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General Preface to Series

The impact of immunological thought on medical practice has been increasing at a
steady rate now for nearly twenty years. There appear to be very few fields to
which the immunologist cannot contribute. Initially the immunological approach
was limited to assistance in diagnosis and in sera and vaccine production.-New
approaches in the field of therapy are not only in the use of vaccines, sera and im-
munosuppressive agents, but also in the more rational use of conventional therapeu-
tic agents. Immunological knowledge is especially necessary in the field of tumour
therapy, particularly in the balanced use of surgery and radiotherapy. Moreover,
immunological knowledge in other fields has allowed us to understand more readily
the mechanisms whereby a single aetiological agent can produce a wide range of
different clinical manifestations. Different disease patterns occur depending on the

_nature of the immunological reaction causing tissue damage. A completely different

symptom complex from reactions involving soluble immune complexes reacting with
the complement cascade will be found in those involving the reaction of specifically
sensitized lymphocytes with antigen as part of a cell-mediated or delayed hyper-

" sensitivity reaction.

As a massive amount of new scientific. material accumulates in this field, the
clinician is frequently left behind and perplexed. Each year a new scientific journal
is published specializing in fields as diverse as immunogenetics, immunochemistry
or immunological techniques. We have journals emanating from continents as well
as countries. The wealth of material is often bewildering. Simple textbooks of im-
munology are often too simple, whereas review articles may be too complicated
for the specialist physician or surgeon who wants a treatise on those agpects of the
subject particularly relevant to his own field of interest. It is hoped that this series
will fulfil some of these needs by giving comparatively short reviews that will lay
emphasis on immunological subjects which should appeal to both clinicians and
those working in clinical laboratories. The aim is to provide the busy clinician in a
particular field of medicine with a short volume relevant to his practice written by
a specialist. It should introduce the reader to the immunological approach to his
subject and indicate how modern immunological thought rmght influence his day-
to-day work in the wards or clinical laboratory. -

JOHN TURK

The Royal College of Surgeons of ,Englénd
London
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Studies of the involvement of immune mechanisms in kidney diseases have con-
uiputed significantly to the shaping of modern nephrology. Immunologically
oriented research on renal malfunction has also established many basic principles
of general immunopathology.

% This book is intended for clinicians, tesearchers, and students interested in the
immunological aspects of kidney diseases. Excellent reviews on human and experi-
{11ental kidney diseases are available. Similarly, extensive treatises are available on
unmu.nopathology. This book does not attempt to describe human disease and
experimentally induced pathology in animals as extensively and completely, or to
offer as thorough a discussion of their immunopathology, as those reviews. it
en‘deavours, however, to bridge the gap between immunologically and clinically
onente.d texts. The involvement of immune reactions in kidney diseases is discussed
according to the main types of immunologically mediated injury. An attempt has
been made to outline the basic immunopathological mechanisms and to provide
the reader with the most essential data on techniques used in immunopathology.

Buffalo, New York .B.A.

J.B.
G.A.
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Historical Review

In this first chapter it will be attempted to describe how the concerted efforts of
clinicians, pathologists, and immunologists over the last 70—80 years resulted in
the present concepts on aetiology and immunopathogenesis of renal disease.

The macroscopic appearance of the kidney with glomerular inflammation was
characterized at the end of the middle ages by south Italian physicians as ‘durities
in renibus’ (hardness of the kidneys). In the first half of the 19th century, Bright,
in London, described in great detail the anatomy, histology, and clinical symptoms
of this condition. ‘

With the foundation of immunology in the last decades of the 19th century and
the first decade of this century, a search for the role of immune mechanisms in
the pathogenesis'of kidney diseases started. Since then, nephrology and immunol-
ogy have been intensely interrelated. The majority of glomerulonephritides are
nowadays interpreted as being caused or mediated to a variable extent by immune
mechanisms. On the other hand, many concepts in immunology have arisen from
studies of kidney diseases.

