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There is still much ignorance and
controversy about the origin and nature
of autoantibodies. It was therefore of
interest to ask some of those who have
recently contributed new data in the
field to summarize their views on this
problem.

One of the main unsolved questions
is the nature of the immunogen (if any)
that triggers the production of autoan-
tibodies. Many believe that it is not the
autoreactive antigen, and one of the
most frequently studied models is that
of anti-DNA antibodies. Whether the
autoreactive B cells are triggered by
internal or environmental antigen is
open to question. The wide spectrum of
cross-reactivity of monoclonal anti-
DNA antibodies includes, on one hand,
autoantigens such as endogeneous phos-
pholipids (R. Schwartz) and cell mem-
brane proteins (J.F. Bach), and on the
other hand, bacterial polysaccharides
(R. Schwartz). The development of anti-
DNA antibodies in experimental proto-
cols such as the induction of neonatal
tolerance may reflect the combination
of such antigenic trigger and polyclonal
B-cell activation (P.H. Lambert). It

should be noted at this point that the
situation may be different for autoan-
tibodies directed to native or to dena-
tured DNA.

In view of the close relationship
between some autoantibodies and the
so-called natural antibodies which,
although polyspecific, may display high
affinity (S. Avrameas), one may won-
der whether some autoreactive B cells
are triggered by non-specific signals
without being antigen-driven, at least in
a first stage. This hypothesis would
imply that the production of such
autoantibodies is an inherent property
of the normal immune system. Several
laboratories have recently provided evi-
dence that some autoantibodies are
indeed encoded by restricted sets of
germ-line V genes. There is suggestive
evidence that naturally occurring auto-
reactive antibodies are produced in mice
by B cells belonging to the Ly1-B lineage
(L.A. Herzenberg).

The results reported by R. Schwartz
showing that immunization with a hap-
ten leads, as the Vi gene mutates, to
the loss of the anti-DNA reactivity of
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the pre-immune IgM antibodies and to
acquisition of anti-hapten activity, are
apparently in contradiction with those,
described by B. Diamond, suggesting
that anti-DNA autoantibodies (belon-
ging to the IgG class) may be generated
by somatic mutation of germ-line genes
encoding «natural» antibacterial anti-
bodies. In this context, it should be
noted that, although Avrameas has
found anti-actin activity of several IgG
and IgA myeloma proteins, the inci-
dence of various autoantibody acti-
vities, such as cold agglutinins, rheu-
matoid factors, etc., is extremely high
among human monoclonal immunoglo-
bulins belonging to the IgM class. It
should also be pointed out that a close
relationship between the «natural»

autoantibodies and the pathogenic
autoantibodies of autoimmune diseases
is far from proven.

Finally, most of the above-men-
tioned hypotheses on the production
of autoantibodies are difficult to recon-
cile with the importance of autoantigen
presentation by epithelial cells expres-
sing HLA class II molecules in the
pathogenesis of autoimmune thyroid
diseases, as outlined by G. Bottazzo
and M. Feldman. Such a mechanism
may apply only to organ-specific auto-
immunity.

The discrepant views expressed by
the contributors to this forum suggest
that the nature and origin of autoanti-
bodies are not univocal.

NATURAL AUTOREACTIVE B CELLS AND AUTOANTIBODIES:
THE « KNOW THYSELF» OF THE IMMUNE SYSTEM

by S. Avrameas

Unité d’Immunocytochimie, Département d’Immunologie, Institut Pasteur,
75724 Paris Cedex 15

«To know thyself is useful everywhere»
Socrates

INTRODUCTION

From its early beginning, a rather
finalistic role has been attributed to the
immune system; the antibodies were
there in order to protect the organism
from foreign invasions. In this rather
military defence concept, antibodies
able to react with self constituents were
considered not only unnecessary but
harmful because, if they were gene-
rated, they would lead, as stated by
P. Ehrlich, to a «horror autotoxicus»
and destruction of the organism [11].
Such a view, that the immune system is
exclusively directed against the external

foreign environmental antigens, has
been further strengthened by the classi-
cal studies of Landsteiner showing the
extremely high specificity of the antibo-
dies [22]. Substitution of one halogen
by another in a small molecular weight
constituent resulted in the non-
recognition of the thusly modified
constituent by the antibody. The spec-
tacular success encountered by vaccines
further established this point of view
[23]. The clonal selection theory, as for-
mulated by Burnet, eonceptualized and
put into a clear theoretical framework
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these series of experiments and results
[5]. According to this theory, each lym-
phocyte possesses an antibody receptor
strictly specific for a foreign antigen;
clones capable of reacting with self com-
ponents are deleted during foetal life.

There is no doubt that a long series
of experiments has given clear-cut
results supporting the above conclusion.
At the same time, however, at least
in my mind, there is no doubt that the
vast majority of experimental designs
which gave rise to these results were
far removed from the reality usually
encountered by the immune system in
physiopathological situations. Injec-
tions into animals of high amounts
of protein antigens incorporated into
various adjuvants are needed in order
to obtain detectable levels of antibodies,
and similarly, injections of millions of
erythrocytes are required in order to
induce detectable plague-forming cells.
Therefore, one has to pose the question
as to whether the results obtained under
these experimental conditions, although
real and irrefutable, correspond to only
a partial aspect of the immune system
not necessarily linked with its normal
physiopathological functioning. Indica-
tions that this might be the case could
have been deduced from the early stu-
dies reporting the presence in sera of
physiologically healthy individuals and
animals, of antibodies, subsequently
termed natural antibodies, often reac-
ting with self antigens [3, 21, 4].
Although, until the early fifties, a great
deal of work was devoted to natural
antibodies, during recent years only
occasional studies on this subject have
been reported. Until very recently, natu-
ral antibodies were considered as rather
curious but uninteresting, and probably
not a serious aspect of the immune
system; it is worth noting that only
rarely have investigators been interested
in the possible immunophysiopatholo-
gical role of natural antibodies [4, 18,
13, 14, 26, 2, 6].

In our laboratory in 1977, while
attempting to prepare a monospecific
anti-tubulin antiserum, we noted that in
fact anti-tubulin antibodies were present
in the sera of various animal species
before any experimental immunization

[19]. This initial observation was follo-
wed by a series of experiments aimed at
studying the natural antibodies and exa-
mining their relationships with the
autoantibodies. Using a panel of self
and non-self antigens (albumin, actin,
DNA, myoglobin, myosin, peroxidase,
renin, spectrin, thyroglobulin, TNP-
protein conjugates and transferrin), we
found that autoreactive B-cell clones
and natural autoantibodies were present
in humans [1, 15, 7, 8], mice [9, 10] and
rats [25]. A few natural autoantibodies
were found to be monospecific, i.e. to
react with only one antigen on the
panel. The vast majority of the natural
autoantibodies, however, whether poly-
clonal or monoclonal, were found to be
polyspecific, i.e. to react with more than
two self and non-self antigens on the
panel. Thus, murine monoclonal natu-
ral antibodies reacted with such dissimi-
lar antigens as DNA, myosin, thyro-
globulin, spectrin and TNP [9]. Cross-
reactive idiotopes were found frequently
among the murine monoclonal poly-
specific natural autoantibodies and were
also present in normal mouse sera
associated with certain immunoglobu-
lin subclasses [24].

More recent studies on this subject
have included investigations of the
cross-reactive idiotopes of natural
autoantibodies among humans, mice
and rats, the affinity of natural autoan-
tibodies and their presence and specifi-
cities in mice at different stages of the
immune response, as well as studies on
the capacity of mice to respond to injec-
tions of self antigens.

Cross-reactive idiotopes of natural
autoantibodies.

Monoclonal immunoglobulins secre-
ted by hybrids derived from the fusion
of either normal human peripheral
lymphocytes with a non-secreting
murine myeloma cell line (Blancher et
al., unpublished results) or spleen cells
from BN rats with a non-secreting rat
myeloma cell line [25] were examined
for antibody activity using the panel of
antigens described above. Monoclonal
immunoglobulins with polyspecific
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natural autoantibody activity were
found, as well as monospecific antibo-
dies and antibodies with restricted
polyspecificity, that is, reacting with
only two to three antigens on the panel.
Using a rabbit antiidiotypic antibody
raised against a BALB/c monoclonal
polyspecific natural autoantibody, we
analysed the cross-reactive idiotypic
determinants of these antibodies. We
noted that a substantial part of human
and all rat autoantibodies which posses-
sed polyspecific reactivities bore the
murine idiotopes. With a few exceptions
observed with human antibodies,
monospecific antibodies were not found
to carry the murine idiotopes. In this
connection, it is interesting to note that
between the two rat monoclonal IgE
examined, one monospecific for TNP
and the other possessing polyspecific
reactivities, only the latter was found to
bear the cross-reactive idiotopes [25].

These findings, as well as those
already obtained with mice, show that
polyspecific natural autoantibodies cor-
respond to highly conserved recurrent
and frequent idiotopes. Furthermore,
they strongly suggest that restricted
families of germline genes may encode
for at least some of the polyspecific
natural autoantibodies among humans,
mice and rats.

Affinity of Natural Autoantibodies.

The fact that polyspecific natural
autoantibodies are able to react with
various dissimilar antigens raises the
question of the antigenic structure
which they are recognizing and, conse-
quently, of their affinity. Using a
method published recently by Friguet et
al. [12}, we measured the dissociation
constant (Kp) of several polyspecific
natural monoclonal autoantibodies for
different macromolecular antigens and
haptens and we compared the values
obtained with those of induced monos-
pecific antibodies produced after active
immunization. The results obtained
indicate that: 1) the K of the mono-
clonal polyspecific natural autoantibo-
dies for macromolecules ranges between
10-5 and 10-1© M and, for a given
antigen, is often on the same order of

magnitude as that of induced monoclo-
nal or polyclonal antibodies; on this
basis, it appears that the generally
admitted correlation between antibody
specificity and affinity does not always
hold true; 2) in contrast with induced
monospecific antibodies, the Ky of
natural autoantibodies for free hapten
are high, whereas they are low when the
same hapten is associated with a macro-
molecule; thus it appears that, although
natural and induced autoantibodies
exhibit similar « functional affinities »
[20], that is, avidities for a macromole-
cule, they differ in their «intrinsic
affinities » [20] for a given hapten or
epitope ; and 3) although the monoclo-
nal polyspecific natural antibodies exa-
mined exhibit similar broad reactivities
for several antigens, their fine specifi-
cities for these antigens, as defined by
the measurement of their Ky, are dif-
ferent ; thus, it appears that each mono-
clonal polyspecific natural antibody can
be considered unique [28].

Natural autoantibodies in mice at dif-
ferent stages of the immune response.

