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ABSTRACT

Lewis rats were made nephrotic by intraperitoneal
injectiohs of xenogeneic (rabbit) kidney in complete
Ffeund's adjuvant. Disease onset was éccentuated by.
prior sélenecfomy. Deposition of isogeneic and xeno-
geneiC‘anQigen (FIA) host gamma globulin and complement
were'deﬁonstrated along the glomerular basement membrane
by immunofluorescence techniqueé. Ultrastructural exam-
ination demonstrated deposits beneath tﬁe glomerular :
epithelial cells. An antigen was demonstrated in the
serum and urine of nephrotic animals. This antigen
exibited immunologic ddentity with host tubular antigen.
Arthus and delayed skin'reéctions were utilized fo
demonstraté the active role of the humoral system, in
q9§trést“to the lack of specific delayed (cellular)
mechaﬂiéms.f>This latter‘observation was confirmed'by
the léckw;f specific monolayer destruction by isogeneic
nephrotic lymphocytes in vitro, and by thevéositiVe
cell transfer'of sensiéized_lymphocytes into isogeneic

kidneys.




AUTOLOGOUS IMMUNE-COMPLEX GLOMERULONEPHRITIS

MiChael A. J L] Mandl r M'. B .B 3 s -

-

' Department of Experimental Medicine
McGill University
Montreal, Quebec, Canada

March, 1970

A thesis submitted to the Faculty of Graduate‘Studies

and Research in partial fulfillment of the reqﬁiré?- /

ments of the aegree of Master of Science.

I (&) Michael A.J. Mandl 1970



'AUTOLOGOUS IMMUNE-COMPLEX GLOMERULONEPHRITIS

- -

Michael A. J. Mandl, M.B.B.S.

Department of Experimental Medicine
McGill UniverSity’
~ Montreal, Quebec, Uanada '

: March 1970

A thesis submitted to the Feculty of Gra&uete StudieS'
and Research in part1al fulfillment of the requlre—

_ments of the degree of Master of Sclence.

|

L (o) ]Hchaei A.J. Mandl 1970




' ACKNOWLEDGEMENTS =~

'I'wiéh,td‘QXtenQ<my apprécia§ipnvandthaﬁk§ to-7
bdctor J. T. Watson for his ¢ontinuéd helpfulladVice,'
' assistance and cdnstructive.ciitigiSm duriﬁg‘tﬂe
period.of the expeiimenta1VWOpk'ahd thepreparafioh~
‘of this thesis. | . " '

I wish also to thénk-Dr, Bram Rose er'his'con-'
 tinued interest in}the_experimental_ﬁOrk.

I wish to expréésfmy sincere.appreciation_and

thanks to Miss.Annie Katona and Mrs. Gail Deutsch for

their lhceasing technical assistance and encouragement.

My thanks to‘Miss Deborah Ansléw for\tYping'this‘thesis.
| Finaily, to my wife Nerida fof her uéual patience
and undersfanding démonstrated thrdughoﬁt this work.
~ This work was supported by,a'grant'fromvthe Medi-

cal Research Council of Canada.

1



AUTOLOGOUS IMMUNE COA,LEX‘GLOMERULONE.HRITIS'

TABLE OE;CONTENTS , o ,
| o~ maee

I.’ INTRODUCTION 1
~ A. Basic Concepts and Deflnltions 1 :
1. Anaphylaxls _ 3
2. Arthus Reaction 6
3. Serum Sickness . 8
4, Delayed Hypersen51t1v1ty R 9 - .
IT. HISTORICAL REVIEW o 12
A. Introductlon‘ ' 12
B Factors Influenc1ng Basement Membrane. :
Damage- : 13
1. Compleé .Size. : T 13
2. Vasoactive Amines ’ 15
3. Hydrodynamic Forces : 17
4. Complement .19
5. Polymorphonuclear Leucocytes and
Enzymesv 21 s
C. Experimental Glomerulonephritis 25 "
1. Nephrotokic.Nephritis (NTN) ' - 25
a. Definition o 25
'b. Background ' 26
c. Immunology of the Heterologous and :
: Autologous Phases S 29
l) Heterologous Phaee - ' 30
a) Antlgen L - | 30
b) Nephrotoxic Antibody Speci- ;
ficity 33
c) Rate of Fixation of
Nephrotoxic Antibody 34
d) Role of Complement 36

2) Autologous Phase 39



: Table'oficontenta"‘

g.

. PAGE -

'Noh—Immdnoioéoc Factors

Influenc1ng‘yTN

1) Phy51olog1c Loadlng of Kldney

2) Coagulation .
3) Freund's Adjuvant

Pathology of Nephrotox1c Nephrltla :

hMethods of Inductlon and Enhance-'
ment :

1) Induction'of NTN in Immunized
Animals
2) ‘Antibody and Transfer Studies

Extrarenal Sites of Antigen

D. Glomerulonephrltls Caused by Antlgen—

Antibody Comg;exes

1.

2.

Deflnltlon

Methods of Induction

a.

Non—Renal Antlgens-

1) Acute Glomerulonephrltls
Induction, Active, Passive
Pathology

2) Chronic Glomerulonephrltls

Induction, Rabblts, Rats
Pathology

Renal Antigens

1) Onset and Character of Disease

'2) Site and Character of Antigen

3) Role of Adjuvants
4) Pathology

42

42
43

46
46
47
48
50

50°
51

51

51




sable of conpents

E

III.

A.

B.

D.
E.

F.

Cellular (Delayed) Mechanlsms'

l.‘ Transfer of Dlseaee Between

~  Homologous Rats
2. Transfer of- Disease Between
Isologous Rats

3.v Transfer of Disease by Parab1051s'

4. In Vitro Cytotoxlclty
5. 'In Vivo. Cytotokicity

MATERIALS AND METHODS -

Aniﬁals.

Antigens

1. Rat Gamma Globulin

2. Rat Complement (C3) ‘ -

3. Crude Rabbit Antigen
4. Rat Fraction IA (FIA)

Antisera

1. Rabbit Anti-Rat Gamma Globulin

2. Guinea Pig Anti-Rabbit Kldney

3. Rabbit Anti-Lewis FIA

4. Rabbit Anti-Lewis BIC

Dehhle Diffusion in Agar

Immunoelectrophoresis

Induction of Nephritis

1. Experimental Model

2. Accentuation of Disease
3. Progression of Dlsease
4. Proteinuria

Histology

~
\

pace

69
70

72
.74
78

ity o il



‘Table4of'¢ontontsr

Iv.

Q.

A.

Preﬁaration of Fluorescent Antisera

Elution Procedures

1. Glomerular leed Gamma Globulln
2. Glomerular Fixed Antigen

ASsayﬁof E1ﬁted Gémma.GlobuIihs'

1. 1n vivo.
2. In Vitro

Immundfluorescence Microscopy

1. Demonstratlon of Antigen
2. Demonstratlon of Host Reactants.

Electron Mlcroscopy

1. Materlals
2. Dehydration and Embeddlng
3. Cutting and Staining

Arthus Reactlon . e

Clrculatlng Antlbodles.

’ Cirohlating Antigen

Tissue Culture

1. .Materiéls and Methods

2. Assay of Tissue Culture Supernatants

In Vivo Cytotoxicity of QY@Epoqytes

EXPERIMENTAI, RESULTS

Nephritis

f”;iv;QA‘&:‘ﬁ

. PAGE .

97

98
- 99

- 102

1102
102

103

103
104

105
105
107
108
109
111
111
113

113
119

119

122

122




‘Tébig,ofuccnféntQ:T'.

1. Disease

‘a. Induction
b. Accentuation

‘2. Pathology
‘a. Light Microscopy
b. Fluorescence Microscopy
c. Ultrastructural

3.* Hyaline Droplet Formation
4, Discussion - -

B. Elution Experiments

Elution to Demonstrate Auyologous

1.

- . Tubular Antigen within GBM
2. To Demonstrate Antibody

3. In Vivo Assay of Eluate

4. In Vitro Assay of Eluate -
5. Discussion.

C. Cutaneous Manifestations in AIC

D. Detection of Circulating Antigens

E. Detection of Antibody

F. Tissue Culture

G. In Vivo Cytotoxicity

V. FINAL DISCUSSION

Oy

 PAGE

122
122

135
125

125 -

129
133

137
137

139

139




vi

.LIST OF TABLES AND FIGURES

- TABLE "PAGE - -
I 101
II 159
III 174
FIGURE
I 92
II 118
III 121
v 124
\' 127
VI 128
VII 130
VIII 131
“IX 132
X 134
XI 138
XII 136
XIII 141
XIV 142
XV 143
XvI 145
XVII 148
XVIII . 149
XVIX 150
XX 151
XXI 157
XXIT 158
- XXITI 160
XXIV 161
XXV . 162
XXVI 163
XXVII 167




~ Tables and Figures

FIGURE

XXVIII
. XXX
XXX
XXXI
XXXIT
XXXIIX
XXXIV
XXXV
XXXVI
XXXVII

PAGE

168"
175
176

177
178

182 -

183

184
185

186




v

A“A. BASIC CONCEPTS AND DEFINITIONS

"Rlchet 1n 1902 reallzed there was a detrlmental

Whlle studylng the secondary lmmune response j

.1n dogs to an extract of sea anemone, Porter and

/

aspect to: the 1mmune response., They noted many
anlmals dled w1th1n mlnutes after exposure to- |
antlgen.‘ Thlspphenomenon was 1ater called anaphy-.
laxis (ana - against-'phylax1s - protectlon),

Vbn Pquuet in 1911 coined the term allergy
(altered: actlon) for any‘altered response to a
substance due to prev1ous exposure to it. It was

then believed that 1ncreased re51stance (1mmun1ty)

and increased susceptlblllty (hypersen51t1v1ty)

‘were two forms of allerglc response. However, ove:3

o

" the yearS»the‘two ‘ternms became accepted to mean an

altered state, induced by an antigen,; in which;sub-r
sequent pathological'reactions, when they occur, are

induced by challenge with the same or similar antigens.
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The‘allergic or hypersehsitivity response:has_v i}
been divided into three classes. This.separatioﬁ   N
is prediéated by the time interval beﬁween secondary
antiéenic éhallenge and the hoét response. Those
reactions which occur within minutes aré qalled
immediate, those within hours are called Arthus
.réactions,‘and those which occur within days are .
called delayed. Iﬁmediaté and Arthus reactions aré
ﬁediated by serum antibodies, and this type of hyper-
sensitivity can be transferred to nqrmal recipients
with serum.. The delayed tYpé reactions are mediated
by cellular elementé, usually by seﬁsitized lympho-
cytes, and, in cértain éircumst%nces, by macrophagesf
In this latter type, the reactivigy cannot be trans-
ferred with serum but can be with sensitized ceils
or cell wall fragments. The exact nature of the fac-
tors responsible for the delayed reactions has not
yet been elucidated. |

The broad classification of humoral type hyper-

cal

sensitivity regctions encompasses_threé immunologi

responses which are germane to thevwork which follows.
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‘These are anaphylaxis, the Arthus reaction and serum

sickness.

‘1. Anaphylaxis - Anaphylaxis occurs when antigen-

antibody complexes combine, causing the release of
vasoactive substances which in turf have end organ

effects.

—

a. Generalized - Generalized active anaphy-

1axi§ oécurs when antigen is given intravenously to a
previously sensitized animal. The characteristic
features of the anaphylactic reactidn depend on which
particular animal species is involved. The manifes-
tétions/of anaphylaxis are due:to(increased capillary.
permeability and smooth muscle consttiction, _In the
dog, the liver is the main target organ, in the rab-

- bit it is the smodth muécle of the.pulmonary blood
vessels and in the guinea pig, the smooth muscle of.
the respiratory airway. The genéral-feature of

anaphylaxis over all species encompasses restless-

“ness, sweating, hypotension, constriction, shock and

death;
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GenerélizedlgassiVe anaphylaxis occurs when
antibodiés are‘injected intravenously into é non-
'Sensitizéd ahimal followed by intravendus éhallenge

' with the appropriate antigen twenty-four to forty-

eight hours later.

b. Cutaneous - As'with generalized anaphy-
laxis, the<cutane6us reaction can be either gctive '
or passive. ‘Active cutaneous anaphyl&xis occurs when
an immunized animal is challenged‘intradermally_with
the appropriate antigen. Passive cutaneous anaphy- |
laxis occ&;s when antipqdy is first ihjected_into
the skin, and then the a?imal is chailenged after a
latent period intravenously,'usually with a dye as a
marker. Prompt discoloration occurs at the site of
the antibody injéction; | o

——_ .. 'The property of fixation to elements of the skin
‘has been attributed'to "cytotropic antibodies."™ Two
different types of "cytotropic antibodies" are known

in most species, homocytotropic and heterocytotropic

antibodies. These are responsible for INTRA and INTER
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species ffansfér respéctivély. In sPécies other than
| man, Hemocytotropic antibodies are localized to the
fast,and.slow gamma globulins. In man itvappears

that homocytotropic antibody belongs to the gammé—E
immunoglobulin class. It hés been showﬁ‘that'hbmof
cytotfopic antibody,abes not require complement for

in vitro or in vivo action. Heterocytotropic anti-

bodies do bind complement in passive cutaneous anaphy-
laxis, the skin fixation béing‘a characteriétic.of
the Fc portion of the heavy chainfgf Y‘élobulin.
This subject will-be enlarged upon later in the manu-
écript.

The efferent arc of énaphylaxis, namely. the
release of vasoactivé substances, can be inhibitedv
by speci¥ic antagonists, antihistamines and anti-
serotonit agents. Platelet and mast cell depletion
will‘also suppress.the reéction. This is nqt'£otally

unéxpected as both these tissues are rich in hista-

nine and serotonin.

— VSN —
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2. The Arthus Reaction - In 1903, Maurice

Arthus described a skin.feactien in rabbits which
were'being immunized subcuﬁeneouely with horse
serum. Afﬁer three or four weikly injections; a
locai reaction developed two to‘three‘heurs after |
injection. The reaction eﬁolved slowly, pereisted-v
for hours to days, often became necrotic} occasion-
ally sloughed and healed by fibrosis. This reaction
is referred to as the Arthus Reaction ahd is noﬁ,
known to be antibody mediated. An:Arthus reaction
maf be active or passive. An active Arthus reaction
occurs in an immunized animal when challenged with
antigen. A passive Arthus reaction is induced by

injecting antibody intravenously into a non-sensi-

» - - .
tized animal, followed by the subcutaneous injection

of antigen. A Reversed Passive Arthus reaction is

induced when the antibody is injected subcutaneously

......

into the recipient, and the antigen intravenously or '

into the same site at the same time.
Although the anaphylactic and Arthus reactions

are both dependent on antibodies, there are several



important differences between them:
‘ R R .

a.‘,Type of Antibody - In anaphylaxis either

p:eéipitatingaor non—peecipitating antibody is effec-
tive. In the ArthuSvreaction, peecipitating antibody

is mandatory.

b. Complement Dependence - In anathlaxis

homocytotropic antibody does not bind and activate
complement. By contrast, complement binding and
activation is essential to the pathophysiology of

the Arthus reaction.

c. Efferent Arc - Anaphylaxis is intimately

U Yy

»dependent upoﬁ the release of vasoactive amines,
whereas, in the Arthus reaction,.vasoactive amines
are released later in the reaction. Accordingly,
antihistamines will inhibit some manifestations of

anaphylaxis but will not affect Arthus reaction.

d. Time Course - The onset and evolution

of anaphylaxis is usually rapid. The cutaneous mani-
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festation of the Arthue_is delayed for approxi- .
mately two hours; and the reaction can persist for

18-24 hours.

3. Serum Sickness - The term, serum siékaaésAwas

first used to describe a syndrome oecurring in
patients treated with large volumes of either horse
' or rabbit serum. The illness occurred seven to four-

teen days after the initial injection and was usually
' /

°
o

characterized by fevef, arthraigla, nephfitis, sp&eno-
'megely, lYmphadenopathy an? urticarial lesions.

The pathophysiology of serum sickness has been
extensively investigated and more than one patho-
genetic mechanism appears tovbe operative. The
mechaﬁism%ie apparentiy_dependent_on the deposition
of soluble antigen-antibody complexes in moderate
antigen excess. These complexes are capable of
activating complement. In additioﬁ/they are res-
ponsible for/release of vasoactive Substances from

mast cells and platelets. The’Fyndrome thus appears
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-~ to have a dual mechanism, i.e., complex deposition
and vasoactive amine release. It could be considered.

therefore, as a combination of the Arthus reaction and

the anaphylactic response.

4. Delayed Hypersensitivity - Delayed hyper-

sensitivity reactions differ from the three previous
immunologic mechanishs in that this type’ of reaction

is cell mediated. The time sequence of the cutaneéﬁs.
reacfion is longer than.those previously‘described/
takihg twenty—four.to forty-eight hours‘to reach its
peak. To iransfer delayed hypersensitivity in animals
one requires living cells, predominantly lymphocytes;
however macrophages have‘aléo been implicated3 In the
human however,.delayed hypersensitivity can be trans-
.ferred by skensitized non-living cells, cell fragments and
small molecular-weight poly—péptides. Thg recent wérk of
Lawrence and Baram et al have shown that\bothvdialysable

‘and non-dialysable extract of sensitized lymphocytes are

capable of transferring delayed hypersensitivity and the

{



Page 10

dialysable fraction has a molecular weight of
approximately 10,000. The efferent arc of delayed

: hypersensitivity appears to center around stimula-
tion of a sensitized cell. This cell then "liberates"
or'makes available a small molecular weight poly-
peptide which alters or‘reacts with'maérophages. 
Marrophages may then cause tissue injury by the
release of lysosomél enzymes. What sensitizes§ the
cells primarily still remains to be clarified. We .
know that either contact or infection will sensi-

~ tize; however, what takes place'at the cellu}ar. 
level is still nof clear.

The histopathology of delayed hypefsensitivity'
is characterized by an infiltrate of mono—nuélear |
cells with a few polymorphonuclear leucocytes."This
contrasts significanfly to the‘cellplar morphology 6f
an Arthus reaction as diséﬁssed previously. . Moreover;
one fihdé ;ery little.complement and gamma globulin
in tissue sections taken from délayed hypersensitivity

reactions. Tissge damage occurs probably thraoggh



Paée 11

release of lysosomal enzymes contained in macro-
phages; however, the pathogenesis of tissue injury
in delayed hypersensitivity has yet not been fully

clarified.
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/

II. HISTORICAL REVIEW

A. INTRODUCTION

There are two_main categories of experimental.
glomerulonephritis. The firét includes those
diseases initiated by specific anti-kidney antibodies,
while the second encompasses ﬁephritidies produced by
soluble, circulating antigen-~antibody compiexes. In
this lettef category, the antigens canvbe of either
non-reﬁal or_renal origin. This thesis is conCerned
with the nephritis produced in rats by allogeneic or
xenogeneic renal antigens, that is, a model belong-
ing in the second pethogenetic class. The model is
teferred to here as,autologous immune com?lex nephri-
tis (AIC'NEPHRITIS).' The'significaht seque;a in each
of the diseases caused by ¢omp1exes is the ééﬁége or
disruption of basement membraﬁe. The lecalization of
'cemplexes along the basemeht membrane is influenced

by several factors. After localization;‘fﬁese path—'

ways leading up to the final sequela appea; to be
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the same in each of the models. Accordingly, these:
factors and pathways will be reviewed prior to dis-

cussing individual disorders.

B. FACTORS INFLUENCING BASEMENT MEMBRANE bAMAGE.

7 .

1. Complex Size - Tn classic cbmplex-induced

glomerulonephritis, the pathégenétic mechanisms of
basement membrane damage are now more clearly deline-
’ated. The depqsiﬁion of an#iggp-antibody complexes

in . tissue Qccurs'as the primary event. This deposi-
.tion is dependent on both the physical charaéteris—
tics of the complex and the release of various vaso-
active amines as a secondary e&ent. McCluskey studied
in éetail the influence of complex Cha:acteristics on
the induction of disease (1! 2, 3)...In moderate
antigen excess tﬁése complexes caused the pathologic
changeé of:serum sickness‘nephritis,. Similar changes
had been noted by Germuth and“laterﬁby-Dixon in actively

immunized animals (4, 5). Only complexes produced in
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moderate ahtigen éxcessv(éo X equiVaience or_leés)
wou@d.deposit, whereas comple#es produced in great
ahtigep excess (100 x) failed to localize. Thé
éqﬁi&élénéé-zonéhofigh ahtigen—antibody~reaction is

the point of maXimal precipitatidg, Whefe neither————

antigen nor antibody can be detected in the super-

natant. The specific factor respoﬂsiblé-for”thé

localization of the 20 x type of 6omplex appeareﬁ
to be a rapidly sedimenting component in this gréup .

which was absent in the 100 x group. Wiph_reSpéct"

el

to size, it seemed that a molecular weight of at

least 1 x 106 with a sedimentation coefficient of.

