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Introduction

Epidemics of infectious diseases, such as the great plague of
London, partly erased by the great fire, were of mysterious origin until
Louis Pasteur (Figure 1) introduced the correct Germ Theory of
Disease [1], in opposition to the prevailing theory that life was
generated spontaneously in decaying organic matter. Lionel Whitby
(2] initiated brilliant study of medical bacteriology, which was carried
on by others as described by Baron [3], producing amazingly detailed
knowledge of Microbiology.

Figure 1: Louis Pasteur, author of The Germ Theory of Disease.

The Immunity System

This exists for defence against infectious diseases, as well described
by Arthur Silverstein in William Paul’s classic textbook [4], the
description of Nobel Prize highlights summarising major advances
well.

Autoimmune Disease

The steps involved in the discovery of the existence and the
pathogenesis of the autoimmune diseases are shown in Table 1. As
antibodies that fitted specific germs had been discovered, it was
natural to think that they were built on a template of antigen.
However, Miescher discovered the structure of DNA (Deoxyribonu-
cleic Acid). Then Watson and Crick [5,6] discovered that the order of
four bases in a very long double helix provides the genetic code for
man and other creatures. Armed with this revolutionary knowledge,
Niels Jerne [7] realised that cells are factories that can swiftly convert
DNA to RNA to polypeptide, and proposed the Selection Theory,
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postulating that antibodies are preformed in myriad diversity,
awaiting contact with an antigen that fits (Figure 2). Macfarlane
Burnet capped this by realizing that it is not antibodies that are
selected, but the cells that make them, and that these cells are the
lymphocytes, previously thought of as passive spectators of infection
(Figure 3). On encountering a complementary antigen, lymphocytes
change from having scant cytoplasm to being a blast cell, with
copious cytoplasm, able to replicate to form new cells. Burnet
realized that the unit of immune specificity is the immunological
clone, a subset of lymphocytes with identical receptors for antigen,
hence his Clonal Selection Theory of acquired immunity [8].

Figure 2: Niels Jerne, author of the Selection Theory of the Immune
Response.

Figure 3: Macfarlane Burnet, author of the Forbidden Clone Theory of
Autoimmune Disease.
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diseases

Mutations in the V genes of multiplying lymphocytes are the cause of the autoimmune

Haurowitz

Template theory of antibody formation. Antibodies are
built on a template of antigen. Wrong.

Watson and Crick

Cells are factories able to make myriad different
polypeptides by transcribing DNA chains to RNA chains
and translating them to polypeptide chains

The Selection Theory of antibody formation: Antibodies

Jerne are pre-formed in myriad diversity awaiting selection by
an antigen that fits.
The Clonal Selection Theory: It is not antibodies but
Burnet [8] their parent lymphocytes that are selected. The unit of

immune specificity is the lymphocyte clone, a subset of
lymphocytes with identical receptors for antigen.

Discovery of autoimmunity

Dameshek [9]

Autoimmune haemolytic anaemia.

Freund [10]

Autoimmune destruction of guinea pig testes using
adjuvants.

Adams and Purves [11]

Thyrotoxicosis

Witebsky and Rose [12]

Autoimmune thyroiditis

Doniach and Roitt [13]

Thyroid autoimmunity.

Variable region (V) genes code for antigen receptors on

Porter [14] lymphocytes and their antibodies.
The Forbidden Clone Theory: The Forbidden Clones
Burnet [15] that cause autoimmune disease arise by somatic gene

mutations in the V genes of multiplying lymphocytes.

Thyroid-Stimulating autoantibodies (TSab) in individual
patients contain only one type of light chain, showing
origin from mutation in a single lymphocyte

Knight et al., [16]

Absence of allotypic variation in the autoantigen for

Knight and Adams [17] | 00 stimulating autoantibodies

Isolation of antigen specific T cell lines capable of

Ben-Nun etal., [18] mediating autoimmune encephalomyelitis.

Cheynier et al., [19] Somatic mutation occurs in T lymphocyte V genes.

Type 1 diabetes is caused by specific destruction of

Sherwin [20] pancreatic islet B cells by cytotoxic T cell forbidden clones
Diabetic retinopathy: Evidence that cytotoxic T cell
Adams [21] forbidden clones cause diabetic retinopathy by selectively

destroying pericytes.

