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SYSTEMIC lupus erythematosus (SLE) is an autoim-

mune disease with an unusual diversity of clinical and

immunological manifestations (22). Clinically, the disor-

der may affect virtually any organ in the body: it is truly

a systemic disease (13). One explanation for its clinical

manifestations is that many lupus lesions develop as a

consequence of the deposition of antigen-antibody corn-

plexes on basement membranes in a variety of organs

and tissues, including the skin, joints, kidneys, pleura,

and pericardium (12). In addition, certain lupus auto-

antibodies can bind directly to target structures located

in the brain (8) or on blood cells (1 1). Those kinds of

antibodies may produce cerebritis (41), hernolytic anemia

(39), or thrombocytopenia (26).

The serological manifestations of SLE are also diverse.

Antibodies that bind to DNA, RNA, DNA:RNA hybrids,

nucleoproteins, cytoplasmic antigens, and even phospho-

lipids are common in this disease (table 1). The impres-

sive list of autoantibodies in SLE suggests the existence

of a fundamental disturbance of the immune system (31).

The nature of that disturbance has been the subject of

intensive investigations for more than 25 years. Many of

them have centered around animal models of the disease

and they have yielded a wealth of information, as well as

conflicting and sometimes confusing data (13, 14). The

original animal model, the NZB mouse, develops a form

of lupus characterized principally by the development of

autoimmune hemolytic anemia. More recently, several

other strains of mice that spontaneously develop SLE

have also been described (table 2). The manifestations of

the disease in the newer animal models include arthritis,

nephritis, and dermatitis. In some animals-B/W, for

example-the disease has a late onset, whereas in oth-

ers-MRL/l and BXSB-early death from severe ne-

phritis and vasculitis is the rule (2, 38).

Numerous immunological abnormalities have been un-

covered in animal models of SLE (31, 14, 38, 37). Every

possible limb of the immune response has been impli-

cated in one or another defect, and a unified theory that

explains all of the abnormalities has not gained credence.

The diversity of the find!ngs suggests that SLE is not a

specific entity, but a syndrome that may arise through

various immunological aberrations. In a given individual,

the syndrome could entail multiple immunological de-

fects, some of which may be primary, whereas others

may be secondary. We may consider the latter disturb-

ances as lesions; in other words, autoantibodies can

* Supported by National Institutes of Health grant AM27232.

damage the immune system itself. As an example, auto-

antibodies against lymphocytes (lymphocytotoxic anti-

bodies) are a common feature of SLE, both in humans

and in mice (15). Such autoantibodies can react with

specific subsets of T lymphocytes (e.g., suppressor cells)

(35) and secondarily cause an impairment of immunoreg-

ulatory circuits. This impairment, however, represents a

lesion of the immune system that is caused by the pri-

mary disturbance. Selective breeding of mice with SLE

has demonstrated that the secondary “lesions” segregate

as independent Mendelian traits (33).

Studies of inbred mice that spontaneously develop

SLE have revealed one incontestable fact: the disease

has a genetic basis. The uniform development of a par-

ticular form of SLE in inbred mice isprima facie evidence

of a genetic disorder. Moreover, the discovery that a

single gene, lpr, greatly accelerates the disease in exper-

imental mice (29) strongly supports the influence of

genetic factors in SLE. There is evidence that the human

disease also has a genetic basis. SLE has familial occur-

rence (36), and its concordance in identical twins is about

70% (6). Moreover, clinically healthy relatives of patients

with SLE have a high frequency of serological abnor-

malities, such as positive antinuclear antibody tests (6,

30, 16). The function of suppressor T cells is often ab-

normal in patients with SLE (10, 19), and when family

studies were carried out a similar abnormality was de-

tected in 13/50 clinically healthy first degree relatives

(27). That result implies a genetic basis for the immu-

nological abnormalities in human SLE. It seerns, more-

over, that defective suppressor cell function cannot, by

itself, account for the development of the disease. Thus,

SLE may be regarded as a multifactorial, complex genetic

disorder that culminates in the production of pathoge-

netic autoantibodies that cause diverse lesions, either by

forming immune complexes or by binding directly to

antigens exposed on cell surfaces.

A syndrome that resembles SLE may develop in con-

nection with certain drugs (40). There is no apparent

similarity among these drugs, which range in type from

anti-convulsants to laxatives (34). Moreover, the produc-

tion of autoantibodies (especially antinuclear antibodies)

in the absence ofclinical manifestations is common with

certain drugs (e.g., procainamide) (7). Drug-induced SLE

differs from spontaneous SLE in several ways, the most

important of which is that nephritis and antibodies to

native (double-strand) DNA are rare complications of

drug-induced SLE (40).

