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ABSTRACT: Multiple sclerosis (MS) is postulated to be a cell mediated autoimmune disease directed against central nervous system 
myelin components. Our understanding of the disease has been enhanced by a number of factors: 1) advances in our understanding of the 
immune system; 2) clinical trials which are beginning to identify treatments which can affect MS; 3) a better understanding of the clinical 
features of MS; and 4) advances in MRI imaging of the brain. Based on the current state of knowledge, this paper proposes a 21 point uni
fying hypothesis on the etiology and treatment of the disease. This hypothesis makes a series of assumptions, many of which are 
unproven, and is presented as a framework from which to investigate and treat the disease, not as a established biology. It is hypothesized 
that the underlying pathogenesis of MS is related to an inappropriate class of immune response against myelin antigens favoring pro
inflammatory Thl versus anti-inflammatory Th2 or Th3 type responses. Environmental and genetic factors predispose toward MS by 
affecting the class of response and effectiveness of treatment is also related to how it impacts on this common final pathway. Because of 
epitope spreading, there is not one autoantigen involved in MS and the progressive form of MS differs immunologically from the relaps
ing remitting form. Viruses trigger and perpetuate MS, although MS is not related to a persistent viral infection. Because MS is a multifac
torial disease, there are clinical and perhaps immunological subtypes of MS and a single type of treatment is unlikely to control the 
disease in all patients. Thus, there will be responders and non-responders to each effective therapy and ultimately combination therapy 
will be required to cure the disease. 

RKSUME: Une hypothese unifiante en 21 points sur I'etiologie et le traitement de la sclerose en plaques. II est g£n£ralement admis que la sclerose 
en plaques (SEP) est une maladie autoimmune h mediation cellulaire dirigde contre la composante my£linique du systeme nerveux central. Notre com
prehension de la maladie a €ii favorisfie par certains facteurs: 1) les progres dans notre comprehension du systeme immunitaire; 2) les essais de pharma
cologic clinique qui commencent a identifier des traitements qui peuvent modifier revolution de la SEP; 3) une meilleure comprehension des 
manifestations cliniques de la SEP: et 4) les progres dans 1'imagerie du cerveau par resonance magetique nucieaire. En se fondant sur Petal actuel de nos 
connaissances, cette conference propose une hypothese unifiante en 21 points sur I'etiologie et le traitement de la maladie. Cette hypothese est bas£e sur 
une serie de premices, dont plusieurs ne sont pas encore prouvees, et elle est presentee comme un cadre pour 1'investigation et le traitement de la maladie 
et non comme fait biologique etabli. Nous emettons l'hypothese que la pathogenese de la SEP est reliee a une classe de reponse immunitaire inappropriee 
contre des antigenes de la myeiine favorisant des reponses proinflammatories de type Thl versus anti-flammatoires de type Th2 ou Th3. Des facteurs envi-
ronnementaux et genetiques predisposent a la SEP en affectant la classe de reponse et refficacite du traitement est egalement relie it son impact sur cette 
voie finale commune. A cause de la multiplicity des epitopes, il y a plus d'un autoantigene implique dans la SEP et la forme progressive de la SEP diftere 
au point de vue immunologique de la forme recurrente-remittente. Des virus dedenchent et perpetuent la SEP, bien que la SEP ne soit pas reliee il une 
infection virale persistante. Parce que la SEP est une maladie multifactorielle, il existe des sous-types cliniques et peut-etre immunologiques, de SEP et il 
est peu probable qu'un seul type de traitement soit efficace pour controler la maladie. Ainsi, il y aura des repondeurs et des non repondeurs a chaque traite
ment et ultimement un traitement combine sera necessaire pour guerir la maladie. 
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Although the etiology and pathogenesis of multiple sclerosis 
(MS) may still be considered by many to be "unknown", the 
working hypothesis of most investigators is that MS is a cell-
mediated autoimmune disease directed against central nervous 
system (CNS) myelin and is related in some way to a viral 
infection.1 Furthermore, with recent advances in our understand
ing of the immune system and the demonstration that certain 
treatments can affect the clinical course of MS, it is now possi
ble to approach the disease in more positive terms. Towards this 
end I propose a "21 point unifying hypothesis" concerning MS 
that attempts to identify what I believe are the most important 
points related not only to its pathogenesis but to its treatment. 
Many of the points are well established, others are not. Each 
point has been chosen to represent what I believe is a key con
cept that must be considered if the disease is to be understood 
and effectively treated. The 21 points focus on the immune theo

