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Treatment of Autoimmune Disease:
To Activate or to Deactivate?

Irun R. Cohen!

Department of Cell Biology, The Weizmann Institute of Science, Rehovot, Israel

An autoimmune disease is the mark of an immune system gone wrong,
The autoimmune disease challenges clinical immunology to set the system
right. In recent years, immunology has deciphered much of the basic chemistry
of the cells, antibodies, antigen receptors, cytokines and cytokine receptors
that comprise the immune system. This new molecular information is impor-
tant because it should speed the design of therapies rationally targeted to criti-
cal elements in the pathologic autoimmune process. But to choose the most ef-
fective therapy, to foresee just what the novel therapies are likely to
accomplish. we need to have some idea of the pathophysiology of autoimmu-
nity: What is it that has gone wrong, what are we trying to fix? These questions
are not mere philosophical niceties; they can guide concrete clinical decisions.
And the strategies beyond the decisions may be poles apart. For example,
some of the new therapies have been devised to inactivate immune responses
by blocking MHC-T-cell receptor interactions or by killing specific T cells with
toxin conjugates [1]. In contrast, other proposed therapies such as oral admin-
istration of antigen [2] or vaccinations with T cells or with peptides [3], have
been devised to activate immune responses. The seemingly opposite strategies
of inactivation and activation are each rational to their adherents because they
rest on two different interpretations of autoimmunity: the clonal selection par-
adigm and the cognitive paradigm. The aim of this review is to articulate these
paradigms and their implications for the therapy of autoimmune diseases.

! Incumbent of the Mauerberger Chair of Immunology and the Director of the
Robert Koch-Minerva Center for Research in Autoimmune Diseases.



Clonal Selection

The clonal selection paradigm asserts that the echelons of lymphocytes
that form the immune system are selected entirely by encounter with antigen
[4]. This concept has wide currency and need not be described here. I will cite
only two tenets of clonal selection relating to autoimmunity and autoimmune
disease:

(1) The healthy immune system must not include lymphocytes that recog-
nize self antigens; autoimmune lymphocytes, at least the T cells, are removed
from the repertoire by processes of negative selection [5] and anergy [6] that
take place in the thymus and in the periphery.

(2) Autoimmune diseases, therefore, can have no intrinsic regularity in
their clinical or immunological expression; autoimmune diseases are caused by
autoimmune lymphocytes that arise from random mutations or unstructured
escape from deletion. At the risk of over-simplification, we can say that the
clonal selection paradigm asserts that autoimmune disease develops because
an entity that should be absent, an autoimmune lymphocyte clone, is present
by accident. The failure of the immune system to have deleted the forbidden
clone should then be rectified by blocking with various antibodies, for exam-
ple, the clone’s ability to recognize its antigen, or by medicinally killing the
clone, for example by toxin conjugates targeted to activated T cells [1].

In other words, an autoimmune disease is caused, according to the clonal
selection paradigm, by aberrant activation of the immune response [7]. The ra-
tional answer to harmful activation is to find a way to deactivate the patho-
genic lymphocytes. Thus, the clonal selection paradigm argues for suppression
of the immune system. Unlike the cytotoxic drugs and steroids now in use with
their broad and uncontrollable effects, the new molecular immunology makes
it feasible to design highly specific silver bullets that can target the forbidden
clones of autoimmune lymphocytes and so de-activate the autoimmune agents
of disease without inactivating the entire immune system.

The Cognitive Paradigm

Elsewhere, I have presented an alternative to the clonal selection para-
digm called the cognitive paradigm [8, 9]. The cognitive paradigm takes ac-
count of two empirical observations that contradict the tenets of orthodox clo-
nal selection relating to autoimmunity: (1) Healthy immune systems do in fact
contain T cells and B cells that recognize certain dominant self antigens; some
autoimmunity is natural. (2) Autoimmunity is not chaotic, but manifests quite
predictable immunologic characteristics.
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Healthy humans and healthy rodents bear natural autoantibodies and au-
toimmune T cells to similar sets of self antigens. Indeed, many of the same self
antigens attacked in diseases are also recognized in health. Moreover, a small
number of diseases encompasses the majority of autoimmunity patients: rtheu-
matoid arthritis, type I diabetes mellitus, multiple sclerosis, systemic lupus ery-
thematosus. Suffering a disease may be accidental; but the disease visited upon
the patient is highly structured. This is true even across species: systemic lupus
erythematosus and type I diabetes are quite similar in their immunology in
both mice and humans. Order and predictability imply that natural autoimmu-
nity and autoimmune diseases are governed by rules. But what function is
served by having autoimmunity built into the system?