In the beginning, many findings, which now are recognized as immune phe-
nomena, were not at all associated with immunity. Claude Bernard pointed out
that injection of heterologous serum may induce proteinuria in the recipient; this
observation was confirmed by Weiss (1896). Nephritis had been found to be a pos-
sible sequela of scarlet fever. But both pathological conditions were ascribed to
toxic properties of proteins or infectious agents. Councilman (1898), in the late
1890s, described mononuclear and plasma cells in infiltrates present in kidney
sections of patients with interstitial nephritis. But nobody at that time associated
lymphocytes or plasma cells with immune reactivity and antibody production.
Nevertheless, such studies provided the basis for more conscious and systematic
immunological research in kidney diseases. -

Already in the early days of the study of the immunopathogenesis of kidney
diseases, two major mechanisms were described: the antibody-mediated, tissue-
specific, lesions, and the pathology induced by the localization of antigen—antibody
complexes unrelated to antigens present at the site of their deposition. Naturally,
this dichotomy in the immunopathogenesis at first was only poorly recognized.

It was the great achievement of Dixon in the late 1950s and early 1960s to formu-
late clearly and define-these two immunopathological mechanisms of kidney diseases.
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The first convincing demonsiration of immunologically induced kidney injury
came from experimental work, and was reported by a pathologist of St. Petersburg,
Lindemann, in 1900. Following a suggestion of Metchnikoff, he injected rabbit
kidney homogenates intraperitoneally into guinea-pigs. The serum obtained after
some time from the guinea-pigs induced upon injection into rabbits proteinuria,
uraemia, and death. The animals died 3—5 days after the injection. In analogy to
the haemolytic sera described by Bordet, Lindemann proposed the term ‘nephroly-
tic’ for the sera inducing kidney damage. He suggested that certain specific
substances were formed in the blood of guinea-pigs during the process of resorp- ‘
tion of the injected rabbit kidney homogenate, and that these substances were {
responsible for the kidney pathology in the rabbits. Thus he gave to his nephrolytic
activity three of the characteristics of an gntibody: it was a serum component, it had
specificity, and it was induced by an antigenic preparation. Reporting on similar
experiments, Nefedieff in 1901 added to these characteristics the feature of memory:
~ he reported that sera obtained from rabbits immunized with guinea-pig kidney

were stronger if the rabbits were immunized more than once. Whereas Lindemann
described only tubular lesions, Nefedieff also noted a hyperaemia of glomerular
tufts in his animals. It was probably Nefedieff who for the first.time used the now
well-established term ‘nephrotoxic serum’.

In the following two years, experiments with nephrotoxic sera gave only con-
fusing and contradictory results. It was the time when the question of cytotoxic
sera was ardently disputed. Some researchers claimed to have induced leucotoxic,
spermatotoxic, hepatotoxic, and nephrotoxic sera; others vehemently denied the
possibility of doing so. The use of impure tissue homogenate had already worried
Nefedieff. The use of unfractionated sera for injection, and the lack of adequate
immunological methods rendered the experimental findings very difficult to inter-
pret.

In papers published in 1903 and 1904, Pearce presented an exhaustive study on
nephrotoxic serum nephritis (NTN). He described glomerular lesions and pointed
out that renal cortex was a better antigen to induce nephrotoxic sera than kidney

~medulla. He was unable, however, to separate completely haemagglutinating activi- -

ties of the serum from nephrotoxic ones. This distinction was accomplished by  * .
Wilson and Oliver in 1920. .

In the meantime, heterologous sera became a routine therapeutic agent in infec- :
tious diseases. By 1891, von Behring and Kitasato had introduced the serum therapy !

for neutralization of diphtheria toxin (von Behring and Kitasato, 1890; von Behring,
1892). Very soon, side effects of this therapy were recorded. The profession and