ry of MS and encompass both recent investigations from our 
laboratory and the work of others and represent my personal 
bias. I present them not as proven biology, but as a framework 
from which to consider the disease in hope that they will spur 
discussion for those working in the field and provide a perspec
tive on the illness for those not in the field. Multiple sclerosis 
means "many scars" and is clearly not an appropriate definition 
of the disease process. For the purpose of this lecture MS is 
defined as "recurrent inflammation of CNS white matter leading 
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to myelin destruction and progressive neurologic impairment". 
The major question that then must be addressed is what causes 
this specific and recurrent inflammation and how can it be regu
lated. 

1) MS is a cell-mediated autoimmune disease directed 
against myelin antigens such as MBP, PLP, and MOG. 
Autoantibodies may play a secondary or enhancing role 
(Table 1). The pathologic picture of MS is one consistent with 
cell-mediated immune damage to the myelin sheath.24 Inflam
mation is associated with increased expression of IFN-y, 
endothelial cell activation with expression of class II and adhe
sion molecules, and macrophage mediated destruction of myelin 
via receptor-mediated endocytosis. IL-12 expression and B7.1 
upregulation in the active lesions are consistent with a Thl type 
or cell mediated autoimmune process.3 The picture is consistent 
with a delayed type hypersensitivity (DTH) type response in the 
CNS. In support of this, cellular reactivity against several 
myelin antigens (MBP, PLP, MOG) has been demonstrated in 
the peripheral blood and cerebrospinal fluid (CSF) of MS 
patients.6"8 These are identical to cells that cause an MS-like dis
ease in the animal model of MS, experimental allergic 
encephalomyelitis (EAE) and since they have been found in MS 
patients, they can be considered pathogenic cells capable of cell 
mediated CNS inflammation. In some instances there may be a 
large number of myelin autoreactive cells.9 Autoantibodies to 
myelin antigens have also been demonstrated in MS,10 and 
although they do not appear to be important in initiating the dis
ease they could play an important secondary role in the disease 
process by causing demyelination. For example, in animals, 
antibody against myelin oligodendrocyte glycoprotein (MOG) 
has been shown to enhance demyelination when inflammation is 
present"12 although alone, these antibodies have minimal 
pathologic effects. To date, anti-MOG antibodies have not been 
consistently demonstrated in patients with MS though there may 
be other antibodies that play a role in the process. Thus, the pri
mary immunologic and pathologic event that causes MS is the 
generation of Thl type CD4+ cells that become activated, 
secrete IFN-y and other proinflammatory cytokines and are spe
cific for antigens in the myelin sheath. Although CD8+ cells 
could also theoretically participate in CNS inflammation, this 
has not been demonstrated, and defects in CD8+ cells may be 
related to altered immunoregulation in the disease. 

Table 1: Multiple sclerosis as a Thl-type cell-mediated autoimmune 
disease. 

Exacerbation of MS induced by administration of IFN-y 
Elevated production of IFN-y and TNF in blood and CNS 
Increased production of IL-12 in progressive MS 
Presence of IL-12 and B7.1 in MS lesions 
Similarities of MS to EAE which is a Thl cell-mediated autoimmune 
disease 

2) There is no single autoantigen in MS because after an 
immune attack on one myelin antigen, there is spreading of 
reactivity to other myelin antigens. For many years it was felt 
that identification of "the" autoantigen in MS would be the key 
to understanding and treating the disease. This theory was anal
ogous to the demonstration that the acetylcholine receptor was 
the primary autoantigen in myasthenia gravis. This no longer is 
a valid assumption as it has now been demonstrated that even 

