
Multiple Sclerosis Is an Inflammatory
T-Cell–Mediated Autoimmune Disease
Howard L. Weiner, MD

T HE ETIOLOGY AND

pathogenesis of mul-
tiple sclerosis (MS)
have been much de-
bated during the past

50 years. It is now recognized that
MS is a complex disease with differ-
ent clinical and pathological pheno-
types, perhaps reflecting different
pathways to tissue injury. Thus, MS
may not be a single disease entity.
Nonetheless, with recent advances
in immunology and magnetic reso-
nance imaging and the demonstra-
tion that immunomodulatory treat-
ment can have an ameliorating effect
on the disease process, it is now clear
that the core process in MS is in-
flammatory, with T cells and their
mediators triggering injury of axons
and their myelin sheaths through a
complex sequence of events. The T-
cell–mediated inflammation is
driven by an autoimmune process,
which in turn can trigger a degen-
erative phase that is immune inde-
pendent. As described below, a large
body of evidence suggests there is a
Th1-type bias in MS (interferon
[IFN] gamma, interleukin [IL]12,
IL-18, and osteopontin) and that fac-
tors associated with Th2-type (IL-4
and IL-10) or Th3-type (transform-
ing growth factor �) responses are
beneficial in MS.

Immune abnormalities in MS in-
clude activated T cells in the blood
and cerebrospinal fluid, T-cell reac-
tivity to myelin antigens, Th1-type
inflammation in the brain (IL-12 and
chemokine expression), local cen-
tral nervous system (CNS) im-
mune reaction (Ig-G), linkage of im-
mune abnormalities to clinical
course and magnetic resonance im-

aging, and major histocompatibil-
ity complex linkage.

PATHOLOGIC FEATURES

The pathologic features of MS
reflect a Th1-type delayed hyper-
sensitivity reaction consistent with
a cell-mediated immune process, as
does expression of IL-12 and Th1-
type chemokines in the CNS.1

Other forms of injury to the CNS
may be associated with inflamma-
tion (eg, stroke), but these are not
characterized by the Th1 bias seen
in MS (notably, IL-12 expression).2

Also, increased levels of gamma
globulin and the presence of acti-
vated T cells in the cerebrospinal
fluid demonstrate a localized
immune response in the CNS.

AUTOIMMUNITY DIRECTED
AGAINST MYELIN

COMPONENTS

Direct proof that autoimmunity
drives inflammation in MS requires
the demonstration of autoantibod-
ies or autoreactive T cells against a
self-antigen in the nervous system.
Obvious candidates are one or more
components of myelin. Such evi-
dence is often available for antibody-
mediated autoimmune diseases, in-
cluding myasthenia gravis, lupus,
antiglomerular basement mem-
brane disease, and idiopathic throm-
bocytopenic purpura. In these situ-
ations, the pathogenic potential of
autoantibodies can be demon-
strated by passive transfer of im-
mune serum to animals. Although
antibodies directed against self-
antigens have been identified in MS,
passive transfer of these antibodies
does not cause MS in animals. Be-
cause of the need to cross histocom-
patibility barriers, this experimen-
tal approach is limited for putative
T cell–mediated autoimmune dis-
orders. Nonetheless, T cells reac-

tive to myelin components are found
in a state of heightened activation in
patients with MS but not controls.3

Furthermore, a trial of an altered
peptide ligand of myelin basic pro-
tein showed increased disease activ-
ity linked to increased MBP reactiv-
ity.4 This directly demonstrates a link
between MBP autoreactivity and MS.

MAJOR HISTOCOMPATIBILITY
COMPLEX ASSOCIATION

Genetic studies have repeatedly
shown association (and subse-
quently linkage) between MS and
class II (and class I) alleles of the ma-
jor histocompatibility complex. The
class I and II major histocompatibil-
ity complex molecules are directly in-
volved in T-cell activation and shap-
ing the T-cell immune repertoire.
This implicates a crucial role for the
immune system in the disease.

RESPONSE TO THERAPY

If MS is truly a Th1-type T-cell–
mediated autoimmune disease,
therapy that down-regulates the Th1
component of the immune system
must have an ameliorating effect on
the disease process, with the con-
verse also being true. Indeed, several
immunomodulatory drugs that de-
crease Th1-type responses reduce dis-
ease activity and limit the accumula-
tion of disability in MS, whereas those
that increase Th1 responses increase
disease activity in MS.

