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MULTIPLE SCLEROSIS

The earliest reports about multiple sclerosis (MS) date from the fourteenth century.
Godfried Sonderbank, a court physician in Holland, described the first patient
(Lidwina van Schiedam, 1380-1433), possibly afflicted with MS. Over a period of
37 years, this patient had relapsing weakness of one leg, evolving to paralysis of
three limbs, dysphagia, various sensory disturbances and bilateral visual symptoms.
After her death she was canonised and became patron saint of the chronically ill.

Sir Augustus Frederick d’Esté (1794-1848), an illegitimate grandson of king
George III of England, and a cousin of Queen Victoria, suffered from a 25-year
illness of recurring visual symptoms, limb numbness, imbalance and sphincter
problems, which could probably be attributed to MS. By keeping a diary, he gave us
the first personal account of the illness.

Jean Cruveilhier, 1835, described two patients with symptoms compatible with
MS and produced a lithograph depicting lesions scattered over the surface of the
spinal cord, up to the pons. He named the condition “sclerose en taches” or “en
îles”. Frerichs, in 1849, is credited with the first diagnosis of MS in a living patient,
while Valentiner in 1856 described the pathology of Frerichs’s patients. Rokitansky
described the anatomy of the disease in 1850.1

In 1868, Charcot published a detailed description of the clinical and pathologic
characteristics on “sclerose en plaque”.2 He described the plaques of demyelination
that characterise the disease and suggested that a loss of myelin may play an
important part in the pathophysiology.

Epidemiology
MS is the most common chronic inflammatory disorder of the central nervous
system (CNS), affecting more than 1.5 million young adults world-wide.3 MS

Figure 1. Figure 2.
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generally has its onset in the third or fourth decade, with more than 50% of patients
having their first attack between the ages of 20 and 40, with a peak at 30. Women
are more often affected than men, with a female-male ratio between 1.4 and 2.4

The majority of patients start with a relapsing-remitting course in which
exacerbations of neurological dysfunction are followed by periods of remission in
which the disease seems relatively dormant. Relapses are caused by focal
inflammatory demyelination within the CNS. The minimum duration has been
arbitrarily established at 24 hours. Clinical symptoms of shorter duration are less
likely to represent new lesion formation or extension of a previous lesion size and
thus are not considered a relapse. In general relapses are more frequent during the
first years of the disease and tend to wane in later years.

Approximately 15 % of patients will not experience many relapses and
consecutive invalidity, and part of them will not even have a second relapse. The
exact frequency of this benign course is unknown, as many of these patients will
never seek medical attention. MRI studies of asymptomatic relatives of MS patients
have shown lesions consistent with demyelination in up to 15% of these relatives.5

In autopsy studies significant numbers of CNS pathology consistent with MS is
found, yet no clinical evidence of such diseases was documented in these cases.

Many patients switch to a secondary progressive form of the disease in which
there is a downhill course that can still be accompanied by some overlapping
exacerbations. After 9 years half of the patients with a relapsing remitting course
have entered the secondary progressive stage.

In 60% of patients with onset at 40 years or older the disease course is
characterised by a progression of disability from the onset of disease, with or
without relapses. This is the primary progressive form of MS.

Figure 3. MS, clinical types.
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Geographic factors are highly correlated with the risk of developing MS. In
general, incidence and prevalence rates increase with increasing latitude. Migration
studies are also consistent with the hypothesis that risk of developing the disease is
at least in part acquired on the basis of environmental conditions.6,7

Part of the risk of developing MS is determined by genetic factors. Prevalence
rates are variable between different ethnic and racial groups, being highest in
northern European Caucasians and lower in people from African and Asian descent.
Also there is an increased concordance in identical twins (approximately 30%) as
compared with fraternal twins (3-5%). MS occurs in relatives of patients about 10-
50% more often than in the general population.8,9

Pathophysiology
From the start many causes were implicated, including toxins, inborn defects of
myelin, vascular lesions and infections (neurosyphilis, rickettsiae and tuberculosis,
later also different viruses). The clinical pattern, pathology, immune abnormalities
and the development of a model of inflammatory demyelination in animals:
experimental allergic encephalomyelitis (EAE) promoted the traditional theory of
MS being an autoimmune T-lymphocyte disorder that occurs in genetically
susceptible individuals after an environmental exposure.1

Autoimmune disorders can be characterised by the presence of auto-reactive
T-cells. CD4+ T-helper lymphocytes play a role in the induction of immune
reactions, whereas CD8+ T-cytotoxic lymphocytes are the effector cells. After the
induction phase, the amplification and effector phase of the immune reaction leads
to the formation of memory T-lymphocytes as well as the proliferation of specific
T-helper lymphocytes and cytotoxic T-lymphocytes. Also different cytokines are
released. Antigen specific cytotoxic T-lymphocytes then are able to recognise and
attack the antigen containing cells. As a result the antigen is removed and the
balance is restored.