Table 1: The Jerne-Burnet Forbidden Clone Theory of Autoimmune Disease.

Discovery of Autoimmunity

This happened in 1938 when Dameshek and Schwartz [9],
Haematologists, discovered autoimmune haemolytic anaemia.
However, this was ignored as an oddity. Then in 1953, Freund et
al., [10] produced autoimmune destruction of the testes in guinea
pigs by immunising them with testicular tissue and adjuvants that
prolonged the antigenic stimulus long enough for the necessary
somatic mutations to occur in the responding lymphocytes. Similarly
using adjuvants, Witebsky et al, [12] with a JAMA paper, put
autoimmunity on the medical map by producing autoimmune
thyroiditis in rabbits.

In the same year, Deborah Doniach and Ivan Roitt [13] showed
that Hashimoto’s disease of the thyroid is caused by autoimmunity.
Then Adams and Purves discovered the Long-Acting Thyroid
Stimulator (LATS) that eventually proved to be the thyroid-
stimulatingautoantibodiesthatcausethyrotoxicosis[11]. McKenzie[22]
confirmed the discovery of LATS, adapting the guinea pig assay to the
mouse, which was advantageous.

Burnet’s Forbidden Clone Theory

Being a Bacteriologist, used to counting mutation rates in bacteria
growing on blood agar plates, Burnet realised that multiplying
lymphocytes will mutate similarly, hence his Forbidden Clone Theory
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of autoimmune disease [15]. This postulates that somatic mutations
in the V (Variable region) genes of multiplying lymphocytes produce
the aptly named forbidden clones of lymphocytes that cause the
autoimmune diseases by reacting with a host antigen instead of a
microbial one.

Confirmation of the Forbidden Clone Theory

This is shown in Table 1, which reports John Knight’s demonstra-
tion that Thyroid-Stimulating antibodies (T'Sab) in individual patients
contain only one type of light chain, indicating origin from a single
lymphocyte [16]. Additionally, Allison Knight, Cague and Adams set
up a precise system for measuring LATS protector [23], which was
used to show absence of allotypic variation in the autoantigen for
thyroid stimulating autoantibodies [17].

LATS Protector

Trying to make the LATS assay more specific for small responses,
Adams and Kennedy made use of Kriss’ discovery [24] that thyroid
extracts will neutralize LATS when incubated with it. However, they
found that LATS from different patients showed wide variation in its
susceptibility to neutralization. Suspecting an interfering substance,
they found that LATS-negative sera from patients with Graves’
disease contained another thyroid autoantibody, which protected
LATS from neutralization by competing with it for reaction with the
thyroid antigen. Hence, the name LATS protector. The new antibody
had no stimulating effect in the mouse bioassay. Baffled, we published
this finding [25] and soon had the good fortune to receive the
following letter from Deborah Doniach.

A Letter from Deborah Doniach
London, May 5%, 1967.
Dear Duncan,

I wonder why you assume that the new LATS blocking antibody is
not active in vivo? It could be more species specific and therefore not
show up in the mouse test, yet still have stimulating properties on the
human thyroid.

Best wishes,
Deborah Doniach.

LATS Protector, The Specific Human Thyroid
Stimulator

Ivan Roitt was behind this brilliant interpretation, which was
entirely logical, as the neutralization was done with human thyroid
extracts and the test for activity was performed in the mouse. When
mouse thyroid extracts were used, LATS protector disappeared [26].
For final confirmation of the human thyroid-stimulating activity of
LATS protector, it was necessary to round up half a dozen courageous
Otago Medical School academics prepared to make themselves
bioassay animals for LATS protector. This experiment, illustrated
in Figure 4, showed that LATS protector does stimulate the human
thyroid [27].

A control infusion of normal plasma has had no effect on the
slowly rising blood I level, but the LATSP infusion has caused a
prominent and significant rise, indicating the occurrence of thyroid
stimulation [27].
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Figure 4: The effect of infusion of LATS Protector (LATSP) into a human

volunteer.
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With RDH Stewart and TH Kennedy, Adams showed LATS
protector to be present in 90% of cases of untreated Graves’ disease,
including all the severe and moderately severe and moderately severe
ones. Furthermore, there was a highly significant correlation between
a patient’s LATS protector level and her/his thyroid uptake of *'I [28].

