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ABSTRACT

The immunopathogenic mechanisms in idiopathic membranous nephropathy (IMN)
are unknown. Disease mechanisms may be similar in IMN and in passive Heymann
nephritis (PHN) where proteinuria is mediated by C5b-9. Urinary C5b-9 (uC5b-9)
is specific to PHN when compared to other experimental models and accompanies
ongoing glomerular deposition of immune reactants. The primary aim of this study
was to determine whether uC5b-9 can be used as a marker of active immunological

injury in IMN.

An ELISA was developed for the detection of uC5b-9. Discrepancies in the
measurement of uC5b-9 reported in proteinuric patients when using different capture

antibodies were addressed.

Urinary C5b-9 was measured serially in seventy-six IMN patients who did not
receive immunosuppression : fifty-seven patients with stable renal function (SRF)
and nineteen patients with declining renal function (DRF). Patients with DRF
excreted significantly more C5b-9 than those with SRF (p<0.001). Patients with
DREF were less likely to decline further if C5b-9 excretion stopped (p <0.05). Three
commonly used immunosuppressive regimens were employed and given to eighteen
patients who developed renal impairment. Patients with uC5b-9 had a better clinical
outcome if treatment abolished excretion of C5b-9 (p <0.005). All three regimens
abolished the excretion of C5b-9. Thus this study suggests that uC5b-9 is a marker

of ongoing immunological insult in IMN and can be used in the selection of patients



for treatment and monitoring efficacy.

Membranes in the urine from six IMN patients known to excrete C5b-9 were
isolated and characterised: S-protein and CD59 were detected. The cytokines IL-1,
IL-6, TNF-a and TGF-8, were assayed by ELISA in plasma and urine samples of
twenty IMN patients. Of the cytokines studied, only plasma IL-18 and urinary IL-6
were significantly elevated in the IMN group compared to healthy controls
(p<0.05), but it did not correlate with uC5b-9. C5b-9 does not appear to release

inflammatory cytokines in the glomerular injury of IMN.



Unless otherwise stated, all the work described herein is my own.

I declare that this thesis has not been submitted to this or any other university or

institution for a degree or comparable award.



ACKNOWLEDGEMENT

This project was funded by the National Kidney Research Fund.

All the membranous patients were patients of Prof NP Mallick, Drs R Gokal, FW

Ballardie and CD Short, to whom I express my thanks for their kind cooperation.

I am grateful to all the patients without whose cooperation these studies could not

have happened.

I would also like to thank the members of the Immunology Department at the St.
Mary’s Hospital, Manchester for accommodating me, and providing help, advice and
friendship during this venture, in particular Beatrice Coupes, Shelley Williams, Bill

Lamb and Angela Darvill.

My special thanks to Tricia Drucker for her secretarial skill and personal
commitment to this project. I would like to thank Dr. Jill Hurst for many hours

buried in notes.

Most of all, I thank my supervisors, Dr Paul Brenchley and Dr Colin Short, without
whose unending expertise, advice, enthusiasm and friendship, this entire project

would not have been possible.



TABLE OF CONTENTS

ABBREVIATIONS

CHAP 1

INTRODUCTION

A. Experimental immune complex disease

Page

12

14

19

@) Mechanisms of subepithelial immune complex formation 19

(ii) Heymann nephritis
(iii) Roles of C5b-9

@) Mediator of proteinuria
(b)  Index of disease activity
© Mediator of non-lethal injury

(iv)  Cellular effects of C5b-9

@) Inflammatory mediators
- eicosanoids
- reactive oxygen metabolites
- cytokines
- proteinases

(®) Change in extracellular matrix

(© Change in glomerular epithelial cell shape

B. Human membranous nephropathy
@) Mechanisms of immune complex formation
(ii))  Clinical course
(iii) Treatment
@) Who should we treat?
(b)  When should we treat?
©) What should we use?

(d)  How long should we treat?
(¢)  What end-points should we use?

