels and myometrium but. the pattern of reactivíty dÍffered. signi-

ficantly from that seen with HusMA. Thus, HusMA selectively sLained

the glomerular mesangíum of human and rabbit (!-igj_3å) kidneys. This

staining was unlike t.hat seen with the rabbit, GN associated antibody.
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Figure 25. Staining of the glomerular mesangium and
blood vessel wa11s of NRK by HuSMA. {Indirect IF
with HuSÌ,lA serum then FTTC conjugated goaL anLi-
human IgG (absorbed with NRS) Ì.

Figure 26. Glomerular l-ocal.i-.zation of rabbit anti-
serum to Hu ß2 GP III. (Tndírect IF; normal human
kidney r:eacted with rabbit anti-Hu ß2 GP III then
FITC cctn-jugated goat antí-rabbit IgG).
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Finally, absorption with F-actin abolished the IF reactivity of the

HuSì44 but not that of the rabbit GN associated antibody, and there

r^¡as no reaction w1Èh actín ín gel díffusion.

(1v) The IF reactivity of the rabbit GN eluates with NRK gloneruli

and blood vessels was unaffected by pre-treatment of the target sectlons

with collagenase or pronase, but was toËally abrogated by pre-treátment

wfth neuraminidase. This suggested thât the antigen rníght be a

sialoprotein (187). Polyanionic síaloproteins can be demonstrated ín

the glomerular epíthelíal glycocalyx by colloidal iron staining (188)

and are thought to be important to the functional integriLy of the

glomerular filter (189, 190).

Neuraminidase did not dissoclate the glornerular deposits of IgG

and C3 from the kidney sections of rabbits with spontaneous GN.

(v) gs ß. GP III is a serum glycoproteín which can also be
z

detected ín normal glomeruli (191). IF studíes wíth rabbít antiserum

to Hu g2 GP III showed that this antibody stained human (Iigr-rþ) Uut

not rabbit glornerular capillary walls. The anti-glomerular antibody

eluted from the kidneys of rabbÍts with spontaneous GN did not react

ín absorptíon IF and gel díffusion studles with purified Hu ß2 GP III

or NRS

DISCUSSION

Approximately 10% of laboratory New Zealand white rabbits spon-

taneously develop proteinuric GN. The lesions vary from focal areas of

mesangíal hypertrophy to frank membranous or proliferatíve GN. The

presence of granular deposits of IgG and C3 ín the glomeruli and of

dense deposíts along the GBM suggest that this dísease 1s IC rnedíated.
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The detection of anti-glomerular and blood vessel antibodies

in citrate buffer eluates from these kidneys suggests that the IC

anËigen is a structural protein. The deposlts rníghÈ, therefore,

represent IC formed in sítu. However, the structural localíon of

the antigen is dífferent from the site of the ín¡nune deposíts, and

it is more líkely that the antigen, by gaíning access to the círcu-

lation, forms círculating IC r¿hich are then deposited Ín the glornerulí.

Indeed, circulating IC were detected ín one of the 5 GN rabbits in

this sLudy. If this concepË is correet, then the renal origin of

the antigen is fortuitous (as it is in experirnental (21) and human

(158) RTA medíated ICGN)

The precise nature of the antigen remains obscure. HuSl,fA staíns

glomeruli (Lg2-L94), and this staining can be blocked by absorption

with purified actin preparatíons (194). The spôntaneous GN rabbit

antibody díd not react \^riËh actin, and the pattern of stainíng

differed signíficantly from that seen with HuSMA. It is, therefore,

unlikely that this antígen-antibody system is involved in the d.isease.

The glomerular localization of a serum ß globulín in míce (195)

and of a serum ß, elycolrotein fraction (Hu ßZ GP III) in man (191)

raíses the possibílity that Èhe putative antigen might be present in

the círculatíon and in the glomeruli. Of interest, the amount of

glomerular Hu ß, GP III is greatly increased in paÈients with GN.