Figure 5 illustrates the pathogenesis of Graves’ disease. It originates
from a forbidden clone of lymphocytes, which have developed into
plasma cells, able to secrete large amounts of Thyroid-Stimulating
autoantibodies (TSaab). These stimulate the thyroid gland, causing
thyroid hyperplasia and secretion of excessive amounts of thyroid
hormone (T, and T,), which increases the metabolic rate to cause
thyrotoxicosis. The high thyroid hormone levels also inhibit the
thyrotroph cells of the anterior pituitary gland, by negative feed-back,
so TSH secretion ceases, as does response to thyrotrophin-releasing
hormone from the hypothalamus.
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Figure 5: The pathogenesis of Graves’ disease [29].

TSaab from forbidden clones of immunocytes stimulate the
thyroid cells, causing overproduction of thyroid hormones T,and T,
and the manifestations of thyrotoxicosis. The thyrotroph cells of the
anterior pituitary are inhibited by the high blood thyroid hormone
level, so TSH secretion ceases and response to TRH is absent. Some
variants of TSaab react with receptors on fat cells in the orbit to cause
exophthalmos from the bulk of adipocyte proliferation, demonstrated
by Rundle and Pochin [30].

Exophthalmos

By ingenious post-mortem measurements, Rundle and Pochin
[30] showed that in exophthalmos the component causing the
increase in bulk of the extra-ocular orbital contents is fat, indicating

that some TSaab variants, usually reactive with the mouse thyroid,
cause proliferation of orbital adipose cells. Corticosteroid treatment
is needed to inhibit this.

Neonatal Thyrotoxicosis

A quintessence of precision in the measurement of a pathogenic
autoantibody was achieved by Susan Dirmikis et al., [31] who defined
units of LATS protector, then showed that maternal LATS protector
levels over 20 units/ml invariably give rise to neonatal thyrotoxicosis
in babies, whereas levels below 10 units/ml never do.

Graves’ Disease a Paradigm for Autoimmunity

In 1986, at the University of Pisa, Professor Aldo Pinchera led an
International Symposium on Thyroid Autoimmunity at which Graves’
disease was presented as a paradigm for autoimmune disease [29].

Discovery of the Structure of Antibody Molecules

Serum, which is blood from which red cells and white cells have
been removed, contain dissolved proteins, including the gamma
globulins that are now called immunoglobulins because they are the
antibodies. How could the atomic structure of such a great mixture
of molecules be determined? Henry Kunkel solved this problem by
using blood from patients with multiple myeloma, a cancer in which
a lymphocyte cell becomes malignant, producing large amounts of a
single antibody molecule. Kunkel’s pupil, Gerald Edelman, broke the
disulphide bonds holding antibodies together, revealing that each
antibody molecule is comprised of four amino acid chains, two long
ones and two short ones, the disulphide bonds holding them together
to form a functional antibody. Rodney Porter [14] successfully split
antibody molecules into their constituent amino acid chains, by using
the weak proteolytic enzyme, papain. This produced three fragments,
a Crystallizable Fragment, FC, the constant region, and two identical
Fragments, FAB, each of which formed identical Antigen Binding sites
[32] (Figure 6).

antigen
,epitope

paratope

idiotope

complement binding site

parctope> S ll/tu' N nast el
0UIOTOPES  gttachment site
{IgE)
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Figure 6: An antibody molecule of IgG class [32], showing the two identical
paratopes (combining sites for antigen) and the complimentary epitope of the
antigen molecule. Also shown are the idiotopes (constant region epitopes) and
the attachment site for the C1q molecule of the complement system. Addi-
tionally, an attachment site for mast cells present on IgE class antibodies is
depicted.
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Discovery of T and B Lymphocytes

Some years after Haldane had discovered the histocompatibility
system as described below, his nephew Avrion Mitchison [33], in
a classic experiment, showed that rejection of allografts was not
mediated by antibodies, but that lymphocyte cells are necessary, the
rejection therefore being appropriately described as “cell mediated””
This was the discovery of the cytotoxic T lymphocytes that bear
the CD8 cluster of differentiation antigens surface marker and are
essential for defence against virus infection. Mitchison also discovered
the helper T lymphocytes that bear the CD4 surface marker and are
necessary for firing off the cytokine secretions that mediate the cell
cooperation involved in an immune attack on an invading microbe.
The lymphocytes that act by secreting antibodies became known as
B lymphocytes because of their origin from bone marrow, whereas T
lymphocytes are named for their origin from the thymus.

