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First MS Case
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14th C, Holland

A depiction of Saint Lidwina’s skating accident, which triggered her MS.

“the Lord’s hand had touched this woman.”

-court physician of the Duke Albrecht of Holland



Second Case of MS

- Augustus D’Este, an illegitimate grandson of George llI
- Kept a detailed diary for 26 years of a mysterious
iliness from which he suffered

- It all began at the age of 28 with an episode of visual

impairment, followed by weakness in his legs as well
as motor symptoms.

Augustus D’Este



First depiction of MS in pathological atlas of 1838

Robert Caswell
(1793-1857)
Pathologist and artist

ey
neoplasm of the stomach




“To learn how to treat a disease,
one must learn how to recognize
it. The diagnosis is the best
trump in the scheme of
treatment.” -Charcot

an-Martin Charcot

neurologist at the Hopital de Salpétriere in Paris



1868
la sclérose en plaques

Charcot’s Triad
- Intention tremor
- nystagmus
- scanning speech

Potential Treatments

Charcot demonstrating the use of
hypnosis during one of his classes

-gold and silver
-strychnine

-arsenic

-two months' complete
rest 1in the country



1873 Dr. Walter Moxon officially recognized MS in England
1878 Dr. Edward Seguin recognized MS in the United States

By the end of 19th Century:

- MS is more common in women than men

- not directly inherited

- can produce many different neurological symptoms

- MS could not be considered an immune disease because the
existence of the immune system was still unknown



1916 Dr. James Dawson at the University of Edinburgh

- detailed microscopic examinations of the brains of
patients who had died with MS

- Inflammation around blood vessels and damage to
the myelin

Dr. James Dawson



1919 Abnormalities in spinal fluid noted, though
significance was puzzling

1928 Oligodendrocytes discovered — Myelin making
cells (myelin discovered in 1878 by Dr. Louis Ranvier)

Scientists suspect a form of toxin or poison caused MS
because most MS damage occurs around blood
vessels
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Demyelination in the parietal lobe of a Rhesus macaque D I TOmaS Rlve IS

1935: First EAE experiment — > immune cells and not
viruses directly produced the MS-like illness in
laboratory animals

Overlooked by most doctors in 1930’s as toxins still a major concept in MS



MS: a circulatory problem?

- blocking the blood supply to the brain sometimes
caused myelin to die and damage looked a bit like MS

- blood thinners and drugs to dilate blood vessels



1942-1960 Discoveries by Dr. Kabar,
Dr. Karcher van Sande, and Dr. Lowenthal
lead to identification of
oligoclonal bands
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Oligoclonal bands

Micro-Eletrophoresis in Agar Gel of Proteins of the Cerebrospinal Fluid and Central Nervous
Svstem 1959, D. Karcher, M. van Sande and A. Lowenthal. Institute of Tropical Medicine, Antwerp, and

Institute Bunge, Berchem Antwerp, Belgium Journal of Biochemustry 1959; 4: 135-140
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Autoaggressive T lymphocyte lines recognizing the encephalitogenic region of myelin basic protein: in vitro
selection from unprimed rat T lymphocyte populations.

H ] Schluesener and H Wekerle
J Immunol November 1, 1985, 135 (5) 3128-3133;

Figure 1. Meningeal and perivascular infiltrations (arrow) in the spinal cord of a LEW rat injected with 1 x 10° vLe line blast cells 5 days ago



The First Valid Scientific Trial in MS: ACTH

Neurology. 1970 May;20(5):1-59.

Cooperative study in the evaluation of therapy in multiple sclerosis. ACTH vs. placebo--final
report.

Rose AS, Kuzma JW, Kurtzke JF, Namerow NS, Sibley WA, Tourtellotte WW.