the general public became dramatically aware of them, when the son of the German
pathologist Langerhans died in what probably was an anaphylactic shock after such
a passive immunization. Such lethal incidents, fortunately, were extremely rare.
Milder symptoms, however, were reported with increasing frequency. As main
complications of serum therapy, urticarial rashes, joint pain, enlargement of lymph
nodes, and fever were noted, only seldomly was proteinuria reported. Clemens von
Pirquet, a Viennese paediatrician, coined the term ‘serum sickness’ for this.syndrome.
His theory of the incubation period and his concept of allergy gave him an excellent
basis for serious investigations on serum sickness. Nevertheless, it was Francioni in
Florence who, in 1904, published the first monograph on serum sickness. On the
basis of findings of Schick and von Pirquet, and using his vast experience, Francioni
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implicated precipitins in the pathogenesis of serum sickness. In the classical review
of serum sickness, published by von Pirquet and Schick in 1905, the authors ex-
pressed their opinion, that the interaction of antibody with the heterologous serum
induces the symptoms of the disease. In 1911, von Pirquet published an article on
allergy; in it, he stressed the appearance of proteinuria in some patients with serum
sickness. He suggested that in serum sickness the combination of antibodies with
the foreign protein may lead to a ‘new toxic agent’ capable of causing tissue injury.
Thiss the notion of a disease caused by immune complexes, was at least in theory,
formulated. Interestingly the understanding of the basic phenomena of serum sick-
ness all came from clinical studies. ‘

The focusing on kidney pathology in serum sickness started with the experiments
of Longcope (1913). He had noted that patients with glomerulonephritis very often
had symptoms characteristic of serum sickness. When he repeatedly injected animals
with foreign proteins, these animals developed proteinuria, had mononuclear cell in-
filtrates in the renal interstitium, but also marked glomerular lesions, i.e. crescent
formation, and proliferation of endothelial cells, fibrosis, and gloferular sclerosis.
Longcope explained his findings by assuming increased toxicity of proteins following
repeated injections. This interpretation was analogous to that given for the Arthus
phenomenon. In 1929, Hepler and Simonds found ‘Arthus-like’ lesions in kidneys of
rabbits sensitized to horse serum or egg albumin, and then injected with the specific
antigens directly into the kidney.

In the meantime, Boughton had confirmed Longcope’s findings in 1916. The
main stream of investigation at that time, however, was directed towards the possi-
bility of a role of microorganisms in the pathogenesis of kidney diseases. Ophiils,
in 1917, suggested a role for endotoxin in the pathogenesis of glomerulonephritis.

" He could, however, offer only unconvincing experimental data in support of his
claim. Bell, Clawson, and Hartzell (1925) induced glomerulonephritis in monkeys.
by repeated intravenous injection of streptococci. Most researchers, however, re-
ported negative results upon injection of animals with bacteria. Dural and Hibbard
(1926, 1927), who in the late 1920s developed an interesting immunization proce-
dure, claimed to have induced glomerulonephritis in rabbits. They sensitized rabbits
to streptococci, and then injected streptococci into the peritoneal cavity; or

they incubated streptococci in vitro with a specific antiserum and injected these pre-
parations intravenously. Both procedures possibly produced immune complexes.
Thus, it is possible that, indeed, they produced glomerulonephritis, despite the

fact that their results could not be confirmed by other investigators.

In the early 1930s, Masugi and his group extensively studied the histopathology
of both NTN and immune complex glomerulonephritis. The main characteristics
of NTN were described by his group. Their study of immune complex glomerulone-
phritis seemed to decate that rabbits did not develop chronic serum sickness upon
repeated injection with egg albumin. The rabbits developed disease after intraperi-
toneal injection of rat organ homogenates, and, especially reproducibly and fre-
quently, upon intravenous application of horse serum over prolonged periods of
time. He noted that rabbits produced very variabie amounts of precipitins and that
in most animals the precipitin titre increased with the administration of larger
doses of proteins. He stressed the observation that among individual rabbits the
reaction to protein injections differed widely, a fact later confirmed by the work
of Germuth and his group.
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In the late 1930s, 1940s, and early 1950s, Smadel, Kay, Seegal, and Mellors
demonstrated that NTN has a biphasic development (see Chapter 3). Immuno-
fluorescence tests established that the antigen responsible for the induction of
NTN resided in the glomerular bassment membrane. This finding was confirmed
by immunoelectron microscopic studies, and by the fact that purified glomerular
basement membrane antigens prepared according to the procedures of Krakower
and Greenspon could induce nephrotoxic serum formation if used as antigen for
immunization.

Rich and Gregory studied in 1943 the pathology of acute serum sicknessin
animals using whole serum. A great methodological improvement was achieved by
Hawn and Janeway in 1947 when they introduced pure plasma protein fractions
(bovine gammaglobulin and albumin) as immunizing agents. In experimental acute
serum sickness, they and, later on, Germuth and Dixon described acute glomerulo-
nephritis, necrotizing arteritis, and endocarditis.