The end of Table 1 reports examples of diseases caused by T cell
forbidden clones.

Sherwin’s epic research on Type 1 diabetes [20,34], diabetic
retinopathy [21,35], evidence that T lymphocytes undergo somatic
mutations similarly to B lymphocytes [19] and Ben-Nun’s classic
isolation of antigen-specific T cell lines capable of mediating
autoimmune encephalomyelitis [18].

Pathogenic forbidden clones

Table 2 describes pathogenic forbidden clones already discovered
and others awaiting discovery. They are all comprised of B
lymphocytes or T lymphocytes and act by stimulating or blocking a
cell receptor or destroying a cell type.

The Histocompatibility System
Discovery by Haldane

By the beginning of the 1900s, cancer researchers, trying to prevent
and cure cancer in people, realized it would be helpful to their studies
to be able to keep tumours going beyond the death of the animal in
which it arose. However, they found that transferred tumours often
died. An exception occurred when Japanese waltzing mice were used
[61]. These animals that had been bred by fanciers for generations,
were popular because people were amused by their antics, whirling
and head-tossing. This is now known to be due to an inner ear
(vestibular apparatus) defect, caused by a gene that is recessive,
leading fanciers to produce an inbred strain of mice with the defect
always present. It was found that a carcinoma from one of these mice
grew in all the waltzing mice to which it was transplanted, but not
in any other mice. With the discovery of the immune system, mak-
ing antibodies to attack invading germs, people suspected that it was
the immune system that caused the transplanted tumours to die, by
attacking antigens on the tumour. However, JBS Haldane [62]
correctly postulated that the immune attack was directed at allo-

Disease or disorder Autoantigen

Cell type of the forbidden clone

Graves’ disease TSH receptor [29]

B cell, plasma cell

Myasthenia Gravis Acetylcholine receptor [18]

B cell, plasma cell

Goodpasture’s disease

On glomerular and lung basement membrane [36]

B cell, plasma cell

Pernicious anaemia Intrinsic factor [37]

B cell, plasma cell

Systemic lupus erythaematosis

An intracellular component made copiously available by cytolysis [38]

B cell, plasma cell

Thrombosis by lupus anticoagulant [39]

Platelet cell wall phospholipid [40]

B cell, plasma cell

Hypocomplementaemia factor [41]

Alternative pathway C3 convertase “abnormally stabilised by C3 nephritic

B cell, plasma cell

Haemolytic anaemia Red cell surface component [42]

B cell, plasma cell

Rheumatoid arthritis

Type X1 collagen [43] Calpastatin [44]

B cell, plasma cell

Schizophrenia

A neuronal dopaminergic receptor [45,46]

B cell, plasma cell

Manic depressive ?Another neuronal receptor

B cell, plasma cell

Systemic scleroderma

?Fibroblast receptor causing excessive collagen formation [47-49]

B cell, plasma cell

Paget’s disease

?0steoclast receptor causing bone resorption [50]

B cell, plasma cell

Ankylosing spondylitis

Spinal column epithelium component [51] B cell or T cell

B cell, plasma cell

Post-streptococcal glomerulonephritis [52]

?Intracellular glomerular component exposed by nephritogenic strep toxin

?B cell as Ig is in the lesion

Rheumatic fever

Heart component cross-reactive with streptococci [53]

?T cell as the heart autoantibodies also occur
in uncomplicated strep infection [54,55]

Diabetes Type 1 Islet B cell surface component

Cytotoxic T cell, CD8 [20,33]