21

8 B3R R

()
p—

B8 8 8 & ¥

39
39



Page
(iv)  Role of C5b-9 44
(v)  Role of inflammatory mediators 45
C. Aims of research reported here 45
CHAP 2 MATERIALS AND METHODS 43
A. Materials 49
B. Patients 49
O Patient selection 49
(i)  Renal histology 50
(iii)  Study design 50
(iv)  Treatments 51
(v)  Definitions 52
(vi)  Data analysis 53
C. Collection of plasma and urine samples 53
D. ELISAs for C5b-9 using different «C9 capture
antibodies 53
@) Falk assay hi)
(i)  Manchester assay R
(iii))  Quidel assay 55
(iv) B7 assay 55
E. ELISAs for cytokines 56
@) Tumour necrosis factor - « 56
(i)  Interleukin - 18 56
(iii)  Interleukin - 6 57



CHAP 3

(iv)  Transforming growth factor - 8,
F. Column chromatography

@) Urine collection and solubilization of membrane
proteins pelleted in urine

(ii)  Gel filtration

G. Protein assay

H. Polyacrylamide gel electrophoresis

I. Silver staining

J. Immunoblotting

K. Enhanced chemiluminescence for Western blot analysis

L. Preparation of MAC from erythrocyte membranes

COMPARISON AND DEVELOPMENT OF C5b-9
IMMUNOASSAYS

A. Stability of urinary C5b-9

@) Effect of temperature on uC5b-9 levels
(i)  Effect of storage time on uC5b-9 levels
(iii)  Effect of freeze - thaw on uC5b-9 levels
(iv)  Discussion

B. Different C5b-9 immunoassays

@) Comparison of 3 immunoassays

(ii)  Analysis of aC9 capture antibodies

(iii))  Analysis of detection antibodies

(iv)  Analysis of standards

Page
58

58

58
59

59

61



CHAP 4

(v)  Discussion

C. Development of Manchester assay

@) Monoclonal and polyclonal antibodies
(ii)  Sample collection and storage

(ili)  Assay technique

(iv)  Standardisation and quality control
) Results

(vi)  Discussion

CLINICAL USE OF URINARY C5b-9 IN IDIOPATHIC
HUMAN MEMBRANOUS NEPHROPATHY

A. Urinary C5b-9 as marker of disease activity
@) Patients and clinical features

(ii)  Laboratory data

(iii)  Urinary C5b-9 results

B. Effect of different immunosuppressive regimens on urinary
C5b-9

) Patients and clinical features
(i))  Laboratory data

(iii)  Urinary C5b-9 results

C. HLA typing

D. Discussion

Page

K & R 8 2 8 8 88 8 &8 3 &

]

]

100

104

105



11

Page

CHAP 5 ISOLATION AND CHARACTERISATION OF URINARY
MEMBRANE ATTACK COMPLEXES 110

A. Results 111

@) Isolation of urinary membrane attack complexes 111

(ii)  Characterisation of urinary membrane attack complexes 115

B. Discussion 122

CHAP 6 CYTOKINES IN IDIOPATHIC HUMAN MEMBRANOUS

NEPHROPATHY 128
A. Results 129
@) Tumour necrosis factor - a (TNF-«) 129
(i)  Interleukin - 18 (IL1-8) 129
(iii)  Interleukin - 6 (IL-6) 129
(iv)  Transforming growth factor - 8 (TGF-8) 130
B. Discussion 130
CHAP 7 SUMMARY AND CONCLUSIONS 134

REFERENCES 140



ABTS

AICN
BSA
C8bp
CALLA
CDI10
CD26
CD35
CD46
CD51
CD55
CD59
¢DNA
CFD
CR1
DAB
DAF
DMSO
DPP IV
DTT
ECL
ECM
EDTA
ELISA
ESRF
FPLC
GBM
GEC
GFR
GPI

gp90

12
ABBREVIATIONS

2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) diammonium
salt

Autologous immune complex nephritis
Bovine serum albumin

C8 binding protein (same as HRF and MIP)
Common acute lymphoblastic leukaemia antigen
see CALLA

see DPP IV

see CR1

see MCP

see VNR

see DAF

see MIRL

Complementary DNA

Complement fixation test diluent
Complement receptor 1, C3b receptor
3,3’-diaminobenzidine tetrachloride dihydrate
Decay accelerating factor

Dimethyl sulphoxide

Dipeptidyl peptidase IV, gp90
Dithiothreitol

Enhanced chemiluminescence

Extracellular matrix

Ethylenediamine N,N,N’,N’-tetraacetic acid
Enzyme-linked immunosorbent assay
End-stage renal failure

Fast protein liquid chromatography
Glomerular basement membrane
Glomerular epithelial cell