In the early 1950s, radiolabelled antibodies and antigens became available for the
kidney research through the endeavour of the groups of Pressmann and Dixon.
Blau and collaborators performed studies on the turnover of nephrotoxic sera (see
Chapter 3). Latta, Gitlin ez a/., Germuth, and Dixon et al. described a triphasic dis-
appearance curve for radiolabelled antigens in experimental acute serum sickness.
Germuth in 1953 demonstrated that the lesions of acute serum sickness develop
during the phase of immune elimination of the antigen and proposed that serum
sickness pathology is induced by immune complexes formed in the circulation.

In the late 1950s and in the 1960s, Dixon’s and Germuth’s groups achieved
important results in the quantification of antibody binding in NTN and in the
characterization of complexes in serum sickness type nephropathies. In the latter
endeavour, the work of Christian on ‘lattice formation’ should be mentioned.

The link between the purely experimental models of NTN and serum sickness
in rabbits, on the one hand, and human diseases of the kidney, on the other hand,
was established by two models of autoimmune diseases: the autoimmune anti-
glomerular basement membrane nephritis described by Steblay in sheep, and the
autoimmune immune complex nephritis established by Heymann in rats.

. With the main models of immunologically mediated kidney diseases at hand,
" the two main questions to pose were on the aetiology of the diseases and on the
mechanisms of actual tissue injury.

Before immune phenomena were implicated in the development of kidney
diseases, toxic action of substances was shown to cause lesions in the kidneys. It
was again Lindemann, in 1900, who claimed that serum from a dog treated with
potassium bichromate could induce proteinuria in a normal dog upon transfer.
Since then, many toxic agents such as gold and mercury salts and drugs have
been implicated in triggering off autoimmune phenomena. The possibility that
purely physical injury may induce autoimmune phenomena, cherished by some of

the early researchers of kidney immunopathology, and then totally abandoned for

more than half a century, becomes more plausible in the light of reports that heat
or cold can induce autoimmune phenomena in some organs. Recently, it has been
suggested that inhalation of hydrocarbons is associated with Goodpasture’s disease.
Further interesting data on aetiological factors may be expected from continued
studies on New Zealand mice and their hybrids which develop spontaneously
immune compiex glomerulonephritis resembling human lupus nephritis. Similarly,
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the endeavours of Oldstone and Dixon, and of Mellors and their groups to elucidate
the role of viruses in kidney diseases may lead to a better understanding of the
aetiology of human nephropathies. '

The way immunological mechanisms induce tissue injury has been studied exten-
sively but with little definitive result. Ehrlich and Morgenroth, and Moreschi had
already noted a decrease of complement levels in rabbits injected with foreign anti-
gens. Francioni in 1908 demonstrated the same phenomenon to occur in patients
with serum sickness. Using immunobhistological methods, localization of complement
in kidney structures has been demonstrated in both antibody-mediated and immune
complex mediated tissue injury. Complement seems to be essential for the induction
of NTN in-some species, but not in others; it seems not to be required for the de-
velopment of acute serum sickness glomerulonephritis.

In 1904, Francioni had already suggested that antibodies may collaborate with
leucocytes in the induction of serum sickness. In 1907, Bienenfeld investigated the
behaviour of white blood cells in serum sickness. She noted a marked neutropenia
during the active phases of the disease. The role of leucocytes has been studied by
Cochrane-and collaborators in both immune complex nephritis and NTN.

The possibility that derangements of the function of phagocytic cells may be
involved in the pathogenesis of serum sickness was first expressed in 1908 by
Menabuoni. He found a decreased phagocytic index in patients with serum sickness.
This possibility has been reinvestigated by Wilson and Dixon and by Mannik and his
. co-workers. ‘ )

Kraus and Biedl noted at the very beginning of research on serum sickness that
the coagulation time was decreased in the wake of what they called ‘serumanaphy-
laxis’. In 1932, Vaubel noted fibrin in his glomerulonephritic animals. Vassali and
McCluskey more recently, stressed the importance of the coagulation in NTN,
whereas Kincaid-Smith studied the involvement of the coagulation system in human
glomerulone hritides.