However, the rabbit GN assoclated ant.ibody did not react wiÈh NRS

or r¿ith Hu ß2 GP III.

Finally, the antigen may be a structural glycoprotein associated

r,¡ith the glomerular epltheltal glycocalyx and blood vessel walls.
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Pre-treatmenÈ of target kidney sections wÍth neuraminidase blocked

the reactivíty of the eluted ancl-body, a fínding consistent with

this hypothesis. In this regard Shibata et al (196) índuced a mem-

branous form of GN ín raÈs with a glomerular sialoprotein contaíning

extract, and it is possible that Ehis experimental model is analagous

to the spontaneous dísease ín the rabbít.

Sera from occasional patlents rsith GN have been found to produce

diffuse (non-antí-GBM) sEaíning of normal human glomerular capillaríes

(t¡ilson, C. B., personal communication), and ít is, therefore, quite

conceívable that a similar mechanísm rnight be operative in some forms

of human GN. Thís requires further study.

CONCLUSION

IgG eluted from kídneys of rabbíts with spontaneous GN reacted

r¡ith the glomerular capillaries and blood vessels of normal kidney

sections. It ís proposed that t.his form of GN is rnediated by círcula-

ting IC formed wíth an antígen deríved from or cross-reacting with a

structural constituenË. present in glomeruli and blood vessels. The

precise nature of fhe antigen Ís unknov¡n, but it may be a determinant

1ínked r¿íth the glomerular epíthelial glycocalyx. It is possible that

a similar mechanísm might be involved in some forms of human ICGN.
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C. THE SPECIFICITY OF ANTIBODIES ELUTED FROM HIJMAN GN KIDNEYS.

INTRODUCTION

A panel of potentÍal antigens \ras used in this study to determine

the specificíty of antibodíes eluted from the kidneys of patíenLs \^lith

GN. The eluates qTere screened for antibodies to endogenous antígens

(GBM, RTA, nucleic acids, and IgG), and víral antigens (measles virus,

EBV, and C-type viruses). IF test. systems \^rere used for the detectlon

of anti-viral antibodíes. Thís method r¡as used in preference to

conventional C fíxation assays because the C fixing capacity of eluted

antibodíes may be impaired, and because IF studies with virus-infected

cells also allow the expression of viral neo-antigens. The patients

in Lhís study \^rere ufiselecÈed in the sense that none had clínical or

serological ínformation pointíng towards a specific antigen (other

than nucleíc acids in patients wíth SLE, and GBM antigens in patients

wíth anti-GBM antibody GN).

The methods were adapted from Ëhose used in studying the rabbít

models of GN.

METHODS

Patients. NephreeLomy or autopsy kídneys frorn 28 patients were

supplíed by contributíng centres. There were 9 patients with SLE,

13 with prímary ICGN, and 6 wíth anti-GBM antíbody GN. Serum r¿as

avaílable ín 20 of these patíents. 5 t'normal" human kidneys (NHK),

whÍch had originally been obtained from cadavers for transplantation

purposes, \¡/ere supplied by Dr. I,I. M. Le Fore, V. A. Hospital,

Indianapolís, Indiana.
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IF. The kidneys qrere examined for IgG, IgA, IgM, C3, fíbrin,

alburnin, and RTA using standard dírect IF techniques (197).

Elutíon studíes. Renal corÈical tissue was homo genized, washed

six tímes wiEh PBS, and then eluted with 0.02 M cítrate buffer pH 3.2

for 1Èo 2 hours at 25o C. The supernatant eluate \^/as neutralized

r¡ith NaOH and allowed to stand for 18 hours at 40 C. The precipitate

obtained by centrifugation was díscarded and the clarified eluate r^/as

then concentrated by negatÍve pressure ultrafiltratíon to approximately

1.0 ml. The eluates were stored in aliquots at -20o C.

Studies to determine the reactivity of the eluted antÍbodies.