CD4+ T-helper lymphocytes primarily react with MHC II associated antigen.
Without MHC class II molecule association, the CD4+ T-helper lymphocytes cannot
recognise the foreign antigen. Association with MHC class II molecules is not
sufficient though, costimulation through costimulatory molecules on the antigen
presenting cell is mandatory. Most well-known costimulatory molecules are B7-1
and B7-2 which provide costimulation to the CD4+ T-helper lymphocyte.

Autoreactive T-cells directed against components of central myelin are
regarded as important mediators of the inflammatory process in MS, leading to
myelin destruction.3 Activated anti-myelin T-cells have the ability to traffic into the
central nervous system (CNS) and to search for target antigens. A prerequisite for
activated anti-myelin T-cells to initiate autoimmune reactions in the CNS is that
they recognise their specific myelin antigen, which needs to be presented in the
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context of major histocompatibility (MHC) class II molecules expressed on the
membrane of an antigen presenting cell (APC).10,11

Figure 4. Antigen presentation by APC to T-cell

The identity of the cell type(s), within the CNS, responsible for presenting
antigen and reactivating anti-myelin T-cells is a fundamental issue in understanding
the pathophysiology of MS. In the brain we can identify two major types of cells:
neurons and glia cells. Glia cells are subdivided into two different groups: the
microglia and the macroglia; the latter being subdivided into oligodendrocytes,
astrocytes and ependymal cells. The microglia have a phagocytic role in the brain.
The macroglia have a more structural and metabolic supportive role:
oligodendrocytes form the myelin sheet around the axons, and astrocytes are known
to give support, have a nutritional role and in injury they can form a glial scar: the
so-called gliosis. There are two types of astrocytes, the fibrous astrocytes are mainly
located in the white matter, the protoplasmatic astrocytes in the gray matter. The
third macroglial cell is the ependymal cell, which is located around the fluid filled
cavities in the CNS. Microglia have since long been the focus of attention in MS
research, and many investigators believe they play a major role as APC.

However, this theory is unsatisfactory because of two major flaws. First, T-
cells, specific for a variety of myelin antigens are part of the normal T-cell
repertoire.11,12 Throughout life these anti-myelin T-cells are activated from time to
time in the periphery, for example, by common viral or bacterial peptides that have
sequence similarities with myelin antigens (molecular mimicry) or microbial
superantigens, after which they can enter the normal CNS.11,13,14 Thus, the presence
of activated antimyelin T-cells is not sufficient to result in MS. The mechanism
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responsible for the breakdown of immunological tolerance to myelin antigens in
patients with MS is unclear.

Second, accumulating data support axonal degeneration extending into the
normal-appearing white matter as the major determinant of progressive neurological
disability in MS. Progression is independent of the number of relapses,15 and
proceeds in many patients in the absence of inflammatory brain lesions. Drugs that
suppress the inflammatory response assessed by magnetic resonance imaging (MRI)
and reduce relapses, including the levels of IFN-γ, glatiramer acetate and humanised
anti-leukocyte (CD52) monoclonal antibody (Campath-1H), do not influence
neurological progression in MS.16 Even purging the immune system of auto-reactive
lymphocytes by bone marrow ablation followed by reconstitution with autologous
stem cell transplantation is unable to stop progression,17 indicating that the chronic
progressive component of MS has little to do with T-cell-mediated inflammation.