Diabetic retinopathy On vascular pericyte cells

Cytotoxic T cell, CD8 [34,35]

Autoimmune hepatitis? Hepatocyte surface component

?Cytotoxic T cell, CD [56]

Addison’s disease ?Adrenocortical cell surface

?Cytotoxic T cell component [57]

Primary biliary cirrhosis

?Ductal cell surface component [58]

Cytotoxic T cell, CD8

Multiple sclerosis

?0ligodendrocyte surface component [59]

Cytotoxic T cell, CD8

Polymyositis ?Muscle cell surface component

CD8 a/B cell [60]

Table 2: Discovered pathogenic forbidden clones and others awaiting discovery.
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antigens, not tumour antigens. He predicted that antigenic
differences, similar to blood group differences, exist in tissues other
than blood, and that a tumour arising in a given tissue preserves
the allo-antigenic characteristics of its host. He further correctly
speculated that the allo-antigens induce an immune response in a new
host lacking them.

This was the discovery of the histocompatibility system,
which is essential for defence against virus infection, prevents
allo-transplantation [63] and influences the risk of autoimmune
disease, as described below.

Human Leukocyte Antigens (HLA)

Unlike the blood group antigens, A, B, O, on red blood cells,
important for blood transfusions, the histocompatibility antigens
are on the surface of all nucleated cells, including the white cells, the
leukocytes, where they were discovered and named by Dausset and
Svejgard the Human Leukocyte Antigens (HLA) [64]. The genes
for the HLA antigens are in the Major Histocompatibilty Complex
(MHC), situated on the short arm of chromosome 6 in man and on
chromosome 17 in the mouse [65].

Functions of the major histocompatibility complex

As shown in Table 3, the prime role of our histocompatibility
systems is to keep us alive in the face of the speed with which infecting
viruses replicate. Our bodies mistake foreign transplants as dangerous
virus infection of our tissues [66]. A monumental advance was made
by Zinkernagel and Doherty [67] who discovered that cells infected by
a virus extrude a peptide from the virus on to the histocompatibility
antigens on their cell surface, where it is exposed to the powerful
cytotoxic T cell clones, continually policing our histocompatibility
antigens for evidence of change indicative of virus infection.

1. The race between virus and cytotoxic T cell.

The contestants Replication time Progeny
Influenza virus 10 hours [68] 1,000 virions
Cytotoxic T cell 18 hours 2 Tcells
The race Virions T cells Virion/T cell ratio

Day 1 1 100 17108
Day 2 1 x 1,00024 108 x 213 6/1
Day 3 2.5x10™ 6.3 x 10° 1071
Day 4 4 x10% 1.6x107 10%/1

The result: the virus wins, the patient dies.

2. Consequences of the explosive speed of viral replication.

Hence, cytotoxic T cell clones need to be

1. Large, preformed (no time for expansion).

2. Specific for conjoint virus-MHC antigenic target, so as not to be muffled by the
myriad numbers of free virions. This explains,

1. Why allografts are rejected.

2. The strength of allograft rejection, Simonsen phenomenon [69].

3. The need for the MHC restriction phenomenon discovered by Zinkernagel
and Doherty [67], the presentation of viral antigens to cytotoxic T cells on host
histocompatibility antigens, so that the anti-viral immune attack is directed at the
virus-infected cells, the virus factories.

Table 3: The Histocompatibility System exists to enable host survival of virus
infection [66].

After Vladutiu and Rose [70] discovered that histocompatibility
antigens influence the risk of autoimmune disease in mice,
world-wide studies found weak 2-5 fold associations between various
autoimmune diseases and specific HLA antigens, but in 1973
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Schlosstein and Terasaki [71] found a 69-fold association between
ankylosing spondylitis and the HLA antigen B27. This galvanised
the medical world, setting up numerous research studies, well
summarized by Tiwari and Terasaki in their comprehensive 1985
review of HLA and disease associations [72].

