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protection factor [SPF] 15) blocks 94% of the incoming UVB radiation, would be expected to exacerbate any population-wide vitamin D
deficiency.
Evidence of a remote EBV infection playing some role in MS is supported by numerous epidemiologic and laboratory studies. A higher
risk of infectious mononucleosis (associated with relatively late EBV
infection) and higher antibody titers to latency-associated EBV nuclear
antigen have been repeatedly associated with MS risk, although a
causal role for EBV has not been established.
A history of cigarette smoking has also been associated with MS
risk. Interestingly, in an animal model of MS, the lung was identified
as a critical site for activation of pathogenic T lymphocytes responsible
for autoimmune demyelination.
Recent data in MS models have also shown that high levels of
dietary sodium activate pathogenic autoreactive T lymphocytes, suggesting that consumption of a high-salt diet, now widespread in the
Western world, might be part of the explanation for the observed
increase in the prevalence of MS in recent years.
GENETIC CONSIDERATIONS
Whites are inherently at higher risk for MS than Africans or
Asians, even when residing in a similar environment. MS also
aggregates within some families, and adoption, half-sibling,
twin, and spousal studies indicate that familial aggregation is due to
genetic, and not environmental, factors (Table 458-1).
Susceptibility to MS is polygenic, with each gene contributing a relatively small amount to the overall risk. The strongest susceptibility signal in genome-wide studies maps to the HLA-DRB1 gene in the class II
region of the major histocompatibility complex (MHC), and this association accounts for approximately 10% of the disease risk. This HLA
association, which was first described several decades ago, suggests
that MS, at its core, is an antigen-specific autoimmune disease. Wholegenome association studies have now identified approximately 110
other MS susceptibility variants, each of which individually has only
a modest effect on MS risk. Most of these MS-associated genes have
known roles in the adaptive immune system, for example the genes
for the interleukin (IL) 7 receptor (CD127), IL-2 receptor (CD25),
and T cell costimulatory molecule LFA-3 (CD58); some variants also
influence susceptibility to other autoimmune diseases in addition to
MS. The variants identified so far all lack specificity and sensitivity for
MS; thus, at present, they are not useful for diagnosis or to predict the
future course of the disease.
Immunology A proinflammatory autoimmune response directed
against a component of CNS myelin, and perhaps other neural elements as well, remains the cornerstone of current concepts of MS
pathogenesis.
Autoreactive T lymphocytes  Myelin basic protein (MBP), an intracellular protein involved in myelin compaction, is an important T cell
antigen in experimental allergic encephalomyelitis (EAE), a laboratory model, and probably also in human MS. Activated MBP-reactive
T cells have been identified in the blood, in cerebrospinal fluid (CSF),
and within MS lesions. Moreover, DRB1*15:01 may influence the
autoimmune response because it binds with high affinity to a fragment
of MBP (spanning amino acids 89–96), stimulating T cell responses
to this self-protein. Two different populations of proinflammatory T
cells are likely to mediate autoimmunity in MS. T-helper type 1 (TH1)
TABLE 458-1 Risk of Developing Multiple Sclerosis (MS)
1 in 3
1 in 15
1 in 25
1 in 50
1 in 100
1 in 1000
1 in 1000
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If an identical twin has MS
If a fraternal twin has MS
If a sibling has MS
If a parent or half-sibling has MS
If a first cousin has MS
If a spouse has MS
If no one in the family has MS

cells producing interferon γ (IFN-γ) are one key effector population,
and more recently, a role for highly proinflammatory TH17 T cells has
been established. TH17 cells are induced by transforming growth factor
β (TGF-β) and IL-6 and are amplified by IL-21 and IL-23. TH17 cells,
and levels of their corresponding cytokine IL-17, are increased in MS
lesions and also in the circulation of people with active MS. High circulating levels of IL-17 may also be a marker of a more severe course of
MS. TH1 cytokines, including IL-2, tumor necrosis factor (TNF)-α, and
IFN-γ, also play key roles in activating and maintaining autoimmune
responses, and TNF-α and IFN-γ may directly injure oligodendrocytes
or the myelin membrane.
Humoral autoimmunity B cell activation and antibody responses
also appear to be necessary for the full development of demyelinating lesions to occur, both in experimental models and in human
MS. Clonally restricted populations of activated, antigen-experienced,
memory B cells and plasma cells are present in MS lesions, in lymphoid
follicle-like structures in the meninges overlying the cerebral cortex,
and in the CSF. Similar or identical clonal populations are found in
each compartment, indicating that a highly focused B cell response
is occurring locally within the CNS in MS. Myelin-specific autoantibodies, some directed against an extracellular myelin protein, myelin
oligodendrocyte glycoprotein (MOG), have been detected bound to
vesiculated myelin debris in MS plaques. In the CSF, elevated levels
of locally synthesized immunoglobulins and oligoclonal antibodies,
derived from clonally restricted CNS B cells and plasma cells, are also
characteristic of MS. The pattern of oligoclonal banding is unique to
each individual, and attempts to identify the targets of these antibodies
have been largely unsuccessful.
Triggers  Serial magnetic resonance imaging (MRI) studies in early
relapsing-remitting MS reveal that bursts of focal inflammatory disease activity occur far more frequently than would have been predicted
by the frequency of relapses. Thus, early in MS, most disease activity is clinically silent. Although the triggers causing these bursts are
unknown, molecular mimicry between environmental agents, presumably pathogens, and myelin antigens activating pathogenic T cells may
be responsible (Chap. 377e).
Neurodegeneration Axonal damage occurs in every newly formed MS
lesion, and cumulative axonal loss is considered to be one important
cause of irreversible neurologic disability in MS. As many as 70% of
axons are lost from the lateral corticospinal (e.g., motor) tracts in
patients with advanced paraparesis from MS, and longitudinal MRI
studies suggest there is progressive axonal loss over time within established, inactive lesions. Demyelination can result in reduced trophic
support for axons, redistribution of ion channels, and destabilization
of action potential membrane potentials. Axons can adapt initially to
these injuries, but over time, distal and retrograde degeneration often
occurs. Therefore, promoting remyelination remains an important
therapeutic goal.
In progressive MS, a key unresolved question is whether the primary neurodegenerative process occurs primarily in the cerebral
cortex, the white matter, or in some combination of the two sites. As
noted above, meningeal infiltrates of B and T cells are particularly
prominent in progressive MS cases, and these “lymphoid follicles” are
associated with underlying microglial activation, gray matter plaques,
and loss of cortical neurons. White matter lesions may also contribute to late progressive MS; inactive plaques are often noninflammatory at the center, but at the edges, microglia and macrophages and
evidence of ongoing axonal injury can be found. This suggests that
a simmering, and possibly concentrically expanding, axonopathy
may be present, even in the most chronic cases. In addition, a diffuse
low-grade inflammation across large areas of white matter may be
present, associated with reduced myelin staining and axonal injury
(“dirty white matter”). Another characteristic of progressive MS is
that inflammation is often present without a concomitant disruption
of the BBB; possibly, this feature might explain the failure of immunotherapies not capable of crossing the BBB to benefit patients with
progressive MS.
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