T

19 or more was necessary for localization. Cochr
felt that some of“thése.small coﬁplexes (100 x ééﬁin
valence) ‘are still able to bind complement, but.that
they do not have any increased ability tp 16calize
by’the éddition of hgund complemeﬁﬁ. ‘The inability
6f‘some Very small complexes (tﬁose prepared_in 100 x

equivalence) to bind cémplemeﬁt has been discussed by

Ishizaka (6).
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2. Vasoactive Amines - The vasoactive amines

that-are'releasedkby antigen-antibody interaction
are also impbrtant pathogenetic vectors. Thésé.
amines can produce ahaphylaxis in guinéa pigs (7)
énd mice (Sf‘ contraction 6f isolatedvguinea Pig
smooth muscle (9) and inflamﬁatory'cﬁénges'within_
the skin (7). These actions areiall dose dependent.
Only recently, it has been shown that pathologic
changes occur onlyvafter the circulating}complexes
accumulate in vascular structures (10). ;Therefqre,
in any damage‘occurring to basement.membranes, the
__permeability of the vessel wall must be increased
initially to allow the macromolecular complex to

For this reason, although the smaller

!

—.. .. __9gain entry.

compléxes do not localize, they nevertheless are
able to increase vascular permeability and therefore
may play an important role in the deposition of the

larger complexes (11). ,Once the latter are deposited,
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often in non—phagocytosabie areas in vessel walls,
the complexes cause continuing damage in a passive
manner. | o A
Knicker and Cocnrane (10) have shown that by
inhibiting the reieasc of vasoactiﬁe substances,

one can prevent deposition'of compleXes and the
development of lesions. Thus when the circulating
platelet level was depressed, rabbits were protected
froﬁ developing vaScular lesions in a serum sickness
model, although they still responded to tissue fixed
reactants as seen in the Arthus and Nephrotoxic
antibody reactions. Depletion-of platelets did not
inhibit the deposition of 7S gamma globulins, but
inhibited the deposition of macromolecular cqulexes._
fne most pocent amine stores in various‘experimenfal
animals have been shown to be the mast?cells and
plételets.(lz, 13, 14), In the raobit, immune com-
-plexéc cause clumpin;”(l4, 15, 16) and lySisuof

i
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platelefs (16, 17) and vasoactive amines are released
in their presence (13, 14, 18). It therefore seems
possible that in serum sickness-l@ke reactions, the
complexes circulate, cause clumping of piatelets and
release of vasoactive amihes, probably both histamine
and serotonin. These in turn cause macromolecular
complex trapping within vessel walls with the result-
ant damage. It has been stated that platelet clump-
ing alone will cause similar lesions to those ?ieh in
serum»sickness (19;'?0). However with complexes; |
adequate platelets, gnd no inhibition of platelet

clumping, tissue damage was prevented by vasoactive

amine anﬁagonists-alone (21).

3. Hydrodynamic Forces - In 1957 Germuth et al

(22) observed that glomeruli ét the cortico-medullary
junction appeared to bear the 5runt of anyvantigen—
antibody complex injury. It was also noted that in
chronic glomerulonephritis, areas of localized inter-

nal hydronephrosis occurred with sparing of the .,
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associated glomeruli, posSib;y4reSultihg from plug-
ging due to-proteineaous casts. It was felt that

the greater penetration and accumulatidn of com-

 plexes as a consequence of the higher intraglo-

merular hydrostatic pressure in this area.

Germuthyfurther reported that afté; decreasing
.the.filtratidn pressure by either ufetefié br.arter-
ial obstruction, glomerular sparing did occur (23).
Knicker et al (10), however, in a slightly different
modei, found that complex deposition occurred above
and below an aortic coarctation. They felt thaﬁ
turbulence per se was responsiblé for the ieléase of
permeability factors and facilitated subsequent éom-
plex deposition. By decreasihg platelet numbérs of
by treatﬁent with vasoactive amine éntagonists the |
incidence of complex deposition distal to the coarc-
tation was decreased. The role that sheéring forcés
play at points'of‘high_préssure, in contrast to the

above in the induction of initial damage and complex

deposition still needs to be evaluated.
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4, Comglement - In the Arthus reaction, experi-

mental serum sickness, nephrotoxic nephritis, and
the various antigen-antibody induCed‘nephritidies
fhe_interactiqn of antigen and antibodyAinitiatés a
series of steps which appe&r to have final common
pathways. The firét is the activation of a cascade
of interactions in the complement system. )

The term "complement" réfers to a series of serum
protein components (11 at the mement) which when
activated have the capacity of causing tissue damage
either directly or indiiectly (24). These various
compdnents may be ac£ivated,by the combinatioh of
antigen and antibody, proViding that the antibody is
capable of bindiné the first component (25-27). The
binding of Cl by antibody also causes the activation
of this component and this initiates a series of quite
well understood ﬁolecular reactions which dnvolve the
uptake and activation of the remaining complement
components in the order c4, 2, 3, 5, 6, 7, 8, 9. It

has now been shown that complement activation is man-

I
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datory in the pathogenesis of the Arthus reacﬁion
(28), a reaction with specific conhotétions to cutane—
ous reactions (29), but it has also become apparent
that similar mechanisms apply in other anatomic
locations, including the arteritis and nephritis of
“se£um sickness (30). Ward et al (28) have shown that
tissue damage occurs only when complement is bound;
in particular the clse7 complex, the major chemo-
tactic agent (30). The role of complement has been
quesgioned by some authors 531). Keller et al foundA
a poér correlation between éévels:of serum complement .
and the Arthus reaction using complement depleting
"agents. In addition, he found no consistent rela-
tionship between éomplemeﬁt fraction and'the‘release
of chemotactic factors (32).

The consensus of opinion. however, is that com-
plement activation is esséntial.' Moreover,‘the com-
blement actiﬁation and polymorphonuclear cell ‘PMN)‘

migration appear closely inter~dependent. Thus if

animals were made complement deficiqnt, but adeéuate
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white counts maintained, Ag-Ab complexes did noﬁ.
~result in tissue damage. Converseiy animals ren-
dered leucopenic, but coﬁplement‘sufficient, did
——1not manifest tissué damage either; Thesé observa-
tions indicate that both complemént activation and
PMN aétivity are necessary for damage to occur (29).
It now appears that complement activation leads to
the production of chemotactic factors (primarily
'wfhéTmactomolecular complex of activated components
. C5, 6 and 7).‘ In the absence of this, polymorpho-
nuclear leucocytes (PMN's), which are essential for
the immunopathologic sequelae, will not enter the

area.

4. Polymorphonuclear Leucocytes and Enzymeé -

As just discusséd, the activation and release of
chemotactic factors will attract polymorphonuclear
leucocytes (PMN) to the site of complex deposition

(33, 34, 35). Polymprphonuclear 1eu¢ocytes are
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essential for subsequent damage to é’éur"(l), and
their actual.rolé in mémbraﬁe destrﬁctigh has
. recently been clarified. It has been sho&n_that
in immunblogic inflammafion the ability of carbon
pa;ticles to pasé through veséel walls is dependent
on the presence of PMN‘#'(36—38). Moreovef, the
disrﬁption of the arteriél internal elastic lamina
in experimental serum sickness is also dependént on
the presence of PMN's (33).

It appears that PMN'S function in large part
by the release of various ehzymes. Evidence from in
vitro work indicates that basement_membraneé are pro-
foundly affected by cathepsins and cationic proteins
together>with other minor proteéses released from
PMN's (36, 39). When isolated glomerular basement
membrane (GBM) and fractions of PMN are incubated
together, the protein struc?ure of the GBM is broken

down to release four distinct bands as seen on cellu-

'lose acetate electrophoresis. These four bands fuse
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and form a 51ng1e llne of 1dent1ty with the whole

GBM when run against anti-GBM antiserum in agar
.gell (36). Thus, PMN's (or contained enzymes)
appear able to cause GBM destrmctian.' Moreover,
Movat et al feel that the same cathepsins aré res—
ponsible for the in Qitro catabolism of immune com-
-plexes (40), and Egpid thefefore play:a_role in
reﬁoving compléXes from these damaged sites (41).
When isolated, the cathepsins D and E were active -
in gigesfing basement‘membranes in vitro at Ph 3.4
and 2.4 but inactive at Ph. 7.0, and were also. inac-
tivated by heat. ®Rhis apparently differs from the
enzyme that Hayashiuet al have isolated from 12-24
hour Arthus reacfions. This enzyme was unrelated
to any found in PMN's (42). What relevance the in
vitro Ph act1v1ty has to the in vivo situation
remains to be clarlfled (42). .

In addition to the proteases, several basic
polypeptides have been identified that bxrng about

increase in vascular permeability. Part of their
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activitj.is mediated through histamine release from
mast cellé, but their entire mechanism of acti@n is
incompletely understood (43).

Two groﬁps of basic peptides have been iéolated.
One of M.W. 97600 increases vascular permeability
without affecting mast cellslor releasing histamine.

This peptide has been identified in the urine during

polymorphonuclear leucocyte mediated glomerulonephri-

tis. The second group of peptides of lower molecular
weight, (approximately 1500-5000) contain both his-
tamine dependent énd histamine independent pérmea—
bility producingffactors (43-47). |

It appears then that protease and cationic
proteins are responsible for the brealdown of various
’ tissues, including the internal elastic lamina in

arteries and the vascular basement membranes'in'

vasculitis. ' i
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C. EXPERIMENTAL GLOMERULONEPHRITIS

Experimentaily induced glomerulonephritis méy
be divided into two major immunopathologic classes.
The first is Nephrotoxic Nephritis and the second |
&¥ass is made up.of‘the'various antigén-antibody
cémplex induced nephritidies, of which.experimenta1
éllergié glomeruldnephritis induced‘by Aubﬁlér antié
gen is an example. It is this latter model which
will be considered in some detail subsequently; How-
ever, since nephrotoxid neph;itis has a aistinctly
different immunopathogenesis it will be discussed
initially in order to clearly differentiate it from

the antigen-antibody complex induced diseases.

1. Nephrotoxic Nephritis: (N.T.N.)

a. Definition - Classic nephrotoxic nephri-

tis develops when antiserum produced against hetero-
logous glomerular basement membrane is injected back

into the donor species. If the nephrotoxic serum is
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sﬁfficiently'potent, a progressive glomerulénephfi-
tis deveiops.

‘It is now recognized that NTN is a biphasic
disease, comprised of a heterologous phése and an
autologous phase. The heterologous, or initial
phase results from the kidney-fixation of the ingeécted
nephrotoxic serum, and is responsible for the imme-
diate proteinuria seen in the recipient animal. The
autologous, or secondary, phase is due to the pro-
duction of.host.éntibodiés to the injected serum. and
their interaction with the kidney—fi;ed fraction (i.e.,
the immunoglobulin) of this serum. This phase is res-

ponsible for the persistance and progression of the

disease.

b. Background - The initial experiments of

NTN were performed in the laboratory‘of Metchnikoff
by Linderman in 1900. He produced disease by inject-

ing rabbits with the serum from guinea pigs immunized
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with rabbit kidney (48). From 1900 tili around

1957 much work was done attempting to elucidate the
patﬁogenetic mechanisms of this nephritis. The
first major contribution was thatbof Pearce, Who‘
reported that the disease was produced %i;h‘renal
cortex, (i.e.,'glomerulaf containihg tissue) (49).
Wilsoh and Oliver showed tﬁat.it was the glomerulus
which was specifically damaged in this disease (50).
‘Masugi made the next significant contribuqion to our
knowledge in the early 1930's. He showed that at :
single injection of specific antiserum, if of ade-
guate nephrotoxic potency, prodﬁced both an immediate
and a persistant diseasé.when'giyen fo rats or rabbits
(51, 52); He considered the clinical and histopatho-
logical course of this éxperimental disease to be
.similar to human glomeruloneph:itis. Moreover, he
hypothesized that the pathogenesis of nephritis in
man depended upon an antigen-antibody reaction, and

noted that Veil and Bucholz in 1932 had noted a drop
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in serum coﬁplement in patienﬁs with acute’glomefulo—
nephritis (53). | |
Smadel added further informationlin the late
ythirties and early forties. He showed that differ-
ent strains of rats have different‘respohses to the
antiserum. He also demonstrated that prior intra-
venous injection of saline extract of ground rat
kidneys protected rats from the nephritogenic action
of antirenal sera. Finally, he confirmed Pearce's
" earlier work that the a_ntigén responsible for stimu-
lating production of nephrotoxic antibody was pres-
ent in éhe renal cortex (54-56). |
Kay in the early 1940's and Pressman in the
1950's were‘able to differentiate the biphasic nature
of the model. Kay felt that the hgterologous anti-
seruﬁ fixed to the kidney but did nét‘cause injury
(57) . He postulated that the injury was caused by
the host response to the heterologous kidney-fixed
protein, that is, an autologous rgsponse alohe, a

view shown later to be incorregt. Pressman utilized
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radioiodinated nephrotoxic éerum and established its
primary interaction with'and persistence on glomeru-
lar tissue (58). 'Earlier investigatdrs such as
Masugi and Kay, later Simonson (59) and Lange (60)
had failed to establish the role of the heterologous
serum because‘of a unique feature of the particular
antiserum duck they used. It has beén subSeguently
'shown that in relation to rabbit antisérum, duck
antiserum is approximately‘one third as effécfive
(61,f62). Moreover, not only does the amount of
nephrotoxic antibody determine the occurrence of the
heterologous phase and its severity, but also its
time of onset. With large doses of antibody the
disease begins immediately; with lesser amounté a
day or two later, and with still less, the disease
may begin up to three days later, but still bégins

before thevautologous phase is initiated (2).

c. Immunology of the Heterologous and

Autologous Phases
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1) Heterologous Phase

a) Antigen - Oné of the major 4if-
ficulties which arose in the elucidation of the |
immunologic'meqhanisms of the heterologous phase
vof NTN was its apparent tissue nonéspecificity.
Nephrotoéxic ;;rum could be produced with a.vériety
of tissue antigens. These include medulla (63), -
lung (63, 64), musclé (64, 65) and placenta (64,
66, 67). This apparent discrepancy has been slowly
élarified.v Basement membranes throughout the body
have been shown to have cross-reactivity, the com-
ponénts having,common cell origins (68). This cross-
rgac?ivity has‘been cdnfirmed by several investiga-
tors. It was this complex antigenicity of the GBM

that led to much of the earlier confusion. By Cross

absorption studies (64, 69) and immunofluorescent
procedures (70-72), it has nqw been shown that the
nephrotoxic_antigen exists in the greatest concentra-

: . N . ) A
tion in the glomerular basement membrane and |in less
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qpncehtration in lung,'placehta and muscle: More-
over, nephrotoxic éntigens are not species-specific
-and nephritis has been indueed in mice by anfi—rat
nephrotoxic antibodies (64,'73) and'in rabbits by
injections of antidog kidney antibodies-(59f and
antishuman antibodies (74). Moreover, animais in
which the antiserum is being produced themselves
develbped nephritis>secondari1y to the antigen-
"antibody complexes they produced. |

The nepﬁroiéxic ahtigén alSo haé ce:tain common
antigenic determinants with collagen. Antisera to
canine tendon will agglutinate GBM (69). Rabbit
anti-rat cdllagen antiserum has complement fixing
antibodies.to rat kidney in vitro and fixed in vivo
to GBM (755. -These‘antiSera, although they fixéd to
glomeruli in vivo, did not induce nephritis unless:
the animals had been previously sensitized with' com-
plete Freund's adjuvant (76). In tﬁis situation the

nephritis developed late, apparently representing only
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the‘autologous phase. Immediate'nephritis possibly
did not occur because of the very small amount of
gntigen present in the glomerular basement membrane
which could combine with the anticollagen antibody.
The hypothesis is that with complete Freund's adju-
vant sensitization, more sites were made available
on GBM with which the antibodies could combine,
'léading to earlier nephritis.

| The GBM antigen is poorly'soluble in water and
salt solutions, resists heating at 60°C for 30 min-
utes but is partiaily denatured at 100°C for 30
minutes (77). Tryptic digestion, ultrasonic disin-
tegration, or allowing the membrane to stand;for
severai’days, will solubilize the mater%al{ Two.
groups of renal antigens were noted following tryptic
digestion. One was soluble and could neutralize 75%
of in vivo fixing anﬁibodies.‘ The second was insol-

uble, and could react with the remaining antibodies

(78, 79).
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b) Nephrotoxic Antibody Specificity -

The hephrotoxic.antibodies, predominantly of 7S
gamma-2 variety, are markedly heterogenéous with
regard to organ specificit& (79, 80).' By labelling
the antibody with eithér 1131 or‘fluoreéceine isothio-
cyanate, it is possible .to determine the in vivo
locélization'of nephrotoxic.antibodi in non-renal
sites by autoradiography or fluorescepce microscopy

respectively. In addition, by the formér method,

‘the quantitative aspects of this binding can be

aSsessed; With these methods it was found that
nephrofoxicvantibody (NTAb) fixed predominantly in
the kidney and to a lesser extent in other tissues
(qptably the lung and liver). 1In addition, the anti-
GBM antibody appeared to be more firmly bdund to
kidney; Following an injection of NTAb, the kidney
fixed fraction formed a lafger percentaée of total
tissue fixed antibody when the interval between the

injection and the assay was increased. Blau studied

LM ’
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bthe fate of labelléd NTAB in normal‘and-bilateféily
nephrectomized énimals;‘and found that in nephrece
tomized animals 50% of injected NTAb remained in the
cifculation. 'He concluded that this pértion repre-
seﬁted specific anti—rehal'antibédies (81). '
Unanue injected.tats with NTAb énd then trans-
planted their kidneys ihto normal isologous reci-
: pients.. He found that the anﬁibody which dissociated
from these trahsplanted kidneyé had a high degreé of
'specfficity on relocalization in tissue. He showed
that the ffaétion of NTAb which fixed to GBM was more

specific than that fraction of NTAb which dissociated

from non-renal tissue (82).

~c) Rate of Fixation of Nephrotoxic

Antibody - The fact that heterologous antibodiés
fixed rapidly was initially suggestéd by Sarre‘ét al
in 1942 (83). 1In rabbits one kidney was clamped for
30 minutes following injection of NTAb. When the
diseaseibecame manifest”days later (using.duck NTS) ,

these authors noted less severe disease in the clamped
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sidef‘ Pressman et al confirmed that~NTAb fixed
rapidly, probably within 30 minutes (84); Unanue
and Dixon in 1965, using duck NTAb in rats, found
that renal NTAb f;xed maximally in oné hour, whereas
it fixed to lung and liver more rapidly. The anti-
bodies remaining in the circulation after one hour |
appeared to be of low avidity for renal tissue. A
state of eqﬁilibrium existed between antibodies

fixed to the kidney, those fixed to extrarenal anti-
gens, and those in the circulatioﬁ. Unanue et al,
and Seegal have shown that NTAb will detach and refix
at another renal site in the presence or absence of
complement (82, 85); for damage £o continue, however,
complement binding and activation .is mandatory. .

This suggests that though a specific amount of aﬁti—
body may have glomerular basement membrane fixing
properties, the antibody molecules may detach and
refix at different sites, causing continuing damage

for possibly weeks depending on their half life.
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This concept is not‘unique, for it is'known that in
the complement system molecules of cl3 can be con-
tinuously fixed and bound, released and rebound to

basement membrane, causing continuing damage.

d) Role of Complement - In the study

of NTab it rapidly became apparent that avian NTAb
did not fix complemenﬁ, whereas non-évian'antibodies
- fixed complement well (86, 87). When non-avian NTAb
was injected intravenously to rabbits or.rats, a
rapid fall in serum complement was seen. This
occurred even in bilaterally nephrectomizéd animals,
presumably due to;the fixationiof NTAb in'nén-renal
tissue (87, 88), or alternately bound by altered or
aggregated gamma globulin. Injection of duck NTab
did not cause a fall in serum complement (88, 89);
Whth both species of NTAb there‘wés a later fall in
serum complement during~thé autologous phase (89).)
When rats and rabbits were injected with a non-avian

nephrotoxic serum, complement was fixed immediately
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and is détected by immunofluorescence in a linear
pattern along the GBM (13, 89, 90). Inlanimals_
injected with duck NTAb no complement could be ”
detected along the'glomerular basement membrane by
this method. ‘However, minute quantities weré fixed
in the axial or mesangial area in a spotty fashion
(89).

The pathogenetic involvemeﬁt.of complement has
been studied by two different means. The first
method is to attempt to decomplement animals and
then inject «them with a standardized amount of NTAb.
The second is to alter the NTAb so that its comple-
ment-binding aﬁility is lost. In both'situations,
the heterologous phase of NTN was either abolished
or reduced; |

By dechplementing rats with either zymosan;
antigen—antibody complexes or heat aggregated gamma

globulin (35, 89, 90), complement was reduced for a

B
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few hours and normal amounts of ﬁfAb did-hot produce
proteinuria if injected during this'period. ZYmésan ‘
is an insoluble glucose polymer prepared from the cell
wall of yeast. The rats rendered hypocomplementemic
developed nephritis in the autologous phase but com-
plement levels had returhéd to norma1 by this time..

Pepsin or papain treated NTAb retains the anti-
body combining site but the complement fixihg Fc
piéce is lost (91-93). Wheﬁ injecﬁed into rats,
pépain-treated NTAb did not causé\any fall in serum
complement, nor did it cause nephritis even when
injected in very large doses (91, 94). Pepsin
treéted antibody did lower complement transiently
and if injected in large doses into rats a mild
hephritié was produced‘(9l, 92). It has beén
reported that pepsin treated antibody may fix sﬁall
amounts of complement (95). . |

The pathogenesis éf basement membrane destruc-

tion in this model (in non-avian NTN) is initiated
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‘by antibody attachmént,\complement activation,
release 6f chemotactid agénté, polymorphonéutrof
phil attraction with enzyme release and resultant
destruction of baSement membranes (90, 96). Animals
made leucopenip prior to the induction of the disease
have a markedly deéreased reéponse, but a mild
nephritis still develops (90). Complement thus may
exert a direct toxic effect on basement membrane,
analogous to that found in red cell or bacterial
cell lysis.