Mice were injected with various anti-
gens (human serum albumin, rat myo-
sin, histamine-ovalbumin conjugate,
5- bromurldme bovine serum albumin
conjugate) in complete Freund’s adju-
vant following various injection schedu-
les. Hybridomas were produced from
the spleen of these immunized mice and
examined for their production of anti-
bodies directed against the antigen injec-
ted and against a panel of self (tubulin,
actin, myosin, DNA) and non-self anti-
gens (whale myoglobin, human spec-
trin, horseradish peroxidase, trinitro-
benzene coupled to bovine serum albu-
min). In addition to a high number of
hybrids synthesizing monospecific anti-
bodies against the immunizing antigen,
2-5 % of the hybrids were found to
secrete polyspecific natural autoantibo-
dies. Furthermore, several hybrids were
also found to secrete antibodies reacting
with the immunizing antigen as well as
one or more antigens on the panel [16].

Similarly, murine monoclonal anti-
H, [27], anti-HLA-DR [17] or polio
virus neutralizing antibodies (R. Gon-
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zalez et al., unpublished results) obtai-
ned after fusion of splenocytes from
mice immunized with the corresponding
antigens, were found to react with one
or more self antigens.

The above results support our pre-
viously advanced hypothesis [9, 16] that
cells carrying polyspecific natural
autoantibodies as receptors after anti-
genic stimulation proliferate into cells
producing antibodies more and more
specific for the immunizing antigen. In
this context, it is interesting to note that
we have found that hybrids derived
from the spleens of old BALB/c normal
mice or from 4-month old MRL mice
with a lupus-like autoimmunity syn-
drome secrete monoclonal autoanti-
bodies, for which the great majority
were monospecific, as compared to
the polyspecific natural autoantibodies
(W. Mahana et al., unpublished
results).

Response of mice to injections of self
antigens.

It is widely accepted that animals do
not respond to self antigens because of
a presumed elimination and/or anergy
of autoreactive cell clones. This broadly
admitted hypothesis is somehow in
contradiction with the studies on natu-
rally occurring autoantibodies which
have demonstrated that the humoral
immune systems of humans, mice and
rats are able to recognize self antigens.
In order to test whether the immune
system is able to respond to self stimu-
lation, newborn or adult BALB/c mice
were injected repeatedly with either
syngeneic (BALB/c) or xenogeneic
(bovine) proteins (myosin, albumin,
actin) or with syngeneic or xenogeneic
albumin coupled with TNP, dissolved
in physiological saline, and the presence
of anti-protein or anti-TNP antibodies
in the sera of immunized mice was then
evaluated. The results obtained indicate
that newborn but not adult mice are
capable of responding to self stimula-
tion. These results also suggest that one
of the primary functions of the immune
system in newborn mice is the recogni-
tion of self (submitted for publication).

Conclusions and hypotheses.

The whole of the results we have
obtained with natural autoantibodies
strongly suggests that the recognition of
self antigens, mainly through polyspe-
cific receptors able to react with both
self and non-self antigens, constitutes
one of the basic rules of the immune
system. In such a concept, and in accor-
dance with the results obtained, one
would expect that the polyspecific auto-
reactive B-cell clones and their synthe-
sized products, the polyspecific auto-
antibodies, would be of germline origin
and would be present in an organism for
the normal physiological functioning of
the immune system.

Autoreactive B cells recognize the
self antigen through the polyspecific
autoantibody receptor, as such; and
perhaps, precisely because the receptor
tits perfectly with the self antigen, the
cells are minimally stimulated, if at all.
Therefore, this kind of equilibrium can-
not be broken by self antigens unless (as
in the experiments we have performed
with newborn mice), because of repea-
ted injections, much higher amounts
of self antigens than normal are present
at a time when the regulatory system
has not yet been well established. In
contrast, sufficient accumulation of a
non-self antigen will be able to break
this equilibrium, because recognition by
the polyspecific receptor of the antigen
is imperfect and it is recognized as non-
self. It is evident that this equilibrium
can also be broken when the self anti-
gen, for any reason, for example, by
infections or use of adjuvants, has been
sufficiently altered so as to be recogni-
zed as non-self.

In these cases, cells carrying the
polyspecific natural autoantibodies as
receptors will be stimulated and proli-
ferate into cells producing more and
more specific antibodies for the non-self
antigen. This hypothesis is supported by
results obtained with the hybrids deri-
ved from the immunized mice, whose
monoclonal antibodies were found to
react either with the immunizing anti-
gen alone, with the immunizing antigen
plus one antigen, or with two, three or
more self and non-self antigens. The
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molecular mechanisms that could,
through proliferation, lead from cells
carrying polyspecific autoantibody
receptors to cells synthesizing and secre-
ting monospecific antibodies are not
evident. Because, in the mouse (but not
in man), polyspecific natural autoanti-
bodies are often found to be associated
with the IgM isotype and only rarely
with IgG, it would appear that, at least
in mice, these mechanisms are related
to the switch from IgM to IgG. It is pos-
sible that mutational events contribute
to these modifications from polyspe-
cificity to monospecificity. However,
taking into account that polyspecific
natural autoantibodies possess affinities
on the same order of magnitude as
monospecific induced antibodies, one
would expect to find here, as well, a still
unknown mechanism involving gene
rearrangements.

It is evident that, in an adult orga-
nism, all situations, from cells produ-
cing polyspecific natural autoantibodies
to cells synthesizing monospecific anti-
bodies against non-self antigens, may
exist. The relative importance of these
situations will depend upon the animal’s
immunological history. It is conceiva-
ble that, due to various stimuli, for
example, viral, oncogenic or mitogenic,
the few cells that at each time produce
antibodies of given specificities can be
induced to expand clonally. On this
basis, an immunopathological situation
involving the presence of relatively high
amounts of antibodies can be conside-
red as corresponding to the magnified
picture of a given immunophysiological
situation which normally occurs, among
many others. In an immunopathological
situation, however, one would expect
that monospecific autoantibodies would
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bodies often directed against non-self
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rence between immunized and old ani-
mals is that cells synthesizing poly-
specific natural antibodies would be
only marginally generated in old ani-
mals, if at all.

In summary, 1 consider that,
through polyspecific receptors, the
immune system is able to recognize self
internal antigens and that this reco-
gnition constitutes the basis for the
immune system being able to recognize
and respond to non-self external anti-
gens. Thus, the immune system, like the
other biological systems, like the various
animal species, like human society or
even like philosophy, has to possess the
«know thyself».
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ARE NATURAL AUTOANTIBODIES REAL?

by R.S. Schwartz
Department of Medicine, New England Medical Center, Boston, MA (USA)

During the past 85 years, ideas about
autoimmunity have gone through two
distinct stages, which can be referred to
as: Ehrlich’s horror autotoxicus and
Burnet’s forbidden clones. Ehrlich’s
own experimental evidence contradicted
the very idea of autoimmunity, and he
concluded that such a process would be
improbable. By Burnet’s time, 50 years
after Ehrlich, many examples of auto-
immune diseases had been uncovered.
Therefore, he had a different perspec-
tive: autoimmunity is indeed possible,
but it is an aberration. Now we have
entered a third phase in the evolution of
ideas about autoimmunity. The emer-
ging new concept is that the ability to
form autoantibodies is an inherent pro-
perty of the normal immune system. In
other words, autoreactivity is not pur-
ged during ontogeny, but preserved. It
is difficult to predict how long this third
concept will last, but it seems to be an
idea whose time has come. There are,
however, formidable problems to solve
before we can accept the relevance

of «natural» autoantibodies to either
autoimmune diseases or to fundamen-
tal mechanisms of the normal immune
system.

There are many examples of «natu-
ral» autoantibodies. They usually have
specificity for highly conserved struc-
tures: xanthine oxidase, myelin basic
protein, collagen, nucleic acids and
cytoplasmic filaments are examples.
These kinds of antibodies probably
account for the so-called « background »
that is encountered in almost all sero-
logical tests for autoantibodies. They
are present in serum from almost all
normal subjects and in serum from all
age groups. Antibodies against tubulin,
actin, thyroglobulin, myoglobin, fetuin,
transferrin, albumin, cytochrome ¢ and
collagen have been found in pooled
serum obtained from a large number of
unselected normal humans [1]. Autoan-
tibodies to neural tissue [2] and to sperm
proteins [3] also occur in most samples
of normal serum,
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Dighiero ef al. [4] found that hybri-
domas derived from unimmunized
6-day old mice can produce autoantibo-
dies. About 6 % of the hybridomas pro-
duced monoclonal antibodies against a
panel of nine autoantigens. And in ano-
ther study, about 12 % of hybridomas
derived from normal mice produced
antibodies against pancreas, stomach,
salivary glands and pituitary [5]. After
depletion of T cells, suspensions of sple-
nocytes from normal mice yield a high
proportion (30 %) of B-cell-derived
hybridomas (Y. Naparstek, unpublished
observation). Cairns et al. [6] prepared
hybridomas from the tonsillar lympho-
cytes of a normal 7-year old girl : almost
one-third of the clones secreted auto-
antibodies. It is unlikely that such
«natural » autoantibodies are the result
of stimulation by bacterial antigens
because they are found even in germ-
free mice [7].

The antigens to which these autoan-
tibodies bind belong to a class of ubi-
quitous autoantigens: nucleic acids,
cytoskeletal proteins, transferrin, albu-
min and the Fc¢ portion of IgG are
examples. Moreover, extensive cross-
reactivity is a prominent feature. All, or
nearly all, of them are IgM antibodies.
Moreover, their counterparts occur in
Waldenstrom’s macroglobulinaemia,
multiple myeloma and benign monoclo-
nal gammopathies [8]. These autoreac-
tive paraproteins are not unusual: of
612 paraproteins, about 6 % bound to
a panel of 9 autoantigens, mainly cytos-
keletal proteins [9]; in another series,
9 % of 265 monoclonal gammopathies
reacted with nucleic acid antigens [10].

Are the reactions of these natural
autoantibodies an artefact ? Is their bin-
ding a function of the variable region
or are the observations due to some
non-specific «sticky » property of IgM
antibodies ? Does the extremely sensitive
ELISA technic, which has been used for
most of the studies just summarized,
exaggerate out of proportion irrelevant
binding properties of the antibodies?
Do the ubiquitous autoantigens to
which the antibodies bind, and with
which they cross-react extensively, share
some banal property that leads to unim-
portant ionic binding on solid surfaces?

Is there, in other words, a systematic
technical error that has misled dozens
of investigators?

