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ANNUAL REPORT 2007

It is a pleasure to present the 2007 annual report from the Danish Multiple Sclerosis
Research Center (DMSC), Department of Neurology, Neuroscience Center,
Copenhagen University Hospital Rigshospitalet.

The annual report reviews the activities in the MS Clinic and the MS Research Unit
during 2007. In 2007 both the clinical and research staff has expanded and the
activities in the MS Clinic and the research unit have increased considerably. New
treatments have been established for the benefit of people with multiple sclerosis
and promising new research results have been achieved in the core areas of research
in DMSC: Clinical research, immunology, genetics and pathology of MS.

Morten Blinkenberg
Per Soelberg Sgrensen,
Editors



A short review of 2007 in the Danish Multiple Sclerosis Research Center

Per Soelberg Sgrensen
Professor
Chairman DMSC

In 2007 the Danish Multiple Sclerosis Research Center (DMSC) entered its second
decade. From a modest start in 1996 the growth has been almost exponential to the
position today as one of the European MS Centers of excellence. The MS Clinic
provides care for more than 1500 patients of whom 800 are treated with disease
modifying drugs.

In 2007 DMSC was one of two Danish centers appointed by the National Board of
Health to launch treatment with the new effective MS drug natalizumab (Tysabri).
More than 150 patients from all over Zealand have started treatment with
natalizumab. During recent years the therapeutic armamentarium against multiple
sclerosis has expanded and includes now the 4 approved drugs: Interferon-beta,
glatiramer acetate, mitoxantrone and natalizumab, and in addition non-licensed
drugs as methotrexate, azathioprine, high-dose methylprednisolone and rituximab
are used.

Another specialized task of DMSC is treatment of severe spasticity with intrathecal
Baclofen pumps.

Due to the increased activities the staff has been increased and additional space has
been included in the MS Clinic. Two new positions as consultant and one new position
as senior registrar were established in 2007 together with one MS nurse and one
secretary. In 2007 DMSC began to implement the principle of assignment of one MS
neurologist and one MS nurse to each patient. The process will continue in 2008.

A major goal of the MS Clinic is to involve as many patients as possible in clinical
trials and try to attract trials with new therapeutic drugs to Denmark. A number of
multicenter investigator driven randomized trials are organized and directed by
DMSC. In addition the MS Clinic has enrolled patients in a number of clinical trials
sponsored by the pharmaceutical industry. Among these have been treatment of
patients with clinically isolated syndromes with glatiramer acetate, an extension
study of natalizumab treatment in patients with relapsing-remitting MS, a placebo
controlled trial of the anti-metabolite cladribine and a trial in secondary progressive
MS patients with a myelin basic protein residue for induction of immunotolerance.



The activities at the MS Research Unit located in the Michaelsen Building 63 have
been expanded due to generous donations. The laboratory is fully equipped with a
new flowcytometer and equipment for research in molecular biology. The staff has
been increased with a molecular biologist and a laboratory technician.

The research has focused on clinical immunology and biomarkers of disease activity
and treatment response, MS genetics, and pathology of MS.

The Research Unit has established a new analysis of antibodies against natalizumab
and all patients in Denmark treated with natalizumab are routinely tested for
antibodies. Further, the Neuroimmunology Laboratory offers examination of cerebral
spinal fluid for oligoclonal bands, antibodies against acethylcoline receptors,
antibodies against interferon-beta and in vivo test for interferon-beta activity.

The National MS Biobank at DMSC has now been established and material from the
Biobank has been used for genetic and immunological research projects.



FACILITIES, ORGANIZATION AND STAFF

The MS Clinic is located within the Department of Neurology on the 8th floor of the
main complex of Rigshospitalet at sections N2082 and N2084. The MS Clinic
comprises a secretariat, offices for the professor and consultants, nurse’s offices,
three consultation rooms and a room for intravenous infusions, and a procedure
room for invasive procedures.

The MS Research Unit and the Neuroimmunology Laboratory is located in the
Michaelsen Building 63 in which the Research Unit resides at the first floor. The
facilities contain offices for the research staff and the Neuroimmunology Laboratory.