The above experimental models utilized non-
avian NTAb. Duck NTAb does not fix complement in
rats, and yet can induce immediate proteinuria, as
shown in decompleménted animals (8) . There must be,
therefore,'other mechanisms at work here which do
not utilize complement with resultant PMN'attraction

and basement membrane destruction/ These mechanisms

still remain unsolved.

2) Autologous Phase - The dual nature

of the renal disease induced by the injection of

o
el -
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nephrofoxic antibodies was well established by Kay
in 1942 (97). The second component of this form of
nephritis is the autologous phase. -The host makes
antibodies to the injected heterologous proteih
which appear approximately seven days later. These
antibodies will react with the NTAb, which is fixed
to>the GBM, causing'a second antigen-antibody inter-
action in the kidney. It has been shown that the
appearance of aﬁtologous.antibodies in the éircula—
tion and their kidney deposition coincided tempor-
arily (94, 98). The host globuiin was deposited in
the same linear fashion.as was the original NTAb
(35) ‘and it did not appear if tﬁe host did nét have
an immune response.(35, 98) . As has been discussed
earlier, small doses of duck NTAb will not cause
immediate nephritis in rats. If the autologoﬁs phase
was prevented from occurring, then disease was inhi-
bited. Kay did this in‘1940; using irradiation ﬁo:
prevent an immune response (97). Hammer and Dixon

' made rats tolerant to rabbit gamma globulin. Accord-
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ingly, when given rabbit NTADb thesé ratS’did.not
have an immune response nor an autblogous phase.
Howéver, if they were then given rat anti-rabbit
3gamma globulin passively, they exhibiFe@ severe
p:oteinuria (35). It appears that witéian adequate
host immune response_the autologops phase of nephri-
tis occurs even when oniy 1% of the glomerular base-
ment membrane surface is coated with NTAb (99).
‘What'role complement plays in the autologous res-
ponse is still uncgrtain. During this phase serum
complement drops, and cdmplemént can be found in a
iinear pattern along GBM (89). However, the ‘auto-
-_logous phase can be induced in congenitally defi-
cienﬁ rabbits 1a¢king the sixth cégbonént of com-
plement. The inference is that the active component
of complement is not C 6 or a later component, and

<

that only.a partial fixation of complement is neces-

sary.
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d. Non-Immunologi¢ Factors Influencing NTN -

1) Physiologic Loading of Kidney - Follow-

ing induction of NTN, if a functional fluid load is
placéd on the kidney, exacerbation of renal failure
and pregression of the pathological picture may
result (35). Similarly a high protein and high salt

diet will cause worsening of the nephritis (106, 101).

- o

2) Coagulation - What role the coagula-

tion process plays is not clear. It is knewn that
small areas of thrombosis appear both early and late
in NTN' (52, 56, 102). However, the thrombotic com-
ponent is only seen when large amounts of NTAb are
injected (i.e. giving rise to a more marked antigen- -
antibody reaction locally) (102). It is usually incon-
- spicuous in the nephritis seen in rats. If.intra4
vascular coagulétion~p1ays an important role, then
anticoagulants should émeliorate the disease. Both

Warfarin sodium and heparin (102} '103) improved the
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histopathology of the disease (102, 103); however,
damage to the basement meﬁbrane still occurred as
- reflected by the_proteinuria (162). It thﬁs apéears
that the coagulation process may‘cause fibrosis and
searring as a conséquence of the basic pathologic.

lesion, but anticoaguiation does not appear to have

a major effect on the basic disease.

3) Freund's Adjuvant - Watson in 1966

showed that a non-nephritogenic dose of NTAb‘éould
induce disease in rats previbusly injected with com-
plete Freund's adjuvant.' By electron microscopy
slight démage was seen in the glomerular basement
membrane after éomplete Freund's adjuvant alone, with
occasional loss of the lamina lucida and occasional
endoﬁhelial separation and fragmentation. With this
initial damage, a sﬁbsequent subthreshold dose of NTAb

resulted in overt proteinuria (104).

e. ?athology of Nephrotoxic Nephritis - The

pathologic features of this type of nephritis are
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variabie depending upon the species of animal.‘ In
the rat, an early exudative response is followed by
a mixed pattern‘of proliferative and membranous
glomerulonephritis“(QO, 105, 106). Mice have little.
proliferative changes, but develop marked thrombotic
lééions, with associated mesangial and membr;nous
‘lesions (107, 108).

The pathology seen in the rat is the best studied.
Within twelve hours of the injection of NTAb both
complemeht and heterologous gamma globulin aré.
localized along the basement membrane by fluores-
cence microscopy. Ultrastrﬁcturallvaispy and poorly
.delineated deposits can be seen in mahy, but not all,
of the thickened glomerular basement ﬁembranes. ‘Faint
depsities are present, usually on the luaminal side~df
the basement membrane. Endothelial cell change iS'
minimal, with occasional distortion of the fenestra-
tions and some cytoplasmic swelling.

Over the next few days there is progressive

endothelial cytoplasmic swelling and prboliferation of
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-mesangial-cellsQ "There ié no further change in the
.GBM;}VEpiFhelial cell chaﬁges are minor, only
odcasional broadening of the foot pibcesses being
present. This alteration probably reflects protein
leakage. With fluofescehce microscbpy-host comple-
ment and heterologous NTAb can be seen in- a smooth
linear pattefn along fhé basement membrane. Host
globulin cannot be detected-at this-stage.

The autologoué phase begins about five to seven
days afiter injection of NTAb. ' Endothelial cells
become grossly swollen and mesangial cells hyper-
trophy. Ultrastructurally, dense granular sub-
endothelial deposits are seen closely applied to the
basement membrane and there is marked distortion of
fenestrae. By fluorescence microsdopy, host gamma
globulinvis now found in a linear (membranous) pat-
tern (109). There are still no gross epithelial
cell changes. This is significant as willlbe seen
later, when the pathologic changes of antigen—antibody

disease are discussed.
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- Aftér two to.three months, the basement mem-
brane may become markedly thickened, presumably by.

the incorporation of the sub-endothelial deposits

énd.by'éﬁe?formation of new basement m&mbrane (110,
111). MorLover, some swelling and-proliferation may
occur of'epithelial-cells, and, together with the
mesangial and basement membrane swélling, Bowman's
space may be occluded. Synechiaée may develop.‘ The

end result is often architectural distortion or

destruction.

. Methods ofblnduction and Enhancement

1) Induction of NTN in Immunized Animals -

The classic experimehts of Steblay and Smadel, later
confirmed by Lerner and.Dixon, demonstrated that
sheep injected subcutaneously or intradermally with
heterologous or homologous glomerular basement mem-
brane in complete Freond's adjuvant produced anti-

bodies against injected antigens and developed a
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progressiﬁe.and usually fulminant proliferative

glomerulonephritis (54}.112-114).

2) Antibody and Transfer Studies - These .

antibodies referred to above can be passively trans-
ferred to lambs. Using immunofluorescaace,'it was
possible to show that these transferred antibodies
fixed togglome:uiar basement membrane (114). This
fixation was linear and was similar to that seen in
the kidneys of‘ﬁhe nephrotic‘sheep themselves.
Moreover, the recipient lambs déVeloped nephéitis;
Lerner showed that by bilaterally nephrectomiz-

ing sheep, the serum antibody titer could be increased
(114), and this increased titer enhanced the induction
of disease in normal lamb recipients. Absorption of
the nephritogenic serum with glomerular basement mem-
brane prior to transfei abolishedbits nephritogenic
/property, demonstraﬁing the specificity of_ﬁhe‘reac—

tion. In the recipients, host complement was present

in the same pattern as the NTab.
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The sheep has been the most -utilized animal
for the inductign.of“ngphritis;xbut monkeYé have
also been studied because of their closer phylogéne-
tic relationship to mén (115) . Heterologous basement
membrane was used, but variable results were oﬁtained
and né definite conclﬁsion drawn. Some monkeys |
developed a nephritis but it was morphologically

‘dissimilar to that seen in sheep.

g. Extrarenal Sites of Antigen - Seegal

found that two very vascular organs, placenta and
lung;f were sites of a nephritogenic antigen (116~ .
118). Antisera produced against these organs
resulted in a nephritis similar to that caused by

an antigloﬁerular basement membrane anﬁiserum. The
pathologic features included basement membrane thick=
ening with endothelial cell proliferation. Nephrifis

following the administration of specific anti-lung

antisera has been described in the rat and rabbit (118).
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Moreover, the absorption of anti;kidnéy antiserum

by .placenta and lung reduces the pétency of the
antisérum‘sigﬁificantly (64) . Pressman et.al,»by
means of‘radioactively labelled_antiSeré, have
__shown that antibody to rat kidney, plaéenta or lung
have a‘similar distribﬁtion in vivo (119). By
immunofluorescence, Seegal has shown that nephro-
toxic antisem to rat plécenta, lung and kidney ail
localize on the capillary vessels ofvthe;rat glomeru-
lus in a smooth linear pattefn (120).

Recently, Steblay and Rudofsky have immunized
sheép with human lung basement membrane (LBM) and
have induced a nephritis of similar, if not identical
chéracter to that observed with glomerular antigens.
Moreover, they were able to demonstrate autologous:
gamma globulin and complement deposited in a linear
fashion on the glomérular basemenﬁ membrane as well
as on the basement membrane of tubules. They eiuted

antibodies from the glomeruli which subsequently
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fixed to both sheep and human glomeruli and”human
lung in a linear‘fashion. Sheep lung'stainéd
weakly. Absorption with<humanvGBM or LBM greatly
decréased fiuorescence to both sheep and'humaﬁ
tissue. Coreesponding absorption with sheép GBM

or LBM abolished the sheep but not the human stain-
ing. This demonstrates that both séecies - specific
and cross réactivé antibodies - were present (121).

D. GLOMERULONEPHRITIS CAUSED BY ANTIGEN-ANTIBODY

COMPLEXES

-

l. Definition -~ This type of glomerulonephritis

develops secondary to the deposition of soluble
antigen-antibody complexes aiong the glomerular‘base—A
ment membrane. The antigen is not'nécessarily immuno-
logically re¢ated to the glomerular basement membrane,
and can be either renal or non-renal in 6rigin. The
nephritis can be acute or choonic, depending upon th%

method of antigen administration. If antigen is
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'administefed as. a ginglé large injection then

"one éhot" serum sickness may occur with its asso-
ciated acute nephritis; If the antigen is given as
a series of small injections thgn a chronic form of
the disease\may occur. The passive-intravenous
administration of complexes directly also causes a

proliferative glomeruionephritis.

2. Methods of Induction

a. Non-Renal Antigens - .

1) Acute Glomeruloﬁephritis

Active Immunization - Following a single

injection of suitable antigen,‘immunologically reac-

‘tive animals or man will producé&antibodies to it

five to seven days later. Whether the animal devéléps

renal disease‘hqwever,'depends on three other facts:
a. The amount of antigen given must be such that

the animal produces a good immune response.
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- b. The antigén must not'be,rapidiy destroYed
(i.e., eliminated from the circulation) so that

antigen-éntibody complexes can be formed.

¢c.  The éomplexes formed must be of sufficient
size to be deposited and‘céuse disease (122-124).

This experimehtal.quel has been studied by many
.investigétors (4, 5, 125-132). It was found that -
injected»féreign antigen disappeared from the host's
circulation in three phases. The first was the

equilibrium phase. Following an intravenous injec-

tion the protein equilibrated with both intra- and
extra-vascular tissues. This caused an initial

- rapid decline in intravascular concentration over
’the first 24 hours. Following equilibration the

phase of non immune catobolism occurs. Here the

disappearance rate of the antigen is constant, depen-
dent on the catabélic half life of the protein. These
. two phases together constitute the immunologic induc-

tion period of the animal. Five to seven days follow-
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ing immuniéation, the animal begins to pr6duce
antibodies which combine with the antigeh. Anti-
boé;“ﬁhen combines ﬁith the antigen, and once
‘equivalence is reached antigen is répidly removed

from the circulation in the immune elimination

phase. It is during this phase that soluble Ag-Ab
complexes are deposited and cause the damage of"
acute serum sickness. The third phase begins prior .
to the detectionvbf free circulatiné antibody as
the initial.antibody produced i; complexed to the
circulafing antigep (4, 128-130).

The lesions of acute serum sickness appear con-
comitant with the immune elimination phase of the
antigen. As the complexés become largef, dependant
upon more antibody production, they become moré-
readily phagocytosable and are rapidly removed froh
the circuléﬁion. Without further introduction of
antigen, the disease rapidly subsides. As iﬁrthe
chronic form;:the antibody response of the hdst

determined the severity of the disease (131). The
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correlation in the acute model is not as striking,

but those animals with a good antibody response

usually develop the most pronounced lesions.

Recently Cochrane and Hawkins have shown in rabbits
that complexes formed in moderate antiéen excess

(20x) haveva'heavier component than complexes formed
in great antigen excess (100x) (11). They correlated

the deposition of heavy complexes (19S) with patho-

-togic changes, and though‘complexes of both sizes

activated complement and both wére able to increase
vascular permeability, only those animals with l§S
complexes developed disease.

It thus Appears that a similar, if not identical,

mechanism:for the localization of immune complexes

~ exists as has been investigated more recently in the

‘chronic disease model (24).

The major importance of the host response was
shown in 1950 by Schwabe and later by Dixon et al.

Development of nephritis was prevented by abolitdon
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of the immune résponse by irtadiation or cortico-
steroids. The latter agents prdbably had a dual
effect: the reduction of antibody production and -
second, a general anti-inflammatory effecf (133—140).

| Intravenous injection of soluble Ag-Ab complexes |
in rabbits and rats produceé acute glomerulonephritisb
when given in moderate antigen excess (2, 11, 135).

If injected over a period of 24 hours, it produces

a disease lasting for several.weeks. The acute bas—

sive disease is identical to the actively produced

one.

Pathology of Acute Glomerulonephritis -

Light macroéscopic changes in the kidney of acute

glomerulonephritis involve cellulaf proliferation
with little change in the basement membrane (23, 127,
136) . The endothelial cell proliferation can be mini-
mal or marked. In the more marked cases, if exces-
sive, some focal necrosié and thrombosis is seen.

The méjor change ultrastructurally was endothelial

cell hyperplasia. No deppsits were seen in contact
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with the basement ﬁé&ﬁfané.' This may possibly be
due to their small size. (137, 138). On fluorescesce
microscopy, it was possiblé to demonstrate thé pre-
sence of antigen, host coﬁplement and host gamma
Aglobﬁlih. In marked contras: to the fluorescent
pattern seen in NTN, the‘pattern here was granular,
in a "lumpy;bumby" fashion. OccasiOnglly the depo-
sition appearea to be in avlinear pattern. This was
felt to be due either to a heavy deposition of

immune reactants or to a thiick section, both of whikh

give a confluent appearance to the granular deposits.

2) Chronic Glomerulonephritis -~ It has

been adequately shown that repeated injectiohs of
foreign proteihs over an extended period of time

will cause a chronic form of glomerulonephritis (24,

139, 142, 143).

a) Rabbits - Dixon in 1961 and Ger-
muth in 1967 made detailed studies correlating anti-

body response to various purified antigen with patho-
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logic changés found in the kidneys. 'Dixon found
three types of fesponée to avgiven doée of antigen.

a. One group produced no antibody and had no
renal disease. |
| b. The second group had a moderate antibody
response and these became nephiotic.

c. The third group had a marked antibodj'res-"
ponse, had minimal chronid disease, but had redatively
severe episodes of anaphylaxis.
3These "high antibody producers" had an initial acute
proliferative glomerulonephritis, but prolonged
immunization in surviving animals did not result in
chronic changes, presumably because the complexes
formed were aggregatéd, rapidly phagocytosed and not

deposited within;the glbmerulus.
| /Germuth in 1967, ih a similar study on rabﬁits,
was able to divide the antibody response into fiveb
types. o L

A. Those with no response and no disease.
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b. Those with a marked response with an initiél
proliferative.reacﬁion but without chronic disease.

c. Thdsé with an initial marked response and
early proliferative disease. As immunization was
continued these animals had a decreased antibody
résponse‘and associated chronic disease.

‘d. ' Those with a moderate response, with result-
ing chrénic disease. |

e. Those with a response similar to the fourth
group. but with a subsequent complete cessation of
antibody productionf These animals developed a
second transient episode of acute glomerulitis as
‘the stage of equivalence was reached during the
diminution of antibody prodﬁction. |

Germuth also found he could correlate‘the patho-
logic lesions produced with antigen concentration.
With larger doses of antigen progressive oblitera-
tive changes wefe producéd, whereas with lower doees,

membranous changes were seen more frequently. Dixon,
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on the’opher hand, found a poor correlation between
antigen concentration and resultant pathology. Boyns
et al immunized rabbits with BSA and prevented the
appearance of free antibody.by the continuous.admin-
istration of antigen. They found no chronic changes

pathologically over a several month period (144).

b) 5235 - Fennél produced chronic
nephritis with BSA in rats. 'The animals .were not in
antigen excess and he could not demonstrate circulat-
ing'antigen; Moreover the higher the dose ofwahtigen
used the more severely scarred were the glomeruli. By

fluoreécence microscopy he was able to detect antigen,

‘host gamma globulin, and host.complement in the base-

ment membrane. Ultrastructural changes were consistent
with those previously described and showed sub-épithe-

lial granules along the basement membrane (145).

c) Pathology - There were slight

differences in interpretation, and in the timing of
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the appearance of pathologic changes, but all authdrs
except Boyns et al agreed that animals in antigen
excess over a period of time will develop chronic
glomerular changes. By light microscopy in rabbits
one sees both proliferative and membranous changes,
possEbly.dose dependent. In rats there is a tendend{
for membranous changes to be dominant, with less
proliferative.changes. |

Glomerular lesions cover a broad spectrum of -
pathologic changes. These are characterized'by:

1. irregular'thickening of glomefular basement i
membranes, or | :

2. Regular and thickened glomérular basement b

" membranes:;

P

3. Milda proliferative'epithelial changes, with
fibrous adhesions within the tuft;
4. In the chronic forms of nephritis polymor-

' phonuclear leucocyte infiltration may be seen;

5. Focal areas of necrosis are occasionally seen L

Within the tuft, characterized by‘loss of structure,

/

\_\‘
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nuclear pyknosis, PMN infiltration and "fibriﬁoid"
deposition. When this occurs peripherally, the
fibrinoid may extend into Bowman's space and par-
tially occlude‘it. |

6. Glomeruli> which show chronic ehanges with
scarring, with many adhesiohs between the capsule

and tuft and obliteration of Bowman's space.

Until the chronic changes predominate, the capil-
lary lumen remains patent, with minimal distortfon of
architecture excepﬁ for GBM thickening. Only later
do these obliterative changes take place. Using
fluorescence microscopy, host gamma globulin, comple—-
ment and éntigenwmay~be detected in a "lumpy" granu-
lar fashion along the basement membgggg; The amount
of immume reactant depésition correlates with the
. severity of disease. Ultrastructurally, one sees a
gradual transition from slight foot process blunting
and associated loss of basement membrane definition,

to granular deposition subepithelially, with associated
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footvprocess flattening and marked basement membrane
thickening. It appears that these grénular deposits
are trapped within the basement membrane, migrate

through it to accumulate in the subepithelial area.

(109, 143, 145).

b. Renal Antigens - A chronic disease, similar

pathologically to BSA-induced nephritis, deveiops when
rats are immunized with kidney suspensions in com-
plete Freund's adjuvant. The pathogenic mechaniéms
of this disease are still being clarifieéd. This
model appears quite similar to chronic serum sicknesé
and quite dissimilar to.nephrotoxic nephritis. The
points to be made initially contrésting this disease
to nephrotoxic nephritis are:

1. The onéeﬁ and character of the diseasé;

2. The site and chéfacter of the antigen;

3. The role of complete Fregnd's adjuvant;

4. The pathology of the lesion.
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'1) The Onset and.Character of the Disease -

The original nephritis induced in rats with homolo-
gous or heterolpéous kidney and streptococcus (146)
could not be reproduced (147, 148). sSmith et al in
1964 produced disease with living .streptococcus; how-
ever, this work also could hot be reproduced (152).
Frick (149) produced the disease with M. Tuberculosum
in Freund's adjuvant and kidney'suspensions.. It was
Heymann et al who first developed a reproduciblg |
model in 1959. Rats immuniged inffaperitoneally
twice a_mohth with homologous kidney in ;omplete
Freund's adjuvant becqmeﬂnephrotic'after seven to

ﬁen injections. ’Autologous kidney also seemed to be
partially effective as. an antig%n. In addition, when
liver waé used as the antigén, a small percentage of
réts (3 of 21) became nephrotic, and a similar small
number (3 of 10) became slightly proteinuric with |
large doses of complete Freund's adjuvant albne (150) .
However, with the doses of com?lete Freund's used in

the accepted experimental model no proteinuria was
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seen though'slight hiéstologic changes were evident.