All these questions are important to
answer before the reality of natural
autoantibodies can be generally accep-
ted. We have to admit that these issues
have not been addressed rigorously in
all cases. Nevertheless, some evidence
supports the validity of the observa-
tions. That the variable region is indeed
involved has been shown by a point
mutation in the variable region of an
immunoglobulin VH gene, resulting in
a single amino acid substitution which
changed the binding specificity of the
«wild type» antibody from anti-
phosphocholine to anti-DNA [11].
Morover, the mutated antibody bound
to DNA in a liquid phase filter assay.
A related observation is that a chimae-
ric protein (created by in vitro mutage-
nesis) with a heavy chain V region
sequence identical to that of a DNA-
binding antibody, except for a single
amino acid substitution, did not bind to
ssDNA [12]. Another demonstration of
the authenticity of the binding reactions
with nucleic acid antigens is that they
can be specifically inhibited by small
haptens [13] or anti-idiotypes in the
solution phase [14]. Still, the immuno-
chemical specificity of the reactions of
«natural» autoantibodies is a subject
requiring scrupulous attention by all
who work in the field.

I will, for the sake of this position
paper, assume that natural autoantibo-
dies are indeed real. Moreover, the logic
of the immune system virtually demands
that they exist. It is becoming evident
that the complex organization of the
mammalian immune system arose by
evolution from a much simpler primor-
dial mechanism. Recent studies of the
horned shark (Heterodontus francisisi),
from which mammalian percursors
diverged 450 million years ago, have
shown that its heavy chain immunoglo-
bulin genes consist of a simple cassette
of three genes — V, D and J — linked
to a single set of C genes. These geno-
mic clusters, which are repeated many
times, form a V-D-J exon by deletion
of intervening DNA. The main source
of immunoglobulin variation in this
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species is brought about by imprecise
fusion of the elemental V, D and J
regions (junctional diversity) [15]. In
mammals, by contrast, there are seve-
ral hundred different V genes, about
two dozen different D genes and four
different J genes. The combination of
these different genes, together with
junctional diversity and somatic muta-
tion, account for the principal sources
of antlbody variation in higher species
[16]. But the extraordinary ability of
mammals to generate antibodies against
a virtually unlimited number of antigens
evolved at a price : the inevitable forma-
tion of autoantibodies as a result of
recombination, junctional diversity and
somatic mutation of V genes. Thus, it
seems only « natural» that autoantibo-
dies exist in normal serum.

In this brief paper, I will not deal
with the important and complex ques-
tion of the relationship, if any, of natu-
ral autoantibodies to the antibodies
of autoimmune diseases. An equally
compelling question is why natural
autoantibodies are produced. Actually,
they may have no «purpose». Natural
autoantibodies may simply be the out-
ward signs of V gene rearrangements,
junctional imprecisions and random
mutations. In other words, the autoan-
tibodies themselves are not « preserved »
by evolutionary forces, but the molecu-
lar mechanisms that generate immuno-
globulin diversity. A second possibilty,
raised by Grabar [17], is that natural
autoantibodies are «transporters of
catabolic products»; i.e., they consti-
tute «a physiological mechanism for
cleansing the organism by opsonization
of undigested macromolecular ‘self’ »
[18]. Grabar’s hypothesis is ingenious,
but the difficulty in devising a defini-
tive test of its validity has not been
overcome.

Now there is another, quite unusual,
idea: natural autoantibodies are the pre-
cursors of antibodies induced by exoge-
nous antigens [12, 19]. This new concept
is based on three lines of evidence.
(a) Autoantibodies that bind to ubiqui-
tous autoantigens (e.g., single-stranded

DNA and cytoskeletal proteins) are
polyreactive — i.e., they cross-react
with numerous, apparently unrelated
autoantigens. (b) Anti-DNA antibodies
also cross-react with typical exogenous
antigens, such as organic chemical
haptens and bacterial polysaccharides
[20]. (¢) After immunization with exo-
genous antigens, hybridomas were
obtained which secreted antibodies
against both the immunizing antigen
and autoantigens [12, 19]. By means of
a probe encoding the VH gene segment
of the dominant population of antibo-
dies which A/J mice produce after
immunization with arsonate, it was
shown that, as that gene mutates during
the response to the hapten, the corres-
ponding pre-immune antibodies lose
anti-DNA reactivity and gain anti-
arsonate activity [12]. This experiment
demonstrates directly that germline V
genes encode autoantibodies, and indi-
rectly that immunization with a hapten
leads to a progression of events that
begins with autoreactivity and termina-
tes with anti-hapten activity. Presu-
mably, as exogenous antigen enters the
system, it binds to and stimulates B cells
expressing polyreactive (autoreactive)
immunoglobulin surface receptors. Sub-
sequently, selection by antigen and
mutation of V genes results in « conver-
sion» of the autoantibodies to anti-
hapten antibodies.

Whether or not this interpretation is
correct remains to be seen. But the
results again raise the key issue of the
meaning of the binding reactions with
ubiquitous autoantigens. Is the binding
to single-stranded DNA merely a coin-
cidence, even if it is immunochemically
authentlc with the «real» antigen
remaining unknown. Or is the crucial
element polyreactivity — the binding to
multiple antigens, regardless of origin
— which would, of course, greatly
magnify the diversity of the immune res-
ponse? Is the immune system «natu-
rally» primed to the exterior world by
virtue of the polyreactivity of its pre-
immune receptors ? This is a question of
fundamental importance to our unders-
tanding of how the system works.
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EXPLORATIONS INTO THE ROLE OF SOMATIC
MUTATION IN THE GENERATION OF ANTI-DNA ANTIBODIES

by A. Davidson, R. Shefner, N. Chien and B. Diamond

Departments of Microbiology and Immunology,
Medicine and Cell Biology, Irvington House Institute
Jor Medical Research, Albert Einstein College of
Medecine, Bronx, NY 10471 (USA)

Many studies over the past several
years have shown that normal indivi-
duals can produce autoreactive antibo-
dies [1-3]. These antibodies have been
elicited in vitro by stimulation of B cells
with polyclonal activators, and a large
number of hybridoma lines making

autoreactive antibodies have been gene-
rated by fusion of normal human ton-
sillar or peripheral blood B cells or
normal murine splenic B cells to conti-
nuously growing B-cell lines. These anti-
bodies are, in general, of the IgM
isotype, have low affinity for antigen,
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and many seem to be polyspecific and
bind to a variety of autoantigens [3, 4].
It has been suggested that these antibo-
dies reflect germline gene sequences [5].
The high frequency with which hybri-
domas producing such autoantibodies
can be generated suggests that they com-
prise a substantial proportion of the
germline immunoglobulin gene reper-
toire. While it seems that all individuals
can produce these antibodies when their
B cells are activated with polyclonal
B-cell activators, or when individual B
cells are captured by hybridoma tech-
nology, only a very few individuals pro-
duce in vivo pathogenic autoantibodies
causing autoimmune disease. The
autoantibodies of autoimmune disease
differ from other autoreactive antibo-
dies in that they are almost exclusively
IgG antibodies. Because an important
feature of IgG antibodies is that they
rarely reflect germline immunoglobulin
gene sequences but almost always reflect
the acquisition of somatic mutations [6],
we have been studying whether the
autoantibodies of autoimmune disease
are generated by somatic mutation of
germline gene sequences. We are explo-
ring the molecular genetic origins of
anti-double-stranded-DNA antibodies
using two idiotypic systems: the 31
idiotypic system of human anti-DNA
antibodies and the T15 system of
murine anti-DNA antibodies.

31 reactive anti-DNA antibodies.

We have previously reported the
generation of a monoclonal anti-
idiotype, 31, reactive with anti-double-
stranded DNA antibodies isolated from
a patient with systemic lupus erythema-
tosus [7]. This anti-idiotype recognizes
a determinant on x light chains of anti-
DNA antibodies in 85 % of patients
with systemic lupus. In four patients
studied, 3I reactive antibodies compri-
sed from 40 to 90 % of the anti-DNA
antibodies present in the serum [7]. In
addition, 31 reactive antibodies are pre-
sent in kidney biopsies of lupus patients.
These data suggest that the 3I anti-
idiotype recognizes a cross-reactive
idiotype on a substantial percent of
anti-DNA antibodies in a majority of

patients with Iupus, and that these 31
reactive antibodies are pathogenic
autoantibodies.

31 reactive antibodies that do not
bind to double-stranded DNA are pre-
sent in low titre in normal individuals
and in high titre in relatives of patients
with familial SLE [8]. Presumably, they
form part of a normal non-autoimmune
immune response and are reactive with
microbial antigens. In order to deter-
mine the structural basis for DNA bin-
ding within the 3I idiotype system, we
decided to analyse myeloma proteins for
expression of the 31 idiotype. A total of
717 sera containing monoclonal immu-
noglobulin were studied ; 82 demonstra-
ted high titred 31 reactivity: 27 IgM
myelomas, 47 IgG myelomas and 8 IgA
myelomas. In each case, we could
demonstrate that the 31 reactivity was
a feature of the monoclonal protein and
not of polyclonal immunoglobulins pre-
sent in the sera. Of these 82 31 reactive
monoclonal proteins, 29 could be shown
to bind DNA using an assay in which
sera are displayed on isoelectric focus-
sing gels, transferred to nitrocellulose
and probed with radiolabelled DNA. In
this way, it was possible to show that
the monoclonal protein itself was DNA-
binding. When the DNA-binding pro-
teins were analysed for heavy-chain
isotype, we found 2 of 27 IgM bound
DNA, 25 of 47 IgG immunoglobulins
and 2 of 8 IgA immunoglobulins. The
increased incidence of DNA binding
among the IgG rather than the IgM
immunoglobulins is statistically signifi-
cant (p. > 0.001). In order to compare
the heterogeneity of the 31 reactive x
light chains associated with the IgM and
the IgG proteins, we displayed 3 groups
of proteins on 2-D gels. When twenty-
four 31 reactive non-DNA binding IgM
proteins were isolated on a 31 affinity
column and displayed on 2-D gels, we
found the x light chains to be highly
homogeneous. When 22 IgG non-DNA-
binding immunoglobulins and 25 IgG
DNA-binding myelomas were treated in
a similar fashion, increased charge hete-
rogeneity of the 31 reactive kappa light
chains was apparent.

It seems likely to us that the IgM 31
reactive antibodies reflect germline
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immunoglobulin gene sequences and
show no reactivity with DNA. The IgG
proteins may reflect the accumulation
of somatic mutation, as evidenced by
the increased charge heterogeneity of
the x light chains. It may be that, in this
idiotype system, a high percent of muta-
tions leads to the acquisition of affinity
for double-stranded DNA. While seve-
ral explanations of these data are pos-
sible, we believe the most likely one to
be that, within the 31 idiotype system
which includes pathogenic anti-DNA
antibodies found in serum and tissue of
patients with an autoimmune disease,
the acquisition of autoreactivity is a
consequence of somatic mutation of
germline immunoglobulin genes. The
unmutated IgM proteins show no spe-
cificity for DNA; the mutated IgG
proteins show increased charge hetero-
geneity and a large number of them bind
DNA. We hope that the amino acid
sequences of the monoclonal proteins
and the analysis of the genes encoding
these antibodies will determine the vali-
dity of this hypothesis.

