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Multiple sclerosis (MS) is an inflammatory disease limited to the central nervous system (CNS) white matter. The CNS
inflammation varies among different patients, and consists of variable degrees of T lymphocytes, macrophages, B
lymphocytes, and antibodies at the leading edge of the white matter destruction (1–3). Among the fundamental questions
yet to be answered in understanding the pathophysiology of MS, and for that matter, other autoimmune diseases, are (a)
what is the antigenic target driving the inflammation in the target organ, and (b) what initiates the inflammation? There
were thought to be 2 possibilities regarding the initiating event in MS. The first is that the CNS white matter is structurally
normal, and that an autoimmune response initiated by autoreactive T cells, as shown possible by the experimental
autoimmune encephalomyelitis (EAE) model, mediates the initial inflammatory insult. The second possibility is that the
inflammation is a result of some alteration of the CNS white matter, which could be the result of a microbial CNS infection.
The elucidation of the mechanism responsible for the initiation of MS has obvious implications for the further development
of specific therapies. However, this distinction between an autoimmune hypothesis, where the CNS white matter is
normal, and the microbial hypothesis, where there is an infected CNS with regard to the etiology of MS, may be more
blurred […]
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Multiple sclerosis (MS) is an inflamma-
tory disease limited to the central nerv-
ous system (CNS) white matter. The
CNS inflammation varies among differ-
ent patients, and consists of variable
degrees of T lymphocytes, macro-
phages, B lymphocytes, and antibodies
at the leading edge of the white matter
destruction (1–3). Among the funda-
mental questions yet to be answered in
understanding the pathophysiology of
MS, and for that matter, other autoim-
mune diseases, are (a) what is the anti-
genic target driving the inflammation in
the target organ, and (b) what initiates
the inflammation? There were thought
to be 2 possibilities regarding the initi-
ating event in MS. The first is that the
CNS white matter is structurally nor-
mal, and that an autoimmune response
initiated by autoreactive T cells, as
shown possible by the experimental
autoimmune encephalomyelitis (EAE)
model, mediates the initial inflamma-
tory insult. The second possibility is
that the inflammation is a result of
some alteration of the CNS white mat-
ter, which could be the result of a micro-
bial CNS infection. The elucidation of
the mechanism responsible for the ini-
tiation of MS has obvious implications
for the further development of specific
therapies. However, this distinction
between an autoimmune hypothesis,
where the CNS white matter is normal,
and the microbial hypothesis, where
there is an infected CNS with regard to
the etiology of MS, may be more blurred
then previously thought.

One of the more important discover-
ies over the past decade in understand-
ing the pathogenesis of MS is the con-
cept of epitope spreading. In this
scenario, first demonstrated by Sercarz
and colleagues, it was shown that the
inflammatory process initiated by T-
cell recognition of 1 myelin protein epi-
tope subsequently leads to the activa-
tion of autoreactive T cells recognizing
other epitopes of the same protein (4).
In time, there is activation of T cells rec-
ognizing other myelin proteins that

presumably get degraded and then
loaded into the MHC of local antigen-
presenting cells (APCs). The discovery
of epitope spreading was important for
the investigation of MS, because it sug-
gested that the answer to the first fun-
damental question — what is the anti-
genic target driving the disease? — was
unlikely to be found in the discovery of
a single antigen. By the time a patient
with the disease and recurrent attacks is
seen in the clinic, there is likely to be
activation of myelin-reactive T cells rec-
ognizing many myelin epitopes and
proteins. These experiments in the EAE
model may explain data from our labo-
ratory showing myelin-reactive T cells
activated against both myelin basic pro-
tein and proteolipid protein in the same
MS patient (5).