though CNS inflammation may be initiated by a cell meditated 
attack against a specific myelin antigen such as MBP, there is 
spreading of immune reactivity to other antigens in the target 
organ. This has been shown in animal models of EAE13"15 and in 
another prototypic organ specific autoimmune disease, diabetes 
in the NOD mouse.1617 Indeed in MS, reactivity to multiple 
myelin autoantigens has been demonstrated6"818 and in the NOD 
mouse model of diabetes similar spreading of autoreactivity has 
been demonstrated with reactivity to insulin, GAD, heat shock 
proteins and other islet antigens.19 In MS, it is possible that 
spreading of reactivity among antigens and their epitopes may 
be responsible for causing different attacks of the disease. Fur
thermore, other cells such as gamma-delta cells may be recruit
ed to the CNS once inflammation has been initiated and also 
participate in the pathologic inflammatory process.20-21 Thus, 
there is no single autoantigen that is the target of an autoimmune 
attack, but reactivity to multiple myelin antigens. This makes 
therapy directed at eliminating specific cells that react to only 
one myelin antigen or that have a unique T cell receptor prob
lematic. 

3) Initial sensitization is secondary to cross reactivity 
between infectious agents and CNS myelin or a self-limited 
infection of the brain that releases myelin antigens. There 
must be a triggering event or a series of triggering events that 
initiate the disease. The immune system evolved to protect the 
host against environmental pathogens and in MS the immune 
system is misdirected in an organ-specific fashion and attacks 
myelin components in the central nervous system. Thus, the ini
tiation of the disease involves sensitization initiated by an infec
tious process that also confers specificity for myelin 
components, and this occurs via infectious agents that have 
components that cross react with myelin antigens, or by a self-
limited infection of the brain that releases myelin antigens and 
results in sensitization. 

4) Autoreactive T cells for myelin components exist in 
normal individuals. The major determinant of disease 
induction is the class of immune response that occurs when 
these autoreactive T cells are triggered in MS patients. A 
major advance in our understanding of the function and regula
tion of the immune response is an understanding of the type or 
"class" of immune response that is induced (Table 2). Th 1 type 
responses are characterized by IFN-y secretion, and are impor
tant in the generation of delayed type hypersensitivity responses 
and in immune responses against viruses. Thl type responses 
also induce cell-mediated autoimmune diseases in animals such 
as EAE and, by inference, Thl type responses against myelin 
antigens would induce MS in humans. Administration of IFN-y 
to MS patients caused worsening of disease.22 Th 1 responses, 
however, are important in protection against certain parasitic 
infections (e.g., Leishmaniasis).23 Th2 type responses are char
acterized by IL-4 secretion, regulate Thl type responses and IL-
4 administration is protective in EAE.24 CD4+ regulatory T-cells 
that suppress Thl responses and primarily secrete IL-10 have 
also recently been described.25 Th3 type responses are character
ized by TGF-fi secretion and are preferentially induced follow
ing mucosal presentation of antigen.26 Furthermore, natural 
recovery from EAE is associated with the appearance of cells 
that secrete TGF-(3.2728 According to this paradigm, the 
response of a non-susceptible individual exposed to a myelin 
antigen is either not to respond or to generate a Th2 or Th3 
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Table 2: Class of 

Cytokine" 
Help 
Suppression 
Immunity6 

immune response. 

Thl 

IFN-v 
DTH/ IgG2a 
Th2 
cell-mediated 

Th2 

IL-4 
IgGl/IgE 
Thl 
humoral 

Th3 

TGF-P 
IgA 
Thl/2 
mucosal 

" The primary cytokine associated with each class of immune response 
is presented. In vivo, there can also be mixed cytokine patterns. 

b Different types of immunity are favored by each type of T cell, but are 
not exclusive. Thus, although secretion of TGF-(3 is favored in mucos
al immunity, it is seen as part of systemic immunity as well, and Th3 
responses involve cells that may secrete IL-4 and IL-10. TR1 cells are 
a recently described class of regulatory cells that primarily secrete IL-
\0P 

response which is nonpathogenic and protective, whereas in 
patients with MS, a pathogenic Thl type response is generated. 
Thus, the central concept that underlies whether MS is initiated 
and perpetuated, and that forms the basis for treatment, is the 
class of immune response (Table 3). 