INTERFERON BETA

Treatment with interferon beta de-
creases clinical relapses, reduces
gadolinium-enhancing lesions, de-
creases accumulation of T2 lesion
burden, decreases accumulation of
brain atrophy, and delays onset of
progression. Interferon beta ap-
pears to have multiple immune ef-
fects, including decreasing IFN-�,
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increasing IL-10, and affecting move-
ment of T cells into the CNS by in-
hibiting the activity of T-cell matrix
metalloproteinases.5 On the other
hand, administration of interferon
gamma caused worsening of MS.

GLATIRAMER ACETATE

Glatiramer acetate is a specific im-
mune modulator that decreases re-
lapse rate and magnetic resonance
imaging measures of disease activ-
ity in MS. Glatiramer was devel-
oped as a medicine based on its abil-
ity to modulate the experimental
allergic encephalomyelitis (EAE)
animal model of MS, in which it
shifted the immune repertoire by
induction of Th2- and Th3-type re-
sponses that mediate bystander sup-
pression in the brain. It has demon-
strated similar immune effects in
patients with MS.6

NATALIZUMAB

If MS is a T-cell–mediated inflam-
matory disease, treatment that blocks
the movement of T cells from the
blood into the CNS should be effi-
cacious in treatment of the disease.
This has been shown both in the
EAE animal model and in patients
with MS.7 Gadolinium-enhancing le-
sions and relapses are both re-
duced in patients with MS who are
treated with natalizumab, which is
an alpha 4 integrin inhibitor.

IMMUNOSUPPRESSION

If MS is an inflammatory disease sus-
tained by autoimmunity, immuno-
suppressant drugs should have ben-
eficial effects. It is now clear that
immunosuppressant drugs such as
mitoxantrone, cyclophosphamide,
and Campath-1H have a profound
effect on MS relapses.8-10 Mitoxan-
trone has Food and Drug Adminis-
tration approval for patients with
worsening MS. The immune effects
of cyclophosphamide, decrease in IL-
12, immune deviation with eosino-
philia in the peripheral blood, and
increases in cells secreting IL-4 and
transforming growth factor �10 are
consistent with the immune para-
digm of MS, as previously de-
scribed.

PREGNANCY

Other evidence supporting MS as an
inflammatory autoimmune disease
includes the effect of pregnancy. Dis-
ease activity in MS is reduced dur-
ing pregnancy but rebounds dur-
ing the puerperium, coinciding with
the shift from a predominant Th1 to
Th2 immune polarity.

ASSOCIATION WITH OTHER
AUTOIMMUNE DISEASES

Autoimmune diseases are overrep-
resented in family members of in-
dividuals with MS, mainly because
of an excess of autoimmune thy-
roid disease.

CORRELATIONS BETWEEN
CLINICAL FEATURES

AND BIOMARKERS

The relapsing remitting character of
MS, magnetic resonance imaging
activity, and the accumulation of
disability have been shown in nu-
merous studies to be matched by
changes in immune system biomar-
kers. For example, elevated percent-
ages of IL-12+ monocytes in the
blood correlate with gadolinium-
enhancing lesions on magnetic reso-
nance imaging,11 and decreased
IL-10 and increased IL-12 are asso-
ciated with disease activity and dif-
ferent stages of disease.12

RELATIONSHIP OF MS
TO EXPERIMENTAL ALLERGIC

ENCEPHALOMYELITIS

Experimental allergic encephalo-
myelitis has served as a model for
MS and, although imperfect, has
suggested therapies (such as glat-
iramer acetate) that subsequently
were licensed on the basis of ran-
domized clinical trials. Experi-
mental allergic encephalomyelitis
is induced by a variety of myelin
antigens and exhibits markedly
different clinical patterns depend-
ing on the strains used to induce
disease. By varying the protocols,
each feature of MS can be mod-
eled in animals, including acute
relapsing, chronic progressive,
and, in the MOG–T-cell receptor
transgenic mouse, isolated idio-
pathic optic neuritis.13 Degenera-

tive changes that are triggered by
inflammation but then become
independent of the immune sys-
tem have also been demonstrated
in the EAE animal model, and
neuroprotective agents can have a
beneficial effect on the disease.14

Thus, the EAE model replicates
both the inflammatory and degen-
erative stages of the disease.
Experimental allergic encephalo-
myelitis is not an exact model of
MS because not all treatments that
are effective in EAE are effective
in MS, eg, anti–tumor necrosis
factor therapy. Also, there are
paradoxical effects in EAE, such
as increased disease severity in
IFN-�–deficient animals.