What, then, is the initiating event
leading to epitope spreading in patients
with MS? The report by Katz-Levy et al.
in this issue of the JCI provides new
mechanistic insight into the under-
standing of how viruses can induce
human autoimmune diseases (6). Here
again, the investigation of the human
disease is aided by the experimental ani-
mal. Theiler’s murine encephalo-
myelitis virus–induced demyelinating
disease (TMEV-IDD) is caused by direct

CNS infection by the virus, leading to
TMEV-specific CD4 cells that cross into
the CNS and target virally infected
CNS-resident APCs (reviewed in ref. 7);
depletion or tolerance of T lymphocytes
abrogates the disease (8). It was recent-
ly shown by Miller et al. that whereas
the initial T-cell response is directed to
TMEV, the chronic T cell–mediated dis-
ease involved the activation of myelin-
reactive CD4 cells (9). However, the
mechanism leading to the activation of
naive myelin-reactive CD4 cells was not
clear. Specifically, a widely held belief in
the pathogenesis of autoimmune dis-
ease is that some form of molecule
mimicry induces the initial activation
of myelin-reactive T cells (10), followed
by epitope spreading and recognition of
multiple CNS myelin proteins (4). In
this report by Katz-Levy et al., it is
shown that microglia (local CNS APCs)
isolated directly from the CNS of
TMEV-infected mice were able to
endogenously present epitopes of a
myelin antigen, proteolipid protein, to
T-cell lines. These experiments demon-
strate that with viral infection of the
CNS, myelin antigens can be processed
and presented by microglial cells in
such a way as to activate naive T cells.

These findings raise the question as

The distinction blurs between an autoimmune 
versus microbial hypothesis in multiple sclerosis

David A. Hafler
Harvard Medical School and Brigham and Women’s Hospital, Harvard Institutes of Medicine, 77 Avenue Louis Pasteur, 
Boston, Massachusetts 02115, USA. E-mail: hafler@cnd.bwh.harvard.edu.

See related article
this issue, pages 599–610.

Commentary

Figure 1
Pathogenesis of autoimmune-mediated inflammatory CNS disease.



to why epitope spreading does not
occur in other forms of CNS inflam-
mation such as stroke, where there is
massive tissue destruction and inflam-
mation by macrophages upon activa-
tion of microglial cells. The explanation
for this may relate to a series of obser-
vations made by Miller et al., who
demonstrated that expression of B7-1
on local APCs is critical for the induc-
tion of epitope spreading in the relaps-
ing SJL EAE model (11). In patients
with MS, perhaps similar to what is
observed in EAE, there is significant B7-
1 expression in the CNS inflammation
found in MS plaques (12–14). In
marked contrast, the inflammation
associated with stroke consists almost
entirely of B7-2 expression (14). In addi-
tion, with chronic viral infection such
as subacute sclerosing panencephalitis,
there is also B7-1 expression in the CNS
white matter (14). Thus, either viral
infection or infiltration of activated
myelin-reactive Th1 T cells in the CNS
is accompanied by B7-1 expression,
leading to myelin breakdown that may
then lead to epitope spreading and
chronic CNS inflammation.

MS can be broadly divided into 2
forms of disease: the early relapsing-
remitting type, where there is an average
of 1.5 attacks per year clinically and 10
new lesions a year by magnetic reso-
nance imaging (MRI); and chronic pro-
gressive disease, where, in marked con-
trast to patients with relapsing-
remitting disease, there is a slowly pro-
gressive, downhill course without clini-
cal exacerbations. Patients with chronic-
progressive MS tend to have fewer new
MRI lesions, as measured by dye leaking
through the blood vessels (gadolinium
enhancement), an indication of acute
inflammation (15). Approximately one
third of patients with relapsing-remit-
ting disease go on to progressive disease,

and approximately 10% of MS patients
begin with progressive disease without
any previous relapsing-remitting events
(primary-progressive MS). What are the
implications of these findings in TMEV
CNS infection with MS? The animal
models can perhaps provide insight into
the group of syndromes that we call MS.
Specifically, these experimental models
lead us to hypothesize that early relaps-
ing-remitting MS may be similar to the
EAE model where there is activation of
autoreactive T cells mediated by periph-
eral immune system stimulation by
microbial antigens cross-reactive with
CNS myelin antigens (Figure 1). This is
consistent with the only known trigger
associated with MS: antecedent viral
infections (16). Thus, the myriad clini-
cal and subclinical viral and bacterial
infections we experience every year
result in the specific and nonspecific
activation of the immune system that
can induce the activation of autoreac-
tive T cells (17). In contrast, it can be
hypothesized that in the transition to