5) Generation of pathogenic autoreactive T cells is 
favored both by major histocompatability complex (MHC) 
and non-MHC genes which determine which protein 
sequences an individual reacts against and the class of the 
immune response. MHC linkage to MS is well known with 
DR2 being the most closely linked factor associated with MS.29 

MHC may be linked to disease in several ways: 1) it could 
determine the ability of a person to generate pathogenic autore
active T cells by determining which myelin peptides are present
ed to T cells; 2) it could determine the shape of the T cell 
repertoire at the time of T cell development during thymic 
ontogeny and during peripheral deletion; 3) it could determine 
the class of immune response based on the binding affinity of 
peptides in the MHC groove. Of note is that HLA-DR2 is linked 
to increased production of lymphotoxin and TNF-a (Thl type 
cytokines) by T cells.30 However, it is also clear than non-MHC 
genes are important in determining the class of immune 
response to myelin antigens. For example, in animal models 
there are non-MHC linked genes which determine whether an 
animal is susceptible or not to EAE. B10.S and SJL mice are 
both H-2S, yet only SJL animals are susceptible to EAE.31 It 
appears that susceptibility is determined by the class of immune 
response generated as when SJL are immunized with MOG or 
MBP in complete Freund's adjuvant, Thl type T cells are 
induced whereas when B10.S animals are immunized in an 
identical fashion, Th2 and Th3 cells are induced.32 The impor
tance of non-MHC genes in determining the class of immune 
response and susceptibility or resistance to autoimmunity has 
also been observed in the collagen arthritis model.33 Another 

Table 3: Factors which influence the class of immune responses. 

Route of antigen exposure 
Type of antigen 
Genetics of the host 
Environmental exposure 
Adjuvant 
Local milieu 

non-MHC linked immune factor that can influence the class of 
immune response is the type of costimulation that occurs when 
antigen is presented by an antigen presenting cell to a T cell.34 A 
recent study supports the hypothesis that MS patients may be 
genetically predisposed to Thl responses as they have less IgE-
mediated allergic diseases which represent a Th2 mediated dis
ease.35 

6) Environmental factors also determine the class of the 
immune response to myelin antigens. Other factors beside 
genetics must play a role in MS as it is known that identical 
twins are not 100% concordant for MS.36 Even though identical 
twins raised in the same house are exposed to a similar environ
ment, their exposure to infectious agents is not identical and this 
differential environmental exposure accounts for the non-con
cordance rate. Differential environmental exposure impacts on 
the development of MS by creating an immune milieu that leads 
to a Thl versus a Th2 or Th3 response against myelin antigens. 
As discussed in point 3, environmental antigens may also lead to 
the generation of myelin cross reactive populations of memory 
cells. In addition, the age at which an individual is exposed to 
environmental agents may also play an important role in gener
ating different classes of immune responses against myelin anti
gens. In this regard, there is some evidence that MS may be 
related to a viral infection that occurs at a certain time in child
hood.37 Also, it is known that there are seasonal variations in 
MS attacks38 and we have recently found that progressive MS 
patients, but not controls, have increased anti-CD3 induced IFN-
Y secretion in winter months.39 

7) MS is not caused by a persistent viral infection 
although infectious agents play a crucial role in the initiation 
and perpetuation of the disease. One of the major questions in 
MS is whether a persistent virus either in the brain or in another 
part of the body drives the disease.40 This remains an open ques
tion and were a virus or infectious agent to be clearly identified 
in MS it would significantly change our thinking regarding MS. 
Nonetheless, based on available evidence and the unsuccessful 
attempts to find an MS-associated virus, I would argue that even 
though viruses can be associated with inflammatory demyelina-
tion in the CNS, MS is not related to an identifiable persistent 
virus or infection. Nonetheless, as described above, infectious 
agents play a crucial role in the initiating and perpetuating the 
disease. 

8) Unexplained defects in regulatory mechanisms and/or 
tolerance induction exist in MS. Defects in immune regulation 
have been described in MS but have never been completely 
understood, in part because of our incomplete understanding of 
immune regulation and tolerance maintenance (Table 4). These 
defects include a number of defects in antigen-non specific sup
pressor mechanisms.41-42 However, a generalized defect of 
immune regulation or tolerance in MS does not explain the 
specificity of the autoimmune responses against myelin anti
gens, or the lack of generalized autoimmunity in MS. It may be, 
however, that defects in regulation or tolerance are simply relat
ed to regulation of the class of immune response generated (Thl 
vs. Th2/Th3) or the state of immune activation of T cells in MS 
patients. There theoretically could also be defects related 
to innate immune responses which could also determine class 
of immune response or affect mechanisms associated with 
deletion. 
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Table 4: Mechanisms of immune tolerance. 