The finding that astrocytes in patients with MS lack β2-adrenergic receptors
might shed new light on the pathogenesis of the disease. β2-adrenergic receptors
have been identified in normal controls on all glial fibrillary acidic protein (GFAP)-
positive astrocytes in white matter and the optic nerve.18,19 β2-adrenergic receptors
are more prominently expressed in reactive astrocytes at the boundary of cerebral
infarctions, the lateral corticospinal tract in amyotrophic lateral sclerosis, and in
crushed optic nerves.18,19 However, in MS patients, β2-adrenergic receptors could
neither be visualised on astrocytes in normal-appearing white matter nor in reactive
astrocytes in chronic active and inactive plaques.18

Why astrocytes in MS patients lack β2-adrenergic receptors is unknown. A
recent study found no association between polymorphisms of the gene encoding the
β2-adrenergic receptor and the occurrence of MS.20 Studies with canine distemper
virus (CDV) suggest that a virus might be involved. CDV is a morbillivirus that
preferentially infects astrocytes and causes a chronic inflammatory demyelinating
disease in dogs that closely resembles MS.21 Interestingly, CDV dramatically
reduced the number of β-adrenergic receptors in infected C-6 rat glioma cells,22 and
β2-adrenergic receptors were not present on astrocytes in dogs with CDV
encephalitis but were present on astrocytes in dogs with other inflammatory CNS
diseases.23 Attempts to identify CDV antigen and genome in MS brain specimens
have been unsuccessful.24 However, a similar viral infection might be responsible
for the disappearance of β2-adrenergic receptors from astrocytes in MS.

Activation of β2-adrenergic receptors by noradrenaline leads to an increase in
the levels of intracellular cAMP.25 Immunostaining and electron microscopic
studies in animals suggest that noradrenaline acting on astrocytic β2-adrenergic
receptors is derived from noradrenergic terminals surrounding cerebral
microvessels.26,27 Accumulating evidence indicates that noradrenaline acts as an
endogenous immunomodulator in the CNS. At the level of astrocytes, this
neurotransmitter, via binding to β2-adrenergic receptors and activation of cAMP
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signaling pathways, can inhibit the expression of numerous genes involved in
inflammation, including those encoding adhesion molecules, MHC class II
molecules, inducible nitric oxide synthetase, interleukin-1 and tumor necrosis
factor-α.28,29 The molecular mechanisms that underlie these effects of noradrenaline
are complex, and multiple transcription factors seem to be a common target for
cAMP dependent signaling.29

Because β2-adrenergic receptors are involved in anti-inflammatory and
supportive functions of astrocytes,25 their disappearance might have important
pathophysiological consequences that are relevant for the pathogenesis of MS.

Therapy
For a disease with such a high impact the therapeutic options are disappointing and
MS still can not be cured. Current therapies are aimed to relieve different
symptoms, treatment of exacerbations and disease modification. The available
approved drugs are only partly effective and expensive. Treatments affecting the
immune system have gained much interest, mostly because of the widely accepted
autoimmune theory. Current disease-modifying therapies, including interferon-β
(IFN-β) and glatiramer acetate, show only a modest protective effect against
relapses. A recent systematic review of interferons used in relapsing remitting MS
showed that their long-term clinical effect is uncertain.30 Glucocorticosteroïds are
widely used to treat acute exacerbations.

With the astrocyte as proposed central player in the pathology of MS, new
therapeutic options may arise.

AIM OF THIS THESIS

In this thesis the aim is to address the problem of the pathogenesis of MS
specifically in respect to the autoimmune theory in which auto reactive T-cells
mediate the inflammatory process directed against central myelin in concert with
the microglia as antigen presenting cell.

A new concept is established in which the astrocyte and the absence of β2-
adrenergic receptors give a more solid explanation of both the autoimmune theory
in respect to antigen presentation as well as the problem of axonal degeneration.
If indeed the astrocyte is a more prominent factor than as yet recognised, new
therapeutic options arise.

In chapter 2 a series of experiments is done to see if the absence of β2-
adrenergic receptors on MS astrocytes was astrocyte specific. The next step is to
proceed with the research of other aminergic receptors on MS astrocytes, to see if
the absence of β2-adrenergic receptors was receptor specific (chapter 3), which if it
is, opens new diagnostic as well as therapeutic windows.
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To investigate specifically the possibility of a viral cause of the loss of astrocytic
β2-adrenergic receptors, astrocytes were infected with different types of viruses and
the effect on the β2-adrenergic receptors was measured (chapter 4).

In addition, immunofluorescence stainings are performed on post mortem MS
samples to see whether astrocytes have antigen presenting cell properties, i.e. MHC
class II expression (chapter 5) and costimulatory molecules B7-1 and B7-2
expression (chapter 6).

The results of chapters 3, 5 and 6 are used to see whether the antigen
presenting function of the astrocyte can be modulated with different aminergic
receptor agonists (chapter 7) and with simvastatin (chapter 8).

Finally, this concept is put into a new theory, in which we propose a central
role of the β2-adrenergic receptors in both antigen presentation and axonal damage
(chapter 9).
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