The Internal Physician and the Problem of Ambiguity

One way to think about the functions of the immune system is to consider
it, metaphorically, as the body’s internal physician, a physician specializing in
infectious diseases (and perhaps in some types of cancer). This internal physi-
cian, like any external physician, performs two functions: diagnosis and treat-
ment. The immune system has to diagnose the nature of a threat to the integ-
rity of the body (virus, bacterium, higher parasite) and it has to prescribe the
mix of therapeutic responses (types of T cells, B cells, antibodies, cytokines, in-
flammation) best suited to destroy the invader.

The real problem of the immune system, the one that makes simple clonal
selection unworkable, is antigenic ambiguity: many of the key protein antigens
of invading microbes and other parasites contain amino acid sequences that are
identical to those of the host body. Molecular biology has demonstrated that
evolution conserves useful genes. Nature does not reinvent the wheel each time
she designs a new creature. Once evolution comes upon a molecule that per-
forms an essential function, it conserves the molecule’s genes for further use in
other instances. Indeed the more important the molecule, the more its sequence
is conserved across the epochs. Heat shock protein (hsp) molecules, essential
for all cells, are a telling example: humans and bacteria manifest 50-80% iden-
tity of amino acid sequences in the various members of the hsp family, never-
theless, hsp molecules are recognized as dominant antigens of many infectious
agents [10]. These conserved molecules are also among the self antigens recog-
nized in healthy, natural autoimmunity [8,9]. How does the immune system
know how to respond appropriately to hsp and other molecules that antigeni-
cally are both self and not-self and that may accompany either health or infec-
tion? Recognition alone is not sufficient. The immune system must interpret
the meaning of an antigen; to interpret, it has to resort to cognition.
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Diagnostic Interpretation

The cognitive paradigm proposes that the immune system, the internal
physician, interprets the meaning of antigens using a strategy similar to that
used by an external physician to interpret the meaning of clinical signs. Inter-
pretation is brought about using the cognitive process called differential diag-
nosis. Differential diagnosis is a way of making clinical decisions based on
searching for a string of relevant information (history, physical examination,
laboratory tests) and on organizing this information in the light of the
physician’s knowledge. The external physician will interpret the meaning of a
fever, for example, according to what he knows about fever and what he learns
about the patients. Diagnosis, in essence, is paradigmatic; it is the process of
fitting the actual case to one of the archetypal models that the physician has in
mind [11]. Implicit in the process are memory, the storage of information,
and learning, the adjustment, through experience, of the archetypal models
and the program of assembling information. The cognitive paradigm teaches
that the immune system too interprets antigens by building internal represen-
tations (archetypal categories) and assembling strings of relevant signals
(fig. 1).

Images of Self

Physicians know that internal images exist; they use mental images when
they practice differential diagnosis. Cognitive scientists talk about internal rep-
resentations of the external world that function in mental cognition [12], but
nobody knows how these representations are actually encoded in the mind.
Immunologists appear to be better informed; they know the molecular basis of
at least some of the images in the immune system. The idea of immune inter-
nal images was made explicit by Jerne [13] in his anti-idiotypic theory of im-
mune regulation. The antigen receptors of T and B cells are structurally com-
plementary to the epitopes (sites) they recognize on their antigens. Thus,
antigen receptors structurally are negative images of parts of antigens, just as
locks and keys, in part, are negative images of each other. Anti-idiotypic anti-
bodies that bind to the antigen-binding sites of other antibodies are structu-
rally complementary to the negative images of antigens; thus, anti-idiotypic
antibodies can be positive images of antigens (a negative of a negative can
create a positive). The images created by T-cell idiotypes and anti-idiotypes
are complicated by the fact that T-cell receptors see processed antigen frag-
ments in the clefts of major histocompatibility complex (MHC) molecules;
nevertheless, T-cell receptors are images all the same.
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DIFFERENTIAL DIAGNOSIS