The T15 idiotype system.

We have previously shown, in col-
laboration with Dr M. Scharff, that a
single amino acid substitution of the
S107 anti-phosphorylcholine antibody
can genecrate an antibody, U4, with
reduced affinity for phosphorylcholine
but with a newly acquired specificity for
double-stranded DNA [9]. It is clear in
this instance that the T15 germ line
heavy and light chain immunoglobulin
genes encode the S107 protein, an anti-
bacterial antibody, and that somatic
mutations lead to autoreactivity. To
determine whether T15 positive anti-
DNA antibodies are present in the
serum of mice with lupus-like syndro-
mes, we analysed anti-DNA antibodies
from MRL/lpr and NZB/W mice for
reactivity with an anti-T15 antibody. In
serum for each of three mice tested from
each strain, we found T15 anti-DNA
antibodies present. When MRL/Ipr
mice are immunized with the bacterial
antigen phosphorylcholine, their serum
contains T1S5 anti-phosphorylcholine

antibodies and increased titres of T15
anti-DNA antibodies. This observation
suggests that exposure to a bacterial
antigen can lead to the production of
autoantibodies bearing the idiotype of
the antibacterial antibodies. We are cur-
rently studying whether the anti-DNA
antibodies are cross-reactive with phos-
phorylcholine or whether they represent
a separate population of antibodies that
may be elicited through an idiotypic
network.

Recently, we have developed a pro-
tocol for generating T15 anti-DNA anti-
bodies in BALB/c mice, a non-auto-
immune strain of mouse. BALB/c mice
immunized with anti-I-J antibody pro-
duc high titres of T15 anti-DNA anti-
bodies presumably because they no
longer have adequate T suppressor celle
activity. Of the hybridomas derived
from these mice that make IgG antibo-
dies with specificity for double-stranded
DNA, many can be shown by RNA dot
blot to use a T15 heavy-chain variable
region gene. Sequencing of these hybri-
domas should reveal whether autoreac-
tivity results from abnormal associa-
tions of heavy and light chains, from
«forbidden» VDJ combinations or
from somatic mutation. The example of
the U4 antibody suggests that at least
some may reflect somatic mutation.

Summary.

We feel that in these two idiotypic
systems, one in humans and one in
mice, there is data to suggest that patho-
genic IgG autoantibodies may be gene-
rated by somatic mutation of germline
immunoglobulin genes encoding non-
autoreactive antibodies. These data may
differ from data obtained in other
systems because we have concentrated
on the stydy of pathogenic IgG autoan-
tibodies. It is our belief that the patho-
genic autoantibodies of autoimmune
disease differ from the germline-gene-
encoded autoantibodies which have
been described with respect to their
heavy chain isotype and their affinity
for antigen. We believe the autoantibo-
dies of autoimmune disease are IgG
antibodies and display high affinity for
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antigen. The IgG antibodies may be particular germline gene or gene family
produced by somatic mutation, and as well as a defect in immunoregulation.
their expression in autoimmune indivi- Further studie are necessary to test these
duals may reflect predominant use of a hypotheses.
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LYMPHOCYTE CHIMAERISM AND ANTI-DNA RESPONSE

by P.H. Lambert, S. Luzuy and J. Merino
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The spontaneous production of anti-
bodies which react with DNA is classi-
cally associated with a particular gene-
tic background in animal models, as in
human diseases. A variety of hypothe-
ses have been proposed to explain this
phenomenon, including deficiencies of
T-cell suppressor functions, excessive T-
cell help or abnormal B-cell activity. In
fact, anti-DNA antibodies might be pri-
marily directed against other cross-
reactive epitopes of bacterial origin,
which may represent the effective trig-
gering event for anti-DNA B-cell acti-
vation.

However, in several other animal
models of lupus-like disease, anti-DNA
antibodies were easily induced in
various mouse strains which did not
show any predisposition to autoimmu-
nity. Thus, anti-DNA antibodies were
found in mice undergoing intense poly-
clonal B-cell activation after injection of
bacterial lipopolysaccharide (LPS) or
after infection with Escherichia coli,
Trypanosoma brucei or Plasmodium
Salciparum. In the first 24 h following
injection of LPS, there is a release of
DNA in circulating blood, and it is
likely that combined activating signals
from both DNA and LPS contribute to
the generation of anti-DNA-producing
cells. In these situations, the anti-DNA
antibodies produced are mainly repre-
sentative of T-independent isotypes with
a predominance of IgG3 and IgM anti-
bodies [7].

Information on other mechanisms
involved in the triggering of anti-DNA
antibodies in individuals with a «non-
autoimmune » genetic background have
also been provided by the analysis of
autoimmune syndromes associated with
the co-existence of allogeneic lymphoid
cell populations in some patients or in

appropriate animal models. The immu-
nological agression characterizing graft-
vs-host (GVH) disease is well known
to trigger anti-DNA antibodies. This
was particularly demonstrated in suba-
cute GVH models by Gleichmann and
his collaborators [3, 12], who pointed
out the selective triggering of certain
autoantibodies as compared to other
classical markers of polyclonal B-cell
activation. Anti-DNA antibodies appea-
red to result from the stimulation by
parental alloreactive T cells of DNA-
specific B cells originating from the F,
host. The requirement and the nature
of putative antigens involved in the
induction of those antibodies have not
yet been determined.

In the absence of any immunologi-
cal agression against host tissues, we
have observed the occurrence of an
antoimmune syndrome resembling
GVH in BALB/c mice rendered tolerant
to H2b alloantigens after neonatal injec-
tion of spleen cells from adult semi-
allogeneic (BALB/c x CS57BL/6) F,
mice [4]. In this model, it was previously
shown that some pathological manifes-
tations, defined as host-versus-graft
disease, can occur. Thus, splenomegaly
was described in tolerant mice [13] and
some tissue lesions were observed after
repeated injections of F; cells [6]. In
our experiments, we have seen that all
mice in which tolerance was effectively
induced developed an autoimmune
syndrome characterized by antinuclear,
anti-DNA and anti-thymocyte antibo-
dies, by renal lesions and by IgG depo-
sits in glomeruli, in choroid plexus and
at the dermoepidermal junction.

The mechanisms responsible for the
triggering of the anti-DNA antibodies
after induction of neonatal tolerance
were investigated [8].
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Injection of semiallogeneic spleen
cells into newborn mice led to polyclo-
nal B-cell activation. Indeed, in the first
weeks of life there was the appearance
in tolerant mice of anti-hapten (DNP,
FITC) antibodies associated with a mar-
ked hypergammaglobulinaemia. Howe-
ver, this polyclonal B-cell activation
differed from that induced by LPS: the
predominant IgG subclass observed in
tolerant mice was IgG1. However, poly-
clonal B-cell activation could hardly
account for the full development of the
associated autoantibodies. Although
anti-DNA antibodies appeared with a
kinetic pattern very similar to that of
anti-DNP or anti-FITC antibodies, their
level was much higher than what could
be expected in a situation of polyclonal
B-cell activation: the titre of IgG1 anti-
ssDNA was in the range of 1/400 to
1/800 in mice injected with LPS, but
reached 1/10,000 to 1/20,000 after
induction of neonatal tolerance. On the
contrary, anti-DNP or anti-FITC titres
were similar in both situations. There-
fore, the possibility should be conside-
red that the development of anti-DNA
antibodies after induction of neonatal
tolerance may reflect the combination
of an antigen-specific B-cell triggering
with a polyclonal B-cell activation. In
that case, the specific antigenic stimu-
lation may result either from a DNA
release associated with cell death during
the early phase of tolerance induction,
or from a priming by endogenous bac-
terial phospholipids cross-reacting with
DNA.

Second, the correlation between
induction of autoimmunity and the pos-
sible establishment of B-cell chimaerism
was studied.

Immunoglobulins form BALB/c
mice bear the Iga allotype, while those
of C57BL/6 mice bear the Igb allotype.
The presence in serum of immuno-
globulins bearing the b allotype, indi-
cating the persistence of donor F,
Ig-producing cells, was demonstrated in
all tolerant mice. When different num-
bers of donor cells were used for neo-
natal injection, the development of
anti-DNA antibodies was shown to be
closely linked with the establishment
of tolerance, as evaluated by CTL-P

frequency and with the persistence of a
sufficient number of B cells from the
F, donor. Indeed, anti-DNA antibodies
were seen only in those mice which exhi-
bited a detectable level of Igb allotype.

Advantage was also taken of the
existing allotypic differences between
F; donor and newborn recipient mice
to identify the origin of the autoanti-
body-producing cells, Experiments
were performed in which the F; mice
used resulted from a crossing between
CS7BL/6 mice and congenic BALB/c
mice with the Igb allotype (BALB.
Igb). Such F; mice produce immuno-
globulins bearing only the Igb allotype.
After transfer of spleen cells form these
mice to conventional BALB/Ig2 new-
born mice, there was a persistence of
relatively high levels of Igb-bearing
immunoglobulins, up to 20 weeks, while
the level of Iga-bearing immunoglobu-
lins was not significantly changed as
compared to BALB/c control mice.
Anti-DNA antibodies bearing the Igb
allotype were detected at high levels,
while there were no detectable Iga
bearing anti-DNA antibodies. There-
fore, in this situation, all anti-DNA
antibodies appeared to be produced by
F, donor cells. It should be noted that
the anti-DNP and anti-FITC antibodies
which were detected in this experiment
also appeared to be mostly of the Igd
allotype.