Glomerular filtration rate

Glycosyl phosphatidylinositol

see DPP IV

Human leucocyte antigen

Human membranous nephropathy

Heymann nephritis

Homologous restriction factor (same as C8bp and MIP)
Immune complexes

Interleukin

Idiopathic membranous nephropathy
Kilodalton

Low-density lipoprotein

Relative molecular weight

Monoclonal antibody

Membrane attack complex



MCP
MHC
MIP
MIRL
MN
mRNA
mw
NHS
oD
OPD
PAGE
PBS
PHN
PMSF
poly-C9
PVDF
riL
rTGF
rTNF
RGD
ROM
SC5b-9
SDS
TEMED
TGF
TNF
Tris
Tween 20
uC5b-9
Uv
VNR
Zwitt
a,-MRAP
>30%

13

Membrane cofactor protein

Major histocompatibility complex

MAC inhibitor protein (same as HRF and C8bp)
MAC inhibitor of reactive lysis
Membranous nephropathy

Messenger RNA

Molecular weight

Normal human serum

Optical density

1,2-phenylenediamine dihydrochloride
Polyacrylamide gel electrophoresis
Phosphate buffered saline

Passive Heymann nephritis
Phenylmethylsulphony! flouride (dissolved in isopropanol)
Polymerised C9

Polyvinylidene diflouride

Recombinant interkeukin

Recombinant TGF

Recombinant TNF

Arginine - glycine - aspartate

Reactive oxygen metabolites

Serum C5b-9

Sodium dodecyl sulphate
N,N,N’,N’-tetramethylethylene diamine
Transforming growth factor

Tumour necrosis factor

Tris (hydroxymethyl) methylamine
Polyoxyethylene-sorbitan monolaurate
Urinary C5b-9

Ultraviolet

Vitronectin receptor, «,B;

Zwittergent 3-12

a,-macroglobulin receptor associated protein
greater than 30%



CHAPTER 1

INTRODUCTION

14



15
INTRODUCTION

Membranous nephropathy (MN) is recognised as the most common glomerulopathy
causing the nephrotic syndrome among adults in the developed world. It is
characterised ultrastructurally by discrete electron dense deposits along the
subepithelial surface of the glomerular basement membrane (GBM), which correlate
using immunofluorescence techniques with diffuse granular deposits of IgG and C3
(Figures 1 and 2). On light microscopy there is uniform thickening of the capillary
basement membrane without significant hypercellularity of the glomerular tuft. The
extensions of the GBM between the immune deposits are seen as ‘spikes’ in the
periodic-acid silver methanamine technique. This supports the hypothesis of an
immune pathogenesis (Arnaout 1982). Furthermore the idiopathic form of the
disorder in humans is strongly associated with HLA DR3 (Klouda 1979). In animal
models, it is the histopathological result of a variety of pathogenic mechanisms. In
humans, however, it is a histological diagnosis and not a discrete disease entity. No
precipitating cause can be identified in 75% of patients in the UK (Medical Research
Council Registry), and although it is commonly a benign disorder, up to 25% will
reach end-stage renal failure (ESRF) or die due to other causes within ten years of
diagnosis (Honkanen 1986). It is estimated that 0.5 - 1.3 cases of MN per million
population annually enter renal replacement programmes throughout Europe (EDTA

Registry 1990).
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The immune mechanisms which mediate MN in man are unknown. Therapy is
largely empiric and guided by measurements of inferred immune injury, such as
proteinuria and changes in renal function, rather than by assessment of activity of
the underlying immunopathogenic mechanism. Proteinuria may continue for months
or years and it is uncertain whether this reflects active disease or is the residual
effect of previous injury. Patients may exhibit fluctuating levels of proteinuria in the
course of the disease and the uncertain prognosis, both with respect to the
persistence of proteinuria and deterioration of renal function, poses a management
dilemma in idiopathic MN (IMN). No data establishing any direct relationship
between the immune disease mechanism and its consequences such as proteinuria and
loss of renal function have been provided. Besides persistent heavy proteinuria which
has been shown to be helpful in predicting chronic renal insufficiency (Pei 1992'),
there is no other measure to identify those patients who show putative evidence of
an active immunological insult. If immunosuppressive drugs do have a role in the
therapy of MN, it would seem a priori that they would be used to maximum effect
where there is evidence of an ongoing immunological damage and thus such patients
should be identified as early as possible. An understanding of the immunopathogenic
mechanisms in IMN will help the clinician in the management and in the choice of
treatment of MN patients with proteinuria without either treating patients who may
enter spontaneous remission or waiting for evidence of a decline in glomerular
filtration rate (GFR). Experimental models have been helpful in the understanding
of possible immunopathogenic mechanisms operative in human membranous

nephropathy (HMN), but in the human situation such mechanisms remain enigmatic.