The role that adjuvants .play will be discussed in a
later section. Once manifest,’the disease was chronic;
B1021s (151) , replacing the M. Tuberculosum with H.

) Pertussus, produced a nephrotic syndrome in rats,
though only in about 30% of the animals. As the
‘disease could be produced in the accepted model only
after seven to twelve injections, several procedures
were introduced which both hastened and increased the
seyerity of the disease. Heymann found that increas-
iné the dose of antigen would increase tne incidence

of disease to 100% from the normal 80% (150). By
increasing the frequency of injections to weekly
ratner then bi-monthly, Watson and‘Dixon also increased
the severlty of the dlsease (152). These authors also_
found that Arlacel A rather than Arlacel C produced a
cllnlcally more severe disease. Host factors are also
important in the development of disease. Watson

showed that of the four strains of isologous rats he

tested, the Lewis strain was most prone to disease,
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particularly when Sprague Dawley kidney was used as

antigén. This findipg of increased incidence in the
inbred Straiﬁ'has proven to be most fortuitious. 1In
later wofk, it pfoved inualuable,in}ﬁhe’elucidation

of cellular mechaniéms in the pathbgqnesis of the

disease.

2) The Site and Character of the Antigen -

In the original experiments a érude suspénsion of
kidney was used (150, 152). After homogenization,
the kidneys were centriffuged at 1600 x G, and the
supernatant used as antigén.' Subsequently it was
found «that the responsible nephritogenic antigen was
located in a tubular cytoplasmic fraction (153).
Recently, Edgington et al have isolated a nephrito-
genic antigen frqm Sgrague Da&iey kidheys which he
namg@ RTEa5 to distinguish it from other non—nephfi—
togenic antigens RTEa3 and a4. This antigen has a
sedimentation coefficient of 28.6, is a lipoprotein,

migrates in the aipha globulin region, and is Very
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potent. As little as 3 Bg. of this antigen in
complete Freund's adjuvant in the foot pad is able
to produdé'disease.' The antigen is localized to
-‘the brush border of the proximal convuluted tubule -
of the kidﬁey'and small amounts are present in the
brush border of the small bowel mucosa (154). He
did not d&tect the antigen in liver or other tissues
tested. However, human lung but not iiver (155,
156) has caused disease in a small percentage of
animals.

This disease mo&el is generélgy accepted as one
of antigen-antibody complex disease (150, 151, 155).
It is refuted by some on the:grounds that there is
.no correlation between circulating antibody levels
and disease indidence (156-158). Holm dound that
lymphocytes from nephrotic rats would destroy =zat
kidney monolayers and stated that this in vitro
manifestation of d§layed hypersensitivity cdnfirmed
the in vivo situation. This lattei pointlwill be

discussed in more detail later. The recent papers
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of Boss et al appear to have séme confusion in
terminology. The authors'seemed unaware that
nephrotokic nephritis and this model are induced
by diffeﬁent-antigens, easily distinguishable.
Moreover, in the induction of disease in their
model; a relatively crude antigen is used and since

the nephritogenic antigen is but one component of

kidney, an evaluation of the antibody response to

‘disease induction has minimal meaning. Moreover,

in none of their recent papers were any fluorescent

or ultrastructural results shown (159—161).

3) Role of Adjuvants - Complete Freund's

adjuvant'cauées damage to the glomerular basement
membrane of rats. Dépending on the dosage’énd thé
route of injection, proteinuria can become evident.
Heymann claimed that large doses of complete Freund's
adjuvant produced proteinuria, whereas Watson et al
produced light microscopic and ultrastructural damage
without causing-overt proteinuria.

;
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The latter investigators showed, however, that
small doses of complete Freund's adjuvant.appeared»-
to enhance the nephfokokicity of a subthreshold
dose of nephrotoxic antibody, and the two agents
tbgether caused proteinuria .3, (150, 162).

In thé complex disease modél, it appears that
' Mycobacterium Tuberculosum‘is an essential part of
the adjuvant, as Mycobacterium Butyriéum is without
effect (152’.> |

Blozis 'has shown that H. Pertussis, when used in
adjuvant, Qill produce disease in,about 30% of rats. -
It should be determined whether the;e is any common
antigenic determinants between the two organisms
(H. Pertussus and M. Tuberculosum) used in'the adju-
vant. This‘mightvclarify what role the mandatory

adjuvant plays in the disease pathogenesis.

4) Pathology - Typically on lighﬁ micros-
copy this disease is a membrandus glomerulonephritis

with little exudative or proliferative changes (155).
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The basement membrane is thickened and steins
pésitively with periqdic acid-shiff reageht. On
fluorescence microscopy there is a deposition of
gamma globulin, complehent and antigen in a granular
pattern aldng_the basement membrane, in contrast.to
the linear pattern seen in NTN (152, 154, 155).
Ultrastructurally, therelis‘thickéniﬁg of the basé—
ment -membrane with mumerous electron dense deposits
situated within or on the subepithelial side of the
basement membrane. They are usually amorphous and
irregular in size and outline (109). These chénges

are similar to those described in the previous sec-

tion.

E. THE ROLE OF CELLULAR (DELAYED) MECHANISMS

1. Transfer of Disease Between Homologous Rats -

Though it is generally accepted that antigen—antibbdy
~complexes play the major role in the pathogenesis of

AIC nephritis, cellular mechanisms are still believed
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' by some to'be causally :eléted; In support of this
view, successful transfer of disease using homolo-
gous rats has been reported (157, 158). The hephritis
seen in the recipiéhtslwas not that of AIXC nephritis.
There were no immunofluorescent granular depoéits

seen along the basement membrane, nor were there the
classical/ultramicroscopic changes seen>within the
glomerular basement membrane nor along. its epithelial
aspect. The changeé that were seen in the kidney of
recipients could péséibly be explained on the basis

of a graft-versﬁs—host reaction. Homologous rats were
used and the‘recipients had been rendered tolerant to
) donorllymphocytes; These transferred sensitized
immunocompetent cells,howeber,'would have been able

to cause a graft-versus-host reaction.

2. Transfer of Disease Between Isolggouszats -
/

Later workers, utilizing inbred strains of animals
demonstrated minimal disease transfer with sensitiéed
lymphocytes. When disease was transferred, the lym-

phoid cells were obtained frbm animals which had been
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immunized either in footpads or intracutaneously;
The recipient animals develope& mild nephritis oniy
after a lateht period pqual>to or longer than that
requited to induce the 6rigipal disease.. The iﬁmunoe
histopathology was identical to that described in

thé,- original model (141, 153, 152).

The interpreﬁation placed on these‘results was
that possibly sufficient antigen was transferred in
association with the cell transfer, and in fact, the
animals were.immunized with free antigen or antigen
_in.aséociation with the cells. This ratibnale fol-
lows the demonétration by Edgingtoﬂ et al that very
small doses of autologous antigen are capable of
inducing the disease, specifically when the antigen
/hsed is injected in the footpad; Possibly small
doses of autologous antigen given in association
with lymphocytes may also be as effective in the

induction of AIC nephritis.
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3. Transfer of Disease by Parabiosis - Nephritis

has also been transferred to normal recipients by
parabiosis, and these observations were interpreted
as showiné transferrability of the disease by cells
‘(163). These findings, however,'are not cohclﬁﬁive.
Although peritoneal»cavitiés were not joined in |
vﬁhesé experiments; complete créss circulation was
nevertheless established in a few days. This allowed
’transfer not onlyvbf cells, but also antigen-antibody
complexes,'antiquies and other humoral factors, to
the normél isoiogous parabiont. Therefore, although
disease did occur in the nofmal parabiont after two
to five weeks, the péthogenesis was still'uncleér.
Glasséck and Watson .ran short-term experiments of
eleven days of parabiosis. ThougH_Ehey_transferred
lafge numbers of lymphocytes, mild disease occurred.
(153) . To attempt to cut down on the possibilify of
antigen—-antibody compiex transfer or depotﬁantigén

transfer, a further model was utilized.: Fblluwing
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induction of nephrit@s‘by long-term parabibsis, the
first recipient (now ﬁephrétic)IWa54separatéd and
joined to a éecond normal isologous parabiont. This
second recipient did not become diseased. They con-
sidered, therefore, that Sensitized cells alone were
not.responsiblé, but that a considerable depot of
antigen of complexés must be transferréd to the nor;
‘mal recipient. That cellular mechanisms are not
significant may also be inferred from the lack of
cellular infiltrate in the giomeruli of diseased
rats, quite dissimilar from other diseases involving
delayed mechanisms (162, 163). One other manifes-
tation of cellular hypersensitivity is the delayed
‘skin test. It has been shown that rats rendered
nephrotic have uniformly absent 24—48.hour skin test
when chalienged.intradermally with the antigen to
which they are sensitized (159, 164), although they

are capable of mounting a’good delayea reaction..
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4.‘ In Vitro Cytotoxicity - Until recently‘there
were no good in vitro models fbr the study of délayéd
hypersensitivity.. The past few years havé séen a’
mérked advance in this field (156,”165-171). The
utilization of tissue cuiture as targets for sensi-
tized lymphoid cells has given a readily available
in vitro system fqr_assaying”the cytotoxicify of
these lymphoid cells. The interpretation of the
mechanisms operable in these systems has not been

agreed upon. In early experiments it was believed

that only sensitized cells could destroy target cells

in vitro. It soon became evident that normal allo-
genic cells with the addition of phytohemagglutinin
(PHA) , also destroyed mbnoléyers (168) . Moreover,
.it was shown that F1 hybrid cells destroyed parental
cells when PHA was added. Fl hybrid cells should not
destroy a /parental monolayer on histocompatibility

. grounds, gs no foreign factors are present in the

monolayer cells. In addition, irradiation did not

alter thés parental destruction by Fl cells.
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Moller has shown that prior incubatioh of thé
target cells with an isoantiserum-directed agaiﬂst
"the cells protects the cells from lymphoid destruc¥
tion. This implies that the antibodies combine with
-the available sites in the target tissue, preventing
the attachment of the lymphocytes. On the other hand,
Hellstrom and Hellstrom posfulated'that in certain

tuﬁor groﬁth inhibition models, H2 locus histoincom-
patibilitf was operative and was not dependent on
viable lymphocytes. They felf that possibly the
afferent arc of this cytotoxic system was the contac-
tual attachment secondary to the histoincompatibility,
and that this attachment was achieved in other systems“
by PHA (172). That histoincompatibility is not neces-
sary has been underlined reeently'by the démonstratibn
that normal isologous and autologous lymphocytes. in
the presence of PHA can be cytotoxic (169). Holm has
also shdwn that homologous lymphocytes from patients

with Hodgkins disease or chronic lymphatic leukemia,
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;though histoincompatable,.did not cause cytotoxic

effects in culture. This may be due to some defec-
tive synthefic process in these abnormal—lymphocytes,
but it has now been shown that synthetic procesSes
and cytotoxicity pepresent differentvmechanisms;

If the attachment to the target cells by normal
or sgnsitized lymphocytes is the operatiﬁe mechanism,~ -
it wasnbostulated that these cells when stimulated
might secrete a protein or immunogiobulin which would
be»the ultimate damaging agent. When cells inccul-
ture were exposed to the supernatant of a previous
cytotoxic system, no cytotoxicity was evident (165).
Swedish workers.have shown cytotoxicity and DNA

synthesis appear to reflect a fihal common pathway

of a similar process, i.e. stimulation. These two

mechanisms however, do not appear to be causally

related (169, 171, 173). It was demonstrated that

~DNA sYnthesis occurs well after cytotoxicity has

begun, and though ultimately DNA symthesis and cyto-
/

vtoxicity appear to reflect a similar process, they
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manifest peaks at diffe:eﬁt times. Moller et al
showed chloroquin cquld'désfease‘DNA synthesis but
cytotoxicity was maintained (169). .

It thus appears that for cytoxicity in tissue
culture, histoincompgtibility is not essential,
though in some sfstéms,_hamely tumor inhibition, it
may play'a }Qle. Some fine recognition step is
required, as was shown by Pe;&man in his isologous
experiments (171). This is:not related to antibody
or pnotéin synthesis. It is possible that on tﬁe
surface of tissue culture cells are sifes which are
recognized by stimulated lymphocytes, which £hen
attach and cause destruction. The mechanism of this
process still remaiﬁs to be c¢larified.

Holm utilized the tissue culture system to measure
cytotoxicity of sensitized lymphocytes (frbm nephrotic
rats)vutilizihg as the target‘a kidney'monolayer. He
used a homologous model and often the control cells

gave as much or more destruction as did the sensitized
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cells. He did show some enhancéd cytotoxicity in
nephrotic peripheral lymphocytés,”whenlkidney was
the immunizing antigen, and stated—that this sug-
gestea a delayed hypersensitivity mechaniém. How-
ever, as was stated in the report, there wds often
significant destruction with animals immunized with
liver, a tissue from which the nephritogenic antigen
cannot be obtaihed. The fact ﬁhat'an isologous
sysiem was not used in_this‘cyfotoxic model means
that any conclusions made pertaining to cellular
mechanisms as véctors in disease etiology must be

seriously questioned (156).

5. In Vivo Cytotoxicity - Elkins in 1964 took the
mechanics of cellular action one step closer to the
in vi#o situation. He injected normal or sensitized
parental lymphocytes uhde: the/kidney capsule of an
Fl hybrid. He showed that initialiy the reaction
was "one way" (donorbcells were the actively parti-

cipating component in_what was shown to be a graft-
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 versus-host reaction). The reaction was character-
ized by an infiltration of mohonuclear cells which
localized around and destroyed the convoluted tubule
celis while sparing glomeruli. The cells were pre-
sent in cortical tissue in broad sheets with finger-
like projections into the deeper ;ortipal tissue;
 'There was congestion, dilation, and plugging of the
intertubular capillary circulationvby the invading
mononuclear cells. Controls (isogeneic, pafental, dr-
' Willymphocytes into parental kidney) produced either
minimal or no reaction. His only interpretation from
the experimental data was that lymphocytes, if not
destroyed by the host, are capable of initiating a
graft-versus-host reaction (174). Iﬂ iatef experi-
ments he showed that for continuation of the reac-
tion, an active host cémponent was necessary. This
reactivity can be transferredvsuccessfully to a-

second isogeneic F1l recipient (175).
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III. 'MATERTIALS,6 AND METHODS
/

A. ANIMALS

Female Lewis rats of 150 to 200 grams, inbred for
bapproximafely 120Igenerations and completely isé-
geneic were obtained from Microbiological Associates,
U.S;A., and kept in metallic cages, four fo six to a
cage. For the tissue culture experiments, a femadé
' Lewis rat and her litter of lesszﬁhan seven days of
age were.shippéd by Air Expreéss.

Sprégue Dawley rats and guinea pigs of 150 to
200 grams were obtained from the Quebec Breeding
Farm, Quebec, Canada, and kept in similar cages.

Albino New Zealand rabbits, 3 to 5 kilo, were
also obtained ffom Quebec Breeding Farms, and each
rabbit kept in separate animal'cages.

All animals were fed with the appropriate Purina

animal chow (Ralston Purina); water was changed daily.

B. ANTIGENS

1. Rat Gamma Globulin -~ Lewis rats were bled by

cardiac puncture and the blood allowed to clot over-

f
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night at 4°C. The serum was then aspirated and
sepéfated from residual red blood cells.by centri-
fuging at 1,000 x‘G,for‘30 minutes. A 5 cc serum
~aliquot was dialyzed overniéht against 250 cc of
0.0175 molar phosphate buffer, pH &€.3. The serum
‘'was then applied to a DEAE cellulose column and the
gamma globulin fraction eluted with the same buffer
(176) . - -

| DEAE cellulose with a capacity of 0.91 meq/g
‘was obtained from Bio Rad Chemicals, California.
One hundred G of dry material was placed in one
liter of normal sodium hydfoxide,_stirred and then
filtered. The cake was then washed with one normal
sodium hydroxide till the‘filtrate was colorless.
Normal hydrochloric acid &és then added to thevsus—
pension to make it strohgly acidic. The suspension
was filtered gﬁd thén Qashed free of acid with dis-
tilled water.‘ After restoration to neutrality the
cake was suspended in norﬁal sodium hydroxide, fil-

tered, again restored to neutrality. The DEAE was
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resuspended in 2 to 3 liters offstarting buffer and
£hen the pH of the éﬁspension was-adjusted to 6.3
with the acidic component of‘the stérting buffer
(NaH2204). Prior to use the DEAE celluloée was
again equilibrated with the starting buffer.

Column éhromatography was used. A column 30 cm
X 2.5 cm was obtained from Pharﬁacia (Upsala, Swe-
den). Each column was packed with § to 6 grams of
DEAE cellulose with a protein absorption capacity
of 75‘mg per 100 mg of absorbent. Having poured
and‘packed thevcolumn evenly, an equilibrated sample
of serum was applied. The eluate was monitored with
20% trichloracetic acid which produces white floc—
culation with protein. The sample was collected till
the eluate did not precipitate with,TCA..

The eluate of each antiserum was then perevaporated
to its original volume, usually 5 cc. Its antibody
ébﬁcentration'was then checked by double diffusion in

agar, and its purity by immunoelectrophoresis.
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2. Rat Complement (C3) - One hundred mg of

Zymosan (Fleishman Labs, New Yo:k, N.Y.) was bgiled
in 10 ml of saline for 30 minutes and cenff;fuged.v
The sediment was resuspended in 100 mls of saline.
l.35'mgv6f Zymosan was then uéed for each 1 cc of
fresh rat serum.. Prior to the addition of the serum,
éhe aliquot oflzymosan was centrifuged and the button
used. The serum‘ﬁas.added and mixed to a smooth sus-

pension and incubated at 37°C for one to two hours

with occasional stirring to keep the zymosan in

' suspension. The mixture was then centrifuged, the

supernatant decanted, and the sediment washed x 5

with veronal buffer. The zymosan-C3 complex was then

" .resuspended to the original serum volume. The com-

plement adsorbed by zymosan is predominantly C3 or
BlC._ |
Each antigen was checked for purity by immuno-

electrophoresis agaihst a rabbit anti-rat whole serum.
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3. ‘Crude Rabbit Antigen - Albino New Zealand

. i

rabbits were killed by 3 cc intravenous Nembutal
(abbot Labs, Canada) and the kidneys removed. The
'capsules énd pelves were removed and the kidneys
weighed. The gidneys were then cut into small
pieces with scissbfs and then minced in a Waring
blender for 3 to‘s minutes. An eqﬁal volume of
séline was added and the mixture was thoroughly
homogenized'for.ls minﬁtes, then Ceptrifuged for

90 minutes at 20G at 4°C.. The supérnatant'was
carefully aspirated and stored in 5 cc aliquots at
205C. The sediment was discarded. The éupernatant
 contained soluble tubular antigens, insoluble tubular
mitochond;ia and microsomes, but did not contain

glomerular basement membranes.

4. Rat Fraction IA (FIA) - This tubular antigen

was isolated by an adaption of the method of Krakower

and Greenspon (177). The cortices of kidneys from
J
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Lewis rats were cut into small pieces with scissors
and then with a scalpel blade. These were then
.éressedlthrough a 150 gauge Monel metal sieve, The
pulp was suspended in four volumes of normal saline
and centrifuged at 400 x.G for 10 minutes to sedi-
ment giomerulip_and heavy tubular remnénts. The
supernatant.consisting of" tubular cytoplasmic rem-
nanté was centrifuged at 78,680 x G for 60 minutes
and the supernatant was aspirated and lyophilized.
This consists of soluble’tubular constituents and
waé called FIB. The sediment'(FIA) consisting pre-
dqminantly of tubular mitochondria, microsomes and
tubular membranes, was washed x 2 in distilled water

and lyophilized and stored at -20°C.

C. ANTISERA

1. Rabbit Anti-Rag Gamma Globulin - Three male

Albino New Zealand rabbits of 3 to 4 kilograms were
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immunized with rat gamma globulin in complete
Freund's adjuvant containipg‘Mycobacterium Tuber-
culosm, H 37 Ra (Difco Labs, U.S.A.) at 2 mg/ml

of final volume. Thé solution was thoroughly mixed
and a good emulsion produced. The animals received
the first injection in the foot pad and two subse-
quent injections subcutaneously at weekly interVais.
The concentration of gamma globulin in the initial
volume was 10 mg/ml, and the final emulsion was pre-
pared using a 50:50 mixture of gamma globulin and
complete Freund's adjuvant. Each animal received

1 cc per injection. Ten days after the 3rd injec-'

tion the rabbits received a booster injection, and

‘were bled ten days later.