(i) Indlrect IF wíth NHK sections. The- eluates (and sera) were

tested by indirect IF with sections of NHK and FITC conjugated goat

anti-human IgG antibody. ANA, anti-GBM antíbodies, and antíbodies to

RTA can be deEected by this Ëechnique.

(ii) The eluates (and sera) frorn patíents with antí-GBM anLibody

GN were tested for anti-GBM antibodies by radioíÍìmunoassay (107).

(fii¡ AnËi-globulín activity. The eluates were tested for

anti-human IgG (rheumatoid factor) antibodies using the latex RA

Eest (Hyland).

(iv) Anti-víral antibody actÍvity:

Measles virus. He La cells persistently infected wíth measles

virus (Edmonston strain) were cultured (198) and supplied by

Dr. M. B. A. Oldstone, Department of Immunopathology, Scrípps

Cliníc and Research Foundatl-on, La Jolla, Ca. Cell monolayers were

prepared on glass cover-slips; t.hese were then r¡ashed wlth PBS,

fixed for 10 mín in acetone, and used as targets in testing the
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eluates (and sera) for anti-measles virus antibodies by indirect IF

using FITC conjugated goat anti-hurnan IgG. FITC conjugated rabbít

anti-measles virus antíbody (suppl-ied by Dr. M. B. A. OldsÈone)

was used as a positive control.

EBV. EBV (and EBNA) (f99) positive human B lymphocytes rÀtere

obÈained from Dr. F. C. Jensen, Department of Immunopathology, Scripps

Clinic and Research Foundation, La Jolla, Ca. Cytocentrifuge prepara-

tions of these cells were made on glass slides whích were then fixed

in acetone and used as targets ín testing the eluates (and sera) for

anÈi-EBV antibodies by indirect IF using FITC conjugated goat anti-

hurnan IgG. Knov¡n EBV posítíve and negatíve hlman sera (supplíed by

Dr. F. C. Jensen) were used as controls

C-type virus. The eluates (and sera) \^/ere tested by radioímmuno-

assay for anEibodies to the p30 and gp70 muríne C-type virus antigen

determinants by Ms. P. J. McConahey, Department of Cellular and

Developmental Immunology, Scripps Cliníc and Research Foundation, La

Jolla, Ca. (200).

IgG quantitation and determÍnation of E/S ratios of specific

antíbodv concentration. I^Ihen posltive in one of the above assays,

the eluates and sera \^/ere tested at. seríal dilutions to determine the

end point titre of antíbody activít¡ and the IgG conÈent was determíned

by radioirtrnunoassay (104) Èo obtain the eluate and serum antíbody

concentratíon per ug IgG.

RESULTS (TAbIE 16).

Antíbodies to endosenous antigens. ANA was detected in each of

(Fíg. 27). Sera were avaÍlablethe eluaËes from the 9 patients with SLE
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Eigure 27. Detection of ANA in an eluate
from the kidneY o
(Indirect IF; NHK

kidney eluate and

f a patient with SLE.
reacted \^lith the SLE

then FITC conjugaËed
goat anti-human IgG).

Fieure 28. Deteclion of anti-GBM antibody
in an eluate from the kidney of a Patient
with anti-GBM antíbody GN' (Indirect IF;
NIIK reacted with the antí-GBM kidney
eluate and then FITC conjugated goat
anti-human IgG).
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in 4 of Èhese patíents, and in 3 the eluted ANA was concentrat,ed

over that in serum.

Antí-GBM antíbodies r¡rere detected by IF (Fig= 28), and by radio-

ímmunoassay ín each of the eluates from Ehe 6 patients r,rith anti-GBM

antibody GN. The eluted anti-GBM antíbody was greatly concentrated

over serurn in the 5 patients where serum was avaílable.

None of the eluates reacted wíth RTA (as detected by indírect

rF with NHK), and none was posit.Íve in the lat.ex test for rheumatoíd

factor.
' Antl--viral antibodíes.