Deletion: Death of cell 
Anergy: "Paralyzed" cell, lack of costimulation 
Regulation: Active suppression by regulatory T cells 

9) MS is driven by T cells that continually migrate into 
the CNS, after which local immune reactions may become 
established in the CNS. MS is not a localized disease of the 
CNS, but one that is driven by the movement of cells from the 
peripheral immune system into the CNS.43 Thus, immune abnor
malities related to the disease process can be identified and 
monitored in the peripheral blood of MS patients. Activated T 
cells are present both in the peripheral blood and the CNS of 
MS patients.44-46 However, local immune responses may subse
quently be established in the CNS, one of the best characterized 
being the local production of immunoglobulin. In addition, there 
may be local activation of microglia. Nonetheless, migration of 
cells into the nervous system plays a crucial role in initiating 
and perpetuating the disease, especially in earlier stages of the 
diseases. Thus, I would postulate that without the continued 
migration of cells, the autoimmune process in the CNS would 
be attenuated or in some instances stop. 

10) Subtypes of MS exist. MS is not a uniform disease, but 
one with different subtypes. For example, sub-types of MS may 
be related to immune reactivity against different myelin anti
gens, e.g., MBP vs. PLP vs. MOG. Studies in the EAE model 
suggest that differences in lesion distribution in MS may reflect 
differences in the myelin specificity of autoreactive T cells.47 In 
addition, there may be different disease subtypes related to 
immune response genes and subtypes related to an individual's 
unique environmental exposure. Also spinal MS and primary 
progressive MS may represent a specifically unique subtype.48 

The existence of different subtypes complicates the investigation 
and treatment of the disease. 

11) Relapsing remitting MS naturally regulates itself. 
Treatments which augment these natural regulatory mecha
nisms will help the disease process. One of the clinical features 
of relapsing-remitting MS is that patients generally recover from 
an attack. This implies that there are natural regulatory mecha
nisms that are affecting the immune process to the benefit of the 
host. In the EAE model, immune mechanisms associated with 
recovery include apoptosis of pathogenic T cells49 and a class 
switch from Thl to Th2/Th3 responses.2750-51 Evidence for a 
class switch during recovery from attacks is beginning to accu
mulate in MS as well. For example, patients who are in a recov
ery stage from an acute attack appear to have an increase in 
IL-10 secreting PLP reactive cells.52 Understanding these natu
ral regulatory mechanisms and determining ways to augment 
them is likely to help the disease process. 

12) When MS changes from the relapsing-remitting to the 
chronic progressive form, T cells enter a state of chronic 
activation. It is the chronic progressive form of MS that usually 
leads to disability. There is recent evidence that changes in the 
immune system occur when patients change from the relapsing-
remitting to the chronic progressive form of the disease. These 
changes involve the emergence of activated T cells which drive 
the immune system towards a Thl bias. Specifically, T cells 
from patients with progressive forms of MS differentiate into 
cells that drive non-T cells to produce IL-12, a powerful inducer 

of Thl type responses53 and may be independent of costimula
tion requirements. We have also found an increase in IL-12 
secreting monocytes in progressive MS.54 These results are 
important as they demonstrate that there is a basic difference in 
the peripheral immune system in progressive vs. relapsing-
remitting MS. By inference, there may be different responses to 
immunomodulatory therapy in relapsing-remitting versus chron
ic progressive patients. More importantly, these results imply 
that the study of MS should not only involve the investigation of 
what initiates the disease, but what occurs when the disease 
switches from the relapsing-remitting to the progressive form. It 
is also likely that changes within the CNS itself occur in the pro
gressive form such as the development of axonal atrophy and 
localized CNS immune responses. 