PROGRESSIVE MS

There are types of MS or stages in
which anti-inflammatory or im-
munomodulatory drugs are not
helpful. This is true for primary pro-
gressive MS and the later stages of
secondary progressive MS. Disso-
ciation between the inflammatory
and degenerative components is il-
lustrated by studies with the human-
ized anti-CD52 monoclonal anti-
body Campath-1H and cladribine, a
purine nucleoside analogue resis-
tant to theactionof adenosinedeami-
nase. Despite substantial effects on
clinical and surrogate markers of in-
flammation, patients with second-
ary progressive MS show sustained
accumulation of disability due to un-
controlled progression marked by
increasing cerebral atrophy, attrib-
utable to ongoing axonal loss ap-
parently independent of concomi-
tant cerebral inflammatory activity.

CONCLUSIONS

Multiple sclerosis is a T-cell–
mediated autoimmune disease in
which inflammation is sustained by
autoreactive T cells directed against
components of myelin. There may
be minor noninflammatory sub-
types.15 Inflammation precedes and
triggers a degenerative phase of the
disease that may not be affected by
anti-inflammatory therapy. More ef-
fective therapy of MS will require
identifying those subtypes in which
aggressive treatment shuts down in-
flammatory responses and repair de-
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fects in immune tolerance either in
time to prevent the further cascade
of events or with the administra-
tion of drugs to check the degenera-
tive process. As stronger and more
specific immune modulators are de-
veloped and given at the very onset
of the disease, better control of the
disease will be attained.
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Is Multiple Sclerosis an Autoimmune Disorder?
E. S. Roach, MD

T HE PATHOGENESIS OF

multiple sclerosis
(MS) has been de-
bated for decades. At
times the arguments

have been based on equal parts
speculation, fact, and whimsy.
(What happened, for example, to the
notion that the increased incidence
of MS in northern latitudes occurs
because people in these colder re-
gions are more likely to be exposed
to pet-borne viruses because their
animals remain indoors?) As Mark
Twain once quipped, “The fascinat-
ing thing about science is that one
gets such wholesale returns of con-
jecture out of such a trifling invest-
ment of fact.” Some speculation is
not always bad, of course, because
some concept of what is possible is

necessary to develop a model that
can be objectively studied.

Both sides1,2 make valid points
here, and there may be more com-
mon ground between the authors
than is at first apparent. Everyone ac-
knowledges that MS can affect neu-
rons as well as the white matter; the
debate is whether the neurons are af-
fected late or early in the process.
Acute disseminated encephalomy-
elitis (ADEM) is a monophasic dis-
order and may or may not be closely
related to MS. Experimental aller-
gic encephalomyelitis does not par-
allel MS exactly, although the same
is true of many animal models of hu-
man disease that are nonetheless
helpful. And all of the authors ac-
knowledge that MS is a complex dis-
order with multiple clinical pat-
terns that could be initiated through
more than one mechanism. Nei-
ther side mentions another intrigu-
ing idea: that the immune response
in MS could result from a chronic vi-

ral infection rather than autoimmu-
nity in the usual sense.

While the autoimmune model
may not explain every aspect of MS
perfectly, it is difficult to ignore the
considerable evidence that immu-
nity plays a major role in MS. Sev-
eral immune-based treatments for
MS have been shown to be clini-
cally effective, and it seems unwise
to dismiss the significance of these
drugs just because they do not
slow the progressive form of MS or
because they are less effective than
we would like. And although ex-
perimental allergic encephalomy-
elitis is not a perfect model for MS,
it has led to the development of
treatments, such as glatiramer, that
are licensed for clinical use based
on randomized clinical trials. The
use of control subjects in random-
ized clinical trials makes it un-
likely that a placebo effect would
be mistaken for a therapeutic drug
response.
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