In 2007 the staff of DMSC consisted of:

Chairman of DMSC:
Professor Per Soelberg Sgrensen, MD, DMSc

Senior physicians:

Morten Blinkenberg, MD, PhD, consultant
Annette Oturai, MD, PhD, consultant
Finn Sellebjerg, MD, DMSc, consultant
Ana Voldsgaard, MD, staff specialist

Neuropsychologist:

Chief neuropsychologist Agnete Jgnsson

MS-nurses:

Anne Hansen, leading nurse
Merete Mogensen

Sidsel Walther Nielsen
Annette Husted Pedersen
Dorthe Stauning Rasmussen

Lene Almind

Research nurses:
Vibeke Jespersen

Joan Pietraszek

Physiotherapist:
Lis Albrechtsen



Medical social counselor:
Keld Nissen

Secretaries:
Malene Mgllesge

Annette Larsen



RESEARCH ACTIVITIES 2007
CLINICAL RESEARCH

Clinical research group:

Per Soelberg Sgrensen, Finn Sellebjerg, Annette Oturai, Ana Voldsgaard, Morten
Blinkenberg, Dan Hesse, Stephan Bramow, Lars Bérnsen, Pourang Mataji, Mads
Ravnborg, Vibeke Jespersen, Joan Pietraszek, Annette Larsen

Therapeutic trials

A number of trials of new combination trials of immunomodulatory drugs have been
directed from the DMSC in 2007.

The NORMIMS study is a Scandinavian multi-center double-blind randomized
placebo-controlled trial of monthly pulse therapy with methylprednisolone as add-on
treatment to interferon-beta 1a (Rebif) in relapsing-remitting MS patients, who have
suffered a relapse during the last year on treatment with Rebif. The study has been
concluded and data submitted to statistical analysis. The results will be available in
the fall of 2008.

The MECOMBIN trial is a multicenter double-blind randomized placebo-controlled trial
of monthly pulse therapy with methylprednisolone as add-on to treatment with
interferon-beta 1a (Avonex) in relapsing-remitting MS. The trial will be completed in
2008.

The SIMCOMBIN study is multi-center double-blind randomized placebo controlled
trial of Simvastatin as add on treatment to interferon-beta 1a (Avonex) as de novo
therapy in patients with relapsing-remitting MS. The inclusion of 380 patients will be
terminated by the end of 2008.

The RECYCLINE trial is a multi-center double-blind randomized placebo-controlled
trial of Minocycline as add-on therapy to interferon-beta 1a (Rebif) as de novo
therapy for relapsing-remitting MS performed in the Nordic countries and France. It
is planned to include 320 patients through 2008 and Q1 in 2009.

Long-term effects of disease-modifying drugs

Under the auspices of the Danish Multiple Sclerosis Group a study of long-term
immunomodulatory therapy is conducted in all patients who started
immunomodulatory therapy in Denmark from 1996 to 2003. The primary outcome
would be to access the effect of interferon-beta therapy on disability progression in
relapsing-remitting MS by comparing the patient cohort with historical controls.

Neutralizing antibodies against interferon-beta

As a part of the Danish Interferon-beta Project all patients have measurements of
neutralizing antibodies (NAbs) against interferon-beta performed routinely. In
collaboration with the Institute for Inflammation Research at Rigshospitalet we have
published a series of articles showing that NAbs reduce the therapeutic effect of
interferon-beta. Lately, we have performed 2 controlled trials that attempted to
reduce neutralizing antibodies and established the bioactivity of interferon-beta in
patients who have developed neutralizing antibodies:

The REVERS study has been performed under the auspices of the Danish Multiple
Sclerosis Group and disclosed that treatment with monthly high dose
methylprednisolone had none or little effect on the neutralizing antibody levels and
bioactivity. Results have been submitted for publication.

The AZATYL trial studied the effect of immunosuppression with azathioprine and
monthly high-dose methylprednisolone on neutralizing antibody titers and interferon-



beta bioactivity. The study has been completed and the results will be published in
2008.

Within the EU6 framework programme, lifesciences, genomics and biotechnology for
health DMSC has been one of 5 core centers in the NABINMS (neutralizing antibody
on interferon-beta in multiple sclerosis project). At DMSC we had the responsibility
for a study of the correlation between NAbs and response to interferon-beta using
prospectively collected data from population base cohorts from Denmark, Spain, The
Netherlands and Czech Republic. The study will run through 2008.