The mechanisms responsible for the
activation of donor B cells in the new-
born recipient have been partly elucida-
ted. There is evidence that it is a T-cell-
dependent phenomenon, as was first
suggested by the predominance of IgG1
in anti-hapten and anti-DNA responses.
There were no detectable anti-DNA
antibodies in athymic nu/nu BALB/¢c
mice which received a neonatal injection
of semi-allogeneic F; cells, although
there was evidence of persisting F, B
cells. Furthermore, the same mice were
shown to develop high levels of IgGl
anti-DNA antibodies (Igb allotype)
after one injection of L3T4+T cells
from nu/+ BALB/c mice, at 3 weeks
of age. In addition, treatment of other
tolerant BALB/c mice with anti-L3T4
monoclonal antibodies inhibited the
generation of anti-DNA antibodies [9].
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It is known that, whereas only a
small number of IL-2 producing T cells
able to recognize allo-MHC determi-
nants exist in the spleen of newborn
mice [10], a relatively high frequency of
cells reacting to allogeneic stimulation
can be found in lymph nodes of 6-day
old mice. This may initially be suffi-
cient, in our model, to activate and help
the semi-allogeneic B cells in the weeks
following the induction of tolerance. In
fact, the tolerant state was found to be
associated with a 10-fold reduction of
the number of IL-2-producing T-cell
precursors, but not to a complete disap-
pearance of these cells [2, 14]. Further-
more, many investigators have impli-
cated suppressor T cells in the mainte-
nance of neonatal tolerance [5]. Along
this line, it is conceivable that occasio-
nal disturbances of such regulatory
mechanisms may lead to the exposure
of persistent semi-allogeneic donor B
cells to alloreactive host T cells.

Can autoimmunity result from an
unsuspected chimaerism ?

Similarities exist between the appea-
rance of autoreactive donor B cells in
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THE ORIGIN OF ANTI-DNA ANTIBODY FORMATION
IN SYSTEMIC LUPUS ERYTHEMATOSUS

by J.F. Bach and L. Jacob
Hopital Necker, 75730 Paris Cedex 15

Anti-DNA autoantibodies represent
the most specific immunological marker
of SLE. High titres of anti-double-
stranded DNA are found nearly exclu-
sively in the serum of SLE patients. This
specifity to SLE, added to some level of
correlation of antibody titre with disease
activity and with the presence of the
antibodies in the renal eluates of SLE
patients and mice, have supported the
hypothesis of the pathogenic role of
these antibodies in SLE. The recent
report by B. Hahr of a (transient) clini-
cal improvement in B/W mice by anti-

DNA idiotype manipulation [1] is in
keeping with this hypothesis. However,
seroclinical correlations are relative,
most notably in severe cases without
DNA binding activity or mild cases with
high antibody titres resistant to immu-
nosuppressive therapy. Furthermore,
the presence of DNA within circulating
immune complexes or renal eluates has
always been elusive.

The problem has recently been com-
plicated by the observation of a num-
ber of cross-reactivities between
anti-DNA monoclonal antibodies and
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various antigens. Thus, Schwartz et al.
has reported that anti-DNA monoclo-
nals of the IgM class, usually directed
against single-stranded DNA, cross-
react with phospholipids including the
well known cardiolipin, responsible for
the false-positive reactions with syphi-
lis antigens often observed in SLE [2].
Our own group has reported the cross-
reaction of anti-ds DNA monoclonals
with a protein present on the membrane
of a number of mammalian cells invol-
ved in lupus pathogenesis, including
normal human glomeruli, T and B
lymphoblastoid cell lines, erythrocytes,
platelets and neuronal tissue [3, 4]. This
protein has now been characterized by
immunoblotting and immunoprecipita-
tion analysis. Antigenic activity resides
in several polypeptides with respective
MW of 14, 16, 17, 33 and Kd [5]. The
question must be raised as to the nature
of these cross-reactivities. They could be
due to a chance sharing of a precise epi-
tope, as has been described between
unrelated monoclonals [6]. Alternati-
vely, and much more likely in our case,
the cross-reaction is explained by a simi-
larity in the conformation of dsDNA
and the protein. This interpretation is
suggested by the consistency of the
cross-reaction found with all anti-
dsDNA monoclonal antibodies tested.
The reason for this conformational ana-
logy remains to be determined.

These observations pose two basic
questions:: 1) is DNA the triggering anti-
gen in SLE? 2) is DNA the meaningful
target of «anti-DNA antibodies» in
SLE pathogenesis?

It is well established that high-level
immune responses require the persistent
presence of the specific antigen. This
notion probably applies to autoimmune
responses, since neonatal thyroidectomy

References.

prevents the anti-thyroglobulin antoan-
tibody response normally observed in
the spontaneously autoimmune obese
strain of chicken. If this is the case for
anti-DNA antibodies in SLE, is DNA
the triggering antigen? DNA is indeed
released by dying cells and is a consti-
tuent of a number of viruses. The diffi-
culties met in inducing anti-DNA anti-
body production by deliberate immu-
nization with nucleic acids does not
favour this hypothesis. Alternatively,
one may hypothesize that phospholipids
represent the triggering mechanism. In
the case of each hypothesis, however,
one must explain why SLE patients pro-
duce a whole spectrum of antibodies
directed against nuclear antigens (dis-
tinct from dsDNA). It is possible that
other conformational analogues similar
to that described above exist.

The problem of the target antigen is
posed in a similar fashion. Anti-DNA
(anti-protein) antibodies could combine
with DNA (even if the production were
initially elicited by the protein) and form
pathogenic immune complexes. The fact
that the presence of DNA within SLE
immune complexes or renal eluates has
not been conclusively and consistently
demonstrated does not argue in favour
of this hypothesis. Alternatively, the
antibodies could bind to the cells,
expressing the protein, or could contri-
bute to forming circulating immune
complexes with the protein. In any case,
the two hypotheses are not mutually
exclusive.

In conclusion, the questions of the
origin and of the pathogenic role of
anti-DNA antibodies on SLE are posed
in new terms. One can assume that ano-
ther antigen (phospholipids or cell-
surface protein(s)) could be the trigge-
ring antigen rather than DNA itself.
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AUTOANTIGEN PRESENTATION BY TARGET CELLS:
ITS POSSIBLE ROLE IN DETERMINING
AUTOANTIBODY SPECIFICITY
by 1. Todd (1), R. Pujol-Borrell (!), G.F. Bottazzo M),
M. Londei (3) and M. Feldmann (2)

(1) Department of Immunology, The Middlesex Hospital
Medical School, London WIP 4PG, and
(2) Charing Cross Sunley Medical Research Centre, London W6 8LW

The autoimmune diseases form a
broad spectrum of disorders ranging
from those conditions in which the
attack is clearly organ-specific (e.g.
most autoimmune endocrine diseases,
including autoimmune thyroid diseases
or ATD) [5] to those which are relati-
vely non-organ-specific (e.g. systemic
lupus erythematosus or SLE) [26]. This
classification also applies to the autoan-
tibodies found in patients with these
diseases, with antibodies reacting solely
to thyroid constituents being present in
the former example, whereas antibodies
to ubiquitous cell components like
nucleic acids and associated proteins
characterize the latter. One of the prime
factors governing the position of an
individual patient within the above spec-
trum is almost certainly the nature of
the autoantigen(s) involved and the
means whereby they are presented to
autoreactive T lymphocytes.

HLA class II* epithelium and the tar-
geting of the response.

The immunogenic presentation of
antigens to helper T cells is normally
achieved in the context of major histo-
compatibility complex (MHC) class 11
molecules. Most cells of the body other
than those normally involved in immune
activities do not usually express class I1
products. For example, thyroid epithe-
lial cells (thyrocytes) are normally
class II - ; they do, however, have the
capacity to express class II products
when stimulated in vitro with lectins [22]
or interferon(IFN)-gamma [32]. Most
importantly, these cells synthesize
class II molecules in the majority of
patients with thyroid autoimmunity
[12]. Such expression might enable
thyrocytes to function as antigen-
presenting cells [6]: indeed, in vitro
experiments have demonstrated the
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functional ability of class II'* thyrocy-
tes to effectively present exogenous
antigenic peptides [19] and also stimu-
late cloned autoreactive T-cell lines
derived from the infiltrate of auto-
immune thyroid. This was achieved
in an antigen-specific, MHC class II-
restricted fashion [18]. It therefore
appears that class II expression by
thyrocytes enables them to present their
own surface molecules as autoantigens,
thus bypassing requirements for
«conventional » antigen-presenting cells
[9]. A need for additional accessory
signals in autostimulation, such as those
provided by interleukin-1 (IL-1), is pre-
sently unknown. However, given the
variety of cell types, including epithe-
lial cells, known to produce IL-1-like
factors [21], it appears probable that
thyrocytes could also fulfill these requi-
rements.

Autoantigen presentation by class II*
thyrocytes is very probably important
in potentiating and propagating the
autoimmune attack. Its role in the ini-
tiation of autoimmunity is presently
unclear, although the involvement of
non-inherited factors is suggested by
incomplete concordance in identical
twins with autoimmunity [3]. However,
the wide applicability of this model is
suggested by the growing list of auto-
immune diseases in which organ-specific
epithelial class II expression has been
described (reviewed 1n [33]). A similar
model for autoantigen presentation by
class II* thyrocytes has been developed
in mice [7].

Any model of organ-specific auto-
immunity must take account of the
diversity of the autoantibodies produ-
ced at the same time as explaining the
restriction of reactivity against a single
organ or even a cell-type within that
organ [29]. For example, an individual
with thyroid autoimmunity can possess
autoantibodies to the thyroid-stimula-
ting hormone receptor (TSH-R), thyroid
microsomal antigen (TM) and thyro-
globulin (Tg). Since these three mole-
cules do not appear to share bioche-
mical or immunological properties, and
yet antibodies to other autoantigens pre-
sent in the gland occur much less fre-
quently in ATD, an imperative question
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is what feature makes only these mole-
cules immunogenic [23]? One property
which is clearly common to all three is
that they are surface membrane mole-
cules of the thyroid epithelial cells [27,
15, 10], including Tg in its precursor
form [24]. Furthermore, they are pre-
sent in all normal individuals.

The nature of the antibody response
in thyroid autoimmunity, i.e. to TSH-
R, TM and Tg, can thus be explained
by in situ presentation of these mole-
cules, apparently in their native form,
by thyrocytes co-expressing class II
molecules. Support for this concept is
provided by our recent findings of signi-
ficant associations between the occur-
rence in individual patients of class II*
thyrocytes and serum thyroid autoanti-
bodies. More specifically, the presence
of anti-TM is particularly associated
with HLA-DR expression by thyrocytes
and anti-Tg with HLA-DQ [31].

With regard to the B cells producing
autoantibodies, McLachlan et al. [20]
have found that intrathyroidal lympho-
cytes spontaneously producing auto-
antibodies upon isolation appear to be
intimately associated with the thyroid
follicles. This again supports the con-
cept of autoimmune activation occur-
ring at the thyrocyte surface.

Possible relationships between different
mechanisms of autoantibody production.