(a) Anti-measles vírus antibodies \,{ere .detected in l-1 eluates

(Fig. 29); 5 SLE, 4 primary ICGN, I antí-GBM antibody GN, and 1 NHK

eluaÈe. Sera were available in 7 of these patients, and an increased

concentration of eluted anti-measles virus antibody was detected

over serurn in 4 (3 with SLE, and 1 with primary ICGN). Attempts

r+ere made to ídentify measles virus antigen in the glomerular IC

deposits in these patíenÈs using rabbit anti-measles virus antlbody

ín índlrect IF studies. No staining was detected.

(b) Anti-EBV antíbodies (Fig. 30) were derecred ín I eluates;

3 SLE, 3 prírnary ICGN, and 2 antí-GBM antibody GN eluates. Sera

were available ín 5 of these patients, and in none of these was

there an increase in the concentration of eluted antí-EBV antibody

over serum.

(c) Anti-C-type virus antibodíes. None of the eluates (or sera)

was positive in the radioimmunoassay for antibodies to p30 or gp70.
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Tleure 29. Detecti
antibodY in the
of a Patient wit
measles vir:us-in
He La cells reac

Físure 30.
in the e

on of anti-measles virus
eluate from the kidneY
h SLE. (Tndírect IF;
fected monolaYer: of
ted with the eluate and

then with FITC conjugated goat anti-
human IgG).

Detection of anti-EBV antibodY
luate from the- kidneY of a

patient with pr-Lmarv TCGN' (Indírect
itt cytocentrifuge preparatíon of EBV

poáiai.r" human B lymptrocytcs reacted
iitt ttt. eluate and then v¡i Th FITC

conjugatecl goat antj-Ìrrtm¿¡rr IgG) '
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DISCUSSION

This study raises the possibility Èhat measles virus antígen-

antibody rc might be involved in some patienÈs with sLE and primary

rcGN. The evidence for this is suggestíve rather than conclusive,

and identifícaÈion of measles virus antigen in the glomerular rc

deposits is requíred to confirm the hypothesis. Thís has, f-n facr,

been reporteid ín SSPE (149), and Ín one patíent wírh SLE (150).

The partícipatíon of measles vírus antigen ín IC formation, and

disease has been based on the model of SSPE (149, 201), but is now

being proposed in SLE (202, 203), multíple sclerosís (204,205), and

other condítions (206). Serum antl--measles vírus antibodies are

frequently elevated ín SLE (203, 2A7-ZI0). This may reflecr the

hypergarnnaglobulinaemíc status of patients with SLE, but not all

anti-viral antibodies are correspondingly elevated, and a specifíc

ímpairment of cell mediated immunity to measles virus has been

detected in SLE (211).

The possibillty of c-type vÍrus expression in sLE has also been

proposed recently (148, 202, 2L2, 2L3). Thís is an extensíon of

studíes wíth the NZB model of SLE ín rhe nouse (25-29, 200), and of

studies wiLh canine lupus (2L4-216). The detection of c-type viral

antígens in the glomerular IC deposits of human SLE has been the

subject of two reports (148, 213). These findings need furrher

confirmation. rn the present study, and ín others (2L7), no antí-c-

type viral antíbody activity vras detected.

Fínally, antibodies to RTA or IgG were not detected ín this

study, and none of the eluates demonstrated the t'anti-glomerulartt

reactÍviËy of the rabbit ICGN associated antibody.
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It is very likely that rnultiple antigen-antibody systems are

involved in índivídual patienÈs with ICGN. ThÍs is certaínly the

case in SLE (zf8) . If this is indeed correct, the elucídation of

such systerns will be a highly cornplex task. The antlgen(s) may, ln

fact, be quite ubíquitous (e.g. measles virus, EBV, etc.) which would

hel-p to explain the absence of clínical and serologic rrclues" in

most patíents with ICGN. This would imply that such patients have

an as yet undefíned abnormaliEy which causes thern to handle a "normal"

antigen and IC load ín a nephritogenic manner. Peters and Lachman

(2I9) have proposed an inunune deficíency staEe in the pathogenesis

of human ICGN. Thus, low affiníty or non-pre-cipítatlng antibodies,

whích míght predispose to ICGN by allowíng the chronic formation of

IC, have been demonstrat.ed in experimental models of ICGN (57r 5g,

220), and Friend et a1 (22I) have recently reported non-precipítating

anti-DNA antibodíes in Èhe sera of patíents r,¡ith mernbranous SLE GN.