13) Although imperfect, the MRI is linked to the disease 
process and to the degree to which disability has accumulat
ed. The MRI has made a major impact on our understanding of 
MS. It has provided a crucial diagnostic tool, demonstrated that 
the disease process is far more active than can be appreciated 
clinically, and has provided an important surrogate marker for 
clinical trials.55 Because there are silent areas where lesions 
occur, the correlation of MRI with disability cannot be perfect. 
However with improved understanding of the disease process as 
viewed by MRI and newer imaging techniques, closer correla
tions with disability are occurring.56 In isolated neurologic 
symptoms, the presence of multiple lesions on MRI has predic
tive value of who is at risk for the development of MS.57 

Gadolinium enhancement reflects breakdown of the blood brain 
barrier, and we have found that the number of enhancing lesions 
correlates with changes in EDSS in relapsing-remitting and 
relapsing progressive MS whereas T2 volume correlates with 
disability in progressive MS.58 It also appears that disability may 
be more closely linked to CNS damage as measured by Tl 
imaging and spinal cord atrophy.59-60 

14) MS is for the most part analogous to the various 
forms of EAE. Thus there are numerous stages in the 
immune cascade that the disease can be impacted. If one 
assumes that MS is a cell mediated CNS autoimmune disease 
directed against myelin components it is then analogous to 
EAE.61 EAE involves a well-defined series of immunologic 
events leading to myelin destruction and occurs in relapsing and 
progressive forms (Table 5). Interruption of this pathway at dif
ferent stages in the cascade has an ameliorating effect on EAE. 
Although imperfect, EAE has served as an important working 
model for testing treatment approaches prior to clinical trials in 
MS. One of the major differences between treatment of MS and 
EAE is that many treatments tested in EAE are given at a 
restricted time during the course of EAE or prior to immuniza
tion. Also, EAE is studied in inbred strains of animals whereas 
MS occurs in an outbred population. Furthermore, treatment of 
MS requires chronic therapy of an immune system that may 
already be activated or in a state of differentiation. One of the 
unexplained differences between EAE and MS is the protective 
role of IFN-y in EAE under some circumstances,62"64 although 
defects in IFN-y suppression by CD8 cells have been observed 
in progressive MS.57 Nonetheless, EAE remains an important 
model for the study of mechanisms by which cell-mediated 
immunity against myelin antigens causes myelin damage and 
can be regulated. 
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15) Many treatments have been shown to help MS. In the 
past it has been argued that there were no effective treatments for 
MS. It has now become clear that there are numerous immune 
modulating treatments that can affect the disease process, albeit 
imperfectly and not under all circumstances.65 These are listed 
alphabetically in Table 6 and represent my interpretation of the 
literature. A treatment may have a positive effect on MS even 
though all trials may not have demonstrated a positive clinical 
effect. Differences may relate to dosage schedules and differen
tial responses in patient subgroups. For example we have found 
that patients with primary progressive MS do not respond as well 
to pulse cyclophosphamide.66 Antibiotics would not benefit all 
patients with pneumonia in a trial that mixed both viral and bac
terial pneumonia. MS is different than other CNS diseases such 
as amyotrophic lateral sclerosis in which there are not many 
drugs that can impact on the disease process. Thus, it is impor
tant to consider MS as a disease in which immunomodulatory 
drugs can affect the disease process and to understand the man
ner in which these drugs positively impact on the disease. Fur
thermore, it is unlikely that each of these drugs is acting 
differently but that these drugs act through a limited number of 
pathways that ultimately impact on one final common pathway. 

Table 5: EAE and immune therapy of MS. 

Activation of myelin reactive T cells in the peripheral immune system 
Migration of cells into the CNS 
Recruitment of additional cells 
Release of inflammatory mediators 
Sensitization to new antigens in the CNS 
Suppression of autoimmune response 
Tissue repair 

Table 6: Immune therapy which helps MS. 