A further point to be borne in mind
is that thyroid autoimmunity itself has
a variety of clinical manifestations with
differential occurrence of autoantibo-
dies. Thus, anti-TSH-R are characteris-
tic of Graves’ disease, where their ability
to mimic the action of TSH leads to
hyperthyroidism. By contrast, anti-TM
and anti-Tg are most commonly asso-
ciated with autoimmune thyroiditis,
which leads to hypothyroidism in des-
tructive Hashimoto’s disease. Further-
more, Graves’ disease is associated with
HLA-DR3, whereas Hashimoto’s
disease has recently been recognized to
be associated with HLA-DR4 (N. Farid,
personal communication) rather than
with HLA-DRS5, as previously sugges-
ted [8]. Different conditions may the-
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refore be involved in the generation of
anti-TSH-R on the one hand, and anti-
TM and anti-Tg on the other. One pos-
sibility is that TSH-R is most efficiently
presented by thyrocytes expressing
HLA-DR3-associated gene products,
while HLA-DR4 favours the presenta-
tion of TM and Tg. However, TSH-R
constitutes something of a «special
case» amongst thyroid autoantigens,
since it is a hormone receptor.

Alternative mechanisms to that pro-
posed above for the generation of anti-
TSH-R may therefore be relevant. For
example, anti-TSH-R from Graves’
patients have been found to cross-react
with the Gram-negative enteric bacte-
rium Yersinia enterocolitica, raising the
possibility that bacterial infection could
generate anti-TSH-R via «molecular
mimicry» [34, 13]. Another possibility
is raised by the finding that rabbits or
mice immunized with TSH not only
develop anti-TSH antibodies but also
thyroid-stimulating antibodies against
TSH [4, 11]. Thus, by one means or
another, anti-TSH-R could be genera-
ted by a mechanism not necessarily
requiring class I expression by thyrocy-
tes. However, since anti-TSH-R can
mimic the activity of TSH, it is relevant
to note our recent finding that treatment
with TSH can greatly augment class 11
expression by normal thyrocytes stimu-
lated with IFN-gamma [30]. Is it possi-
ble that stimulating TSH-R antibodies
have similar effects? This is presently
under investigation and has also been
demonstrated by other workers (B.E.
Wenzel, personal communication).
Thus, one could envisage that anti-
TSH-R antibodies in Graves’ disease
may facilitate thyrocyte class II expres-
sion, which would lead to an antibody
response to TM and Tg and ultimately
to autoimmune thyroiditis. This could
explain the broad overlap between Gra-
ves’ disease and autoimmune thyroidi-
tis, and the observation that the former
disease can develop into the latter.
However, whichever (if any) of the
above mechanisms for the generation of
anti-TSH-R is correct, an important
feature is the concentration of events at
the thyrocyte surface, with thyrocyte
class II expression being a key pathoge-
nic feature.

The role of class II expression across the
spectrum of autoimmunity.

The model we have proposed for the
role of class II" epithelial cells in
organ-specific autoimmunity bears both
similarities to and differences from
models relating to those autoimmune
diseases characterized by non-organ-
specific autoantibodies. For example,
Rosenberg ef al. [25] proposed that an
important feature of the autoimmune
syndrome in MRL mice is the raised
numbers of Ia* macrophages and B
cells which, together with T cells spon-
taneously producing IFN-gamma, set
up a self-perpetuating autologous
mixed-lymphocyte reaction. Also, in
joints affected by rheumatoid arthritis,
the large numbers of class II* macro-
phages/dendritic cells are thought to
stimulate a similar circuit of T-cell acti-
vation [14, 16].

A clear difference between the
models relating to organ-specific and
non-organ-specific autoimmunity is the
nature of the class II'* -presenting cell,
i.e. organ-specific epithelial cells versus
«conventional» specialized immuno-
cytes. To return to our opening com-
ments, this difference could well
determine the nature of the autoanti-
gen(s) against which antibodies are
made. This is exemplified by the possi-
bility of presentation by thyroid epi-
thelium being instrumental in the
generation of anti-TM and anti-Tg, but
macrophages and/or dendritic cells
being important for anti-DNA or rheu-
matoid factor production. However,
many autoimmune diseases cannot be
strictly defined as being either organ-
specific or non-organ-specific, in which
case both presentation mechanisms may
be operative to varying degrees. For
example, in primary biliary cirrhosis
and primary Sjogren’s syndrome, in
which non-organ-specific autoantibo-
dies are often produced, the observed
expression of class II molecules by bile
duct [2] and salivary gland epithelium
[17], respectively, may contribute to the
localization of damage to these tissues.
A variety of factors could determine
whether the balance is shifted towards
epithelial or «conventional» antigen
presentation. This is supported by the
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observations that class II expression by
thyrocytes is enhanced by substances sti-
mulating cyclic AMP production and
suppressed by epidermal growth factor,
whereas these factors have the converse
effects on class II expression by macro-
phages [28, 1].

However, a clear similarity between
all the models discussed above is that
they involve inappropriate class II
expression : be it aberrant expression by
endocrine epithelial cells or excessive
numbers of class II'* macrophage/den-
tritic cells.
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LY-1 B CELLS AND AUTOANTIBODIES

LAH Ak6

by A.M. Stall, P.A. Lalor,
L.A. Herzenberg and L.A. Herzenberg

Department of Genetics, Stanford University, Stanford, CA

Two lineages of B lymphocytes can
be distinguished in reconstitution expe-
riments in lethally irradiated mice. One
lineage, which includes most B cells in
the spleen, lymph nodes and peripheral
blood, is derived from progenitors
found in the spleen and bone marrow
throughout the life of the animal. The
other derives from progenitors consis-
tently present in adult peritoneum rather
than in bone marrow. This latter (Ly-1
B) lineage is predominantly found in
peritoneum and spleen [1].

Multiparameter analysis with the
fluorescence-activated cell sorter
(FACS) identifies cells of the Ly-1 B
lineage as displaying, in addition to the
Ly-1 antigen, a characteristic phenotype
with respect to a number of classical B
lymphocyte cell surface antigens. These
cells express high IgM, low IgD, inter-
mediate Ia and low B220 (as measured
by the monoclonal antibody 6B2) [1]
and A.M.S., (unpublished results). Ly-1
B cells represent only 1-2 % of splenic
lymphocytes and are undetectable in
lymph node, Peyer’s patches and peri-
pheral blood. In contrast, up to 70 %
of peritoneal B cells (20-40 % of total
lymphocytes) in normal mice are of the
Ly-1 B lineage [2]. Ly-1 B cells occur
early in ontogeny and can constitute the
majority of B lymphocytes found in foe-
tal liver and neonatal spleen [1] (see
table 1).

The conclusion that progenitors of
Ly-1 B cells in the adult animal are dis-
tinct from progenitors of typical sple-
nic and lymph node B cells rests on data
from reconstitution experiments in
which cells from various sources were
transferred into lethally irradiated
allotype (Igh) congenic recipients. One
to six months later, the reconstituted B-
cell populations were characterized by
FACS and functional analyses [6].
These studies showed that IgM perito-
neal B cells reconstitute only the Ly-1
B population in irradiated recipients. In
contrast, progenitors found in adult
bone marrow, which reconstitute vir-
tually the entire B-cell population, con-
tribute little or nothing to the repopu-
lation of Ly-1 B cells. These data indi-
cate that Ly-1 B cells are produced early
in ontogeny and maintained as an immu-
noglobulin self-renewing population
throughout the life of an individual.

In the spirit of this Forum, we would
like to present the following observa-
tions and speculations regarding the
relationship of Ly-1 B cells and autoan-
tibodies.

1) Ly-1 B cells produce high levels of
«natural » serum antibody.

FACS-purified peritoneal Ly-1 B
cells constitutively produce IgM both in
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TasLe 1. — Ly-1 B cell characteristics.

Phenotype: High IgM, Low IgD, Low B220 plus Ly-1.
Increased frequency of lambda light chain expression.

Location: Peritoneum >>> spleen >> nodes, bone marrow (undetectable).

Ontogeny:

Highly enriched in neonates.

Tumours: NFS-1 and NFS-5 [3], 70Z (most isolates), BCL-1 [4]
some Abelson pre-B tumour lines and the CH tumour series [5]
have been identified as Ly-1 B cells.

Genetics: Exclusive Motheaten

Elevated NZB-related autoimmune mice
High BALB-related mice (in peritoneum)
Medium C57BL/10, CBA, C3H

Low SJL-related

Missing CBA/N, DBA/2Ha

vitro and when adoptively transferred
into irradiated recipients ([7] and
A.M.S., unpublished results). As few as
5x 106 IgMJr Ly-1* peritoneal cells
produce normal serum levels of IgM
and IgG2a within three weeks following
transfer (AMS, unpublished results). At
present, we cannot determine the rela-
tive contribution that Ly-1 B cells make
to total serum Ig in an intact animal;
however, it is clear that they are capa-
ble of producing most of this naturally
occurring serum Ig.

2) Ly-1 B cells produce autoreactive
«high connectivity » antibodies.

Hayakawa et al. have shown that, in
NZB mice, autoantibodies to single-
stranded DNA and to thymocyte sur-
face antigens are exclusively produced
by Ly-1 B cells. In normal mice, Ly-1
B cells are responsible for the produc-
tion of autoantibodies recognizing
bromelain-treated mouse red blood cells
(BrmRBC) [7]. In addition, Leu-1 B
cells, the human equivalent of Ly-1 B
cells, have been associated with the pro-
duction of cold haemagglutinins, rheu-
matoid factors and anti-cytoskeletal
antibodies ([8].

Recently, several laboratories have
studied libraries of hybridomas produ-
ced from B cells obtained from foetal
liver, neonatal spleen or peritoneum ({9,

10] and C. Bona, personal communica-
tion). Unlike hybridomas derived from
adult spleen cells, a large number of
these hybridomas produce antibodies
which are highly autoreactive. Kearney
and Vakil [9] observed that about 18 %
of the hybridomas they produced from
foetal or neonatal liver showed anti-
idiotypic or anti-antiidiotypic activity.
In addition, many of these antibodies
have multiple specificities. That these
naturally occurring autoreactive antibo-
dies are produced by Ly-1 B cells is
strongly suggested by the fact that, in
each case, these hybridomas are derived
from tissues in which the majority of the
B cells are of the Ly-1 B phenotype. It
appears that Ly-1 B cells are 1nt1mately
involved in the immune system’s know-
ledge of self, possibly acting as a repo-
sitory of neonatal immunological
experiences. Ly-1 B cells are good can-
didates to fill such a function, since they
appear early in B-cell development and
are maintained as a stable population
for the life of the animal.

3) Ly-1 B cells have a restricted ability
to respond to exogenous antigens.