NEUROIMMUNOLOGY

Studies of immune activation and MS therapy

Immunology group:
Finn Sellebjerg, Poul Erik H. Jensen, Helle Bach Sgndergaard, Signe Limborg, Dan
Hesse, Martin Krakauer, Per Soelberg Sgrensen, Joy Mendel Hartvig, Marie Kofoed

Therapies that deplete immune cells or inhibit their migration from the blood stream
to the CNS are highly efficacious in relapsing-remitting MS. The targeted immune
cells include T cells, which are thought to orchestrate an autoimmune response
against CNS myelin and axons, and antigen-presenting cells, which control the
activation and function of the T cells. The secretion of cytokines associated with T
helper (Th)1 and Th17 immunity is believed to be detrimental in MS whereas Th2 T
cell activation and activation of different types of regulatory T cells may have
beneficial effects. Activation of these cells is reflected by changes in gene expression
and changes in surface phenotype at the single cell level that are detectable by flow
cytometry. Treatment with interferon (IFN)-B and glatiramer acetate (Copaxone®)
influences the activation and effector functions of T cells and antigen presenting
cells.

Immune activation in untreated MS patients

We have used Affymetrix Gene Chip® technology to study the expression of
approximately 9,000 genes in blood mononuclear cells in collaboration with the
Tissue Typing Laboratory, Dept. Of Clinical Immunology, and have observed
remarkable changes in gene expression in untreated MS patients compared with
gene expression in healthy controls. Bioinformatics methods have revealed that



these changes are likely to reflect an increase in protein synthesis, cellular survival,
and active cytokine signaling. Increased cytokine activity has been confirmed by in
silico analysis of the promoter region of genes with altered expression levels in MS
and by directly measuring cytokine mRNA expression in blood cells and cerebrospinal
fluid (CSF) cells from patients with MS.

Additional gene expression studies have shown that treatment with IFN-$ also results
in marked changes in gene expression in MS patients treated with IFN-B, especially
within the first 24 hours of administration. In contrast, a much lower number of
genes are influenced by treatment with glatiramer acetate. There is only little
overlap between genes with altered expression in MS and genes induced or
repressed by treatment with IFN-B or glatiramer acetate.

Flow cytometry studies revealed only minor changes in circulating T cells in
untreated MS patients in clinical remission. Nevertheless, the activation level of T cell
subsets thought to be pathogenetically important decreased upon treatment with
IFN-B and glatiramer acetate. The activation level of two important subtypes of
antigen-presenting cells, monocytes and dendritic cells, differed markedly in MS and
healthy controls, and to varying degrees this was normalized by treatment with IFN-
B or glatiramer acetate.

Ongoing studies are aimed at understanding the molecular mechanisms of the
systemic immune dysregulation in MS and the effects of immunomodulatory
treatment. In addition, our aim is to develop biomarkers that allow the clinician to
monitor the disease course and the individual response to therapy in a single blood
sample.

Immune activation and interferon-p treatment

In 2007 Martin Krakauer defended his PhD thesis, entitled "Immune activation in
multiple sclerosis and interferon-p therapy”.

The thesis addressed changes in blood leukocyte cytokine gene expression in
patients treated with interferon-p. Treatment resulted in induction of the regulatory
cytokine interleukin (IL)-10 but no deviation from Th1 to a less detrimental Th2
cytokine expression profile. IL-23 mRNA, belonging to the recently discovered pro-
inflammatory Th17 axis of T lymphocyte activation, was increased in untreated MS
patients and was not suppressed by IFN-beta treatment.

The thesis also focused on chemokines, which are chemotactic cytokines, with direct
tissue-specific migration of leukocytes. In this regard we focused on chemokines and
CD4+ T cell chemokine receptors in MS patients before and during treatment with
IFN-beta. We found that CD4+ T cell expression of the T helper type 2 (Th2)-related
chemokine receptor CCR4 was decreased in untreated MS patients compared with
healthy controls, and that IFN-beta therapy normalized the expression. Furthermore,
IFN-beta treatment increased CCR5 and CCR7, suggesting altered lymphocyte
trafficking during IFN-beta therapy. The Thl-related CXCR3 was only transiently
decreased after an IFN-beta injection.