Fever Presenting hsp60 epit
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Cure, no-cure, iatrogenic. disease (autoimmune)

Fig. 1. The process of differential diagnosis — medical and immunological. The mean-
ing of a presenting sign, such as a ‘fever’ for a medical person or an ‘hsp60 epitope’ for the
immune system, is decided in both cases by a search for the appropriate additional infor-
mation needed to define the context of the sign. The person and the immune system are
each guided by internal archetypal images. The medical person’s internal images of dis-
eases are the accumulated useful experience of the profession taught in medical school
and modified by the person’s actual experience. The immune system’s internal images of
the self (the homunculus) and of infection in general are formed by the accumulated, evo-
lutionary experience of the species carried in the germ line combined with the individual’s
somatic experience recorded in the antigen-receptor repertoire. The diagnostic interpre-
tation of the person and of the system is the outcome of the interaction between the infor-
mation search and the preformed archetypal images. The medical person decides whether
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Because we humans are so attuned to visual information, we tend to think
of images as organized pictures. Nevertheless, receptors on wandering cells or
cell networks can also create images, albeit images that are distributed about
the body.

Now, if the healthy immune system naturally contains antibodies, B cells
and T cells capable of recognizing a standard set of self antigens, and if the
system also contains anti-idiotypes to these elements, then we can state that
the immune system contains both positive and negative internal images of par-
ticular self molecules. These images constitute what I call the immunological
homunculus [8-10]. I borrowed the term homunculus from neurology where it
refers to representations of the body encoded in the brain. Since self molecules
are the first antigens the immune system meets, then it follows that the forma-
tion of the immunological homunculus precedes actual contact with foreign
antigens. The T-cell imunological homunculus probably develops through the
positive selection of some autoimmune T cells in the thymus, but much re-
mains to be discovered about its origins; are particular self antigens pro-
grammed to be expressed in the thymus [14] to positively select autoimmune
T cells? The homunculus formed by the natural autoantibodies is now being
studied using a new technology [15].

It appears that many of the self molecules in the homunculus set, such as
the hsp molecules, have been highly conserved in evolution and are shared by
hosts and parasites [10]. It can be argued that autoimmunity to highly con-
served molecules expressed both by host and by parasites might serve to prime
the host immune response against the parasites. Note that tight regulation by
anti-idiotypic and other regulatory cells is required to avoid the development
of autoimmune diseases when the system transiently exploits natural autoim-
munity to hsp and other conserved molecules to fight infection [10]. Thus, the
immunological homunculus, regulated autoimmunity, is one of the ways
evolved by the immune system to deal with the problem posed by conserved

the case fits any of the recognized disease categories in his stock of internal mental im-
ages. The immune system automatically interprets whether the sign relates to self or not-
self by integrating the string of acquired information with the archetypal images. (Note
that the distinction between the self and the not-self is a matter of interpretation. The self
is defined by a set of interactions; it is not an immutable given.) The functional meaning of
the presenting sign is the form of treatment prescribed by the medical person or the type
of immune response deployed by the immune system. The diagnosis is correct if the ther-
apeutic response cures the patient. A wrong diagnosis may result in no cure or, unfortu-
nately, in an iatrogenic disease. In the case of the immune response, a wrong diagnosis
may mean an autoimmune disease. Wrong diagnoses of both sorts can be corrected, ac-
cording to the cognitive paradigm, by supplying the right information.
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molecules shared by host and infectious agents, the problem of ambiguous
self-not-self [16]. Of course, we must still explain the need for natural autoim-
munity to self antigens that are not shared with parasites.