Double-Blind Randomized Trial of ACTH versus
Dexamethasone versus Methylprednisolone in Multiple
Sclerosis Bouts

Clinical, Cerebrospinal Fluid and Neurophysiological Results
Milanese C.2 - La Mantia L.? - Salmaggi A.? - Campi A.2 - Eoli M.2 - Scaioli V.? - Nespolo A.€ - Corridori F.2
0 Author affiliations

Keywords: Multiple sclerosis bouts - Adrenocorticotropic hormone - Steroid treatment - Evoked
potentials - Cerebrospinal fluid - CT scan

Eur Neurol 1989;29:10-14



CT and MRI

In 1978, the first CAT scans
performed on people with MS

The first MRI images were
produced in the early
1970s, and the first live
human subject was imaged
in 1977




CoPo_Iymer 1: First MS drug developed in EAE 1971
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Suppression of experimental allergic encephalomyelitis by a
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Dvora Teitelbaum, A. Meshorer, T. Hirshfeld, Ruth Arnon, M. Sela



Interferons: interfere with viral replication

1970's development that led to FDA approval in 1993



Making and Breaking
of Self-Tolerance



A critical function of the Immune system Is
to discriminate self from nonself

Psoriasis

Paul Ehrlich -‘horror autotoxicus.’

Rheumatoid arthritis

Graves' disease

Hashimoto's thyroiditis

Systemic lupus
erythematosus

Sjogren's syndrome

Crohn’s disease

Multiple sclerosis

Type 1 diabetes
(insulin-dependent
diabetes mellitus, IDDM)




Immune organs
Crash Course

Neurolmmunology




Crash Course

Neurolmmunology
Birth of iImmune cells
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Immune cell “schooling”

Crash Course
Neurolmmunology
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Crash Course

Neurolmmunology
Immune cell partnerships
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T and B cells work closely
together



Rise of Autoimmunity
Crash Course
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Central vs Peripheral Tolerance

e Central auto reactive T cell
elimination

* Peripheral Anergy

* [ regs

Effector T cells
(CD4*, CD8")

Peripheral

Regulatory T cells

(CD4+, CD25",

CTLA4*, FOXP3")




Antigens in immunologically privileged sites do not
induce immune attack but can serve as targets.

Immunologically privileged sites

Brain

Multiple

Sclerosis

Eye (MS)

Testis

Uterus (fetus)

.. -

2D2 and optic neuritis



Regulatory lTolerance

Regulatory tolerance

T cell specific for self
antigen recognized in
thymus becomes a
natural regulatory
T cell (nTreg)

T cell specific for self
or commensal
microbiota antigen
recognized in
presence of TGF-B
becomes an induced
regulatory T cell (Treg)

Cytokines (IL-10 and TGF-B) produced by
Treg cells inhibit other self-reactive T cells

thymus

periphery

009

periphery




The Main Immune Players

~ MHC type |I

3. B cell activation

\ Antigenic
peptide

memory B cell 7

antibody producing plasma cell

2. Antigen presentation



Brief report

Specific peripheral B cell tolerance defects
In patients with multiple sclerosis

Tuure Kinnunen,' Nicolas Chamberlain,? Henner Morbach,? Tineke Cantaert,? Megan Lynch,?
Paula Preston-Hurlburt,2 Kevan C. Herold,23 David A. Hafler,! Kevin C. O’Connor,! and Eric Meffre2

Department of Neurology, 2Department of Immunobiology, and 3Department of Internal Medicine, Section of Endocrinology and Metabolism,
Yale University School of Medicine, New Haven, Connecticut, USA.
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B CELLS

LPS
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Mauri and Nistala Nature Medicine 2014



B CELL TOLERANCE AND MS PATHOGENESIS
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B CELL ANERGIC ESCAPE IN MS AND NMO

Bone marrow
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Gut-Brain Axis
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REPORTS

Sex Differences in the Gut
Microbiome Drive Hormone-Dependent

Regulation of Autoimmunity

Janet G. M. Markle,™? Daniel N. Frank,? Steven Mortin-Toth,* Charles E. Robertson,*
Leah M. Feazel,? Ulrike Rolle-Kampczyk,® Martin von Bergen,>®’ Kathy D. McCoy,®
Andrew ]. Macpherson,® Jayne S. Danska??*

1 MARCH 2013 VOL 339 SCIENCE www.sciencemag.org
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Digesting the emerging role for the gut
microbiome in central nervous system
demyelination
Jennifer Joscelyn and Lioyd H Ksener Gut microbiome analysis in neuromyelitis
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