The association between certain HLA haplotypes and
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TABLE 1

Autoantibodies in SLE

Nucleus

DNA (double-strand and single strand)

DNA-histone complex

Histones

Nonhi.stone proteinS

Sm (DNA-binding protein)

RNA-protein complex

SS-B antigen

Blast cell nuclear antigen

Nucleolar antigeni

Cytoplasm

Ribosomal ribonucleoprotein

Ro antigen

La antigen

Membranes

Red cells

Platelets

Granulocytes

Lymphocytes

Other

RNA (double-strand and single-strand)

Coagulant proteins

Cardiolipin

IgG (Fc)

TABLE 2

Characteristics of SLE mice

Strain Anti-DNA Anti-SM Nephritis Arthritis Anemia

NZB + 0 ± 0 ++

B/W ++ 0 +++ 0 0

MRL/1 +++ + +++ + 0

BXSB ++ 0 +++ 0 0

hydralazine-induced autoantibodies (5) suggests a ge-

netic predisposition that is linked to immune-response

genes, a linkage that implies a hapten-like mechanism

for the drug. Immunization of rabbits with hydralazine-

protein conjugates has led to the formation of both anti-

hydralazine and anti-DNA antibodies (43), a result that

supports the concept that certain lupus-inciting drugs

might act as haptens. Recent investigations demon-

strated that hydralazine can interact directly with thy-

midine (17), and perhaps with other structures in DNA

(42). These effects could account for both the lupogen-

icity and carcinogenicity of hydralazine, but the expla-

nation remains incomplete because lupus-inciting drugs

cause the production of autoantibodies other than anti-

DNA antibodies. Indeed, antibodies against histones are

characteristic of drug-induced lupus (20), and patients

with procainamide-induced lupus commonly form auto-

antibodies against lymphocytes (9). Moreover, the per-

sistence of drug-induced autoantibodies long after des-

sation of procainamide (1) suggests that the drug need

not be physically present for the maintenance of the

immunopathological events. Those kinds of observations

support the possibility that drug-induced autoimmunity

might come about by interference with normal immuno-

regulatory mechanisms (28).

Recent studies with monoclonal anti-DNA autoanti-

bodies, produced by hybridoma technology (3), indicate

that the diversity of lupus autoantibodies is not as great

as previously envisioned. The numerous serological ab-

normalities of the disease seem instead to be associated

with a restricted number of antigenic determinants (epi-

topes) that are present in a variety of different biological

molecules.

Hybridomas that produce monoclonal autoantibodies

have been prepared by the fusion of spleen cells from

MRL/l mice with the SP/2 myeloma line (3). MRL/l
mice, as mentioned, spontaneously develop a severe form

of SLE and they produce large amounts of lupus auto-

antibodies. Hybndomas that produce monoclonal DNA-

binding antibodies have been subjected to extensive anal-

yses with regard to their ligand-binding properties. A

finding of considerable importance is that all of the

rnonoclonal autoantibodies bind not only DNA, but also

several other polynucleotide ligands (fig. 1) (4). This

property suggests that epitopes shared by nucleic acid

antigens can account for some of the serological diversity

in lupus serum.

The sugar-phosphate backbone of nucleic acids is a

structural feature of all polynucleotides, and therefore a

likely source of the shared epitopes to which monoclonal

anti-DNA antibodies bind. The backbone consists of

phosphate groups, in phosphodiester linkage, separated

by three carbon atoms of adjacent sugar molecules. Such

groups also occur in the phospholipid cardiolipin. It is

therefore of interest that certain monoclonal anti-DNA

autoantibodies bind equally well to cardiolipin (fig. 2)

(25). These “polyspecific” autoantibodies have other fea-

tures. For instance, one of them has the property of a

lupus anticoagulant because it causes prolongation of the

partial thromboplastin time, an effect that reflects the

ability of the antibody to bind to the phospholipid that

is required for clot formation in the assay. This particular

autoantibody also produces a strongly positive fluores-

cent antinuclear antibody test that is inhibited by prior

incubation of the antibody with cardiolipin. A single

molecular species of autoantibody can therefore manifest

itself as an anti-DNA antibody, an antinuclear antibody,

or a lupus anticoagulant.

Thus, lupus autoantibodies can be serologically poly-

morphic. Their capacity to react with a diversity of

molecules may seem surprising until it is realized that

the true specificity of an antibody reflects its interaction

with submolecular structures on antigens, so-called epi-

topes. Therefore, the presence of identical or similar

epitopes in a diversity of molecules can cause the diverse

reactions of rnonoclonal lupus autoantibodies. In the

example given, the epitope is a particular arrangement of

phosphate groups, and the diversity ofmolecules includes

nucleic acids, synthetic polynucleotides, and phospholip-

ids.