Images of Infections

In addition to the immunological homunculus, the immune system con-
tains primordial internal images of infectious agents encoded by the many cell
receptors specific for microbial products: components of bacterial cell walls,
lipopolysaccharides, viral nucleic acids [8, 9]. Receptors for the cytokines trig-
gered by infection can also be viewed as internal images of infection, images
which reflect not the structure of infectious agents but their presence. These
types of receptors for infectious agents are invariant; they are determined by
germ-line genes and exemplify a primitive adaptation of the species to pervad-
ing features of infectious agents. Antibodies, B cells and T cells specific for mi-
crobial antigens are also internal images of the microbes, but these specific im-
ages are learned through the actual infectious experience of the individual.
Thus, immune adaptation is expressed at two levels: a first, crude image of in-
fection is encoded in the germ line; a second, refined image is encoded. by the
antigen-specific T and B cells activated in each individual through experience.

Immune Interpretation: Strings of Information

Table 1 lists four categories of information which the immune system uses
to make diagnostic interpretations and therapeutic decisions. The first cate-
gory (table 1) includes the receptor molecules that recognize antigens, what is
usually called the repertoire of the immune system. These receptors are gener-
ated in each individual by random somatic processes. The original clonal selec-
tion paradigm focused its attention on this category of information, almost ex-
clusively. The clonal selection paradigm was formulated early, at the time
when immunologists still were unaware of the considerable resources of im-

“mune information encoded within the germ line: networks of cytokines, cell
interactions, and antigen processing and presentation (table 1). Sections III
and IV in table 1 include entities also unknown or disregarded by the formula-
tors of clonal selection: the internal image of self (the immunological homun-
culus) and the primordial image of infection. The cognitive paradigm is a glo-
bal view of the immune system up-dated to encompass the additional
information that immunologists have discovered since the clonal selection par-
adigm.
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Table 1. Immune information

I Clonal recognition of antigen by way of somatic genetic recombination
The repertoire of antibodies and antigen receptors on T and B cells

II Germ-line recognition of context: accessory signals

1 Cytokines [26]:
Interleukins 1a, 1b,2,3,4,5,6,7,8, 9, 10, 11, 12; TNFa, TNFB, TGF-f1,
TGF-B2, TGF-f3; interferons o, B, v; etc.

2 Ligand pairs in inter-leukocyte interactions [27]:
MHC class I, class II; CD3, CD4, CD8, LAG-3, LFA-1, ICAM-1, CD2, LFA-3,
CD28, B7, CTLA-4, CD40, CD40 ligand, CD45Ro, CD22, CDS, CD72; etc.

3 Ligand pairs in leukocyte-tissue interactions [28]:
Selectins (E, P, L) — carbohydrate ligands; IgCAM integrins; addressins; CD31;
LFA-3-CD2; etc.

4 Molecules involved in the processing and transport of antigens and
antigen fragments

III Primordial internal image of infection: receptors for microbial products [9]

IV The immunological homunculus: natural autoimmunity [9]

Many of the elements listed in table 1 are membrane receptors connected
directly or indirectly to protein kinases and other mechanisms of signal trans-
duction. It is obvious from the large number of these receptors that lympho-
cytes are capable or receiving ancillary information from many sources in ad-
diton to recognizing antigens. It is the integration of this information which
tells the lymphocytes what to do about the antigens it sees. Integration is inter-
pretation; the nature of the response follows. For example, T cells of the Th1l
type are involved in causing cell-mediated tissue damage; T cells of the Th2
type are involved in inducing antibody production by B cells. Whether a naive
T cell becomes a Thl or Th2 cell in response to a given antigen depends on
many factors including the cytokine environment (IL-2 and interferon-y vs. IL-
4 and IL-10), the presence or absence of CD8 cytotoxic T cells, the nature of
the antigen-presenting cell (macrophage vs. B cell), the concentration of the
antigen and its mode of entry into the antigen-presenting cell (phagocytosis vs.
pinocytosis) [17]. Important biological consequences depend on whether the
immune system decides to generate Thl or Th2 T cells to a particular antigen,
but these are only two of many different possible effector agents that can re-
sult from antigen recognition.

Here lies the basic difference between the clonal selection and the cog-
nitive paradigms: the former entrusts the antigens to organize the immune
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system; the latter proposes that the immune system has been programmed by
evolution to interpret antigens, albeit automatically and unconsciously, like a
very complex computer.