Solution of the genetics of autoimmune disease

The Bielschowskys’ discovery of autoimmune haemolytic anaemia
in their New Zealand Black (NZB) inbred strain of mice [73] led to
the further discovery by Howie and Helyer [74] of lupus nephritis
in (NZB x NZW) FI mice. Realising that this autoimmune kidney
disease, not present in either parent, must be caused by at least one
gene from each parental strain, Knight and Adams made backcross
and linkage studies, finding three genes for lupus nephritis [75], one
from the NZB mice and two from the NZW mice. This has been
confirmed and extended by Drake et al., [76] and Kono et al., [77],
using the wonderfully detailed microsatellite gene markers. In a
similar study of the autoimmune anaemia of the NZB mice, using
crosses with the NZC strain, a gene necessary for production of the
anti-erythrocyte autoantibodies was found to be distantly linked to
the black-brown coat colour gene on chromosome 4. In all Knight
and Adams found four genes with linkage information coding for
autoimmune disease in mice [78]. None were the expected V genes,
one was in the MHC and two appeared to be in the neighbourhood of
the minor histocompatibility antigens, Hh and H-18.

The H Gene Theory

This example of what Einstein [79] called a “stumble right up
against the thing’, enabled Adams and Knight to link the fields of
transplantation genetics [63], immunology and autoimmunity, to
arrive at the H Gene Theory.

This states that histocompatibility antigen genes, major, minor
and HY (the male sex antigen), together with the V (Variable region)
genes coding for antigen receptors on B and T lymphocytes, are the
germ-line immune response genes, the genes that influence the risk of
autoimmune disease [80,81].

Microbial Triggers

Autoimmune diseases are caused by malfunction of the immunity
system, being consequences of infection by bacteria or viruses [82].

Rheumatic carditis and Streptococci: Before the advent of penicillin,
rheumatic fever, with crippling or fatal lesions of the heart, was a fre-
quent consequence of infection by f-haemolytic streptococci of Lance-
field Group A. This was because of an antigenic similarity between a
component of these streptococci and heart tissue, discovered by Kaplan
and Meyeserian [83]. Today, with such infection therapeutically abort-
ed by penicillin, rheumatic heart disease, once common, has become
rare.

Glomerulonephritis and Streptococci: Post-infective glomerulone-
phritis follows infection by Group A streptococci of multiple M types.
This disease is also less frequent due to use of antibiotics.

Reactive arthritis

This has been observed after enteric infection with Shigella,
Salmonella, Yersinia, Compylobacter and genital infection with
Neisseria gonorrhea.

Rheumatoid Arthritis (RA) and Proteus mirabilis [84]: Multiple
studies over three decades have found high titres of antibodies against
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this bacterium in a total of 1375 RA patients, but not in other diseases
or healthy controls in studies by independent groups in 15 different
countries. There was no such elevation in antibodies against 27 other
microbial agents. There is evidence that the upper urinary tract is the
main site of Proteus infection in RA.

In brilliant studies, inventing diverse biochemical and other
technology, Wilson and other members of Ebringer’s team showed
shared amino acid sequences between major histocompatibility Class
1I glycoproteins, type XI collagen and Proteus mirabilis in rheumatoid
arthritis [84]. This shows in detail how Proteus mirabilis triggers the
autoimmune attack on the joint collagen of patients with HLA-DR1/4.

Ankylosing Spondylitis (AS) and Klebsiella: In world-wide studies
involving 1330 AS patients and 1191 healthy controls, the AS patients
showed significantly increased antibody titres to Klebsiella. There is
evidence that the gut is the main site of Klebsiella infection in AS.

Schizophrenia and virus infection: Acute schizophrenia has been
observed to follow upper respiratory tract virus infection and John
Knight has assembled much evidence that schizophrenia is an
autoimmune disease caused by autoantibodies that react with
neuronal receptors influencing the limbic system of the brain [47,86].

Recently, Fabienne Brilot [87], a Paediatrician, studying
post-infectious encephalomyelitis in children, suspecting an
autoimmune basis, developed a new method of detecting antibodies
to cell surface dopamine-2 receptors. It would be of great interest to
test blood from acute schizophrenics with this method, to see if it
contains the autoantibodies that cause schizophrenia.