Isee page 172 for reference
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A. EXPERIMENTAL IMMUNE COMPLEX DISEASE

() Mechanisms of immune complex formation

Early this century, an immune basis for glomerulonephritis was suggested following
the observation that nephritis may follow scarlet fever or tonsillitis. Schick (1907)
observed that this post-infectious nephritis occurred after a similar time interval as
that seen in hypersensitivity reactions. Subsequently, the immunofluorescence studies
of human tissue from glomerulopathic kidneys supported this hypothesis. Immune
deposits were seen in glomeruli of poststreptococcal glomerulonephritis and other

diseases (Mellors 1956).

Deposition of preformed immune complexes

Experimental verification of the immune basis of nephritis following exposure to
foreign antigen was provided by studies in acute and chronic bovine serum albumin
(BSA) serum sickness in rabbits (Germuth 1955, Germuth 1957, Dixon 1961). The
deposits were formed only in the presence of circulating immune complexes (IC) and
conventional immunofluorescence techniques at that time could not detect antigen
and antibody alone in glomeruli. Therefore, it was postulated that preformed IC in
the circulation were passively trapped in the GBM. There have been several reports
of circulating antigen-antibody complexes in Heymann nephritis (Naruse 1978,
Abrass 1980). This pathogenic mechanism remains controversial as subepithelial IC
deposits of low avidity antibodies (Germuth 1979, Germuth 1982) or non-covalently
linked IC made with cationic antigens (Gallo 1981) could have dissociated

intravascularly with subsequent reformation in-situ.
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In-situ immune complex formation

Van Damme (1978) and Couser (1978) have proposed an alternative, in-situ,
mechanism for the formation of subepithelial immune deposits. This hypothesis was
based on experiments where nephritogenic antibodies formed typical subepithelial
glomerular immune deposits when perfused through isolated rat kidneys in the
passive Heymann nephritis (PHN) model. This method avoided the formation of
circulating IC. The antigen responsible for this lesion is now believed to be a
glycoprotein, gp330, a relative molecular weight (M,) of 330,000 (Kerjaschki 1982
and 1983). This theory of an antibody reacting with an intrinsic glomerular antigen
has been suggested as a model of HMN. Spontaneous nephropathy has also been
demonstrated in rabbits with epithelial cell foot process antigen (Neale 1984). A
second mechanism of in-situ subepithelial IC formation has been reported and is due
to planted extrinsic antigen as shown by exogenous antigens used in the chronic BSA

serum sickness model (Border 1982, Oite 1982) and ferritin (Vogt 1982).

Other animal models also show membranous changes on renal biopsy. They include
autoimmunity induced by administration of toxins like mercuric chloride (Druet
1982), D-penicillamine (Tournade 1990) and gold (Tournade 1991), graft versus host
reaction (Bruijn 1988), or trypanosomal infection (Bruijn 1987). In these models, it
appears that different antibodies are pathogenetic, directed variously against gp330,
gp90, laminin, collagen type IV and probably other yet undetected glomerular
antigens or planted extrinsic antigens. The B cells in these models appear to be

triggered in a non-specific manner.
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An outline of the mechanisms of glomerular subepithelial immune deposit formation

is shown in Table 1.

Table 1. Mechanisms of subepithelial immune complex formation.

1. Circulating immune complex trapping
(a) directly
(b) after dissociation

2. In-situ immune complex formation
(a) against intrinsic (Heymann-like) antigen
(b) against planted extrinsic antigen
- endogenous
- exogenous

(ii) Heymann nephritis (HN)

No animal model parallels human MN as closely as that of HN in rats. This is
because of its morphological characteristics on light and electron microscopy and its
association with the nephrotic syndrome (Hoedemaeker 1988). Active HN was
induced by immunising susceptible rats with autologous (Heymann 1959) or
heterologous (Edgington 1967) homogenates of renal cortex. The lesion induced was
characterised by granular deposits in the glomerular capillary wall of endogenous rat
IgG and subepithelial electron dense deposits after 3 to 4 weeks. Proteinuria
developed in 30% to 80% of rats within 8 to 10 weeks of immunisation. This

actively induced HN is also called autologous immune complex nephritis (AICN).

Similar glomerular lesions were induced by a single intravenous dose of heterologous

anti-proximal tubular brush border antiserum, sheep anti-Fx1A, into normal rats
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(Barabas 1974). Heterologous IgG deposits accumulate in glomeruli over hours and
days (Kerjaschki 1987a) and proteinuria ensues in almost all animals within 5 days.
This variant is referred to as PHN as the immune response was passively transferred
to the animal. This ‘heterologous phase’ is followed by an ‘autologous phase’ during
which rat IgG antibodies with specificity for the heterologous glomerular-bound IgG

are deposited, and induce a further increase in proteinuria (Edgington 1969).