2. Guinea Pig‘Anti—Rabbit Kidney - Three guinea

bigs were immunized with 1 cc of crude rabbit kidney
suspension in complete Freund's adjuvant (50:50 mix-
ture) . Immunization—éonsisted of 2 courses of 3
weekly subcutaneous injections, with 1 month sébarat—

ing the two. Ten days after the sixth injection the
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animals were bled evéry three days for 5 cc by
intraéardial puncture. The gammé globulin fraction
‘of the antiserum was isolated by DEAE chromatdgraphy'
and absorptions were pérforméd to increase specifi;
city. The antibody was firsf absorbed with normal
rabbit serum, 0.5 cc of whole rabbit serum was used
for each 100 cc of original antiserum; the mixture
was incubated at 37°C fof half an hour and then cen-
trifuged at 500 x G for 30 minutes. The predipitaté}
. was discarded. This procedure was repeated, and
stored overnight at 4°C, then centrifuged at 500 x G/3q
min. This absorbed antibody‘was then absorbed with
Lewis rat kidney fractions. Absorptions were per-
formed initially with lyophilized kidney supernatant
and after duplicate absorbtions, centrifugation at
4,000 x G for 30‘minutes, an aliquot was saved. VA
sécond absorption was done with Lewis rat sediment
in a similar fashion. The specificity inAimmunq—

fluorescent staining following these absorptions wés
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compared. The absorptions were done using 10 mg
of kidney tissue powder per ml of original anti-

serum.

3. Rabbit Anti-Lewis FIA - Three male Néw

Zealand albino rabbits were immunized as in (1);
however, with Lewis rat FIA in complete Freund's -

adjuvant as antigen. The rabbits were bled by

intracardiac puncture.

. 4, Rabbit Anti-Lewis BIC - Two white New Zea-

land albino rabbits were immunized as in (1), how-
ever with:the Léwis rat zyﬁosan—BlC complex as anti-
gen. One half cc of.éymosan and bne half cc 6f
complete Freund's adjuvant were incorporated into
an emulsion and injected into the rabbits in the
foot pad and then subcutaneously. The rabbits were

bled via intracardiac punctu:e.
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D. DOUBLE DIFFUSION IN AGAR

The technique of double diffusioﬁ in égar on’/a
micro—ouchtérlony scale was utilized toAdetermine
.pétency of antisera. Inexpensive material was used.
Thirty-five mm motion picture safety P 40B leader
film was obtained from Du Pont of Canada and cut
into 12 cm strips as required. The agar used was
"fonagar" No. 2 (Consolidated Laboratories, Inc;).
It was compietely dissolved in distilled water by
heat and cohétant stirring. It was made up as a
1% stock solution, with 0.7 glycine as preservatiﬁe,
and was stored at 4°C in 5 cc aliquots. For each
procedure an aliquot of the agar gel was liquified
and poured evenly over the 35 mm film strips and
allowed to harden}_ Using specific well qutters,
six peripheral- -and one central well were made in
the agar, and the wells sucked clean with a pipette
attached to vacuum. Each well was 2.5 mm in dia-

meter, the distance between peripheral wells 4.5 mm,
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and the distance between the central and peripheral
‘'well 8 mm. To titer an antisérum; the pure antigen
was placed in the center well at a 1 mg/ml concen;
tration and the antiserum placed in the peripheral
wells in 2-folding dilutions. vTﬁe titer of a given
antiserum was the reciprocal of the highest dilution
which showed a precipitin line, and the antiserum

was used at this dilution in all subsequent fluores-

cent work (178).

E. IMMUNOELECTROPHORESIS

Immunoelectrophoresis was performed using agar
gel as the supporting medium, poured onto theicel-
luloid film strip as described above. Each sﬁrip
was 125 mm in length. The trough was 90 mm in
length. Two wells, 2 mm in diameter, were cut at
the middle of the trough, each being 5 mm from it.

However, the agar was made up in a sodium barbital

buffer pH 8.8, ionic strength 0.06. A Spinco Model R
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b

kit power supply;- For the electrophoresis, 5 milli-

- amps of current per strip was used till the serum

had migrated 30 hm from the point of application,
using bromphenol blue as a marker. The strips wére

then washed for 24 hours in 0.9% NaCl, and stained

. ) ( : -
‘"with Ammido Black, rinsed and cleared in a methanol-

glacial acetic acid clearing solution and then dried.

F. INDUCTION OF NEPHRITIS

1. Experimental Model - Figure 1 - Female Lewis

rats of approximately 200 grams were marked by ear
punching, and their 24-hour urinary protein Fhecked;
Each animal then received wéekly intraperitoneél
injections. These injections consisted initially of
thé crude rabbit supernatant, stored fpozen at -20°C,
and mixed with eqmal volumes of complete Freund's
adjuvant. Early in the experiments, however, a dial-

yzed and lyophilized supernatant was used. The final
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EXPERIMENTAL MODEL

LOW SPEED SUPERNATANT HIGH SPEED

RABBIT RABBIT CHOPPED AND
KIDNEY HOMOGENISED  (CRUDE KIDNEY ANTIGEN) SEDIMENT
KIDNEY : :
- - ] - I FIB
A Q
- FIA
a.) 8 WEEKLY LP INJ. !
b) 2 INJ. IN F. PAD
{EDGINGTON)
LEWIS RAT
t
RAT KIDNEY

. g PROTEINURIA > 25mg / 24 hrs.

1) H.E, — MEMBRANOUS GLOMERULONEPHRITIS ¥ GLOBULN
s 1) G. PIG ANTI RABBIT KIDNEY ¥ GLOBULI

HISTOPATHOLOGY 2.) F M. — GRANU '

2 OPR T HoLOGY LAR DEPOSITION OF ANTIGEN 2) RABBIT ANTI G.P. ¥ GLOBULIN - FITC¥

3.) E.-M. — SUBEPITHELIAL DEPOSITS

FIGURE I
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concentration of'antigen being 5 mg/cc in cémplete
Freund's adjuvant. The emulsion contained 2 mg/ml -
- of Mycobacterium Tuberculosum H37 Ra,. Each animal
received 8 to 12 injectipns, each of 0.25 cc, to a

total of 10 to 15 mg of antigen.

2. Accentuation of Disease — To attempt to

increase the severity of the disease, 20 Lewis,réts
were spienectqmized. Under ethér anesthesia the

rats were shaved and a left laferalvincision was .
made under clean but not sterile conditions. The
spleen was located and freed. The arterial.and‘
venoﬁs supply was tied off with 3-0 catgut and the
spleen was excised. The incision was sutured in two
layers, muscle to muscle, and skin to skin with 4-0
dermalon thread with a CE - 2-3/8 circle reverse
cutting needle. The animals received 500,000 U pro-

«

_ /
caine penicillin intramuscularly after splenectomy '/

and were allowed to recover for three weeks. Nephrosis

,
A
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was then induced by 8 intraperitoneal inject%ons of ,
rabbit kidney in complete Fréund's-adjuVant. 4

.-—«.3. Progression of-Disease - Animals were uni-

laterally nephrectomized. Part of the kidney was

snap frozen, part was fixed in Lillie's buffered

:fdrmalin and another part was cut into small 1 mm

~blocks and placed in 2% gluteraldehyde for ultra-

structural examination. Prenephrotic, borderline
nephrotic and nephrotic animals were chasen for the
study."Prenephrotic animals'we;e those which were
not proteinuric having cémpieted the series of
ihjections or in the middle of the cousse. Border-
line néphrotic were immunized animals which had
proteinuria above their baseline values, but not
greater‘than 20 mg per 24 hours. Nephrotic animals

had proteinuria greater than 20 mg per 24 hours.

4, Measurement of Proteinuria - Protein excre-

tion was measured on 24 hour urine specimehs by pre-

cipitation with 3% sulfosalicyclic acid. Rats normally
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/

Abnormal proteinuria was considered,to be 20 mg or

have proteinuria of 10 mgs per 24 hours or less.
' more for a 24 hour period.

G. HISTOLOGY

l.. All kidney sections for light microscopy were
fixed in Lillie's buffered formalin, paraffin sec-
tions were cut and stained with hematoxylin and
eosin or with periodic acid Schiff'reagents. - When
sections were exaﬁined for fat droplets, 0il Red O

staln was used (179).

2., Hyaline Droplet Formation -~ On examining

kidney seétigns during the p:enephrOtic phase of
the previously discussed groups, many‘so—called
"hyaline dropletsm were seen. It has been claimed
that hyaline droplets are/a reflection of protein
Areabsorption by the proximal tubules, or "tokic"

effects of large doses of complete Freund's adjuvant
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(173) . As we had observed, these droplets in pre-
nephrotiélanimals,4it wduld"appéar that e§cessive

i piotein reabsofption may not play a role in droplet
formation. We atteméted to determine when "hyaline
droplets“ appear. Lewis rats were divided into
three groups.

Group A - Three rats each received one injection
‘'of kidney supernatant in completé Freund'é adjuvant
in the foot pad.

Group B - Four rats, each received one injection
of 0.5 cc of kidney supernatant in coﬁplete Freund's
adjuvant intraperitoneally.

Groﬁglc'— Three rats received one injection of
0.5 cc of cémplete Freund's adjuvant without kidney
supernatant.

Groups A and B received 4 mg of antigeh in the
injeétion;.GrQup C received no antigen. One animal
from each grbup was nephrectomized every three”days

.and sacrificed if necessary.
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3. Arthus skin reactions were formalin fixed
for examination by light microscopy. The sections
~ were stained with hematoxylin and eosin or with the

M&y-Grunwald—Giemsa-stain (179) .

H. PREPARATION OF FLUORESCENT ANTISERA

The method of Clark and Shepard was used to label
pure IgG with fluorescein isothiocyanate f180). The
IgG was concentrated to 10 mg/ml in 0.025 M Na,CO4
and 0.025'M Na HCO3 buffer (approximately 4 to 1)
having a final pH of 9.0. This was placed in dialysis
tubihg and dialyzed against 10 volumes of the same
. buffer containing fluorescein isothiocyanate (Balti-
more Biological Laboratories) at a concentration of
0.1 mg/ml. Dialysis was carrdééd out at 4°C for 24
hours with constant stirring. The conjugated pro-
tein was then dialyzed against pﬁosphate.buffered
saline, pH 7.3 until no free fluorescein could be

seen in the eluate. Moledular fluorescein to protein
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ratios were calculated and this usually was between
3 to one. Occasionally tissue powder absorption of
the conjugates was done to decrease non-specific

staining.

{

I. ELUTION PROCEDURES

1. Glomerular Fixed Gamma Globulin - Whole kid-

neys removed from néphrotic Lewis rats were separated
into cortex and medulla. The cortices were minced
.in phosphate bufferéd saline (PBS) and washed five
times in PBS until the finél supernatant was clear.
The mince was then resuspended in phosphate buffered
saline at 26 ml/gm of kidney and homogenized at
medium speed for five minutes in»a‘Virtis homogeni-
zer. The suspension was then centrifuged at 3,500

x G for 15 minutes and the cake washed three times

in PBS and recentrifuged. The waéhed cake was then
suspended in 0.02 M citrate buffer pH 3.2 at 20 ml/gm’

of kidney and incubated for 90 minutes at 37°C with
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constanﬁ stiffing; The suspensi®n was then centri-
fuged at 3,500 G for 15 minutes and the supétﬁatant
aspirated. This supernatant was dialyzed against
"PBS for 2 days, perevaporated and the protein con-
centration determined in a Beckmah‘spectrophotometer
at a.wave length of 280). The pfotein was charac-~

terized by immunoelectrophoresis.

2. Glomerular Fixed Antigen - To demonstrate

heterologous antigen within the‘glomerular tuft, the
procedure outlined by Edgington et al (181) was
attempted. Kidneys wére‘obtained’from nephrotic rats
and snab foozen in isopentane and dry ice. Four micron
séctibns were cut in the cryostat and fixed to micro-
scope slides by finger heat. After routine fixation
(see below), sections were placed in 2.5 M KSCN pH 6.5
for 2‘hours at.37°C and 15 minutes at 56°C. The slides
were then washed three times in PBS and then stained

for antigen deposition by the indirect fluorescent




Page 99

constagt stiffing. The,suspension was then centri-
fuged at 3,500 G for 15 minutes and the supermatant
aspirated. This supernatant was dialyzed against
PBS for 2 days, perevaporated and the p:otein'con—
centration determined in a Beckman spectrophotometer
at a wave length_of 280). The'protein was.charac—

terized by immunoelectrophoresis.

2. Glomerular Fixed Antigen - To demonstrate

heterologous antigen within the glomerular tuft, the

procedure outlined by Edgington et al (181) was
attempted. Kidneys weré obtained from nephrotic rats
and snap fmozen in isopentane and dry ice. Four micron
sections were cqt in thé,cryostat and fixed to micro-
scope slides by finger heat; After routine fixation
(see below), sections were placed in 2.5 M KSCN pH 6.5
for 2 hours at 37°C and 15 minutes at 56°C. The slides

' were then washed three times in PBS and then stained

for antigen deposition by the indirect fluorescent



Page 100
b
method. Tissue morphology, however, was not mqinT
tained and a series of elutions was performed to
determine the optimal concentration and time

(Table I).



TABLE I

K.S.C.N. ELUTION OF 4 U CRYOSTAT KIDNEY SECTIONS

Elution Time Comment
Temperature ‘
50°cC 5 Min. Glomerular cellular morphology lost but cells present -
basement membrane intact.
10 Min. | Glomerular cellular morphology slightly more'disrupﬁed.
B.M. intact. - ’
15 Min. Complete disruption of cellular elements, B.M. disrupted.
20 Min. | As for 15 minutes.
“37°C 15 Min. \Tiééue intact, glomerular all detail good, tubules intaét.
35 Min. Tissue intact, glomerular cells slightly disrupted, B.M.
intact. Tubular cells disrupted, Tubular B.M. intact.’
45 Min. Glomerular cells disrupted focally; glomerular B.M. also -
disrupted focally; T.B.M. disrupted. %
. : o
55 Min. As for 45, with larger focal areas. N H
. 37°C 15 Min. | Complete cellular destruction. =
+ .
56°C ' 10 Min. | Complete cellular destruction.
37°C 30 Min. | Complete cellular destruction. A o
_ + | , .
'56°C 10 Min. Complete cellular destruction.
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J. ASSAY OF ELUTED GAMMA GLOBULINS

1. In Vivo - Four normal Lewis raﬁs were placed
in metabolic cages and their progeinurf; checked.
Then each rat received an intravenoﬁs-injection, via
the tail vein, of 1 ml of the'eluted gamma globulin.
Proteinuria was checked at 4 hburs, 24 hours and at
7 days. At 4 hours, each animal was unilaterallyn
.nephrectomized, the kidney snap frozen,.and sections
examined for tissue fixed gamma globulin and comple-

ment.
.

2. 'In Vitro - The:eluted gamma globulin was
divided to 4 aliquots. One aliquot was absorbed
with Lewis rat FIA, a second was absorbed.withvcfude
_rabbit supernatant, a third with both and a fourth
was left unabsorbed. All absorptions were done in
duplicate.usiné 5 mg of tissue powder/ml of eluate.
For the indireét fluorescent.staining, zmabbit anti-

rat gamma globulin FITC was the top layer, overlaying

the absorbed eluate.
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K. IMMUNOFLUORESCENCE MICROSCOPY

1. Demonstration of Injected Antigen in Glomeruli -

Guinea pig anti-rabbit kidney gamma globulin was
absorbed twice with the éupernataﬁt preparation qf
Lewis Kidney (containing FIAa). A_second absorption.
was madé with normal rabbit serum. These absorptions
~ were madé ﬁsing 5 ménwet weight of tissue/ml of anti-
serum or lyophilized rabbit serum. This then served
as the middlev}ayer/in indirect immunofluorescence.
The top la&er‘was column purified rabbit anti-guinea
pig gamma globulin, labelled with fluorescein isothio-
cyanate and havihg an F/P ratio of between two ana
three to one. The staining techniques employed were
much as-originally described by Coons and Kaplan (182).
The kidney was snap frozen as desgribed previously, |
and 4 u sections were fixed to slides by finger heat.
They weré then fixed in ether-ethanol (1:1) fdr 10 |

minutes followed by 20 mintues in 95% ethanol. Follow-

/
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ing three five-minute washes in PBS, the seétions
were incubated with the guihea pig anti—fabbit kid—_»
ney glbbulin fractions'for 30 minutes in a humidifded
chamber. The slidesv%ere then washed for ten min-
utes x 3 in.PBS‘and_ﬁhe thi;d iayer of rabbit anti-
guinea pig gamma globulin - FITC applied for 30
minutes in a humidified chamber. Agéiﬁ the antiserum
was washed for 10 minutes x 3 with PBS, dried, coverf

slipped and examined under UV light.

2. ' Demonstration of Host Immunologic Reactants

in Glomeruli - A similar procedure was followed for

detection of autologous. gamma globulin and C3 excépt
K'thaé the antisera were rabbit anti-rat gamma globulin -
FITC, and rabbit anti—rat BIC ; FITC, réspectively.
‘The slides were examined with a Reichert Fiuorpan

‘ Micrdscopé (Reichert; Austria) using an Osram HBO 50
mercury vapor lamp with a bluepassing 3 mm BG 12
excitér filter and a UV-blue absorptionil.S mm OG 1

+ 1 mm.GG 9 blocking filter.
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L. ELECTRON MICROSCOPY
1. Materials

a. Sorenson's Phosphate Buffer

’ I 0.076 M Na Hy POy H,0 - 10.488 G to
.1,000ce with
dist. H20

- I¥ 0.324 M Na2 HPO4 . - 46.001 G to
1,000cc with

dist. HZO'

~ b. 2% Glutaraldehyde Fixative pH'7.S

l0cc I Na H, PO4 :
Sorenson's phosphate buffer

l0cc II Naj; H PO, .

10cc of 25% glutaraldehyde, pH 7.5 (Fisher)

94cc of Distilled Water &

This results in a buffered solution of pH 7.4 and an

osmolarity of 400 milliosmoles. The solution is /

stored at 4°C.
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_c. Stock Veronol Acetate Buffer

| Na.Verohol (Sod. Barbital) 14.713 G

Na Acetate .3 H,0 9.714 G

Dilute to 500 cc with diétilled water.

d. Osmic Acid and Sucrose - Break one gram

vial of Osmiq acid (Fisher) inside a stoppered brown
glass botgie, add 10 cc st¢ck Veroﬁol acefateAbﬁffer,
‘then make up to pH 7.5 with approximately 10 cc of
- OIN hydchhloric acid, then add distilled water td
50 cc. Add 2.25 G of sucrose to the 50 cc solution

and store at 4°C.

e. Epon Mixture - The epoxy equivalent of

the epon 812 was 157 and from ;his the volume of the
ahlysoides to be added was calculated
Solution A - 146 ml DDSA/100 ml of Epon
Solution B - 79 ml NMA/100 ml of Epon
A 50:50 mixture of.solution A and 8olution B was used.
A catalysﬁ bMP—30 to speed the reaction was‘added to

the resin mixture on a 2% volume-to-volume basis.
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DDSA - Dodecenyl succense anhydride /
v ' ‘ / :
NMA - Nadic methyl anhydride (both obtained

from Fisher Laboratories, Montreal)
DMP-30 - Rohm & Hoas Co., Washington Square,

philadelphia, Pa.

2. Dehydration and Embedding -~ Tissues upon

'ﬁwhichﬂultrastructural studies were to be made were
obtained fresh, cut into small biocks of appro#i-
mately 1 mm square, then placed in 2%>Buffered glu-

' taraldehyde (Fisher, Mohtreal) for 2 hours at room
temperature. The pieces were then rinsed in three
changes of Sorenson's Phosphate Buffer for approxi-
mately 15vminutés. They were then post-fixed for
two hours in 2% osmic acid,.rinséd again in distilled
water x 3 for 15 minutes, then dehydrated in graded
ethyl aicohols increasing fromv40% to 100%, each, for
15 to 20 minutes x 3. The tissue was then immeréed!

in 2 changes of propylene oxide (British Drug House)

/
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for 15 minutes each, thé chénge of propylene oxide
poured off ahd i.to 2 cc of fresh propylene oxide /
and an equal volume of freshly catalyzed Epén resin
(Epon‘812 - Shell Chemical Company, New Yofk 17, N.X.)
addéd,for 1/2 hout. Tﬁe tissue was then placed in
fresh catalyzed resin mixture for 1 to 2 hours or
ovérnight; then placed in No. 2,gela£in capsules
filled with Qataljzed resin. The resin was hardened

overnight at. 37°C, the next day at 45°C and for 2 to

3 days at 60°C. They could be cut upon the next day.

3. Cutting and Staining - The specimens were
trimmed and sections cut with glass knives, using a
Reichert OM U2 ultramicrotome. To determine the
positions of.glomeruli within a particular block, a
1U secﬁion'was cut, flaﬁténed onto a glass slide by
. heating, staihed with 1% tolidine blue in 1% sodium
borate solution for 20 minutes, then exé;iped in a
light microscope. The bidck was then trimmed to the
desired area and sections.appfoximately 800A thick

were cut and collected on 300-mesh copper g&ids

(Fisher). These sectimns were then stained by immers-
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ihg the grids invé‘saturated absolute ethyl alcohol
solution of uranyl acetate (Fisherf/for 5 minutes |
followed by rinses in 50% ethyl alcohol and CO,-free
distilled water, then placed in a 0.1% lead cifrate
solﬁtion (K. and K. Laboratories, Inc,, Plainview,:
N.Y.) in a CO,-free atmosphere for 5 minutes. The
\ seétions wére then thoroughly washed in three changes
of C02—freehdistilled watervandEaried on filter paper.
The sections were examined in a' JEM T7 electron
microscope (Japaﬁ Electron Optics‘Léboratory Co. Ltd.,
Japan). Pictures were taken using Kodak contrast

projector slide plates.