Azathioprine81 

Alpha-interferon82 

Beta-interferon la83 

Beta-interferon lb84 

Cladribine85 

Copolymer I 86 

Corticosteroids 87 

Cyclophosphamide8889 

Cyclosporin90 

IVIg91 

Linomide92-93 

Methotrexate94 

Mitoxan throne95 

Plasma Exchange96'97 

Total lymphoid irradiation98 

16) Treatments which decrease IFN-y producing Thl 
myelin reactive cells or increase IL-4/1L-10 or TGF-P pro
ducing myelin reactive cells will help MS. If MS is a Th 1 cell-
mediated disease, then an increase in Thl type myelin reactive 
cells would be associated with worsening of disease and Th2 or 
Th3 type myelin reactive cells would have an ameliorating 
effect on the disease process. This is the theoretical basis for 
treatment with oral tolerance67 which increases Th3 type myelin 
reactive cells68 or altered peptide ligand that increases Th2 type 
myelin reactive cells.69 Thus one could postulate that effective 

treatment of MS will relate to the balance of Th2 + Th3/Thl 
myelin reactive cells. Nonetheless, even if a treatment affects 
this balance it must do so with a strong enough biologic effect to 
impact on the disease process, something which argues for com
bination therapy. 

17) Because of bystander suppression, knowledge of 
"the" antigen in MS is not required for antigen-specific ther
apy to be beneficial in the disease. Regulatory cells that are 
specific for an autoantigen secrete anti-inflammatory cytokines 
when they encounter the autoantigen in the target tissue, and 
thus will suppress inflammation in the organ under attack inde
pendent of the autoantigen. This has been termed bystander sup
pression70 and has been demonstrated in a number of animal 
models. Thus, in the EAE model one can suppress PLP induced 
EAE by feeding MBP.71 Also in the LCMV viral model of dia
betes, the LCMV protein is expressed in the pancreatic islets on 
the insulin promoter. When animals are infected with the virus, 
viral specific immune responses result in diabetes. Feeding 
insulin generates insulin specific regulatory cells that suppress 
the viral induced diabetes by migrating to the islets, reacting 
with insulin and secreting anti-inflammatory cytokines.72 Oral 
MBP can decrease stroke size in rat models by increasing TGF-
P levels in the brain and suppressing inflammation associated 
with stroke.73 Although bystander suppression was initially 
described in association with mucosally induced regulatory 
cells, any immune manipulation that induces a class switch and 
Th2 or Th3 regulatory cells would have the same effect. It has 
been argued that this is one of the mechanisms by which copoly
mer 1 is effective, viz., copolymer 1 induces Th2 type cells that 
cross react with myelin basic protein.74 Also altered peptide lig-
ands that induce IL-4 and T cell receptor vaccination may also 
act via this mechanism.69 Bystander suppression solves the 
conundrum of having to know what the autoantigen is for anti
gen specific therapy. 

18) For the most part, there is no "antigen non-specific" 
therapy. Effective treatment must ultimately affect antigen-
specific myelin reactive cells. I would argue that most treat
ments that affect the disease process ultimately impact on 
antigen-specific myelin reactive cells either by decreasing IFN-y 
secreting or increasing Th2 or Th3 myelin reactive cells. Thus, 
even "antigen-nonspecific" immunomodulatory treatments have 
their effect by affecting the balance of Thl vs. Th2/3 myelin 
reactive cells in the nervous system. For example, we have 
found that beta interferon causes a class switch by decreasing 
anti-CD3 induced IFN-y secretion and increasing IL-4 secre
tion75 and beta-interferon has also been shown to increase 1L-
10.76 Unexpectedly, we have also found that cyclophosphamide, 
thought to be a general immunosuppressant, induces a marked 
immune deviation with an increase in IL-4 and TGF-P and a 
decrease in IFN-y75 and IL-12.54 In addition, there is an increase 
of IL-4 secreting MBP and PLP specific cells in cyclophos
phamide treated patients.77 There are some exceptions to this 
rule, for example, treatments aimed at affecting trafficking of 
cells into the CNS or decreasing antigen-non-specific inflamma
tory mediators such as TNF. 