Flow cytometry was used to study subsets of CD4+ memory T lymphocytes that are
related to disease severity and disease activity in MS. The subset of CD4+ memory T
lymphocytes that express CD45R0 and high levels CD26 appears to consist of
effector cells that may be relevant in the pathogenesis of MS, as a high proportion of
such cells express several molecules related to disease activity and a Thl cytokine
secretion profile in MS. Treatment with IFN-beta resulted in changes in the general
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activation status of many subsets of CD4+ T lymphocytes, some of which were more
pronounced in the CD45R0+ CD26hi subset. Treatment with IFN-beta affected the
expression of the apoptosis-controlling molecules Fas and Fas-ligand on CD4+ T
cells, and increased plasma concentrations of soluble Fas and Fas-ligand. This
suggests that the effects of IFN-beta may at least partly be mediated by apoptosis of
pathogenic CD4+ T lymphocytes.

The combined conclusion to the findings of the studies is that MS patients show
aberrant immune activation, and that IFN-beta therapy modulates cytokine
secretion, T lymphocyte activation and trafficking, but does not induce a clear
deviation from a Th1l phenotype to a Th2 phenotype. Furthermore, we have
identified a subset of memory CD4+ lymphocytes which may be of special interest in
the search for a surrogate marker of disease severity and, possibly, the risk of
imminent clinical relapse in MS. Further studies are needed to substantiate these
findings, especially studies including functional data, clinical, and paraclinical (such
as MRI) measures of disease activity.

In vitro studies of interferon-beta

Signe Limborg has conducted studies of the in vitro effects of treatment with IFN-B.
Mononuclear cells and T cells were stimulated with IFN-B at a concentration
simulating in vivo conditions. Subsequently gene expression, the phenotype of CD4+
and CD8+ T cell subsets and proliferation and cytokine secretion after activation was
studied.

The in vitro experiments showed, that after treatment of the cells with IFN-beta, an
increased percentage of T cells expressed the cell surface activation markers: CD69
and CD71 and gene expression assays showed a 4 -fold increase in expression of the
cell cycle inhibitory gene p21 in cells treated with IFN-beta compared to controls. A
reduction in proliferation of approximately 50 % was observed when IFN-beta was
present throughout the period of stimulation whereas no reduction in proliferation
was observed in cells pre-treated with IFN-beta. Neither did we observe any effect of
IFN-B on activation-induced Th1l and Th2 cytokine secretion. Increased expression of
the p21 molecule induced by IFN-B has been confirmed in samples obtained from
IFN-treated patients with MS. Furthermore, we have observed an increase in the
expression of the immunoregulatory transcription factor Foxp3 in vitro and in vivo in
MS patients treated with IFN-B.

These studies show that IFN-beta has complex effects on mononuclear cells. Both
activating and inhibitory effects of the drug are seen, and it is still a challenge to
understand which of these mechanisms are responsible for the positive disease
modifying effect of IFN-beta.

IFN-B treatment - neutralizing antibodies and other biomarkers

Disease-modifying treatment with IFN-B reduces the risk of MS relapses by
approximately one third. A major problem associated with IFN-B is the occurrence of
neutralizing antibodies (NAbs), which abrogate the biological response to IFN-B and
decreases the clinical response.

As initial combination therapy of IFN-B with methylprednisolone (MP) may reduce the
frequency of NAb+ patients, Dan Hesse has addressed the hypothesis that
immunosuppression with MP in patients already NAb+ could affect NAb status and
IFNB bioactivity after cessation of IFNB. In an open label trial, we compared changes
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in NAbs and IFNP bioactivity in NAb+ patients with immeasurable bioactivity, which
after discontinuation of IFNB, were either treated with monthly high-dose pulsed MP
treatment for six months or, as a control group, were followed six months after
switching to glatiramer acetate or stopping any disease-modifying treatment. This
study showed that monthly pulsed MP treatment in NAb+ patients had no beneficial
effect on NAb status or IFNB bioactivity as assessed by the biomarker MxA gene
expression.

