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MECHANISMS OF AUTOIMMUNITY
Since Ehrlich first postulated the existence of mechanisms to prevent
the generation of self-reactivity in the early1900s, ideas concerning the
nature of this prohibition have developed in parallel with a progressive increase in understanding of the immune system. Burnet’s clonal
selection theory included the idea that interaction of lymphoid cells
with their specific antigens during fetal or early postnatal life would
lead to elimination of such “forbidden clones.” This idea was refuted,
however, when it was shown that autoimmune diseases could be
induced in experimental animals by simple immunization procedures,
that autoantigen-binding cells could be demonstrated easily in the
circulation of normal individuals, and that self-limited autoimmune
phenomena frequently developed after tissue damage from infection
or trauma. These observations indicated that clones of cells capable of
responding to autoantigens were present in the repertoire of antigenreactive cells in normal adults and suggested that mechanisms in addition to clonal deletion were responsible for preventing their activation.
Currently, three general processes are thought to be involved in
the maintenance of selective unresponsiveness to autoantigens (Table
377e-1): (1) sequestration of self-antigens, rendering them inaccessible to the immune system; (2) specific unresponsiveness (tolerance
or anergy) of relevant T or B cells; and (3) limitation of potential
reactivity by regulatory mechanisms. Derangements of these normal
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1. Sequestration of self-antigens
2. Generation and maintenance of tolerance
a. Central deletion of autoreactive lymphocytes
b. Peripheral anergy of autoreactive lymphocytes
c. Receptor replacement in autoreactive lymphocytes
3. Regulatory mechanisms
a. Regulatory T cells
b. Regulatory B cells
c. Regulatory mesenchymal cells
d. Regulatory cytokines
e. Idiotype network

processes may predispose to the development of autoimmunity (Table
377e-2). In general, these abnormal responses require both an exogenous
trigger, such as bacterial or viral infection or cigarette smoking, and the
presence of endogenous abnormalities in the cells of the immune system.
Microbial superantigens, such as staphylococcal protein A and staphylococcal enterotoxins, are substances that can stimulate a broad range of T
and B cells through specific interactions with selected families of immune
receptors, irrespective of their antigen specificity. If autoantigen-reactive
T and/or B cells express these receptors, autoimmunity may develop.
Alternatively, molecular mimicry or cross-reactivity between a microbial product and a self-antigen may lead to activation of autoreactive
lymphocytes. One of the best examples of autoreactivity and autoimmune disease resulting from molecular mimicry is rheumatic fever,
in which antibodies to the M protein of streptococci cross-react with
myosin, laminin, and other matrix proteins as well as with neuronal
antigens. Deposition of these autoantibodies in the heart initiates an
inflammatory response, whereas their penetration into the brain can
result in Sydenham’s chorea. Molecular mimicry between microbial
proteins and host tissues has been reported in type 1 diabetes mellitus,
rheumatoid arthritis, celiac disease, and multiple sclerosis. It is presumed that infectious agents may be able to overcome self-tolerance
because they possess pathogen-associated molecular patterns (PAMPs).
These molecules (e.g., bacterial endotoxin, RNA, or DNA) exert
adjuvant-like effects on the immune system by interacting with Tolllike receptors (TLRs) and other pattern recognition receptors (PRRs)
TABLE 377e-2 Mechanisms of Autoimmunity
I. Exogenous
A. Molecular mimicry
B. Superantigenic stimulation
C. Microbial and tissue damage–associated adjuvanticity
II. Endogenous
A. Altered antigen presentation
1. Loss of immunologic privilege
2. Presentation of novel or cryptic epitopes (epitope spreading)
3. Alteration of self-antigen
4. Enhanced function of antigen-presenting cells
a. Costimulatory molecule expression
b. Cytokine production
B. Increased T cell help
1. Cytokine production
2. Costimulatory molecules
C. Increased B cell function
1. B cell activating factor
2. Costimulatory molecules
D. Apoptotic defects or defects in clearance of apoptotic material
E. Cytokine imbalance
F. Altered immunoregulation
G. Endocrine abnormalities
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One of the central features of the immune system is the capacity to
mount an inflammatory response to potentially harmful foreign materials while avoiding damage to self-tissues. Whereas recognition of self
plays an important role in shaping the repertoires of immune receptors
on both T and B cells and in clearing apoptotic and other tissue debris
from sites throughout the body, the development of potentially harmful immune responses to self-antigens is, in general, prohibited. The
essential feature of an autoimmune disease is that tissue injury is caused
by the immunologic reaction of the organism against its own tissues.
Autoimmunity, on the other hand, refers merely to the presence of
antibodies or T lymphocytes that react with self-antigens and does not
necessarily imply that the self-reactivity has pathogenic consequences.
Autoimmunity is present in all individuals; however, autoimmune disease occurs only in those individuals in whom the breakdown of one
or more of the basic mechanisms regulating immune tolerance results
in self-reactivity that can cause tissue damage.
Autoimmunity is seen in normal individuals, with a higher frequency among normal older people. Polyreactive autoantibodies that
recognize many host antigens are present throughout life. Expression
of these autoantibodies may be increased after some inciting events.
These antibodies are usually of the IgM heavy chain isotype and are
encoded by nonmutated germline immunoglobulin variable region
genes. When autoimmunity is induced by an inciting event, such as
infection or tissue damage from trauma or ischemia, the autoreactivity is in general self-limited. When such autoimmunity does persist,
however, pathology may or may not result. Even in the presence of
organ pathology, it may be difficult to determine whether the damage
is mediated by autoreactivity. After an inciting event, the development
of self-reactivity may be the consequence of an ongoing pathologic
process, may be nonpathogenic, or may contribute to tissue inflammation and damage. Individuals with autoimmune disease may have
numerous autoantibodies, only some or even none of which may be
pathogenic. Patients with systemic sclerosis may have a wide array of
antinuclear antibodies that are important in disease classification but
are not clearly pathogenic; patients with pemphigus may also exhibit a
wide array of autoantibodies, only one of which (antibody to desmoglein) is known to be pathogenic.

TABLE 377e-1 Mechanisms Preventing Autoimmunity