chronic-progressive MS, as seen in the
TMEV model, the inflammation is driv-
en by chronic CNS presentation of self
antigen (Figures 1 and 2). In this model,
the environmental influences of repeat-
ed microbial infections are not neces-
sary for the peripheral activation of the
immune system; instead, the CNS
becomes a depot of myelin antigens pre-
sented by activated APCs expressing B7-
1. This steady state is predicted to be
associated with the slow, insidious pro-
gression of disease. The results present-
ed by Katz-Levy et al. now tie together
the autoimmune and viral models of T
cell–mediated CNS damage, by demon-
strating that viral infection of the CNS
can directly lead to epitope spreading by
microglia presentation of self antigen in
chronic autoimmune disease (Figure 2).
This might explain why the insidious,
secondary-progressive MS that follows
repeated exacerbations may clinically
and mechanistically resemble chronic
TMEV infection.

Is there evidence that a pathogen can
chronically infect the CNS in humans,
leading to a slowly progressive demyeli-
nating disease similar to the model pro-
posed by TMEV CNS infection in mice?
The answer is yes: HTLV-I–associated
myelopathy/tropical spastic paraparesis
(HAM/TSP) is a well-defined human
disease that may be closely modeled by
TMEV (Figure 3) (18). As with TMEV,
there is infection of the CNS, albeit with
qualitatively lower amounts of HTLV-I
virus in CNS glial cells. In addition, there
is a very high frequency of CD8 T cells
recognizing the virus in the circulation
(19, 20), which has recently been well
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Figure 2
Pathogenesis of viral-induced autoimmune inflammatory CNS disease.

Figure 3
Pathogenesis of immune-mediated inflammatory CNS viral disease.



enumerated by tetramer staining of the
cell population (21). Thus, HAM/TSP is
a chronic CNS infection with a high fre-
quency of antigen-reactive T cells associ-
ated pathologically with inflammatory
demyelinating disease. As seen clinically
in primary-progressive MS, there is a
slowly progressive spastic paraparesis
accompanied frequently by MRI lesions,
increased cerebrospinal fluid IgG levels,
and oligoclonal banding (18). It could be
argued that HAM/TSP is part of the MS
syndrome, with a clearly defined
pathogen. While we can easily discern
MS from HAM/TSP by the diseases’
predilections for different genetic hosts
and the high titers to HTLV-I, this dis-
ease could fit into the syndrome of pri-
mary-progressive MS. It is unknown
whether HAM/TSP has an autoimmune
component; however, the investigations
reported here suggest the importance of
this issue.

In summary, I suggest that (a) MS is a
syndrome of diseases, some induced by
viral infections of the CNS, and others
by direct autoimmune infiltration of
the CNS; (b) the progressive forms of
the disease are driven by chronic CNS
presentation of endogenous self anti-
gen resulting from epitope spreading,
whereas the relapsing-remitting forms
of the disease are driven by exogenous
environmental stimuli, such as infec-
tions with microbes cross-reactive with
self antigens; (c) CNS viral infection or
repeated episodes of myelin-reactive T-
cell activation in the systemic circula-
tion leads to presentation of myelin
antigen by B7-1–expressing microglial
cells and to chronic-progressive forms
of autoimmune demyelinating disease;

and (d) HAM/TSP is a form of primary-
progressive MS induced by viral infec-
tion of the CNS. Thus, the demonstra-
tion of activated autoreactive T cells in
MS patients (22, 23) is consistent with
a role of myelin-autoreactive T cells in
the pathogenesis of disease, whether
the disease is mediated by viral or
autoimmune etiologies. For now, the
distinction blurs even further between
the microbial versus autoimmune
hypothesis for MS.
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