Finally, Dan Hesse is studying a panel of biomarkers for disease activity in MS in a
serial and a cross-sectional study of 85 patients treated with IFN-B or GA, where we
collected blood samples and conducted MRI scans to identify biomarkers of
treatment response and disease activity. In these studies we have identified a
potentially protective role of an endogenous IFN-like gene signature in untreated MS
patients. We hope that it will also be possible to identify biomarkers that can
discriminate patients with a sufficient response to treatment with these first-line
immunomodulatory treatments from patients with an insufficient response, who are
in need of more efficacious therapy.

Regulation of proteinases and cytokines by a2-Macroglobulin and Analysis of binding
antibodies generated towards interferon-f3

a2M is a proteinase inhibitor which also binds various growth factors and cytokines.
This has importance for regulation of the immune system, and changed
concentrations are found in CSF and blood of MS-patients. It is of interest to
determine the balance between proteinase and cytokine concentrations and correlate
them to the concentrations of a2M forms in MS-patients and controls. Previously, we
have found increased amounts of transformed a2M in plasma from MS patients,
which suggest increased inhibition of proteinases. In that respect we further analyze
defects or madifications in a2M, such as carbohydrate structures. It is interesting,
that a2M participate in the neutralization of the cytokines, which may lower the
available concentrations of the cytokines, but also extend their presence in the
circulation due to non-covalent binding to native a2M, which circulates for days.

We study the correlation between a2M and the proteinases MMP’s -1, -2, -3, and -9
in CSF and plasma from MS-patients and controls. Determination of the
concentrations of a2M, II-8, II-10, TGF-B and TNF-a in plasma and CSF from MS-
patients will furthermore be performed.

Oligodendrocytes are the source of myelin, and apoptosis is induced in a human
oligodendrocyte cell line (M03.13) by toxic effects of increased concentrations of the
cytokines TNF-a and INF-y. These effects may indicate that in MS-patients,
oligodendrocytes can be damaged by direct attack of the increased concentrations of
the cytokines TNF-a and IFN-y. Synergistic effects of both cytokines result in
increased cytotoxicity and more apoptosis. We will examine the effects of a2M on the
apoptotic regulation of the cells by different concentrations of cytokines (TGF-B, TNF-
a and IFN-y). Further the effects of a2M on IL-6 and IL-10 will be analyzed. These
cytokines have positive effects on the survival of oligodendrocytes. It is our goal to
demonstrate the effects of a2M by binding and neutralizing the cytokines and
thereby changing the cell-responses of the cytokines in question by studies of
apoptosis in the cell-line.

Interferon-8 (IFN-b)

MS-patients treated with IFN-B may generate antibodies against the drug, which can
reduce the clinical efficacy by neutralization of IFN-B. In this regard we have
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introduced a feasible method to analyze the generation of binding antibodies, using a
standard ELISA technique. Our intention is to compare these results with the
existing technique of measuring neutralizing antibodies, using cytopathic effect
assay, as well as MxA mRNA generation, in approximately 300 MS-patients treated
with IFN-B.

Routine analyses in Neuroimmunology Laboratory

Poul Erik H. Jensen, Joy Mendel-Hartvig, Marie Kofoed, Anne Mette H. Nielsen

Diagnostic evaluation:

The presence in CSF of oligoclonal IgG-bands is of interest in the diagnosis of
Multiple sclerosis (MS). In 2007 we have analyzed 460 patient samples, using
isoelectric focusing of CSF and corresponding plasma samples for the
characterization of IgG bands.

In the autoimmune disease Myasthenia gravis (MG), autoantibodies against the
acetylcholine receptor (AChR) may cause a diminished binding of ACh on muscular
surfaces and thereby a reduced impulse transmission to the postsynaptic membrane
of the neuromuscular endplate occurs. For diagnostic and therapeutic purposes, we
measure the concentrations of these autoantibodies from patient serum samples,
using a radio-immunoassay Kkit, and in year 2007 we analyzed 1083 patient samples.