Autoimmune Disease: A Misinterpretation

The cognitive view of autoimmune diseases differs from that of the clonal
selection paradigm. The autoimmune clones specific for the dominant self
antigens are naturally present in the homunculus; nonetheless, these autoim-
mune clones do not normally cause disease for at least two reasons: the clones
are tightly regulated by specific anti-idiotypic and other mechanisms, and the
autoimmune clones see their target self antigens in contexts that do not incite
an effector response (for example, in the absence of inflammatory cytokines,
or in the presence of suppressive signals). The transition from natural, benign
autoimmunity to autoimmune disease follows two circumstances: the self anti-
gen is presented inadvertently in a context that drives a damaging effector re-
sponse and the anti-idiotypic and other regulatory connections are too weak to
counteract the stimulus and restore a healthy equilibrium [8-10].

The transition from benign, natural autoimmunity to an autoimmune dis-
ease has been studied in rodents in the disease called experimental autoim-
mune encephalomyelitis (EAE), which models aspects of multiple sclerosis
(MS). EAE is caused by activated T cells with receptors for the self-antigen
myelin basic protein (MBP) [18]. Anti-MBP T cells are also detectable in MS
patients [19]. However, it has been discovered that potentially virulent anti-
MBP T cells are present in healthy rats that will never develop EAE spontane-
ously [20], and also in healthy people who will probably never develop MS
[21]. But clinical EAE can be induced readily by immunizing rats with MBP
emulsified in oil containing dead mycobacteria, a material called complete
Freund’s adjuvant [18]. Apparently, the adjuvant supplies MBP with the ancil-
lary signals indicative of an infection, and the naturally quiescent anti-MBP
T cells are driven to differentiate into activated effector T cells, causing clinical
EAE. Thus, the transition from benign to noxious autoimmunity in EAE and
in other experimental diseases is induced by signals that dress MBP or the
other self antigens in the context of infection [9].

An aberrant expression of MHC class II molecules has been proposed as
a mechanism to explain the induction of clinical autoimmunity [7]. The cogni-
tive paradigm would consider expression of MHC molecules as only one of
many elements capable of defining the context of an antigen (table 1). Be that
as it may, the transition to disease is the result of inappropriate contextual
information.
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Note, however, that the perpetuation of autoimmune disease differs from
the induction of autoimmune disease. Despite the inciting context, the healthy
immune system of the rat usually learns to resist the inciting context of MBP in
adjuvant, probably by activating and amplifying the anti-idiotypic regulatory T
cells inherent in the immunological homunculus [8-10]. EAE cannot be in-
duced a second time, unless the regulatory T cells have been inhibited. Relaps-
ing or progressive MS would also seem to require some insufficiency of the
regulatory cells.

According to the cognitive paradigm, medicine might mimic nature by ac-
tivating and strengthening the regulatory cells connected to the specific auto-
immune lymphocytes through treatments such as T-cell vaccination, found to
be effective in experimental animals [22] and recently in MS [23]. Another way
to stimulate regulatory cells is by oral tolerance [2]. These simple forms of
treatment would seem to work because, to avoid chaos, complex biological
systems must organize themselves to focus on specific bits of information.
Such bits of information function as regulatory elements because they influ-
ence the state of the system. The scope of this article does not allow a discus-
sion of the self-organization of systems [24], but the power of small bits of in-
formation to control complex behavior is an observable fact of life: witness the
response of the central nervous system to a certain smile, to a kind word. Nox-
ious behaviour by the immune system too is susceptible to modification by
communicating with the system using signals the system understands. Even a
spontaneous autoimmune disease such as the diabetes of the NOD mouse can
be treated by vaccination with a suitable T-cell clone or with an appropriate
peptide [3, 25]. Thus, safer and more effective therapies for autoimmune dis-
eases will emerge as immunology uncovers and exploits the critical bits of in-
formation that the immune system has been adapted to interpret cognitively.
Like the nervous system, the immune system can learn to behave itself. Prop-
erly informed, the internal physician will make it right.
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