Seeking antigenic triggers and their corresponding autoantigen,
with excellent technology at the NIH, Laing et al., [88] immunized
rabbits with neurotropic strains of influenza virus, inducing
autoantibodies to a brain-specific 37-kDa protein. This needs further
exploration, as does the whole field of psychotic aetiology, until the
presumptive forbidden clones have been demonstrated with the
clarity obtained for Graves’ diseases and myasthenia gravis.

Information from Sequencing Antigens on
Triggering Bacteria

Ebringer’s Basic Books: Details of the development of the
methods used for successful determination of the amino acid
sequences of antigens on the rheumatoid arthritis-triggering
bacteria, Proteus mirabilis are described in the book, “Rheumatoid
arthritis and Proteus” by Ebringer [89] Figure 7. Similarly, the
book “Ankylosing spondylitis and Klebsiella”, also by Ebringer [90],
describes how the amino acid sequences of antigens on Klebsiella
pneumoniae, that enormously increase the risk of ankylosing
spondylitis, were determined, and how they exert their effect.

Discovered that Proteus mirabilis in the upper urinary tract
triggers rheumatoid arthritis.

Discovered that Kilebsiella pneumoniae in the gut triggers
ankylosing spondylitis.

Confirmed the H Gene Theory by finding two antigens on Proteus,
one resembling HLA-DR1/4 the predisposing HLA antigen, one
resembling the autoantigen attacked.

Showed how HLA-B27 predisposes, 69-fold, to ankylosing
spondylitis.
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Figure 7: Professor Alan Ebringer, BSc, MD, FRCP, FRACP.

Confirmation of the H Gene theory: This research provides
experimental confirmation, at the molecular level, of the H Gene
Theory of the inheritance of the autoimmune diseases, described
above, in confirming the speculated presence of multiple antigens
on triggering bacteria and alternative clonal development enabling
development of the forbidden clones that cause the associated
autoimmune diseases.

How HLA-DR1/4 predisposes to rheumatoid arthritis [44]:
Figure 5 shows space-filling models of the amino acid sequences of
the histocompatibility antigen HLA-DR1/4 and the Proteus mirabilis
haemolysin antigen. Close structural similarity is apparent. This
means the immune tolerance imposed by the histocompatibility
antigen will extend to this Proteus antigen, preventing immune
reaction with it.

HLA-DRT\4
(EQRRARA)

Proteus Haemolysin
(ESRRAL)

Figure 8: Molecular similarity between histocompatibility antigen HLA-DR1/4
and Proteus haemolysin, preventing immune reaction against this bacterial
antigen [89].

Figure 9 shows space-filling models of the amino acid sequences
of the Proteus mirabilis urease antigen and Type 11 collagen, an
autoantigen attacked in rheumatoid arthritis. The urease antigen is
completely different from HLA-DR1-4, so will not be protected from
immune reaction, being free to stimulate development of a forbidden
clone reacting with the closely similar Type 11 collagen molecule, an
autoantigen attacked in rheumatoid arthritis.
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Figure 9: Molecular similarity of Proteus urease and Type XI| collagen an
autoantigen attacked in rheumatoid arthritis. This explains how infection with
Proteus mirabilis causes rheumatoid arthritis [89].

How HLA-B27 predisposes to ankylosing spondylitis [44]:
Figure 10 shows space-filling models of the amino acid sequences of
the histocompatibility antigen HLA-B27 and two antigenic peptides
on the bacterium Klebsiella pneumoniae. The Klebsiella nitrogenase
antigen closely resembles HLA-B27, so will be covered by the
tolerance induced by HLA-B27, but the bacterium’s pullanase peptide
is different and able to stimulate development of a forbidden clone
attacking the spine to cause ankylosing spondylitis.

Arg(+)
75 ':,‘;"

a) HLA-B27.5 (B*2705)
(DREDL)
Glu ()
76
Asp (-)
74

Asp ()
77

A o
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193

Figure 10: Molecular similarity of HLA-B27 and the Klebsiella nitrogenase bac-
terial antigen, preventing immune reactivity, but dissimilarity with the Klebsiella
pullonase bacterial antigen, allowing immune reactivity which can lead to de-
velopment of the forbidden clones that cause ankylosing spondylitis, explaining
the strong genetic predisposition (69-fold) by HLA-B27 discovered by Terasaki.
(Adams DD, Knight JG, Ebringer A (2010) Autoimmune diseases. Autoimmunity
Reviews 9: 525-530).