That active and PHN are caused by the same antigen is known because IgG eluted
from glomeruli in rats with active HN induced PHN when injected intravenously into
normal rats (Neale 1982, Madaio 1983). However PHN is the more commonly

studied model of early events in the formation of immune deposits.

In PHN the in-situ subepithelial immune deposits is due to IgG antibody reacting
with antigens on the glomerular epithelial cell (GEC) membrane. The best
characterised antigen is gp330 which is located in the clathrin-coated pits of GEC
(Kerjaschki 1982). The newly formed IC detaches from the cell membrane and this
shed IC is stabilised in the GBM by covalent bonds. The immune deposit grows in
size by repeated cycles of in-situ IC formation and shedding into the lamina rara
externa, until it encroaches on the area of the slit diaphragm (Kerjaschki 1987a).
This is illustrated in Figure 3. The antigen-antibody complexes result in
discontinuous subepithelial immune deposits as they remain tightly bound to the
GBM. Proteinuria follows and the lesion is non-inflammatory and indistinguishable

from HMN.
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T Ciathrin coat
? gp 330
Y anti gp 330 IgG

Fig. 3. Summary of early events of immune deposit formation in PHN. A.
Circulating anti-gp330 penetrate GBM to approach gp330 on epithelial foot process.
B. Antigen-antibody bind via ‘pathogenic epitopes’ in the coated pits. C. The initial
IC detaches and is shed into the lamina rara externa. D. The immune deposit grows
in size by repeated cycles of in-situ IC formation until it encroaches on the slit
diaphragm area. New molecules of gp330, synthesized de novo by the GEC, are
delivered via vesicles which fuse with the membrane at the base of the foot process.

(From Kerjaschki D, 1987a)
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Much effort was made to identify further antigens in PHN, the paradigm for in-situ
formation of IC in the glomerular capillary wall. It was suggested that other
antibodies present in anti-Fx1A antiserum could synergise with anti-gp330 to induce
glomerular injury (Abrass 1987). Besides gp330, which is present in both rat tubular
brush border and rat podocyte, additional antigens have been identified. From the
multitude of other antigens present in renal tubular epithelium, only a few were
eligible candidates as most of them are not present in rat glomeruli. The enzyme
dipeptidyl peptidase (DPP IV, CD26, gp90) is one of them (Natori 1987). A
synergistic effect of antibodies against gp330 and DPP IV has been shown in PHN
(van Leer 1992). The production of monoclonal antibodies (mAb) to rat podocytes
has enabled the identification of a further antigen present in both rat tubular brush
border and podocyte, i.e. neutral endopeptidase which is identical with the common
acute lymphoblastic leukaemic antigen (CALLA, CD10, Jongeneel 1989). However,
these attempts to identify glomerular antigens in PHN may or may not be relevant

to the human disorder.

(iii) Roles of C5b-9

A number of factors are involved in the pathway from formation of glomerular
immune deposits to the phenomenon of pathophysiological tissue injury. The pivotal
role of complement became established in the 1960s (Cochrane 1965). Activation of
complement by either the classical or alternative pathway leads to the formation of
the membrane attack complex (MAC). Classical pathway activation is initiated by
C1 which binds to immunoglobulins. Alternative pathway can be activated

immunologically by a variety of activator substances. This pathway requires C3b.
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MAC is assembled from five precursor molecules present in the serum in the
inactive form. Proteolytic cleavage of C5 by the C5 convertase of either the classical
or alternative pathway generates C5b. C5b combines with C6 and C7 to form the
C5b67 complex, an amphophilic molecule which has binding sites for the lil;id
bilayer of cell membranes. With binding of C8 and multiple C9 molecules, the C5b-
9 complex inserts into the celi membrane to form a transmembrane channel (Hansch

1988a). This is illustrated in Figure 4.

Fig. 4. Formation and insertion of C5b-9 complex. 1. The C5b6 complex interacts
reversibly with the cell membrane. 2-4. Upon subsequent binding of C7,C8 and C9,
newly expressed hydrophobic chains allow insertion of the complex. 3. Pore
formation occurs already at the C5b-8 stage, the upper panels show the top view of
the complex. 5. The pore enlarges with more C9 molecules. 6. In presence of large
amounts of C9, poly-C9 channels are formed.

(From Rother 1991)




























































































































































































































































































































































































































