19) Effective treatment will require pulse or continuous 
therapy and ultimately, combination therapy. Until all the 
factors associated with the disease are known, it is unlikely that 
a single treatment given once will be effective or a single treat
ment will be effective in all forms of MS. This is especially true 
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if the disease process is being randomly and intermittently trig
gered by environmental factors. Also it is clear that the disease 
is more active as viewed by MRI than can be observed clinical
ly: thus continuous or pulse therapy will be required. Further
more, although there are now treatments that can ameliorate 
MS, they are only partially effective. Effective therapy will 
require combination therapy. Combination therapy has been the 
rule in medicine and one would expect the same to be true for 
MS. Furthermore, if the immune system is constantly being 
driven towards a Thl response in MS patients, continuous or 
pulse therapy will be required to counterbalance this effect 
unless a more permanent change in the immune system can be 
induced. 

20) The identification of immune measures that are 
linked to clinical course will be the cornerstone of 
immunotherapy of MS. If MS is truly an immune mediated 
disease, and immune therapy is effective, then the ultimate proof 
of this hypothesis will be the identification of immune measures 
that are linked both to clinical course and to response to therapy. 
A major effort in MS by investigators is in attempt to find 
immune surrogate markers that link to disease activity and/or 
response to therapy.44'7576,78 Such immune measures would also 
provide a rationale for which type of combination therapy to 
administer and when to initiate or stop a particular treatment. 

21) Because MS is a multifactorial and heterogeneous dis
ease there will be responders and non-responders to each 
"effective" therapy. The earlier treatment is initiated, the 
more likely it is to be effective. It has sometimes been assumed 
that if a treatment is found for MS it should help all patients. 
However, I believe a very important treatment concept in MS is 
that there will be responders and non-responders to each "effec
tive" therapy. Thus, because an individual patient does not 
respond to a particular treatment does not mean that the treat
ment is ineffective. Furthermore, since the disease is heteroge
neous, one of the most important aims of clinical and 
immunologic research in MS is to understand why people are 
responders or non-responders. For example, in our studies of 
pulse cyclophosphamide we recently found that the shorter the 
length of time a person is chronic progressive correlates with 
whether they respond to therapy.66 Furthermore, as with any dis
ease process in medicine, it would be expected that the disease 
would be easiest to arrest at early stages and that later stages 
would be less responsive to therapy. Towards this end, we are 
beginning to test the use of 6 months of "rescue therapy" with 
pulse cyclophosphamide in relapsing-remitting patients that are 
beta-interferon non-responders. Clearly, one of the primary goals 
of therapy is to prevent the progressive forms of the disease. This 
is especially true for immune therapy as it would not be effective 
to treat axonal damage to the nervous system. Furthermore, if the 
immune system becomes differentially activated in the progres
sive forms of the illness,53 treatment that is effective in the 
relapsing stage may not be effective in the progressive stages. 
Finally, MS may be a more irreversible disease that previously 
appreciated since axonal transection occurs in MS lesions.79 

SUMMARY 

The hypothesis outlined above argues that MS is a cell-mediat
ed autoimmune disease driven in an intermittent fashion by the 
environment in a susceptible host. Thus, the major advances in 

treatment of MS will come from a better understanding of the 
immune mechanisms associated with triggering and perpetuating 
the autoimmune response and devising treatments that effectively 
and in a relatively non-toxic manner modulate it. What could be 
missing from this hypothesis? If a chronic infectious agent is dis
covered in MS (either in the nervous system or the periphery), it 
would then focus research on ways to modify the infection. Also, 
MS could theoretically be a primary disease of a CNS component 
such as the oligodendrocyte or microgial cell with a secondary 
inflammatory responses.80 The Thl/Th2/Th3 paradigm as pre
sented may be oversimplified as there could be instances in which 
cytokines have paradoxial effects. Also, there have been treat
ments postulated to help MS that have not been successful (eg., 
anti-TNF therapy) and I have not addressed the important areas of 
remyelination, CNS regeneration or symptomatic treatment of 
MS. If the immune hypothesis is correct, it must be shown that 
specific immune changes which occur following immune inter
vention are linked to clinical response. In this regard, immune 
intervention also has the potential to activate rather than suppress 
the pathogenic immune response. Even as we understand more 
about the disease, MS will never be totally predictable in an indi
vidual patient because it is triggered by random environmental 
events. Furthermore, certain forms of MS and later stages of MS 
may not be ameliorated by immune therapy. However, it now 
appears likely that in the coming years effective immunotherapy 
will be available for a large proportion of MS patients. 
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