Measurement of neutralizing antibodies:

Subgroups of MS patients, treated with IFN-B or Tysabri, generate neutralizing
antibodies, which diminish the therapeutic effects. IFN-B molecules bind to
leucocytes and a specific up-regulation of MxA mRNA in the cells occur. Neutralizing
antibodies may abolish this effect, and therefore we measure the MxA mRNA-
expression as a biological response to treatment with IFN-B. In 2007 we have
analyzed 145 patient samples for MxA mRNA expression. Furthermore, we have
screened patient samples for IFN-B binding antibodies using an ELISA-assay.

The action of Tysabri differs from IFN-B, since it blocks mononuclear cell binding to
endothelial cells. In this way Tysabri inhibits mononuclear cells from entering the
central nervous system. The generation of neutralizing antibodies to Tysabri in MS-
patients, block the biological effects of Tysabri. In 2007 we analyzed 264 blood
samples for the presence of antibodies to Tysabri by ELISA.
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NEUROGENETICS

Identification of genes involved in Multiple Sclerosis

MS Genetics group:
Annette Bang Oturai, Helle Bach Sgndergaard, Finn Sellebjerg, Per Soelberg
Sarensen, Anne Mette H. Nielsen

Even though we know genes are important in multiple sclerosis (MS), identifying the
involved genes has proven to be a complex challenge. Our group and other scientists
have worked for decades to find gene variations tied to MS. Genome linkage screens
have failed finding major genes except genes of HLA-complex. A break-through took
place in the summer 2007, when three new studies showed that the IL7R (receptor)
gene is important as a risk gene for developing MS. One of these studies performed
the world largest genome-wide association screen in MS. Apart from the IL7R, the
study revealed the IL2R (receptor) as an important risk gene of developing MS. Both
genes are important for the T cell regulation, and thus the immune system, but its
precise role in MS is not clear yet. Variations in both the IL7R and IL2R genes are
common, but they are more common in people with MS. These findings are
important, and may eventually lead to new treatments for MS. All in all, the three
studies included more than 14,000 people. Two of the studies were published in the
journal Nature Genetics. The third study, and a related editorial, appeared in The
New England Journal of Medicine. The three studies constitute the first replicated
associations to MS apart from the HLA-DR2 association found back in 1973.

For more than 10 years we have collected DNA, and today we have DNA from more
than 900 Danish MS patients and 1200 controls; all kept in the "Danish Multiple
Sclerosis Biobank” located at Rigshospitalet and organized by our group. The sources
of biological material (DNA, mRNA and CSF) in this bank include all patients treated
with immune modulating drugs in Denmark. In order to increase the sample size for
genetic testing, we have participated in the “"Nordic MS Genetic Group” since 1994,
and today the Nordic material consists of 4000 MS cases, 4000 controls, 1000 trio
families (one MS patient and both parents), and 177-affected sib pairs. Since 2000
we have participated in GAMES (Genetic Analysis of Multiple Sclerosis in
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EuropeanS), and recently we have become a part of the IMSGC (lInternational
Multiple Sclerosis Genetic Consortium).

The main focus for our group is identification of genes and their biological effects,
especially genes involved in the different immune treatment response.

PATHOLOGY
Inflammation and remyelination in progressive MS

MS pathology Group:
Stephan Bramow, Henning Laursen, Per Soelberg Sgrensen

In relapsing-remitting MS (RRMS), relapses result from inflammatory, actively
demyelinating plaques in the CNS. These plaques cause a conduction block and are
characterized by myelin laden macrophages, lymphocytic infiltrates and acute axonal
damage. The recovery phase is believed to be associated with remyelination and
resolution of inflammation.

Kliiver-PAS Sl R

' Protenlipid protein
(plp, myelin)

In contrast, in the progressive forms of the disease, the cause of the gradual clinical
decline is less clear. Active plagues and remyelination are regarded rarer than in
RRMS, instead degenerative loss of axons and atrophy has been suggested as
pathological substrates. However, diffuse white matter inflammation and so-called
slowly expanding plaques, characterized by intermediate microglial inflammation at
the edge, have recently been described. In addition, we have found inflammation
and active plaques in sensitive areas of the brain stem that could possibly accelerate
respiratory failure and cell death.

One aim of our study is to quantify areas of active and slowly expanding
demyelination in progressive MS, and relate them to neurodegeneration, cause of
death and rate of progression. If these types of inflammatory demyelination correlate
with clinical progression, it would have importance for the design of future treatment
options in MS.

