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Multiple Sclerosis . Autoreactive B-Cells . Treatment Response . Prognostic Markers
Pathophysiology of Progressive MS . Precision Medicine

Molecular and immunological analysis
of Multiple Sclerosis

Our research focuses on the molecular and immunological analysis of multiple
sclerosis (MS), an inflammatory and neurodegenerative disease of the central ner-
vous system (CNS), and number one cause of neurological disability in young adult-
hood. We pursue two main research lines: 1) Relevance of B-cells and antibodies
in MS pathogenesis. 2) Exploration and validation of biomarkers in cerebrospinal
fluid and blood as tools for therapeutic decision making for persons with MS. Both
approaches provide novel tools for monitoring the efficacy of current and emerg-
ing therapies of MS.

B cells and their targets in MS (Derfuss group)

B-cells have a major role in the pathogenesis of MS. Depletion of B-cells leads to
a remarkable amelioration of the disease. The mechanisms by which B-cells im-
pact MS are however incompletely understood. Our research focuses on the iden-
tification of novel B-cell autoantigens and the characterization of the interaction of
auto-aggressive B-cells with the CNS. We could show that antibodies against na-
tive myelin oligodendrocyte glycoprotein (MOG) identify a subset of patients with
neuromyelitis optica and are also found in SLE patients with CNS involvement. Us-
ing transgenic animal models, we were able to prove a new concept how infec-
tion could lead to the development of autoantibodies like those against MOG. We
identified the co-capture of membrane antigens by the B cell receptor as a key
step in initiating an autoimmune response in the context of an infection. This work
is now continued by analyzing the capacity of B cells to migrate to peripheral tis-
sues including the CNS and harvest their cognate and non-cognate antigens from
the tissue. The phenomenon of membrane capture can also be used to purify B
cells of a certain specificity from blood (Fig. 1) and to identify novel B cell autoan-
tigens in MS.

Defining biomarkers for disease progression and therapy response

(Kuhle group)

Despite modern MS therapy almost completely suppresses acute disease activity
(“relapses”), chronic worsening of neurological functions (“progression”) contin-
ues to affect almost all persons with MS. Neurofilament light chain (NfL) is a bioflu-
id marker of neuronal damage and has been established by us as a blood-based
precision medicine tool to measure disease activity and drug response (Fig. 2),
and to predict the long-term outcome of disability on the group level. We pursue
now to establish NfL as a diagnostic tool for individual patients for therapeutic de-
cision making. We aim to better characterize the pathophysiology of NfL based on
innovative MRI techniques and to establish a normative data base from controls
over eight decades of age to be used as reference values for individual testing. Fur-
ther, we investigate other biofluid markers to contextualise NfL signals with regard
to state and stage of MS, and for differential diagnosis vis-a-vis other inflammato-
ry neurological diseases. This project is based on patient information and biolog-
ical samples from the Swiss MS Cohort Study, a consortium of Swiss academic
MS centres founded in 2012, and a number of international collaborations in Eu-
rope and the US.
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Fig.1: Antigen Extraction from Membrane by Cognate B cells

(A) Live Cell Imaging of membrane antigen capture. Hemagglutinin-specific FluBl mouse B
cells (white arrows, labeled magenta LTR) are added to cells (white asterisks) expressing a
fusion protein of hemagglutinin with a cytoplasmic GFP (HA-GFP, green). Images show the
initial contact between a B cell and an antigenic target cell, then the same location at 6 and
9 minutes later. The lower panels show only the GFP channel to show capture of antigen. (B)
Extraction of membrane expressed HA-GFP by antigen-specific or antigen-irrelevant B cells.
HA-specific FluBI B cells were labeled with Cell Trace Violet (CTV), mixed with unlabeled, an-
tigen irrelevant mouse B cells at a ratio of 1:10, and added to an adherent layer of cells stably
transfected with membrane-expressed HA-GFP. At the indicated time points, the B cells were
retrieved and interrogated by flow cytometry. The FluBI cells were separated from unspecific B
cells by CTV label, and GFP levels were compared between the two cell types. Points and bars
show mean and standard deviation of the geometric mean GFP fluorescence. (C) Time-course
of CD69 upregulation. HA-specific FluBl mouse B cells were exposed to HA-expressing TE HA,
or HA-non-expressing control cells for the indicated times, and then retrieved, immunolabeled
for B220 and CD69 and measured by flow cytometry. Vertical axis shows the geometric mean

Fig.2: NfL is the first blood-based measure to quanti-
tate the neuroprotective effect of MStherapy
Geometric means of plasma NfL with 95% confidence in-
tervals. Dotted line represents plasma NfL concentration
in healthy controls. ***p < 0.0001. n=number of patients.

immunofluorescence intensity and SEM of the anti-CD69
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Connection to Clinical Practice

Our two research groups are closely connected to
the MS centre, the Research Center for Clinical Neu-
roimmunology and Neuroscience Basel (RC2NB)
and the Outpatient Clinic of the Department of
Neurology, University Hospital Basel that provides
care for more than 1300 MS patients per year. This
provides access to a population of MS-patients
in different stages and states of disease, treated
with all state-of-the-art therapies. The close col-
laboration with the Translational Imaging in Neu-
rology (ThINk) group at the Department of Bio-
medical Engineering, the Medical Image Analysis
Centre (MIAC) and the Division of Neuroradiology
enables characterization of patients with cutting
edge neuroimaging techniques. The Clinical MS
Research Group plays a key role in conceptualis-
ing and conducting international therapeutic trials
to bring novel therapies to persons with MS. These
trials provide unique possibilities for a translational
medicine approach by connecting basic research
and clinical studies for a better understanding of
disease, and specifically for progressive MS.

The development of biomarkers needs prospec-
tive, standardized, and high-quality clinical and
neuroradiological data from large patient cohorts
to allow for validation on the individual patient level,
and hence application in clinical practice as Preci-
sion Medicine tools. The Swiss MS Cohort Study
(SMSC), initiated in 2012 and coordinated by our
MS Group since then, is the mainstay of research
efforts in Clinical Neuroimmunology; it provides an
internationally unique long-term follow-up of over
1200 Swiss MS patients with clinical and MRI data,
and blood and cerebrospinal fluid samples for bio-
marker research.
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