Prophylaxis of Autoimmune Diseases

The poliomyelitis virus epidemics: A New Zealand example
occurred in 1938, reported in the press and observed by Adams
trapped in a boarding school in Masterton. An epidemic of leg
paralyses occurred in Christchurch and spread progressively
north, from town to town, to Picton, Wellington, Featherston, then
Carterton, the town next to Masterton, engendering great fear. Then
the boy in the bed next to Adams complained of a stiff neck, was taken
away and reported to have polio. Six months later he returned with a
paralysed leg. Adams and his schoolmates were all unaffected.
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Paralysis a rare autoimmune complication of universal
virus infection?

I postulate that the leg paralyses of poliomyelitis were a rare
autoimmune complication of virtually universal virus infection,
the paralyses probably caused by forbidden clones of cytotoxic T
cells which attacked anterior horn neurons in the spine, hence the
Pathologists’ appropriate name, “acute anterior poliomyelitis.”

The Salk (killed) and Sabin (attenuated) polio vaccines have
been brilliantly successful in preventing the polio leg paralyses. This
exemplifies how autoimmune diseases in general, can be prevented by
finding and vaccinating against their microbial triggers.

The lead in prophylaxis given by the polio vaccines: The Salk
(killed) and Sabin (attenuated) polio vaccines have been brilliantly
successful in preventing the polio leg paralyses. This exemplifies how
autoimmune diseases in general, can be prevented by finding and
vaccinating against their microbial triggers.

Finding microbial triggers: Ebringer has succeeded in this with
rheumatoid arthritis and ankylosing spondylitis. He has pioneered
this new field of medical research, developing a whole new
technology that needs to be copied in other diseases, especially
schizophrenia. Systematic studies of autoimmune diseases, with
collaboration between clinicians and microbiologists are needed.

Prevention of ankylosing spondylitis: There is 69-fold increased
risk of ankylosing spondylitis in males with HLA-B27 [71]. Ebringer’s
discovery that the bacterium Klebsiella pneumoniae triggers
ankylosing spondylitis offers prevention of this disease by vaccination
of HLA-B27 positive boys with Klebsiella pneumoniae. This could
initiate a new form of prophylaxis, which could culminate in
prevention of schizophrenia, once its triggering microbe (probably
viral) has been identified.

Discussion

Some disease associations are cross-tissue autoimmunity, for
example the eye proptosis of Graves disease, caused by variants of
the thyroid-stimulating autoantibodies that react with receptors on
orbital fat cells [30], and diabetic retinopathy [21], probably caused
by destruction of retinal pericyte cells by antigenic variants of the T
cell forbidden clones that destroy the pancreatic islet B cells to cause
Type 1 diabetes.

Many autoimmune diseases, such as Graves’ disease, already have
satisfactory therapy. Immunotherapy, by radiological or chemical
immune ablation, with immune reconstitution by autologous bone
marrow cells, pioneered by Tyndall [91], can be used to save the lives
of patients with dangerous autoimmune diseases, such as systemic
scleroderma [92].

Selective destruction of forbidden clones could be achieved by
isolating their autoantigen (such as the TSH receptor of Graves
disease, cloned by Vassart and Dumont) [93] and attaching it to a
cytotoxic moiety, such as bungarotoxin or ™I iodine (emitting
short-range P particles), then administering the molecular complex
intravenously to destroy the pathogenic clones of plasma cells. When
monoclonal antibody technology was discovered, it was mistakenly
assumed that this would provide cures for the autoimmune diseases, a
notion greatly encouraged by the drug companies. Struggling to help
his patients get benefit from use of Rituximab, Dreyfus [94] envisages
major progress from anti-viral therapies and ultimately virus vaccines.
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Prevention is better than cure, so finding and countering antigenic
triggers of autoimmune diseases is the ideal. Recognition of the
universality of microbial triggers of autoimmune diseases is a major
advance, in showing how the diseases can be prevented by finding
and vaccinating against their triggers. Ebringer has led the way by
discovering three triggers and developing the technology for finding
others.
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