M. ARTHUS REACTION

Two groups of Lewis rats were used, one pre-
nephrotic and the other nephrotic. Prénephrotic
animals are those which have had the full series of
injections and had mild proteinuria. They did not

have proteinuria greater than 15 mg%. An area on the

A
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posterior flank was shaved ahdAthe skin cleaned
with 70% alcohol. Then 0.1 cc of rébbit kidney in
a concent:ationmqf 2.5 mg/ml waé‘injeéted intra- -
dermally into the skin of both groups of animals.
As controls,‘saline was injected at one site, and
0.1 cc of ultrasoﬁically disruptéd.Mycobacterium
Tﬁberculosum 37 Ra, into another at 2.5 mg/mi con;
centration. The sites were examined at 30 minutes,
2-4 hours, 24 and 48 hours, and indﬁration measured.
Skin bippsies were takeh at 2 to 4 hours and part
was snap‘frozen for fiuofescence microscopy and the
other part fixed in buffered formalin for light
microscopic examihation. |

In a second experiment, the response to iso-
geneic and xenogeneic kidney was compared, nephrotic
rats were challenged intradermally at two different

sites with xenogenic and isogeneic kidney and the

reactions at 30 min., 2 to 4 hours, 24 and 48 hours

recorded. P
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'N. CIRCULATING ANTIBODIES

The sera of nephrbtic animals were evaluated for
antibodj produqtion by doublé diffusion in agar. The
animals ﬁere bled during the induction phase of the
disease and again when they were nephrofic. Sera
were checked for antibodies to xenogeneic and iso-

geneic kidney and to Mycobacterium Tuberculosum.

O. CIRCULATING ANTIGEN

/o o
This disease is believed to be due to the depo-

sition of antigén—antibody complexes, then possibly

there was release into the circulation of endogenous

antigen from the host's kidney.

1. 'An attempt was made to determine whether
autologous anﬁigen (tubular antigen) was released
during the disease. This was assessed by double

diffusion in agar using rabbit anti-Lewis rat FIA
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antiserum. Nephrotic rats were bled by intracardiac
puncture several times both before and after they
became nephrotic and the serum evaluated for the.

presence of circulating antigen.

2. A nephrotic animal suspected of havihg,,
autologous circulating antigen was bilateially
‘nephrectomized. The rat was then injected intra-
venously with 1 cc of potent rabbit anti-Lewis rat .
FIA. The rat was bled at 30 minutes, 1 hour, 4
hou:s, 16, 24 and 48 hours and the serum checked
for antigen concentration’utiliiing the agar gel

method.

A nephrotic serum suspected of containing
antigen was absorbed with :abbit anti-rat FIA in
equal volumes and the suspensibn;centrifuged at

10,000 x G for 30 minutes. The serum was then.
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evaluated for the presence of or decrease in antigen

‘cancentration in the serum by agar gel diffusion.

P. TISSUE CULTURE o ~

1. Materials and Methods - Figure II - The whole
procedure was done with sterile technique. Neonatal
Lewis kidneys were decapsulated and cut into small
pieces on a pétri dish. Medium 199 was added and
then poured into a baffled Erlenmeyer flask contain-
ing'a,magnet.. The medium was decanted .and the éedi—
ment was washed with Medium 199 till né more fat or
fibrous tissue floated to the surface. The sediment
was washed with non-citrated trypsin at 37°C (0.25%
of 1.250 Difco Labs) for about 20 to 30 minutes and
decanted. Then 10 to 15 ml of non-citrated trgpsin
rper gram of tiséué was added, and the mixture was
stirred/slowly for 1-1/2 hours at room temperature.
The heavy particles were allowed to settle and the

/
suspended cells were decanted and then spun down at



Page 114

1000 x G for 5 minutes. The sﬁﬁernatant/aas dis-
éarded'and the cells were resuspended in Medium 199
with 10% fetal calf serum and left at 4°C overnight
ét a concentration of 50 ml/gram of original kid-
ney. The heavy fragments were stirred 6vernight
with more trypsin, at 4°C, with 10% fetal calf
serum. - The foliowihg.morniné”the suspension was
centrifuged at 1000 x G rpm for five minutes and
the sediment added to the first suspension. The o
cells were then counted in a Neubéch hemocytometer.
A trypan blue exclusion (viability) test was doné\\\
uding 0.4 cc of cells and 0.1 cc trypan blue and h

read before 15 minutes. The viability'%as calcu~-

lated by the following formula:

Ho. of 2iving - To. dead  5/4 x 1008 = % viability

Following:  this procedure viability approached 90 -

95% on repeated experiments.

/
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The cells were then adjusted to a final concen-
tration of 600,000/cc with medium 199, 10% fetal/
calf.serum, penicillin and streptomycin/(loo U/cc
of medium). The cell suspension was then innocu-
lated into Bellco tissue culture tubes, -each tube
containing 1.5 cc. The capé were screwed tightly
and the cells allowed to grow at 37°C for 3 to 5
'dajs éill partiél monolayer confluency was achieved.
At this.stage the monolayers were used for the assay.

Lymphocytes from rats and guinea pigs were obtaihed
by intracardiac puncture. The syringes were hepar-
inized with 0.5 cc of l.t0110,600 aqueous heparin
(Riker Labs, Montreal). The blood was colédected
under clean,_but not sterile coﬁditions. The blood
was_placed in sterile plastic tubes (Fa}con) and |
allowed to sediment at a 45 degree angle‘atv37°c for
one hour. The buffy éoat and plasma were aspirated
and washed with medium. 199 for five washeé. Aféer

each wash the cells were centrifuged at 75 x G for

-
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six minutes and the supernatant discarded;‘ Follow-

. ing the final wash the 1ymphocyte§ were counted and
a trypan blue dye‘exclusion'test/aone. To each tube,
5 to 10 million lymphocytes were added. Where
indiicated phytohemagglutiﬁin M was added (PHA M -
Difco). Each vial contained 10 mg of déséicated

" PHA M powder and was solubilized by thef?ddi?EPP-Of

5 cc of medium 199. Where indiéated, 0.05 cc of this
was added to tubes. _

Following the addition of the lymphocytes, the
cultures were examined at 18, 24 and 48 hours. For
cultures examined only at 48 hours, medium was
changed after 24 hours. At the specified time the
covérslip, upon which was a partial kidney monolayer,
was removed from the tube and air dried, andetrained |
by the May Grunwald Giemsa method. The coVerslips
were then inverted oﬁto reguiar slides and examined

for morphologic changes.

At attempt to quantitate monolayer destruction by -

labelling with NaCr51 (Charles E. Frosst, Montreal)
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was unsuccessful. The difficulties initially were
due to lack of viabhility of the monolayer once

labelled.
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2. Assay of Tissue Culture’Supernafant ;'The
supefnatants frém.cytotoxic cultures were saved and
appropriately pooled. Supernatants from monolayers
to which isogeneic lymphocytes frbm nephrotic animals
had'Been added were pooled separately, as were the
~ supernatants from monélayer cultures which had
received allogenéic lymphocytes from nérmal animals.
 These pboled supernatants were assayed for antibody
and antigen by double diffusion in agar. The super-

natants were concentrated ten times by pervaporation.

Q. IN ViVO CYTOTOXICITY OF LYMPHOCYTES

Preliminary experiments were performed using
nephrotic Lewis rats. The anima;s were sacrificed
by ether anesthesia and exsanguination by intracar-
diac punqture} The blood was collected in a hepar-'
inized syringe and allowed to stand for one hour at
'37°C at a 45-~degree angle. The spleen and lymph
nodes were excised using '‘a clean technique and'placéd

in a petri dish containing 3 to 5 cc of Medium 199
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with 100 U/cc penicillin and sfreptomycin. The
spleen and iymph nodes were cut into small pieces
and then passed through'a 1mm stainless steél mesh
‘with the use of a metal spatula. The mesh was
riﬁsed with medium 199, and.the resultant'suépen-
'sion was spun at 1000 x G rpm for ten minutes.. The
supernatant was discarded and thé cells, predominantly
lymﬁhocytes, were washed x 2 with medium 199. Follow-
ing the final wash, the cells were resuspended and
viability .and cell counts were made. The final vol-
ume was adjusted to approximately 50 x 106/0.1 or
0.2 cc. |

Normal Lewis rats, with normal urine protein
excretion, were anesthetized and shaved. A left
lateral incision was made and the left kidney igof
lated. With a 30 gauge needle, aisubcapsular inno-
culation of ce;ls with ﬁedium was made. The kidney
was returned to the abdomen and the incision sutured

with 3-0 dermalon. Séven days later protein excretion
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was measured, the animals were sacrificed and both
kidneys and spleen removed and weig@éd. Part of
the recipient kidney was snap frozeh for fluores-
cence microscopic Study, and an attempt to demon-

strate gamma globulin and complement deposition was

made. The remaining tissue was fixed in buffered

formulin and stained with hematoxalin and eosin,

P.A.S. and methyl green pyronin.

SPLEEN, MEDIUM 199, FCS 10%, PEN. + STREP, 100 U./cc

""""’.’lﬁ LEwss LYMPH NODES. PETRI DISH TISSUE
g METAL SPATULA
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Cmemres Ny ' 11
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%
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e

X2
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CENTRIFUGE 800 RPM. 7 (O MIN.
STREP, 100U /cc

%*

WITH O-lcc OF
50 x 108 LYMPHOID CELLS

e~ CELL COUNT AND
VIABILITY

RESUSPEND CELLS IN 0-5¢cc

y .
H .
i .
o / —< T
» 0 SUBCAPSULAR
PALE AREA NORMAL 1SOLOGOUS RAT. N VIV
KIONEY INNOCULATION ¢

TISSUE FOR
MICROSCOPY SACRIFICE
- - ~= AT 7 DAYS ) )

FIGURE III
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IV. EXPERIMENTAL REéULTS

I

A. NEPHRITIS |

1.  Disease

a. Induction - This experiment was performed

in an attempt to induce nephritis with a xenogeneic
antigen and to localize the site of aﬁﬁigen deposi-
tion. The énimals were anesthetizéd with ether and
injections given intraperitoneallyvas described in
Section F of Materials and Methods.

Figure IV demonstrates the relative onset of
| ppoteﬁnuria in four groups of nﬁn—splénectomized rats
aﬂd in one group which was splenectomized. Two points
should be noted. The onset of proteinuria in the non-
splenectomized animals began anywhere'from'78 days to
125 days after the first injection, with:a mean opSet
of 104 days for the four groups. The second point

. was that the degree of proteinuria was never extremely

heavy, usually less than 100 mg per 24 hours; with one’
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exception when it was very heavy, up to 260 Bg/24
hours. As was seen groups 3 and 4 required 12 injec-
tions compared to 8.in»£ﬁe latervexperiment. The
former two groups feéeived the non-dialyzed, frozen
supernatant, whereas the_latter groups received é

more concentrated and purer kidney fraction.
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Graph relating onset of disease in splenectomised and

non-splenectomised Lewis rats.
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b. " Accentuation - Having induced the disease

with the xenogeneic antigen, we attempted to increase
the severity of the disease and advance its onset..
Seventeen rats were anesthetized and splenec-
tomized, as desciibed in Section D (2) of Materials
and Methods. The;firsﬁ group of ten animals all
died, possibly because of immaturity with increased
risk of inféction. The subsequent group of 17, a

little more mature, all survived.

J
As can be seen from Figure IV, though the disease

incidence was not greater than in the intact group,
two significant obsérvations were made. Firstly,
once the disease begamjy it was quite fulminaht in
character. Secondly, comparing groups 8 and 11, it
was seen that in the splenectamized group (8), the

disease onset was six weeks earlier.

\

2. Pathologz -

a. Light Microscopy — Kidneys from nephrotic

animals appeared slightly enlarged on gross examina-

i
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‘tion. When examined by light microscopy there.was
no increase 1n cellularlty of the glomerular tuft,

no synechae or crescent formatlggn There was moder-
ate to marked thickening’of the glomerular basement
membrane seen best with the ﬁeriodic—acid—Schiff
stain (Figure V). There was an occasional P.A.S.
positive case in the tubular lumen. The ptoximal

tubular cells had lost the P.A.S. positive brush

border (Figure VI).
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FIGURE V

Nephrotic Lewis rat demonstrating glomerular basement

membrane thickening (HE xv650).

i




FIGUPE V

Nephrotic Lewis rat demonstrating glomerular basement

membrane thickening (HE x 650).
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FIGURE VI
Proximal renal tubular cell, demonstrating decreased

brush border staining (P.A.S. Stain x 860)
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b. -Flubrescencé Micfoscopy - M§re'obéibus
abnormalitieé were seen when the kidﬂeys were |
examined by fluorescence microscopj.: In the pre?
néphroticzahiﬁals no deposition of gamma globulin,
complement, or antigen,cbuld be detected"within
glomerulae. When the kidneys of nephrotie-animals
were‘examined, a heavy granular deposition of host
gamma globulin andicomplement could be seén (Figure
ViI). 'Figure VIITI illustrates a high power view of
. a gldmerular loop. When kidney sections were
examined for #enogeneic antigen, a similar granular
patﬁern was noted (Fiéure IX). Similar staining for
isogeneic antigen was achieved. However, it was

very faint and patchy.
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FIGURE VII

Nephrotic Lewis rat kidney stained with fluoresceinated

rabbit anti-rat gamma globulin. (Mag x 380)
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FIGURL VII

1

dephrotic Lewis rat kidnev stained with fluoresceinated

rabpbit anti-rat gamma ylobulin. (Mag = 380)
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; FIGURE VIII

High power view of nephrotic Lewis rat glomerulus
stained with fluoresceinated rabbit anti-rat gamma
globdlin. Note the granular pattern seen along the

glomerular basemenf membrane. (x 860)
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FIGURE VIII

lligh power view of nephrotic Lewis rat glomerulus
stained with fluoresceinated rabbit anti-rat gammg
globulin. Note the granular pattern seen along the

glomerular basement membrane. {x 860)
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FIGURE IX

Nephrotic Lewis rat kidney glomerulus demonstrating
the deposition of xenogeneic antigen by indirect

immunofluorescenceu) (x 560)

T~V
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FPIGURE IX
Nephrotic Lewis rat kidnev glomerulus demonstrating
the deposition of xenogeneic antigen by indirect

immunofluorescence. (x 560)

it

At -

B



_evealed occasxonal focal‘areas

of thlckened basement membrane. No clear granular

'depOSLtlon was obseried though some areas were very
questlonable, and 1t can be seen that the eplthellal
v~foot processes were slightly blunted 1n these areas
in contrast'to normal. The glomerulus from a nephro-
tic anlmal revealed a thlckened basement membrane,
containing dep081ts w1th1n it and beneath the epi-
thelial cells. There was assoclated glattenlng-of
therepithelial foottprocesses_and”loss qf definition

of the laminaxlucida (Figures X, XTI, and XII).

.




FIGURE X

 Ultra structural photomicrograph of glomerular basement
membrane of prenephrotic Lewis rat. Note slight blunt-
ing of epithelial foot processes. Therebis no evidence
of dense deposits within the basement membtane. Note
preservatiqn of the lamina densa and lamina lucida.

(x 20,000) f£p % Epitheliél Foot Process; bm = Basement

Membrane; bs = Bowman's Space.



FIGURE X

Ultra structural »hotomicrographi of glomerular basement

membrane cf prenephrotic Lewilis rat. Note slight blunt-

ing of epithelial foot processes. There is no evidence

of dense deposits within the basement membrane. Note
prescervation of the lamina densa and lamina lucida.

(x 20,000) fv = Ipithelial Foot Process; bm = Basement

Membranz; bs = Bowman's Space.
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FIGURE XI -
U}trastructural photomicrograph of a nephrotic rat
glomerulus. Note the flattening of the epithelial
foot processes, the subepithelial dense deposits and
thickening of basement membrane. (Mag x lS,OOO)

EP = Epithelial Cell D = Deposit

ENDO = Endothelial L = Lumen




FIGURE XTI ’ .

Ultrastructural photomicrograph of a nephrotic rat
/

glomerulus. Note the flattening of the epithelial

foot processes, the subepithelial dense deposits and

thickening of basement membrane. (Mag x lS,OOO{m

EP = Epithelial Cell D = Deposit

ENDO = Endothelial' L. = Lumen
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FIGURE XII
High power to show thickening of basement membrane

‘and flattening of the epithelial foot processes.

(Mag x 31,000)
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AN

FIGURE XIIT ‘
High power to show thickening of basement membrane
and flattening of the epithelial foot processes.

(Mag x 31,000)
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L 3. HY&Iinéfbrﬁblee*Férmgtionv¥,ihiméls fr¢m

- each gféup ﬁ§d "hyéiine.grahuie“ deppsition 5y4day'

_ éeven;.iﬁdlpéing.Gfoub C. No animal wﬁs-pﬁoteinu:ic

. at seven da&s.ﬁ _ : :
Kidney sections were egaminéd by light microscopy

and immﬁhofluoiésqence, The grénulgszEre P.A.S.

positive ahd_when_staiﬁed_foi fat with oil red-0 they

. were negative. When‘exéminéd under thevfluorescence

microsdope the granules deménstrated b:illianﬁ yellow

autofluorescence. When attgmpting'to detect gamma

_ globﬂlin, complement, or antigen within'thé grantles

utilizing fluoresceine isothiocyanate conjugated‘

antisefg, no change in emigsiohfspectrumlcoﬁld‘be

- seen. Using a rhodamminéted conjugate‘in 6rder to

utilize a different emission spectrum, fluorescence

was too weak for any conclusions to be made.

4. Discussion - These immunbhiétopathblogical

results confirm work from other laboratories—that
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'lboth xenogenelcland lsogenelc tubular antlgen; hoet
.tgamma globulln and complement can be found in a. -6%k7
granular pattern along the glomerular basement
membrane 1n AIC nephrltls.. The ultrastructural
ﬁchanges seen are also compatlble with this dlsease.

The hyallne droplet formatlon, on’ the other'hand,
‘though conflrmlng what had been ‘seen prevmously ;n R
~prote1nur1c anlmals, has not been explalned. Cup—
page correlated glomerular basement membrane- changee
and protelnurla with resultant secondary prox1ma1
tubular brush border changes.

We demonstrated these changes occur.prior to the
onset of -proteinuria. The changes however could be |
toxic, seCondary to comblete Freund'S'adjﬁvant. If
the hyaline droplets in fact contain pprtions of the
brush border (that area which contains the epecific;
tubular antigenvresponeible in Lewis rats_for induc-

tion of disease), these may be important in’diseaée

pathogenesis.
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In this disease modél,fwifh”ﬁﬁe péefbf exdgeﬁéus.
antigehftherg is feleaSe of tﬁe'autolpgoué.antigen ;“
from thevbfusthqrder of the préximal.tubule (154);
The animal synthesizes antibddieé which forﬁ soluble
fcohplexes; these are thén_filterea and depositea |
withih thelglomerular baseﬁent.membréne;' If the
"~ loss bf the brush border and the .simultaneous appeaf—
rance of hyaline drbplets,within‘the prOximal tubular
are related to antigen‘reieaSe;‘then-ﬁhe.hYaline
dfoplet~formétion seen here may not be a result of,

. .
but a cause of, further disease progression in this

.model.

B. ELUTION EXPERIMENTS

‘1. Elution to Demonstrate Autologous Tubula¥

Anﬁigeh within GBM - In én~attempt to dempnstrate
more cleggzy.the dépositiqn of‘autologpué antigen,
potassium thiocyanaté.elﬁfion pfocedures were &nder-’
taken. When utiiizing the method of Edgington et al,

!

tissue morphglogy was not maintained (181).
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:Aceordingly, an experiment was'performed_te
determine‘optimaletime and“tempefatnre fer'the
eiutien'step, maintaining adequate tissne~morpho—
logy and still elute suff1c1ent host gamma globu-
lin, so that antlgenlc s;tes were made avallable;a
Tabie I in Materials and Methods illustrates the
combinations used. -The_final time of 30 minutes L
at 37°C was found to be optimal and.tne basement |
membrane remained intact. The pest,elutibn tissue
is compared to a non-eluted nephretic.glomerﬁlus
(Figures XIIT and XIV). | |
- On immunofiuorescence, autologous antigen was
also more easily demonstzable on the eluted kidney

sections, though still quite faint (Figure XV).
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FIGURE XIII

Nephrotic Lewis rat glomerulus prior to elution
procedures. Note thickened basement membﬁane with i
’ |

intact epithelial and endothelial cells. '(P.A.S.

x 860)
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FIGURE XIIT

Hephrotic Lewls iiF glomerulus prior to elution
proccdures. Note thickened basement membrane with
intact enitihclial and endothelial cells. (P.A.S.