In direct contrast to their reactivity
with autoantigens, Ly-1 B cells have
proven unable to respond to most « clas-
sical » exogenous T-dependent and T-
independent antigens. In both NZB and
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BAILB/c mice, antibody responses to
SRBC, TNP-KLH, TNP-Ficoll and
TNP-LPS were all found among Ly-1*
splenic B cells [7]. The only antigen to
which we have been able to identify a
Ly-1 B response is phosphorylcholine-
KLH (PC-KLH) (AMS, unpublished
results). However, Marcolino er al. have
shown that the CH series of Ly-1 B
lymphomas, in fact, are specific for
phosphatidylcholine exposed on
BrmRBC [5]. Thus, the anti-PC activity
of Ly-1 B cells may be yet another
autoimmune response. One interesting
possibility is that this dichotomy bet-
ween the antigenic repertoire of Ly-1"
and Ly-1- B cells might reflect a diffe-
rential utilization of Vi gene families
by the two B-cell lineages [11].

4) Ly-1 B cell involvement in auto-
immune disease.

Given the propensity of Ly-1 B cells
to produce autoantibodies in normal
animals, it is not surprising to find that
the level of these cells is elevated in
strains of mice which serve as models
for autoimmune disease. In NZB mice,
100 % of the peritoneal and 10-15 % of
the splenic B cells are Ly-1* [1]. It is
these cells which produce a significant
portion of the autoantibodies present in
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DISCUSSION

S. Avrameas:

Objectivity in the vast area of
autoimmunity, where scientific know-
ledge is partial, incomplete and diffuse,
relies on subjectivity. Therefore, my
comments, because they are based on
my subjectivity, i.e. my knowledge and
my truth, cannot be objective.

R. Schwartz expresses views and
hypotheses which are close to mine. I
agree that there are formidable pro-
blems to solve before we can accept the
relevance of natural autoantibodies, but
I would also argue that the same holds
true for Ehrlich’s and Burnet’s concept
of immunity although, based on their
views, an immense sum of work has
already been accomplished. It is correct
that, in mice, all or nearly all polyspe-
cific antibodies are of the IgM isotype,
but autoreactive human paraproteins
with polyspecific antibody function

belong to any of the IgM, IgA and IgG
isotypes. Therefore, the polyspecificity
of natural antibodies is preferentially
but not exclusively associated with the
IgM isotype. It is correct that ELISA
has been used for most of the studies
with natural antibodies but, in addition,
almost equally often, immunocytoche-
mical procedures were also employed.
Both ELISA and immunocytochemical
procedures are making use of antigens
immobilized on solid phases and it is
possible, as suggested by Dr Schwartz,
that this kind of interaction gives results
which can be different from those obtai-
ned with procedures based on a liquid
phase antigen-antibody reaction. I
think, however, that the interaction of
an antibody with an immobilized anti-
gen would be more representative of
what one would expect to happen in
nature. In that sense, considering that
the immense majority of investigators,
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maybe with a few notable exceptions,
are not working carelessly, I would have
the tendency to place more trust in the
results obtained with solid phase proce-
dures. Finally, even if the hypothesis
advanced by Dr Schwartz is correct, i.e.
that autoantibodies are not preserved by
evolutionary forces but rather by the
molecular mechanism which generates
immunoglobulin diversity, one cannot
exclude that natural autoantibodies do
play an important role in the immune
system.

There is a line of evidence in the
paper presented by Dr Stall and collabo-
rators indicating that the Ly-1 B lineage
may correspond to the autoreactive B
cells producing the natural autoantibo-
dies. There are in addition, however,
results that do not favour this hypothe-
sis. Thus, in contrast to the low num-
ber (1-2 %) of Ly-1 B found in spleen,
fusion experiments performed with adult
mouse spleen cells have shown that,
depending on the immunological status
and species of the mouse as well as the
fusion myeloma partner, there is a high
number of splenocytes producing natu-
ral autoantibodies. Furthermore, there
is no evidence, such as that reported for
Ly-1 B cells, indicating a correlation
between natural autoantibody produ-
cing cells and autoimmune diseases.

1 would agree with the conclusion of
Dr Davidson and collaborators that IgG
autoantibodies are more pathogenic and
that they differ from the germline-
encoded autoantibodies. For the rea-
sons I have discussed in my paper, I do
not feel, however, that the increased
pathogenicity of 1gG, as compared to
that of the IgM encoded by the germ-
line, is due to its higher affinity for the
antigen, but rather to its strict specifi-
city. The fact that pathogenic IgG can
be produced by somatic mutations
seems more than probable. I think,
however, that such mutations occur
more frequently in gene families deri-
ved from the initial germline genes than
in the germline genes themselves.
Finally, the experiments described by
Dr Davidson and collaborators with
antibacterial (anti-phosphorylcholine)
and autoreactive (anti-phosphorylcho-
line + anti-double-stranded DNA) anti-

bodies are representative of situations
which the immune system often has to
face. Phosphorylcholine determinants
as well as DNA are present in both mice
and bacteria, and can be considered
equally well as self and non-self. One
may ask how this subtle distinction can
be made by the immune system of the
mouse without a precise knowledge of
what is self. ‘

Drs Bach and Jacob, when conside-
ring the specificity of a monoclonal anti-
DNA antibody which also reacts with
cell-surface proteins they have isolated
and studied, raise the question of the
triggering antigen in SLE and the patho-
genic role of the anti-DNA antibodies.
Compared to IgM murine monoclonal
polyspecific natural autoantibodies
which react with DNA, cytoskeletal and
other proteins, the above monoclonal
antibody is of the IgG isotype and
appears to possess a more restricted
polyspecificity. Assuming the validity of
the hypothesis that cells carrying the
polyspecific natural autoantibodies as
receptors after stimulation by a given
antigen (non-self or altered self) will
proliferate to cells producing antibodies
more specific for that antigen, I would
consider that the monoclonal anti-DNA
antibody of Drs Bach and Jacob is the
consequence of this mechanism, and
hence that it might play a more patho-
genic role than natural polyspecific
autoantibodies reacting with DNA.

I really do not feel competent to
discuss the papers of Dr Lambert and
collaborators and Dr Todd and colla-
borators. In any case, I could not find
any fundamental objection that could
challenge their conclusions.

In conclusion, I find that the studies
presented in this Forum show, firstly,
that autoantibodies can be present in
humans and mice without necessarily
being accompanied by a pathological
manifestation and secondly, that these
autoantibodies can be generated follo-
wing various pathways.

P.H. Lambert:

1 would like to suggest one short
comment for A.M. Stall. A main fea-
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ture of SLE and of experimental models
of SLE is the production of anti-DNA
antibodies belonging to T-dependent
subclass of IgG. Since Ly-1B cells are
IgM producers, one may wonder whe-
ther they can account for the bulk of
anti-DNA antibodies produced in these
conditions.

J.F. Bach:

The set of papers presented in this
Forum reaches a consensus of the exis-
tence of natural autoantibodies pro-
bably coded for by germline genes. The
interesting concept initially put forward
by S. Avrameas of plurispecific receptor-
bearing clones manufacturing such anti-
bodies and leading, by somatic muta-
tions, to conventional antibody-forming
clones is attractive. As a corollary of
these hypotheses, one must assume with
B. Diamond that two types of auto-
antibodies exist. The first one is IgM,
polyspecific and encoded by germline
genes; the other is IgG, monospecific
and encoded by rearranged gene. In this
scheme, the second category of autoan-
tibody is in no way different from anti-
bodies produced against conventional
antigens. It is likely that pathogenic
autoantibodies, usually of the IgG class
and of high affinity, belong to the
second class, although S. Avrameas
reports a high affinity for some natural
autoantibodies of the first type and B.
Diamond notes that some of these anti-
bodies may be IgG in man. It is logical
that the physiologic type of autoantibo-
dies will more often express recurrent
idiotypes than the hyperimmune type,
which probably explains why, in our
studies, we have essentially found pri-
vate idiotypes on our IgG monoclonal
autoantibodies strictly directed against
double-stranded DNA which are presu-
mably of the second type [1, 2].

In other words, autoimmunity
should be considered in two different
settings: physiologic autoimmunity,
present in normal subjects during the
whole life span and potentially playing
a major role in the 1nitiation of B-celi
differentiation ; and pathologic autoim-
munity, close to conventional immu-

nity. Lyl™ B cells would essentially
produce the physiologic autoantibodies
before maturing into Lyl~ B cells that
produce the conventional antibodies or
hyperimmune type autoantibodies. The
report by the Herzenbergs that Lyl™ B
cells produce presumably pathogenic
autoantibodies in lupus mice argues
against these hypotheses, but were the
autoantibodies in the studies refered to
truly pathogenic autoantibodies ?

The problem remains of the trigge-
ring mechanism of pathogenic hyperim-
mune autoantibody formation. The
presence of the autoantigen is probably
necessary, as suggested by the elegant
experiment by Roitt’s group showing
that neonatal thyroidectomy prevents
the occurrence of antithyroglobulin
autoantibodies in the obese strain of
chicken [3]. The aberrant MHC antigen
expression described by Bottazzo pro-
vides a satisfactory explanation in many
regards, particularly for the clustering
of autoantibodies showing specificity
for a defined organ. The absence of
aberrant MHC antigen expression
observed on the islet cells of sponta-
neously diabetic BB rats (Savino, W.,
Timsit, J. and Bach, J.F., unpublished
results) and NOD mice [4] at the time
of onset of the disease (which cannot be
studied in man) urges for caution before
claiming that aberrant MHC antigen
expression is primitive and not secon-
dary to the disease ; however, more stu-
dies are needed before fully appreciating
the experimental diabetes data. In fact,
Todd’s scheme could also apply to SLE
if the membrane protein that we have
described stimulates the production
of antibodies with secondary cross-
reactions with DNA. Since many cell
types express the protein in their mem-
brane, it is likely, however, as sugges-
ted by Todd et al., that the aberrant
MHC antigen expression is probably
exerted at the macrophage level. Note
that, in particular settings, as discussed
by Lambert, other stimuli may inter-
vene, such as polyclonal activation, as
provided by the allogeneic reactions,
and cross-reacting antigens, as represen-
ted by bacteria.

Finally, one major problem remains
unsolved concerning the pathogenicity
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of autoantibodies. Why are the physio-
logic autoantibodies not pathogenic?
We have seen that the affinity explana-
tion may not be valid. It is also not
obvious that insufficient concentrations
are the correct explanation. More gene-
rally, since only hyperimmune type

References.

[1] Tron, F., LEGUERN, C., CAZENAVE,
idiotypes among anti-DNA anti

autoantibodies induce clinical manifes-
tations, one may tentatively assume that
among the whole family of autoantibo-
dies specific for a given molecule, only
a few will recognize (probably at ran-
dom) a crucial epitope leading to func-
tional lesions or cytolysis.

P.A. & Bacu, J.F., Intrastrain recurrent
bodies of (NZB X NZW) F; hybrid mice.