This concept should be evaluaËed further.

CONCLUSION

The reactivity of antibodíes eluted from the kidneys of patients

with GN ¡¿as ínvestigated. ANA and anti-GBM antibodies were detected

in eluates from patíents ¡,¡ith SLE and anti-GBM antibody GN respectively,

and were found Èo be selectívely concentrated over the levels ín serum.

Anti-measles virus and anti-EBV antibodies r¡ere detected in some of

the eluates. Anti-measles virus antíbodies \^/ere selectively concen-

trated over serun in 4 of the eluaÈes (3 from patíents with SLE and

I from a patíent wíth priurary ICGN). Measles antigen could not be

detected in the glomerular IC deposits, and so the evidence for
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particlpatíon of measles antigen-antibody IC in these patíenËs ís

suggesÈive rather Ëhan conclusive.

the concept of rnultiple and ubiquítous antigens in IC ,ilisease

is discussed in relatlon to the immune-deflciency theory of GN.
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ABBREVTATIONS
t
:

AGN

AHG

ANA

BSA

C

CIqSPA

C3PA

CEA

CGN

CSS

DEAE

DNA

EBV

EDTA

EM

equiv

E/s

acute GN

aggregated human ganma globulín

antínuclear antíbody

bovÍne serum alburnín

complement

the solid phase Clq binding assay

properdi.n factor B

carcinoembryonic antigen

chronic GN

chronic serum sickness

díethylamínoethyl cellulose

deoxyríbonucleic acld

Epstein-Barr virus

ethylene diamine tetra-acetic acíd

elect.ron microscopy

equivalent

eluate to serum ratio of specific antibody
actívity per ¡rg IgG

f luorescein isothíocyanate

focal sclerosing GN

glomerular basement membrane

glomerulonephrlt is

human serum albumín

Henoch-SchUnleín purpura

human ß, Blycoproteín III

haemolyt ic-uraemic syndrome

GN

FITC

FSGN

GBM

HSA

HSP

Hu ou

HUS

2
GP III



HuSl,lA

IC

*IClqBA

IF

Ig

*IRCA

IV

LCM

LDV

LPS

MCT

MEM

MGN

MPGN

MI^I

NHK

NHS

NRK

NRS

NZ

PAN

PAS

PBS

PEG

PET

PSGN

t02

human smooth muscle antÍbody

inrnune complex

the radiolabeled Clq binding assay

inrnunofluorescence

irmnunoglobulin

the Raj í cell radioimmune assay

íntravenous

lymphocytíc choriomeningitís

lactic dehydrogenase virus

bacterial lípopolysaccharide

microcomplement consump.Eion test.

minímal essential medíum

membranous GN

membranoproliferative (syn: mesangiocapillary) GN

molecular weíght

normal human kídney

normal human serum

normal rabbit kidney

normal rabbít serum

New Zealand

po1-yarteritís nodosa

periodic acíd Schiff

0.15 M phosphate buffered saline pH 7.2

polyethylene glycol

pre-eclamptic toxaemia

post-streptococcal GN
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RES

R?GN

RTA

SAS

SBE

SLE

SSPE

TCA

VBS

reticuloendothelial system

rapidly progressive GN

renal- tubular ânt.igen

saturated ammonium sulphate

subacute bacterl-al- endocardltis

systemic lupus erythematosus

subacute scl-erosing panencephalitis

trichloroacetic acfd

Veronal-buffered saLine
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