¥ G60)

[,

.
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FIGURE XIV

Note

Post elution glomerular basement membrane..
that the glomerulér basement membranes are devoid

of epithelial and endothelial cells. (PAS mag x 860)
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PIGURE XTIV

Post clution glomerular bascment membrance.  Hote
that tne glomerular bascment membrancs are devoid

of o2pithelial and endothelial cells. (PAS mag x 860)
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FIGURE XV
NephroticmLewis'rat'kidney demonstrating the granular
deposition of autologous tubular antigen within the

glomerular basement membrane. - (x 650)
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" 2. Elution to Demonstrate Antibody - Sixteen

grams of kidney cortex from nephrotic Lewis rats
was éubjeéted to the elution procedure as described
previously in H (1) of Materials and Metheds. The
‘volume-of the eluate was 210 _cc; 60 cc were per- '
wé@aporated to 15 cc, read in a D.U. spectrophotof N
meter at a wave length of 280. The protein concen-
trétion was 0.35 mg/ml, resulting in a total yield
of 36;4 mg, a yield of 0.23%. Ouchterlony and
immunoelectrophoresis analyses were (then performed.
The eluate was diffused against rabbit anti-rat
whole serum. .On the Ouchterlony one line was seen
and on the immunoelectrophorésis one line was seen
migrating in the ¥ region (Figure.XVI).
In an éttempt to détermine the specificity of
the antibody, tﬁe el&ate was diffused against rat
F.I.A. and rabbit supernatant in Ouchterlony. How-

ever, no precipitin lines appeared after 48 hours.

Negative results were also obtained using two-fold

dilutions of thé antigens to a dilution of one in 16.
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FIGURE XVI
Cellulose acetate electrophoresis demonétrating a
single precipitin line migrating in the gamma region
from the kidney~eluate in alpha. The troughs contain

‘rabbit anti-whole rat antiserum. Normal rat serum was

placed in well c.
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FIGURE XVI
Cellulose acetate electrophoresis demonstrating.a
single precipitin line migrating in the gamma region
from the kidney eluate in alpha. The troughs contain

rabbit anti-whole rat antiserum. Normal rat serum was

placed in well c.
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3. In Vivo AsSay of Eluate - Four normal Lewis
rats were injected-intfavenously Qith 1 cc of the
eluted gamma globulin (0.35 mg/ml). Proteinuria
was checked prior“ib injection; 4 hours after
injection; 24 hours after and 7 dafé after. Uni-
lateral nephrectomy on the four animais was per-
formed four hours after the intfavenous injections,
and tissue examined by light and immunofluorescence
microscopy. |

No animal became oliguric_or'proteinutic/at’any
“time measured. Two of the four kidneys showédf
moderate interstitial hemorrhage'by light micros-
copy. However, no other tubular nor glomerular
changes were seen. Immunofluorescent staining 6f
the tubules for gamma globulin and complement depo—
sition were negative.

7

4. 1In Vitro Assay of Eluate - Normal frozen rat

kidney sections 4 U thickness were cut on the cryo-

stat in routine fashion. The nephrotic eluate was

C
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divided into 4 aliqﬁots’and abéorbed‘as_in H (2)

~of Materials and Methods. Indirect immunofluores-
cent staining was then perférmed using goat anti-rat
gamma globulin F.I.T.C. as the top layer. Different
qualitative staining wés'seen. Glomeruli were nega-
tive. Tubular cells stained brightly with the
unabsorbed eluate. There was ndt, however, any
definite accentuation of staining in the area of

the brush border. When the eluéte‘was absorbed
with the Lewis rat F.I.A., the tubular cytoplasmic
staining was considerably less intense and the
basement membrane staining pefsisted. When the
rabbit éntigen was used to absorb the eluate, there
was minimal tubular cytoplasmic staining; however, |
the tubﬁlar cell basement membzane appeared quite
btight. When sections were stained with éluate that
had been absorbed with both rabbit kidney antigen
and rat kidney F.I.A., faint tubular basemént §£§in—

ing only was visible (Figures XVII-XX).
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o —

FIGURE XVII
Normal Lewis rat kidney overlayed.with nephrotic
kidneyleluate non-absorbed then overlayed with goat
anti-rat gammaglobulin FITC (Figures XVII-XX). Npte
diffuse tubular staining with absent glomerular base-

ment membrane staining. (x 320)

[
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FIGURE XVII

Normal Lewis rat kidney overlayed with nephrotic
kidney eluate non—absorbed then overlayed with goat
anti-rat gammaglobulin FITC (Figures XVII-XX). Note
diffuse tubular staining with absent glomefular base-

ment membrane staining. {(x 320)
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e

FIGURE XVIII

Eluate absorbed with Lewis rat FIA. Note lack of
glomerular staining again. There’is less tubular
cytoﬁlasmic staining here than in Figure XVII,

though some tubular cytoplasmic staining persists.

(x 320)
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FIGURE XVIII

Eluate absorbed with Lewis rat FIA. Note lack of
glomerular staining again. There is less tubular
cytoplasmic staining here than in Figure XVII,

though some tubular cytoplasmic staining persists.

(x 320)
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\

FIGURE XIX
Nephrotic kidney eluate absorbed with crude rabbit
antigen. anin tubular staining is less intense, but

still evident. (x 320)
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FIGURE XIX
Nephrotic kidney eluate absorbed with crude rabbit
antigen. Again tubular staining is less intense, but

still evident. (x 320)
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FIGURE XX
Normél Lewis rat kidney overlayed with nepﬁrotic
kidney eluate absorbed with both the rat and rabbit
kidney antigens. Here we see minimal tubular cyto-
plasmie staining, the glomerular again remaining

unstained. (x 320)
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"FIGURE XX

Normal Lewis rat kidney overlayed with neplhrotic
kidney cluate absorbed with both the rat and rabbit
kidney antigens. Illere we see minimal tubular cyto-

plasmic staining, the glomerular again remaining

unstained. (x 320)
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§. Discussion - From previous experiments, it

appears in this model xenogeneic antigen is more
heavily deposited than is autologous antigen,
although both are present aldng the GBM. From the
above experiments, several other points may be made.
By differential absorption of the eluted antibody,
more antibody directed toward the tubular antigen is’
removed by abSorption with xenogeneic kidney than is
‘with.isogeneic kidney.'.This is in keeping with thé
quantitative tubular antigen deposition seen earlier
in the nephrotic rat glome;uli. Absorption of thev
eluate with both anﬁigens would be ekpected.to remove
all staining; however, minimal staining remained, ;
for which we have no explanation. It should be
pointed out that ih'the in vitro system only ques-
tionable brush border éccentuation'was seen (the site
of the nephrb@mgedicantigen). Only in one section
was there suggestion of brush border accentuatignm

when stained with unabsorbed eluate. Brush border
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. accentuation was expected as the immuniiing fraction'
contéinéd the nephritogenic'antigen._(Howevér, as:
the rabbit fraction was a‘Crude suspension of-soluble
and insoluble antigehs, the. specific antibodies
produced were prqbably'ﬁasked by the aQtibOdies.
pfodﬁced to the other‘tubﬁlar_antigens. Since both
antigen preparations contained the brush border con-
stituents, brush border accentuation would be abol-

ished following absorptions of the eluate with either

. antigen.

C. ~ CUTANEOUS MANIFESTATIONS IN AIC

Intradermal skin tests were performed with xeno-
geneic kidney antigen as in Materials and Methods,
Section K. When the kidney sites were exam%ned after
15-30 minutes, there was no reaction. /After two to
three hours the initial small bleb had been replaced
by a markedly indurated énd elevated area, often with

an area of central hemorrhage (Figure XXI).
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This reaction often persisted for 24 hours and
by this time it had begun to disappear. No fugther

reactidn was. noted at 48 hours.

e

The control site injected with Mycobacteriuﬁ
Tuberculosum had no immediate*reaction; howéve:, at
24 to 48 hours an indurated button'appeared without
central hemorrhage, a delayed cutaneous reaction.

To compare the skin response 6f the rats‘to
xenogenic and isogeneic kidney, the rabbit antigen
and Lewié rat F.I.A. were injected intradermally as
previously. Good 2 to 4 hour reactions were again
séen to the xenogeneic kidney; ndireaction was seen
to the isologous kidney (Figufe’XXiI).

Table II éﬁﬁﬁarizes the results of the skin
reactions.

. Having noted the skin response, the 2 to 4 hour
reactions were biopsied. On light microscopy intense

oedema was seen throughout the dermis, associated with
: /
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a mérked polymptphonuclear infiltrate often within

)

'the vessel wall.

A high percentage of eosinophils weré also seen.
It can be noted that even at-this early.time, namely
2 toi4fhours after the injection, the integéity of
the basement membrane had been compromised (Figures
XXIII and XXIV).

When examined for the deposition of gamma gle
" bulin and C3 by fluorescence micidscopy, there wés.
a heavy deposition of both within the vessel wall.
A biopsy taken from a site Which had been challenged.
with isogeneic kidney was negative for immune reac-

tants and contrasts to the positive biopsy (Figures

XXV and XXVI).

Discussion - In our model of AIC nephritis,‘
delaYed hypersensitivity could not be elicited as
demonétrated by skin reactivity, even though the
rats were sensitized to xenogeneic antigen. _The

'~ animals did have a delayed skin reaction to Mycobac-
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terium Tuberculosum, illustrating that ahimals weré
capable 6f this type of a resﬁonse.

. The demonstration of a typical Arthus reaction
with menogeneic antigen is invkéepiné with the
immediate hypersenSiEivity pathogenetic méchanisms |
operative in AIC hephritis, namely one of antigen-
antibody complexes rather than that of delayed
hypersensitivity. No Arthus reaction could be

elicited to the isogeneic kidney. This was expected

as we were unable to detect circulating precipitins
D .

to thés'antigen.
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FIGURE XXI

Rat skin site examined at 3 hours. following intradermal injection of

xenogeneic antigen. Note indurate area with central area of hemorrhage.

LST obed



FIGURE XXI

Rat skin site examined at 3 hours following intradermal injection of

xenogeneic antigen. Note indurate area with central area of hemorrhage.
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FIGURE XXII

Lewis rat skin test sites at 3 hours.

Xenogeneic antigen skin test at b. Note lack of reactiop;at a and the

Arthus reaction at b. : -

Isogeneic antigen skin test at a.

8sT obea



FIGURE XXIT

Lewis rat skin test sites at 3 hours. Isogeneic antigen skin test at a.
Xenogeneic éntigen‘ékin test at b. Note lack of reaction at a and the

Arthus reaction at b.

gc1 °obed
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FIGURE XXIII

Photomicrograph of section of Lewis rat skin biopsied

from a 4-hour reaction. Note the intense edema of the

dermis with the clumps of PMN's to one side of vessel

wall. (x 360)
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FIGURE XXITI

Photomicrograph of section of Lewis rat skin biopsied

‘from a 4-hour reaction. Note the intense edema of the

dermis with the clumps of PMN's to one side of vessel '

wall. (x 360)
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FIGURE XXIV

High power of Figure XXIII. Note rupture of the

lining of vessel, the predominantly PMN infiltrate

with significant percentage of eosinophils present
(arrow) , breakiné through the vessel wall into the

interstitial tissue. (x 650)



FIGURE XXIV

High power of Figure XXIII. Noﬁe rupture of the

lining of vessel, the predominantly PMN infiltrate
with significant percentage of eosinophils present
(arrow), breaking through the vessel wall into the .

interstitial tissue. (x 650)
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FIGURE XXV
ékinfbiopsy of Lewisvrat Arthus reaction elicited by
intradermal injection of xenogeneic kidney. Tissue
stained for depositioh of Blé. Note the heavy depo-
sition of complement within the vessel wall. There
also appears to be a break in the vessel wall, anala-

gous to the area of PMN infiltration seen in Figure B

XX1IV. (x 650) -
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FIGURE XXV -
Skin biopsv of Lewis rat Arthus reaction elicited by
intradermal injection of xXenogeneic kidney. Tissue
stained for deposition of BlC. Note the heavy depo—
sition of complement within the vessel wall. There
’also appears to be a break in the vessel wall, anala-
gous to the area of PMN infiltration seen in Figure

XXIV. (x 650)



Page 163

" FIGURE XXVI

Rat skin demonstrating a negative biopsy following

injection of isogeneic kidney. (x 650)
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D. - DETECTION OF CIRCULATING ANTIGENS -

During inducfidn but'érior to onset of.diéeéSe,
‘the rats of groups 8 and 11 were bled every two
weeks. The serum wgs-diffused_agéinst rabbit anti-
rat F.I.A..antiseruh by double diffusion in agaf.

A precipitin line appeared 3 to 4 weeks prior to
the onset of disease in a high pefcentage 6f ani-
.mals. Again utilizihg agar gel diffusion, antibody
‘to isogeneic antiggh cou%d,not'be detected with
Leﬁis rat F.I.A. as antiéeﬁ. '

If the precipitin line demonStrated represénted
gircuiating antigen, theh it should be removable
with specific antiserum. Two procedures were :
utilized to demonstrate this.

A nééhrotic,rat was bled for .1 cc by the tail
vein. It was theh injected intravehously ;ifﬁ'l.qq
of rabbit anti-rat F.I.A. The rat was theﬁ biéd‘for |
0.5 cc every 30 minutes for 2 hours. The serum was

thén separated and diffused in agar gel against
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rabbit anti-rat F.I.A. As can be seén in the 30 minute
bleea the precipitin lihe is fainf and with increasiﬁg
time it becomes more prbnounced (Figﬁie XXVII). 1In
vitro absbrptions with'anti—rat F;I.A. aléo abolished
the precipitin line'when>agér gel diffusion was ﬁsed.

It has been claimed that the nephritogenic anti-
gen hés a haif life of less than 24 hours. If whatv
we have demonstrated is the nephritogenic antigen, it
- should be catabolized in a similar féshion once the
major source of the antigén is removed. A néphrotic
rat was bilaterally nephrectomizéd and bled at 0, 16,
19, 22 and-48 hours. The sera were placed in peri- |
pherél'wells'of an Ouchterlony plate, except in well
5 Qhere the nephrotic rat's urine priof to nephrectomy
(concentrated x 16) was placed. The antigen was preseht
at 48 hours, though slightly decreased in concentration.
In addition we demonstrated aﬁ antiéen present in the |

urine which cross-reacts with that in the serum (Figure

XXVIIT).
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- Discussion - The substance demonstrated in the

circulation of nephrotic ratsvmay be a renal-antigen.
The in vivo abébrption results are interpréted‘és
-positive, since when assaying.the.absorbedvserum
equal volumes were uséd»in'the periphéqal wells.
Within 2 hours the antigen~concéntﬁgtion had returned
to its original level.

We were unéble to demonstrate any significﬁat
change ih concentratioh of the antigen over a 48
hour period. This makeé'theaantigeh prbbéBly dis-
s}miiér to the nephritogenic antigen of Edginhgton,
the half life of which was less than 24 hours. .

We were also not able to demonstraée circulating
rat anti F.I.A., possibly because all the antibody
was bound to antigen utilizing the available anti;
Body binding sites but still leaving antigen com¥
bining sites availaple. If this‘hyp6thesis is true,
then the animal woﬁld indeed hg in antigen excess

with a reference to the endogenous antigen F.I.A.,

the optimal state for disease induction.
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» B FI‘GURE XXVII
Double diffusion in agar gel. Rabbit anti-Lewis rat
FIA in center well, diffused against sera taken every
30 minutes following an I.V. injeetion. The animal

|
was injected with rabbit anti-rat FIA. Note the lack

of clear definition of precipitin line in 1, with sub-

sequent re-establishment of distinct precipitin line.

e
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FIGURE XXVII
Double diffusion in agar gel. Rabbit anti-Lewis rat
FIA in center well, diffused against sera taken every
30 minutes following an I.V. injection. The animal |
was injected with rabbit anti-rat FIA. Note the lack

of clear definition of precipitin line in 1, with sub-

sequent re-establishment of distinct precipitin line.
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FIGURE XXVIII
Ouchterlony plate demonstrating the persistance of
antigen in serial serum samples over a 48-hour period.

The rat urine (prior to nephrectomy) is placed in well

. 5; two precipitin lines are seen, one of which demon-—

strates identity with that in serum.



FIGURE XXVIII

Ouchterlony plate demonstrating the persistance of

antigen in serial serum samples over a 48-hour period.
The rat urine (prior to nephrectomy) is placed in well
5; two precipitiﬁ lines are seen, one of which demon--

strates identity with that in serum.
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E. DETECTION OF ANTIBODY

'Nephrotic Lewis rat serum'was'evaluated fof_the“,-
présenée of antibodies as outli;ed in séction L of
Materials and Methods. Precipitating antibody was
- present after the third or fourth intraperitoneal

ingection to the xenogeneic antigeh during_induétioh“l

of.disease. An attempt to demonstrate precipitating
antibodies to autologous kidney was negative. Using
Lewis F.I.A. aé antiéen in concentrations of 10, 5
and 1 mg/ml in th? center well of serial Ouchterlony
immunpdiffusion piates the sera of nephrotic rats
were allowed to diffuse from the peripheral wells.
At no time in the course of induction disease was

circulatory precipitating antibody demonstrable to

autologous- tubular antigen.

F. TISSUE CULTURE

The cytotoxicity of nephrotic rats' lymphoid
cells from spleen and peripheral blood were evaluated

by the destruction of isogeneic neonatal Lewis kidney

o
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/'/ . ) . "
/ monolayers. Initaally a protocol of boosting the
animals 8 to 12 days prior to cell harVésting was

followed. Results are listed below.

5 x 10° lymphoid cells were added to each tube.
All cultures were stained by May—GrunwaldJGiemsa

cytotoxicity method. ' o ]

Experiment I

18 Hours

Lewis Rat Monolayer & Normal Lewis
Lymphoid Cells £ Destruction

Lewis Rat Monolayer & Nephrotic
Lewis Lymphocytes + Destruction

Lewis Rat Monolayer & Rabbit
_ 4+ Destruction

Lymphoid cells

Experiment II - Each tube in duplicate 24 Hours

Lewis Rat Monolayer & Nephrotic Spleen .
Lymphoid Cells + PHA ‘ 2+ 3

‘Lewis Rat Monolayer & Nephrotic
Peripheral Lymphoid Cells + PHA y 2 + 3+

Lewis Rat Monolayer & Nephrotic
Serum* + PHA 0

* 0.3 cc of serum was added‘to culture tubgs.
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Experiment IIT

N 24 Hours
'Lewis Rat Monolayer & Normal ‘
' Lewis Lymphoid Cells + PHA : t
Lewis Rat Monolayer & Normal +
Lewis -
Lewis Rat Monolayer & Nephrotic
Lewis + PHA . 3+
Lewis Rat Monolayer & Nephrotic
Lewis . 2+, 3+
Lewis Rat Monolayer & Normal .
Sp. Dawley + PHA . : : 24+, 3+
Lewis Rat Monolayer - Normal
Sp. Dawley 1+, 2+
PHA Aloné 0

Experiment IV

'For 48 hour assays it was found that impwoved mono-
"layer morpholdgy was. achieved by changing medium at

24 hours. The experiment outlined below is a repre-

N

sentative one.
- =48 Hours

a. Normal Lewis Lymphoid Cell - 0+, 1+
"Normal Lewis Lymphoid + PHA 1+
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b. Normal Sp. Dawley Lymphs 1-5 2+
- 'Normal Sp. Dawley Lymphs»+5PHA 2+
. X ’ &
c. Nephrotic Lewis Lymphs + PHA - 3=7 4+
Nephrotic Lewis Lymphs - = 2+, 3+
d. PHA Alone 0

Summary of the above experiments is seen in Table

III. (See Figures XXIX - XXXII)

Discussion - Being aware of—theshortcomings of

morphologic studies, several obsérvations however
.appeared valid. Firstly, normal isogeheic lymphoid
cells in the presence of phytohemagglutinin were
slightfi—cytotoxic for the kidney monolayer. This
confirms recent reports of iéogeneic lymphoid cyto-
toxiéity in tissué culture, negating previous claims
that histoincompatibility.is a prerequisite for
cytotoxicity. Since cytotoxicity was increased in
most instanced by the addition of PHA, the inference
is that the "recognition" step is facilitated. or

that "contactual agglutination" enhanced. Secondly,
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n we have shown that these nephrotic animals did not
manifest delayed;cutaneous hypersensitivity to the
xenogenelc kidney, the 1mmun121ng antlgen. Thirdly,
as normal allogenelc lymphoid cells gave 51m11ar '
cytotOXIC'reactions in v1tro_as did the 1sologeneic
Sensitized-lymghoid cells,'it appeared that the in
722252 cytotoxie assay systems do net necessarily
reflect in vivo pathogenetic mechanisms. To test
this theory a further set of experiments was per-

formed, an in vivo cytotoxic assay.

\
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SUMMARY ON OBSERVATIONS IN IN ViTRO CYTOTOXICITY

o PHA | 24 Hrs 48 Hrs
o +
Normal Isogeneic Cells + * +
- * +
Normal Allogeneic Cells + ++ +4
- + ++
Normal Xenogeneic Cells + ++++ —_—
- et —_—
Nephrotic Isogeneic + +++ ++++
Cells ‘
- ++ +++
PHA Alone + 0 0
- 0 0
Nephrotic Serum + - ~0¥{- - Q
- 0 0




_FIGURE XXIX

Neonatal Lewis kidney monolayer- at 24 hours with normal
isologous lymphocytes. Note minimal but definite
vacuolisation of cytoplasm of monolayer (arrow) (May

Grunwald Giemsa). (x 630)



Page 175

FIGURE XXIX

Neonatal Lewis kidney monolayer at 24 hours with normal
isologous lymphocytes. Note minimal but definite
vacuolisation of cytoplasm of monolayer (arrow) (May

/

Grunwald Giemsa). (x 630)
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FIGURE XXX

Lewis kidney monolayer and allogeneic nephrotic rat

lymphocytes and PHA at 24 hours. ' Note increase in

A

monolayer cell vacuolisation with early spindling of

cells. (May Grunwald Giemsa x 960)

~ / .
. A
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FIGURE XXX
Lewis kidney monolayer and allogeneic nephrotic rat
lymphocytes and PHA at 24 hours. Note increase in
monolayer cell vacuolisation with eérly spindling-of

cells. (May Grunwald Giemsa x 960)
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FIGURE XXXI

Lewis rat monolayer and isogeneic nephrotic  lympho-

cytes and PHA at 48 hours. Note virtual complete

destruction of the monolayer. (May Grunwald Giemsa x .