Remyelination can be identified as sharply demarcated areas with uniformly thin
myelin stain. Animal studies have shown that remyelination rely on oligodendrocyte
precursor cells (OPC’s) that proliferate and mature, to form new myelin in response
to stimulation by microglia. Hence, microglia is a pivotal cell type involved in
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destruction as well as remyelination. The cause of remyelination failure in
progressive MS remains unknown but speculations focus on OPC depletion or
maturation failure. Therefore we wish to quantify remyelination in progressive MS
and relate these findings to inflammatory demyelination. If remyelination only occurs
when inflammation is absent, it emphasizes the importance of inflammation control
in progressive MS.

NEUROIMAGING

Positron Emmision Tomography and Magnetic Resonance Imaging in MS

[

Morten Blinkenberg

PET

Previous positron emission tomography (PET) studies, carried out in Danish Multiple
Sclerosis Research Centre, have shown that cerebral activation is severely reduced in
MS patients. This was illustrated by measuring global and regional cerebral metabolic
rate of glucose (CMRglc) and it was furthermore demonstrated, that these measures
correlate with cognitive dysfunction as well as MRI lesion burden.

A prospective study has revealed that CMRglc is significantly reduced over a two-
year period, as a consequence of the progressive disease.

These studies included MS patients with different disease course and duration, and in
this way the approach was general and explorative.

Our current PET studies focus on the early relapsing remitting phase of the disease
(RRMS) and the corresponding changes in CMRglc. Our hypothesis is that changes in
cerebral activation are present in very early disease, and affect neural networks of
importance for cognitive dysfunction.

We have already examined 21 RRMS patients using PET, MRI and neuropsychological
evaluation. The patients have primarily been examined in a cross-sectional study,
and unpublished data have so far shown a significant reduction of CMRglc in the
early phase of the disease. Further data-analysis is ongoing, including MRI data of
lesion volume and MR spectroscopy.

A subgroup of these patients has been followed prospectively and the last
examinations have been conducted and await data-analysis.
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The figure shows the result from a functional
connectivity MRI experiment we have performed on
a healthy subject. It demonstrates correlation in
spontaneous neuronal activity observed when using
a seed region (S) in the right (R) motor cortex. In
agreement with previous studies we observe
significant correlation with left motor cortex,
supplementary motor area (bilaterally) and
secondary somato-sensory cortex (bilaterally).

MRI

In collaboration with Danish Research Centre for Magnetic Resonance we have
initiated two functional imaging studies in 2007.

We have previously shown that measurements of MR Spectroscopy (MRS) correlate
with cognitive dysfunction in MS.

This cohort is to be re-evaluated in and analyzed for longitudinal changes in MRS and
cognitive function.

Another study focuses on the pathophysiological mechanisms underlying changes in
cerebral activation in MS patients.

There is increasing evidence that the severity of the clinical manifestations of MS
does not result simply from the extent of tissue destruction, rather it represents a
complex balance between tissue damage, tissue repair and cortical reorganization.
Magnetic resonance imaging (MRI) has been employed as a valuable tool to detect
and characterize MS lesions and is routinely used for diagnosis and evolution
monitoring. However, conventional MRI provides low pathological specificity and
sensitivity. It is hypothesized that this methodological limitation is in part responsible
for missing correlation between structural MRI measures and clinical symptoms.

Functional MRI (fMRI) provides information regarding the extent and nature of brain
plasticity following MS-related structural injury, with the potential to limit the clinical
manifestations of the disease. Functional connectivity MRI (fcMRI) is a hew method
of assessing neuronal connectivity in the human brain by mapping brain regions with
synchronous, regional fluctuations in cerebral blood oxygenation. fcMRI in
combination with fMRI might allow us to obtain a deeper insight into the functional
alterations that lead to neurological disability in MS.

The aim of our study is to describe MRI changes in cerebral activation and neural
connectivity during an acute MS relapse and following treatment with IVMP. Further
to explore if neural connectivity could be used as a surrogate marker to predict
functional activation and clinical recovery after an acute relapse in different stages of
MS.
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