Another approach toward the definition of diversity

among autoantibodies exploits the serological analysis of
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FIG. 1. Analysis of a monoclonal lupus autoantibody (H104). S nuclease-treated Escherichia coli DNA was adsorbed to wells of polyvinyl

microtiter plates (solid phase) and the monoclonal antibody was added in the presence of the stated amounts of inhibitors. After washing, bound

antibody was detected with ‘251-rabbit anti-mouse IgG serum. See Andrzejewski et al. (4) for further details of assay.
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FIG. 2. Competitive inhibition of a monoclonal lupus autoantibody (130) by both DNA and cardiolipin. The chemical formula of cardiolipin

is shown at the right. The assay was carried out as mentioned in figure 1; binding in the absence of inhibitor was 50%.
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immunoglobulin variable region structures. These struc-

tures constitute the antigen-binding portion of the im-

munoglobulin molecule and are themselves immuno-

genic. The serologically defined variable region struc-

tures ofimmunoglobulins are called idiotypes (24). As an

example, immunization of a rabbit with a monoclonal

lupus autoantibody can produce antibodies against the

antigen-binding portion of the autoantibody. After re-

moval of irrelevant antibodies (e.g., those against Fc

structures) by absorption, the rabbit immune serum de-

fines serologically epitopes associated with the variable

(antigen-binding) region and serves as an anti-idiotypic

antibody. Reactions between the idiotype and the anti-

idiotype are completely inhibitable by antigen (4, 25).

Idiotypic analyses have revealed two noteworthy as-

pects ofmonoclonal lupus autoantibodies in MRL/l mice.

The first is that cross-reactive idiotypes exist among

different hybridorna anti-DNA antibodies (25). Anti-

bodies with related idiotypes may be produced by clones

derived not only from the same MRL/l mouse, but also

from different MRL/l mice. The second aspect is that a

common idiotypic marker has been found in the serum

of all MRL/l mice (32). Such findings imply that germ-

line genes specify at least some autoantigen-binding

immunoglobulins. They add further support to the

genetic concept of SLE because they indicate that a

serologically defined structure in the antigen-binding re-

gion of autoantibodies is genetically determined. This

kind of autoantibody may therefore not arise by somatic

mutation, but seems to be represented in DNA as a

mendelian trait. It is now within the capabilities of mo-

lecular biological techniques to determine whether nor-

 at T
ham

m
asart U

niversity on D
ecem

ber 8, 2012
pharm

rev.aspetjournals.org
D

ow
nloaded from

 

http://pharmrev.aspetjournals.org/


108 SCHWARTZ

mal individuals possess such “autoantibody genes.” If

they do, then the mechanisms that regulate the expres-

sion of these genes in autoimmune diseases are suscep-

tible to analysis, and perhaps ultimately to control. The

definition of idiotypic markers possessed by autoantibod-

ies may therefore provide important information about

the genetic mechanisms of autoimmunization.

Is there any practical value to these results? Here we

must speculate, but not without a solid basis of experi-

mental support. From one point of view, antibodies are

footprints of antigens. Therefore, a precise definition of

the antigen-binding properties of autoantibodies could,

in principle, reveal information about immunogenic

structures that may instigate autoimmune reactions.

Knowledge of those epitopes could lead to the develop-

rnent of therapeutically effective desensitizing or toleriz-

ing agents. Manipulation of the immune respone by

means of anti-idiotypic sera has already proven feasible

(23). Such reagents can either provoke or suppress anti-

body synthesis, depending on dosage and certain quali-

tative aspects of the anti-idiotypic antibody (18). Steps

toward the control of immune responses with anti-idi-

otypic antibodies have begun (21), but they are still in

their infancy. Finally, genetic markers on autoantibody

molecules may prove useful for the analysis of drug-

induced lupus. By such means, the question as to whether

drug-induced autoantibodies derive from the same pooi

of genetically inscribed molecules as spontaneously pro-

duced autoantibodies can be solved.

Lupus research seems to have reached an important

crossroad. What began as clinical, immunopathological,

and serological descriptions has evolved into a fusion of

genetics, immunochemistry, and membrane biology. In

the foreseeable future this new trend will link up with

molecular biology. There is every reason to expect that

these new trends will lead to an improved understanding

of the cause, control, and prevention of this fascinating,

multifaceted disorder.
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