Still, echanisms of tissue mjury remain very poorly understood. It is especi-
ally discomforting that different species seem to use different mediators of inflam-
mation in the same type of immunologically mediated reaction.

In the past, glomeruli were that much the centre of attention that interstitial
nephritis was not taken much into account by immunonephrologists. Only in the
last decade, Steblay, Rudofsky, Klassen, and many others have shown that immune
phenomena similar to those involved in glomerular diseases can also affect the
tubules and the interstitium.

With the exception of kidney allograft rejection, until very recently, no connec-
tion between cell-mediated immunity and kidney diseases could be established.

Only in 1976 was the first experimental model for the induction of lesions charac-
teristic of delayed hypersensitivity described (van Zwieten et al., 1977).

The availability of the kidney biopsy as a relatively safe and simple procedure
(Iversen and Brun in 1951) opened new ways for the study of human nephropathies.
In combination with improved immunohistological techniques, better staining pro-
“cedures for light microscopy, and the use of electron microscopy (Hall, Bergstrand,
Farquhar, Movat, Folli, Churg, Jones, Habib, Kincaid-Smith, and many others),
the kidney biopsy allowed for new classifications of human kidney diseases
and for evaluation of therapy schedules. New clinicopathological syndromes were
discovered: e.g., minimal glomerular lesions, Berger’s disease, and membranoproli-
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ferative glomerulonephritis.

Recently the transition of antiglomerular basement membrane disease into
immune complex disease, and vice versa has been described. These finuings establish
a link between the two main immunopathogenetic mechanisms established for
kidney diseases and allow for more unified concepts for their understanding.

What are the directions in the present research? Where will the research go in
the future? Some of the most enthusiastically followed lines of investigation are the
characterization of kidney antigens; attempts to identify antigens involved in im-
mune complex glomerulonephritis (here the development of techniques to detect
circulating immune complexes has greatly expanded the possibilities and hopes);
to reach a better understanding of inflammatory mediator systems involved in im-
munologically induced nephropathies; the development of new techniques for
diagnostic purposes, e.g., a radioimmunoassay for the detection of antiglomerular
basement membrane antibodies in sera; investigations on the immune response in
kidney diseases; and, most urgently needed, the pursuit of new therapeutic
approaches as trials with new drugs.
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Basic Pathogenetic Mechanisms in
Immunologically Mediated Renal
Diseases

Immunopathology describes diseases in which immune mechanisms induce func-
tional or morphological tissue injury. The extent to which immune reactivity deter-
mines pathological processes varies with different disease entities. Thus, in renal
allograft rejection, the immune response of the'recipient to histocompatibility anti-
gens of the graft is the primary pathogenetic mechanism in tissue damage. In bacterial
pyelonephritis, on the other hand, immune response to the infectious agents may
cause tissue injury only as an epiphenomenon to the pathological processes mduced '
directly by the invading microorganisms.

Immunologically mediated tissue injury is determined by the immune effector :
mechanism involved and by the inflammatory mediators recruited. Only under rare
circumstances do immune effectors, i.e. antibodies or small lymphocytes, cause
damage to tissues without activation of the protagonists of inflammation.

In the following, an attempt will be madé to summarize some basic concepts of
immune response and inflammation which seem to have relevance to kidney diseases.
In view of the restricted space available, only a brief discussion of these complex
processes can be given; the interested reader is referred to the detailed treatises on
general immunology and inflammation listed in the bibliography. This chapter will
be concluded with a section dealing with the mechanism of proteinuria in immuno-
logically mediated renal diseases.

The immune response

General considerations

Immunity was first described in connection with infectious diseases. In antiquity it
was already known that recovery from an infectious disease made the patient less-
susceptible to reinfection. In the middle ages, individuals who had survived the
disease were chosen to nurse patients with plague. Intentional inoculation of
healthy individuals with material from lesion$ of patients with contagious diseases
has been practised for millenia in order to produce a mild disease in the recipient
and thereby render him less prone to develop ser.ous illness. Such practical
approaches in handling infectious diseases make it obvious that the basic features of
immunity were well understood long ago. These characteristics are ‘specificity’ and