-

320)
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FIGURE XXXTI

Lewis rat monolayer and isogeneic nephrotic lympho-
cytes and PHA at 48 hours. Note virtual complete
destruction of the monolayer. (May Grunwald Giemsa X

320)



FIGURE XXXII

Residual kidney monolayer cells demonstrating nearly
complete cell destruction. Note extreme spindling of
cytoplasm, remaining nucleus, marked cell debris sur-

rounding cell. (May Grunwald Giemsa x 960)
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FIGURE XXXII

Residual kidney monolayer cells demonstrating nearly
complete cell destruction. Note extreme spindling of
cytoplasm, remaining nucleus, marked cell debris sur-

rounding cell. (May Grunwald Giemsa x 960)
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G. IN VIVO CYTOTOXICITY N

Eight isologoﬁs_Lewis rats were recipients of

nephrotic Lewis lymphoid cells as described pre-

viommly. N

When the injected kidney_was examined, a Larée
pale sear was noted. Oh gross cut section the scar
tissue was slightly retracted and appeared to be of
cortical thickness (Figures XXXIII and XXXIV,f' On
light microscopy, low power ekaminatiéHM;;;éaléd'a
heavy celluiar infiltrate with "fingers" of cells
invading the deeper cortical tissue (Figﬁres XXXV
and XXXVI); At high pdwer these ceils were pre-
dominantly lymbhoid in nature with many cells in
~active mitosis. Those cells which surrounded the
tﬁbules appeared to be destroying the tubular epi-
thelial cells, glomeruld appeared intact (Figure

XXXVII). These chéabes were not seen in normal

Lewis to Lewis transfer experiments.
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/ Discussion - This model is patterned after the

——ELKIN model which demonstrated a graft vs. host
reaction in a parental to Fy hybrid system on a
- histoincompatability basis. ﬁistoincompafébilitjm

—could not be operative here as this was a completely

lymphoid in character and as it occurred only ak

Y 6 to 7 days, we must consider the reaction as one
of "delayed hypersensitivity." This there appeared
to be a cellular mechanism operative when sensitized
cells Were placed in the,kidney beﬂeath.the éapsule.
Yet in the experimental nephrotic model, no cellular
infiltrate was seen in the kidneys. It.must be con-
cludéd that in this artificial system where sensi-
tized lymphbcytes were placed in apposition to the
tﬁbular antigen (that to which they were sensitized),
a cell mediated hypersenéitivity reactioﬁ did appear.
These animals had absent skin delayed hypersensitivity

to xenogeneic kidney, the immunizing antigen, but were



_of manifesting a cellular reaction locally, -thig-i-
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~not anergic for they demonstrated positive delayed

skin reactivity to ultrasonically disrupted TBC.
Moredver, the disease is not passively transferred
with lymphoid cells alone. For these reasons it

appeared that though these lymphocytes were capablef

feature was unique and contrasted to the disgase™

model. For these reasons it does not appear that

sensitized lymphoid cells play a direct or importént
I

role in the pathogenesis of this disease.




FIGURE XXXIII
The excised injected and contralateral kidney. Note

at the site of injection (arrow).

pale, edematous area

z81 9beq



o FIGURE XXXIII

The excised injected and contralateral kidney.

at the site of injection (arrow).

Note pale, edematous

area

z81 °@beq



FIGURE XXXIV

Section of kidney to demonstrate complete pallor of cortex.
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FIGURES XXXV, VI

Photomicrdgraph of Lewis kidney in which isologous
/ nephrotic lymphocytes have been injected subcapsularly.
Note the fine cord-like fingers sﬁrrounding the tubules;

seen better in Figure XXXVI. (Mag. x 360 - H & E)

e s ey




TTIGUREES XXXV, VI

o

rhotomicrograprh of Lewilis kianey in which 1sologous
rephrobic lymphocytes have been injected subcapsularly.
Note. the fine cord-like fingers surrounding the tubules,

po—

scen boetter ia FPigure X¥XVIL  (Mag. = 360 - 1 & L)
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FIGURE XXXVI

(x 360 H & E)
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FIGURE XXXVII

High power view of peritubular lymphocytic infiltration. Note the

tubular cell swelling and vacuolisation. (x 960 H & E)

98T sbed
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V. FINAL DISCUSSION

_ These experlments have beenlperformed to conflrm |
the concept that AIC nephrltls is an . antlgen-antlbody
complex dlsease. ThlS concept is not new and 1n fact'
has been well d1scussed bypmany prev1ous authors.
Though a few others have disputed the pathogenetic

| role- played by complexes, 1t has become more and more
apparent that thelr v1ew is no longer tenable.}

In our experlmental model, Lewis rats were immunf_~'
iaed with a crude rabbit.antigen. The‘animals so
1mmunlzed became nephrotic over a period which was
comparable wlth;31m11ar models. We also demonstrated
that it was possible to potentiate the disease by
splenectomy. In the splenectomized group of-animals,
the disease was much more,rapid in onset andjanimale
mere maﬂkedly wasted at.the time ofldeath;t ihe char-
acteristics of the pathology were similar to those seen
in the intact group of animals. The rationale for
splenectOmy wasAthat, with the remo§a14of a‘large reticulo—

endothelial organ, large quantities of complexes would

\
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remain in the oirculations :Those compiexes~able toAbe:'
.flltered would then be dep051ted in greater concentra—a

tion in the kldney. '

In both groups of anlmals antlgen, gamma glo-
bulin and complement were demonstrated in a érannlar
fashion along the basement membrane; " The dep051tlon
of xenogehelc antlgen was heavy. and easily seen,
contrasting to the faint dep051tlon of isogeneic
antigen.. Ultramlcrosooplc examlnatlonvof the kid-
ne#sfdemonstrated that prior.to tbe.onset of gross
proteinuria, a progressive increase‘in basement
membrane thickening was Seen._qrhongh unable to
demonstrate antigen-antibody‘complex deposition by
immunofluorescence, we were able to show a patchy
granular deposition within the basement membrane by
electromicroscopy. |

Thfs'progressed to the characteristic pattern

of deposits beneath the epithelial cells and within
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- e .

the basement membrane. These ccmplekes appear to.
“increase 1n density w1th1n the basement membrane

and at the same t1me appear to progress1vely mlgrate
toward the outSLde surface: where these dep051ts‘ '
accumulate beneath the eplthellal cells. The 1nter-'_*
: pretatlon is that these complexes 1n1t1ally do not
cause disease, but after hav1ng reached a spec1f1c
concentration protelnurla results. The migration

of these deposits‘tc the sub-epithelial'area pree
vents subsequent phagocytosis by reticuloéndcthelial
cells. In the splenectomized\group, moderately well-
demonstrated dep031ts within the glomerular basement
membrane prior to the onset of prctelnunla would sup-
port thls hypothesis. In addition, we demonstrated
the depositlon of isogeneic antigen. ‘However, the
deposition was faint and patchj contrasting to the
characteristics of xenogeneic antigen deposition.
Edglngton claimed that in his model the isogeneic

' antigen-antibody deposition is the main complex which




Page 190

~causes disease. 1In our model it_would.appear'that

"though the isogeneic antigen is deposited with its

antibody, this antigeﬁ would not play the‘important\"

role in our model as it did in that of Edgington.

He showed that microgram amounts of specific nephri-

togendéc

allogeneic antigen in one injection in the

footpad were able tb cause disease with subsequent

moderately heavy isogeneic antigen deposition. It ——— - -

appeared in our mcdei that with xepngeneic antigen,

antibodies which were,forméd cnoss-react.with_the

antigen

p:géent in the proximal tubules of the Lewis

rats. This cross-reaction caused subsequent damage

to the proximal tubule which resulted in the release

of the isogeneic antigen, the breaking of tolerance

and antibody formation. The isogeneic‘antigen then
. / .

acts as
complex
amounts

earlier

an‘auto-immunbgen causg&ng anﬁigén-antibody

‘. ' v / 'l ]
formation. However, only qualitatively small
were deposited, which contrasts to Edgington's

work and possibly his conclusions.
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*. We had observed durlng the 1nduct10n of nephrltls,
classical hyallne droplet formatlon w1th1n the pro-
xlmal tubulesvof LerS rats. As had'been-dlscussed;
in theﬁliteraturé these hyaline droplets were.thoudht
to be manifestations of 'protein reabSOrption. Cup-
page, howeYer;uaccepting this view, raisesdthe‘point
whether or not these droplets in fact may represent
toxic changes. We demonstrated that these hyallne
.hdroplets develop prior. to the onset of protelnurla,
and we attempted to determlne what role these dropP
lets played .in disease pathogene51s and at what time
they initially. appeared»' We have shown their forma-
tion w1th1n the f1rst week and in fact appeared w1thy
minimal 1mmnn;zat10n. In three different groups of
animals the_hyaline droplets appeared-even after one
intraperitoneal injection of compleéte Freund's adju-
_tant alone. We were not able to demonstrateAthat
these droplets contained the specific nephritogenic
antigen. When we attenptedvto do this by immuno-:

fluorescence, the droplets themselves had sufficiently
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- strong autofluorescence to quench the specific
”emﬁSsion{ An attempt was made to fluoresce these

 granules with a'differént'conjugate (rhodamine) .

The red emission from this conjugate was also not
sufficiently strong to overcome the intense vellow

autofluorescence of the granules. When stained by

"routine‘methods the granulés appeared as P.AJS.

positive; however, they were negative when stained

for fat.
What significance these hyaline:drqp;ets have in

this experimental model remains to be determined. If

we had been able to demonstrate that these granules

contained the specific nephritogenic antigen then one
would be able to hypothesize with confidence that the
early rounding up of the brush border to fofm what
appeared to be hyaline "re-absorption" granudés was
related to the freeing’bﬁ autologous antigen. As
Edgington_has shown autélogoﬁs antigen is released

and later deposited within the glomerular basement
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membrané as*complexes" Finally,'thé brush border
" appeared to be lost very early in thenimmunization_
process_enen without tne utilization nf épecific :
'antigens. With complete Freund's adjuvant alone, '
basement membrane changes are seen similar to those
which occur in animals immunized with antigen plus
COmpleye_Freund's adﬁuvant. | _ ; B

The release of autologous antigen, the breaking
/of tolerance and antibody formation is probably
poténtiated by antibodies formed fo thé xenogenéic.
antigen. . These antibodies then cross-react with the
autologous antigen releasing more antigen. This
breaking of tolerance is an esséntial.stép for thé :
formation of autologous antigen—antibody complexes.

In our own attempt to demonstrate the.deposition
of autologous antigen, the elution procedure of
Edgington et al was found to be unsatisfactory. Good
morpholngy was maintained with a thirty minute elu-
tionp and autologous antigen was shown to be deposite&f

within the glomerular basement membrane.
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We confirmed that though xénogeneic antigen is
depositéd éﬁéﬁumore’heaviiy, iSOgéneic antigen is
deposited in a siﬁilar.qualitative fashion." in
conclusion we did not}show_thét the hyaline "reab-
sorption" droplets contaihed‘nephritdgenic antigen
'. though*theﬁdfopléts appeared parri-paésu with the
rounding up and droplet formation within the brush
border. The deduction is very tempting that in
fact the hephritogeﬁic antigen is coqﬁained'within

.theSe hyaline droplets. ”
| Our elution experiment.. to demonstrate free
antibody was successfqi. We_demonsﬁrated‘that'wé
had é single protein and it migrated on immﬁpo-
electrophoresis in the gamma region. . We were not
able to demonstrate that the antibody obtained was
directed against the autologous antigen (rat FIA)
nor crude rabbit antigen. \ i

The eluate was then eValuated'by an in Vivd

assay system.  This expériment was performed to

determine if there was any diregt nephrotoxic .
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activity oflthe eiﬁéte.b We ﬂ;d not expédted gld_
merularldamage as the éntibody initially was com-
plexed within the glbmerularvbasement membrane.
One possibility existed that, since the antibody -
had activity towardsvtheiahtigen prgéént in the(
brush border of the pfoxihal'tubulés, a form of-
.acute tubular necrosis may have developedvupon'
challenge with this antibody. _This however was
‘not the case. Né animal became»nephrotic or pbb—

eéndric followgng the injection of 1 cc (.35 mgm)
of the eluted gamma globulin. Microscopic examina-
tion of the kidneys of these récipient animals was
completely within notmal limits except for two of
the kidneys which shoWea mild ihterstitiél hemorr-
hage. The eluate was then}é;émined by &n in vitro
;ystem in which the eluate was differentially
absorbed énd fheé overlayed onto normal Lewis rét

kidneys. .  The eluate stained the tubules in a dif-

ferential fashion while the glomerulae never stained.
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When stained with the unabsorbed eluate, the brush
bordervappearéd to stain slightly more'than thé wholé
?ubular cell.' Upon abSérptions of the eluéte with

rat and then rabbit antigen‘ohe saw'that the‘Brush
border staining was completely abolished és_was

most of the tubular cytoplasmic staining; Some

slight basement membrane staining of the tubular -
cells femained. Comparison of the sgaining between
eluﬁte absorbed with isogeneic and Xenogeneic anti-
gens alone showed that the xenogéneic antigen appeafed
to absorb out more antibbdy aqtivity‘than did the
isogeneic antigen. This may have been expected as

the immun;zing antigen originally was a crude xeno—
geneic fiaction and that more antibody activity would
be directed towards the soluble and insoluble anti-
gens presént in fhis imhunizing fraction. ;Consequently,
it was expected that‘specific absorption with a pure
isogeneic antigen would absorbAless antibodyAactivity,

possibly the brush border staining. This was achieved.
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Edgington has shown thét the brush border contains
many antigens, only‘one'of‘whi¢h-is nephritogeﬁic.
The glomeruli did not stain as the antibodies
obtained from our elution procedurés were not
.directedbtowards glomerular basement membranes but
directed towards Cthoaants of the tubular cells.

-

CUTANEOUS MANIFESTATIONS IN -AIC NEPHRITIS

Continuing our deménstration that AIC nephritis
'is-mediated'by antigen—antibbdy complexes, we then
demonstrated that animals which were nephrotic were
unabie(to exhibit a delayed ¢utanebus reaction to
either tﬁe immunizing xenogeneic antigen or the '/
isogeneic antigen. The animals were not anergic

for they were able to exhibit a delayed cutaneous

‘reaction when challenged with Mycobacterium Tuber-

culosum. We were able to utilize skin reactivity
to demonstrate that precipitating antibodies were
circulating in vivo. This was done by challenging
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the animals with xepqgeneic antiéén and ﬁétihg the
:e5ponse at‘2 £843”56ﬁrs.' A classical Arthus reac-
tion was found on biopsy of these 2 to 3 hour reac-‘
tions; both gamma globulih aﬁd cqggifment Qere'foﬁnd'
within the vessel Waiis.»_We were not able to demon-
strate an Arthus reaction, however, when the animals
were challenged with ;n isogéneic'tubular antigeﬁ
fraction. This had been expected aé +n6:circu1at1ng
precipitating antibody could be‘demonstrated to the

isogeneic antigen. The supposition was therefore

- that if the antibody was preseht, it was in such a

low concentratioq that it was unable to elicitvan
Arthus‘reaction;{ We had breviously demonstrated
that'isogeneic éntigen was depostted withih the
glomerular basement membrane, presumablyvtogethef
with itsfantibody so that even though‘antigen—

antibod& complexés were circulating, no free antibody

was -available to combine with that .antigen ipﬁected

subdﬁtaneously.
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During induction of disease an antigen was

demonstrated in the circulation of some animals

about to become-nephroﬁic."This-antigen'was-absorbed

out by both in vivo and in_vitrb'techniques. When
we attempted to demonstrate that'the'antigen‘w;s
similar to that described by ﬁdgiﬁgtbn et al, it

was apparent that our antigén had a longggﬁhglgflife.
than that which he described. Possibly then this |
antigeerwas not the nephrﬁtogenic antigen but one
'of‘the'other antigens present in fIA. In the gel
diffusion technique that was used tq demonstrate

the antigen, it was noted that a concentrated nephro-
tic urine contained an antigen which cross-reacted
with that presént in the serum of nephroiic‘rats.
This demonstration is not ﬁnique, for nephfotic
animals may excrete various antigens in the urine -
éither fragments of glomerular basement membrane.or,
in our model, tubulér antigens which are released

into the urine by immunologically desfructive pro-

cesses.
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As-this»disease‘is humorally mediated, we
attempted to diéprove‘receﬁt expérimental work which
implied strongly that a cell mediated ﬁechanism was
of importéndé in this disease model. Uﬁilizingw
neonatal kidney rat monblayers,_we'assayed the’cytOH
toxicity_of nephrotic rat iymphocyfes. In this
systen, we‘were unablevtoidemohstrate-any‘specific
cytotoxigity Which was unique to these lymphécytes,
as normal allogeneic and xenogeneic cells gave
similar ‘cytotoxitity. If.there had been a specific
relationship bet&een disease induction-and cyto-
toxicity, then oﬁe would have expected more devas-
tating or more rapid destﬁuctibn by these sensitized
~ lymphocytes. This, however, was not the case. Since ;( -
there was similar destruétionvutilizing sensitized ~
isoéeneic lymphbéytes and normal allogeneic lympho-
cytes, the'rélationship between.in vitrd desﬁfuctibn
'»and'the in vivo situation appears minimal. Cyto-

Atoxicit& in all cases was enhanced by the addition

of PHA, a non-specific contactual agglutinator.
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‘When mephrotic animal kidneys were examined, no ;‘ i /

cellular infiltrate was seen. This lack of cell

infiltrate underlines the absehce‘of cell mediated
méchanisms here. o |

The in vivo cytotoxicity studies were patterned
after the model déscribéd‘by Elkins{ An isogeneic
system rather” than an F, hybrid into a parental
vstrain was utilized, and positive transfers were
demonstrated. This is in contrast tOfthé isogenéic
transfers of Elkins in which no positive transfers-
were demonstrated. Elkins' model was utilized to
demonstrate a graft versus host reaction, a ceil
mediated situation. He demonstrated that-the reac-
tion requires the participation of the donor lympho-
cytes. 'Forvextensiqn of the reaction, £he host must
also participate and contribute to the continuation
of the infiltrate. In our isogeneié system, there
waé no hiétoincompatability and as a consequence,

other mechanisms must be invoked to explain the
_ ; ‘ _
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antigen responsible fdr“diﬁéase'ihduction"is'iocated' o

in the brush border of the tubular epithelial cells..
As‘discussed'previou31y, when nephrotic lymphocytes

are passively trénsferred_beneath the kidney c;péﬁie

thennthe sensitized'lymphOCytés'ére_placed in inti-
mate contact with‘host tﬁbuiar;antigéh. This tubular
antigen is isogeneic to’thatjwhich’héd been releaéed'
in the‘neéhfotic animals and which had sensitized
lymphdcytes.. The conclusions which have been made
/from»this work are that in an artificial situation
where lymphocyieslare placed in direct opposition

to an antigen to which they.éave been sensitized,
then a cellular reaction may becomé evident. This
may not be a dissimilat siﬁuation.tO'that seen in

the previous cytotoxici;& experiments. 1In the par—
ticular model patterned.after'Elkins, the lymphoid
infiltration within the parenchyma of the kidney

contrasts greatly to that seen in the intact nephro-

tic situation where . one sees very few cells in the

"kidney.
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'In summary,'it has been shownfthet in AIC

' nephritis antigen-antibody complekes ere,deposited
within the glomerular besement‘membrane. 3The.anti-
gen 1nvolved is both xenogeneic and isogeneic; the
latter may be releasedmfrom the brush ‘border of the
p:ox1ma1 tubular_cells.‘ The anlmals manlfest an
Arthus type reaction which is characterized on light
microscopy bylintenee,polympfphonuclear and eosinof
bphilic infiltrate, on fluorescence microscopy by A
dep031tlon of gamma globulin and complement w1th1n
the vessel wall. Precipitating antibodies to the
xenogeneic antigen were demonstrated in nephrotic
rats; however, antibodies to the isogeneic antigen
could not be demonstrated An antigen was found
.c1rculat1ng in the serum of both pre—nephrotlc and
nephrotlc animals. In addition, an antlgen was
found in the urine of these animals which showed'a
line of identity to that demonstrated in the serum.
The role of the sensitized lymphocytes wes investi%

gated and it was demonstrated that these sensitized
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lymphqcytés would destroy aﬁ isogeneic kidney
mqnolayer'and,wduld also»exhibit-a_reécgion.ndt
dissimilar to that of a graft versus host'reaction
.in an'ip-vivo isogeneic situation.  These results

were discussed and conclusions made. oL
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