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INTRODUCTION

Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central ner-
vous system (CNS) with a variety of clinical presentations. The profound heterogeneity
of MS is not limited to the symptoms but to neuroradiologic and histologic appear-
ances of lesions and response to therapy.1 As expected, the pathogenesis of MS is
controversial, and there is no effective treatment that halts the neuro-axonal damage
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KEY POINTS

� Multiple sclerosis is an inflammatory demyelinating disease of the central nervous system
with a variety of presentations and unclear pathogenesis.

� Multiple sclerosis has been associated with the term autoimmunity as a surrogate for
pathogenesis.

� Still, multiple sclerosis is an organ-specific disease with immune-mediated myelin
destruction.

� Understanding the complex etiology of multiple sclerosis (autoimmune induced, virus
induced, or immune mediated) and the importance of axon integrity is critical for clinicians
who treat the disease.
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or promotes remyelination. As a leading cause of disability, MS affects 400,000 people
in the United States and 2.5 million of people worldwide.2

The demyelinating plaque, the main pathologic hallmark of MS, contains a promi-
nent immunologic response dominated by CD81 and CD41 T cells.1,3 Moreover,
the presence of oligoclonal bands in the cerebrospinal fluid of MS patients
shows the presence of immunoglobulin-producing B cells suggesting their participa-
tion in the pathogenesis of the disease.4 These findings suggest that MS is an
immune-mediated disorder involving multiple antigens of the CNS5,6 and, further,
that MS is an autoimmune disease of the CNS. Understanding the mechanism of
MS is essential to elucidate possible strategies to repair myelin and axonal structures.

AUTOIMMUNITY VERSUS IMMUNE-MEDIATED DEMYELINATION

Several criteria have been established to determine whether a disease can be classi-
fied as autoimmune.7,8 First, an autoantigen must be present in all patients with a
proven immune response directed against it. Second, one must identify autoanti-
bodies within a lesion or serum of patients with a direct correlation to disease activity
or observed clinical improvement after immunosuppressive treatment. In systemic
lupus erythematous (SLE), a well-characterized autoimmune disorder, the presenta-
tion of autoantigens by T cells promotes antibody formation and hence, the clinical
manifestations.9 It is also critical to reproduce the clinical and histopathologic aspects
of the human disease after administration of the autoantibody or autoantigen within an
animal. For example, when transferring anti-DNA antibodies to naı̈ve recipient mice,
there is an immunologic reaction against glomerular antigens leading to nephropathy
similar to that seen in SLE.10 Diseases like SLE have an experimental-based extensive
literature that meets all the criteria and proves the role of autoimmunity in the
pathophysiology.
MS is also an organ-specific disease (the brain and spinal cord) with immune-

mediated myelin destruction. Nevertheless, after extensive research, confirmation of
a specific auto-antigen in MS is lacking. The absence/presence of an infectious agent
in patients with MS has also not been proven. Other organ-specific immune-mediated
diseases such as herpes encephalitis have a persistent exogenous antigen (in this
case, the herpes virus) that resides in the CNS and drives the development of acute
inflammation and necrotizing lesions.11 However, the absence of any consistent viral
or bacterial antigen in MS patients suggests the presence of an autoantigen that drives
this disease. Antibodies directed against CNS myelin proteins, lipids, and carbohy-
drates (possible candidates as autoantigens) can be identified in the tissue and serum
of patients with MS.
Extensive literature is devoted to identifying antibodies against the myelin oligoden-

drocyte glycoprotein (MOG) in MS patients with inconsistent results. Enzyme-linked
immunosorbent assay–based binding studies using a synthetic MOG peptide to iden-
tify antibodies found an increase in the frequency of MOG-binding IgGs in patients
with MS compared with controls.12,13 In contrast, other studies using enzyme-linked
immunosorbent assay binding to the recombinant human immunoglobulin domain
of MOG showed no difference in the levels of bound antibodies in patients with MS
or healthy controls.14 When using other techniques, such as immunoblot to detect
antibodies directed against the recombinant human immunoglobulin domain of
MOG in patients with MS, the results are inconsistent.15,16 Antibodies that bind to
other antigens such as alpha-B-crystallin, alu repeats, myelin basic protein, and
myelin-associated glycoprotein have been reported but not rigorously studied.17–20

Despite several published attempts to detect and quantify antibodies directed against
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