Europ. J. Immunol., 1982, 12, 761-766.

[2] Tron, F., Jacos, L. & Bacy, J .F., Murine monoclonal anti-DNA antibodies
with an absolute specificity for DNA have a large amount of idiotype diver-
sity. Proc. nat. Acad. Sci. (Wash.), 1983, 80, 6024-6027.

[3] PontEs DE CARVALHO, L.C., TEMPLEMAN, J., Wick, G. & Rorrr, I.M., The
role of self-antigen in the development of autoimmunity in obese strain

1255.

chickens with spontaneous autoallergic thyroiditis. J. exp. Med., 1982, 15,

[4] Mivazaki, A., HANAFUSA, T., Yamapa, K., Mivacawa, J., NAKAJIMA, H.,
Nonaka, K. & Taruis, S., Predominance of T lymphocytes in pancreatic
islets and spleen of pre-diabetic non-obese diabetic (NOD) mice: a longitu-
dinal study. Clin. exp. Immunol., 1985, 60, 622-630.

G.F. Bottazzo and the London group’s
arguments and reply:

In 1986, the concept of self-per-
ception by the immune system is widely
accepted, the well known examples
being recognition of antigen in the con-
text of self-MHC molecules, and the
accumulating evidence for idiotypic/
antiidiotypic interactions.

The existence of natural autoantibo-
dies, discussed by several of the parti-
cipants in the Forum, is therefore not
a great surprise although, as pointed out
by Bob Schwartz, the validity of the
observations requires rigourous veri-
fication. An important question also
raised by Schwartz, but not directly
addressed, is the relationship, if any,
between these antibodies present in nor-
mal animals and individuals, and those
associated with autoimmune diseases.
We feel that the available evidence does
not favour a strong relationship of this
type. First of all, natural autoantibodies
are mainty IgM, are present in the serum

at low titres and are very rarely detec-
ted by conventional autoantibody tests,
whereas disease-related autoantibodies
are almost entirely IgG and can reach
very high titres in the circulation.

However, it may be important in this
context to make a distinction between
organ-specific and non-specific autoim-
mune diseases. It is remarkable that
most of the participants in the Forum
concentrate on organ non-specific
autoantibodies, particularly anti-DNA
antibodies, as found in SLE: indeed, in
this instance, it is feasible that the rela-
tionship does exist between the disease-
related autoantibodies and natural anti-
DNA antibodies. For example, Jean-
Frangois Bach and Laurent Jacob dis-
cuss the evidence that anti-DNA anti-
bodies of SLE are cross-reactive with
other cellular factors, and the charac-
teristic of many natural autoantibodies
is their cross-reactivity with a variety of
molecules. This could be related to the
low «intrinsic affinities » and idiotypic
similarities of the latter antibodies, des-
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cribed by Stratis Avrameas. By contrast,
the situation is very different in organ-
specific autoimmune diseases, where the
autoantibodies specifically recognize auto-
antigens which are unique to the target
organ: examples are the thyroid micro-
somal antigen (TMAg, MW 105 Kd) and
the 64-Kd antigen of pancreatic B cells.

At the cellular level, Alan Stall and
associates discuss the role of Ly-1/Leu*
B cells in synthesizing natural auto-
antibodies, and point out that these cells
are increased in mice predisposed
towards immunity. Again, however, the
diseases which develop in these animals
are of the SLE type. By contrast,
although Leul* B cells are raised in
patients with rheumatoid arthritis
(which can be considered to have «inter-
mediate organ specificity »), this pheno-
menon did not correlate with disease
activity. It is also remarkable how dif-
ficult it is proving to be to produce
human hybridomas synthesizing organ-
specific autoantibodies as compared
with autoantibodies recognizing multi-
ple organs, despite the efforts of many
investigators. For example, Notkins’
group fused peripheral blood lymphocy-
tes from diabetic patients and readily
obtained hybridomas of the latter type,
but none of the former. These antibo-
dies were also detected by fusing
tymphocytes from normal individuals
and recognize a common antigen with
a MW (35 Kd) distinct from that of
organ-specific autoantigens. Again we
are aware of no reports of hybridomas
against autologous TMAg, whereas a
number of groups have produced
monoclonal antibodies to thyroglobulin
(Tg) which may be considered a diffe-
rent type of autoantigen from TMAg
(vide infra). The reasons for these dif-
ferences in ease of hybridoma produc-
tion are unclear, but could be related to
the tissue distribution of organ-specific
compared with non-specific autoreac-
tive B cells (with the former more
restricted to the target tissues?), or
differences in their differentiation (e. g.
IgG-producing and IgM-producing
cells, respectively ?) or activation states.

A closer look at the antigens reco-

gnized by natural and organ-specific
autoantibodies also highlights the dis-

tinction: the molecules recognized by
natural autoantibodies are mainly loca-
ted either intracellularly (e.g. nucleic
acids, tubulin, actin, etc.) or are secre-
ted products (e.g. transferrin, albumin,
collagen, etc.). Can we therefore consi-
der them harmful? By contrast, the
antigens which appear to be most
important in organ-specific autoimmu-
nity are cell-specific and integral mole-
cules of the plasma membrane, where
they are recognized by cytotoxic antibo-
dies, e.g. anti-TMAg and islet cell sur-
face antibodies. Whether the same is
true of organ non-specific diseases, as
suggested by Bach and Jacob, remains
a possibility. However, in their exam-
ple, the surface molecules recognized by
anti-DNA antibodies are neither organ-
nor cell-specific and, interestingly, pre-
cipitate a molecule very similar in size
(34 Kd) to that recognized by Notkins’
hybridoma antibodies of pseudo-organ-
specific reactivity, as discussed above.

In this context, the differences bet-
ween the classical thyroid antigens,
TMAg and Tg, mentioned above in rela-
tion to hybridoma production, are again
apparent : thus, Tg, which is recognized
by some natural autoantibodies, is the
converse of TMAg in that it is present
in the circulation but difficult to detect
at the surface of thyroid epithelial cells.
Furthermore, immunizing animals with
human Tg readily raises an antibody res-
ponse, whereas solubilized TMAg is noto-
rious for its very low immunogenicity,
and the mouse monoclonal anti-human
TMAg which has been produced so far
recognizes epitopes close to, but distinct
from, those seen by autoantibodies.

It is certainly true that apparently
normal individuals (mostly female,
known to be predisposed to autoimmus-
nity) can possess circulating anti-TMAg,
but this corresponds with a relatively
high incidence of subclinical focal
thyroiditis with which thyrocyte MHC
class II expression appears to be asso-
ciated. This brings us back to our point
that the target organ may play a major
role in promoting the development of
organ-specific autoantibodies, a mecha-
nism which we believe does not apply
to the formation of naturally occurring
autoantibodies. By contrast, a systemic
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stimulation, as in the chimaeric situa-
tion described by Lambert and his asso-
ciates, leads to the expansion of clones
producing organ non-specific antibodies
to DNA.

For the present, therefore, we shall
keep an open mind on the relationship

between natural and what might be ter-
med «unnatural» (i.e. pathological)
autoantibodies. However, we do feel
that breaching the gap between these
entities will be a major construction
project, which may still have to be aban-
doned in mid-stream.

The work cited in this reply, which is additional to that referenced in our contribution
to the Forum, is fully reviewed and discussed in the following articles.

References.

Topp, 1. & Bortazzo, G.F., Laboratory investigation of autoimmune endocrine
diseases, in « Laboratory investigation of immunological disorders», Clinics
in immunology and allergy (R.A. Thompson) vol. V (pp. 613-638). W.B.

Saunders Co., London, 1985.

Borrazzo, G.F., PusoL-BorreLL, R.D., GaLE, E., Etiology of diabetes, the role of
autoimmune mechanisms, in « The Diabetes Annual/1» (K.G.M.M. Alberti
& L.P. Krall) (p. 1652). Elsevier, Amsterdam, 1985.

Bortazzo, G.F., PuioL-BorreLL, R.D., GarLg, E., Autoimmunity and diabetes:
progress, consolidation and controversy, in «The Diabetes Annual/2»
(K.G.M.M. Alberti & L.P. Krall). Elsevier, Amsterdam, 1986 (in press).

Dr. Stall’s comments:

Both Schwartz and Avrameas sug-
gest that preservation of autoreactivity
may be a consequence and/or require-
ment of a functional immune system. It
is not unreasonable to expect that a
specialized lineage or subset of B cells
would be devoted to carrying out this
function. We would again suggest that
Ly-1 B cells are a prime candidate for
the preservation of this « knowledge of
self ». It is interesting to note that in the
studies of Lambert ef al., the anti-
ssDNA antibodies were produced by the
donor cells. Given the ability of Ly-1 B
cells to repopulate following adoptive
transfer, the possibility that they are, in
fact, the producers of this anti-ssDNA
warrants investigation. This is the main
point that we would like to make ; while
Ly-1 B cells may not be involved in the
production of all autoantibodies, they
should be considered when questions of
«naturally occurring» or autoantibo-
dies arise.

R.S. Schwartz:

It appears that Avrameas, Diamond
and I are, so to speak, playing in the
same string trio. And even though our
musical themes are slightly different, a
fundamental sense of harmony emerges
from the notes. Avrameas may be
compared to the cellist whose continuo
provides the chords which set the
rhythmic beat for the variations played
by Diamond’s violin and my viola’s
counterpoint. Avrameas’ part is called
«natural autoantibodies», Diamond’s
instrument sings of mutations, and I
fiddle pathogenic autoantibodies. The
name of the piece we are playing is « V-
gene diversification». The cello, appro-
priately enough, defines the back-
ground; i.e., the pre-immune repertoire
consists, at least in part, of autoanti-
bodies. And it is from these natural
autoantibodies that the variants induced
by contact with foreign antigens arise.
The violin’s notes weave between
autoantibodies and antibacterial anti-
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bodies: some autoantibodies may be
variants of antibodies against foreign
antigens. Why not? V-gene mutation is,
like all mutations, a random process
(or, musically speaking, aleatory), so
Diamond’s proposal is not only a for-
mal possibility, but one backed by expe-
rimental evidence. The viola player may
seem to be reading the notes upside
down, but the music belongs to the same
trio: pathogenic autoantibodies arise
by expansion of a pool of natural
autoantibody-producing precursors.

The viola’s notes are written in idioty-
pes and amino acid sequences, and all
of them return, ultimately, to the cello’s
continuo: germline V genes. There are,
however, other tunes which our trio has
not played: antigenic mimicry, idioty-
pic networks and the «bad luck» of
having inherited the wrong MHC struc-
tures are also important parts of the
repertoire. Expanding the trio into a
coherent symphony may require consi-
derable talent if cacophony is to be
avoided.
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