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overview

A. Origin of cells of the immune system

Innate imemunity bedociis Adaptive immunity

Skedetal
musche cells
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Dorsal Root Ganglion
Hu
Parancoplastic neuronopathy
SS-A, SS-B, FANA
Sjogren's syndrome

Spinal Cord
GAD
Stiff-man syndrome
Autonomic Ganglia
Neuronal Nicotinic AChR
Autoimmune dysautonomia
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Chondroitin Sulfate
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Neuromuscular Junction
Amphiphysin
Paraneoplastic syndromes
Terminal Motor Axon VGCC, Synaptotagmin
VGKC LEMS
Acquired Myotonia AChR

Blood Vessel
C-ANCA

Wegener's disease

ds DNA, ENA

SLE

Myasthenia Gravis

Muscle

Titin, Myosin, Actin, @—Actinin
Myasthenia Gravis and Thymoma

Ryanodine Receptor
Myasthenia Gravis with Thymoma,
Myositis and Myocarditis

SRP, Mi-2, Fer, Mas, KJ, Synthetase, Ku, Pm-Scl
Polymyositis/Dermatomyositis







Immune Cells Migrate into the CNS

Peripheral circulation BBB CNS

Endothelial Cell
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Lesion Formation: Macrophages Destroy Myelin

Active lesion
MRI: gadolinium-enhancing lesion

~

?." Blood vessel

® Axon ) Myelin ié}Lymphocytes

Courtesy Bruce Trapp. Frohman EM, et al. N Engl J Med. 2006;354(9):942-955.




Helper T cell differentiation

IL-12/STAT4 ‘ IFN-y | Pro-inflammatory
IL4/STATE B IL-5 Anti-inflammatory/
IL-10 Allergy
IL-13

weefp  IL-17 |  Pro-inflammatory

IL-6 + TGF-§ ‘q:p
IL-23
TGFB

_) et TGF-B | Reguiatory |
A




Bone

marrow CNS
}, Plasmablast
*./L <4 ,,{/. Plasmablast |
(Long lived) 4 \ Y r A Yo r
Plasma cell Sp|een Antigen . — i ./‘

(Long lived)
Plasma cell

Stem cell@ Antiggn___

Lymph follicle |
Pro B cell@ with germinal

centre

Memory B cV 4

\Ant_l_gen Bystander
. T activation
’ | Follicle-like o

| aggregates

Immature B cell

Meinl et al2006



Characterization of ectopic B-cell follicles and inflammatory cell infiltrates in post-mortem brain
tissue from cases with SPMS and PPMS
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(+
What roles might B cells have in MS Pathophysiology? &

Y

Antibody production (opsonization,
complement activation)

e - 3 — |
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Meningeal ectopic ‘ Antigen processingand to

T cells thatis target of the
TandB cell

germinal centers

Cytokines, chemokines
(IL-10, IL-6, TNF a and lymphotoxin B,
CCL3/MIP1la; CCL4/MIP1B, CCL22).

CrossA 2013



Bruck etal 2008
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Inflammation Leads to Demyelination and

Axonal Loss
Circulation | CNS

Immune cell
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TRIMOLECULAR COMPLEX



MHC class ll-restricted antigen presentation
(connects innate and adaptive immunity)

(1) Phagocytosis
(2) Antigen processing (innate)
(3) Peptide loading

(4) T cell activation (adaptive)




Ifn-b and GA differences
Yo et al 2002
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MIGRATION



Role of a4-Integrins

» Adhesion molecules expressed by all leukocytes except neutrophils

« Mediators of cell adhesion and transendothelial migration through
the BBB

+ Have been shown to modulate some immune cell activity

von Andrian UH, et al. N Engl J Med. 2003,348.68-72




Natalizumab:
Mechanism of Action

Natalizumab binds to a4-integrin

Prevents leukocyte transmigration into
the CNS

* Prevents ad-integrin-mediated
leukocyte binding to endothelial Sl
VCAM-1, thus disrupting rolling
and stopping phases of the
recruitment process

May prevent further recruitment and
inflammatory responses in the CNS
« Binds to a4-integrin ligand(s) such
as osteopontin and alternatively
spliced fibronectin Connecting
Segment -1




Egress from SLO

A) No drug Lymph Node

Blood

S1P; receptor S1P gradient

B) FTY720




Fingolimod has a targeted mechanism of action, modulating S1P
receptors peripherally and centrally

* Peripheral

— fingolimod reversibly and selectively prevents
lymphocyte egress from lymph nodes, as well as the
recirculation of a subset of T and B lymphocytes
through the lymph nodes.-3 However, a subset of
T cells important for immune surveillance are
unaffected*>

— fingolimod reduces infiltration of autoreactive cells into
the CNS where they are involved in inflammation and
tissue damage®°

e Central

— fingolimod crosses the BBB into the CNS and
S1P receptors are expressed on neural cells®®

— animal model data suggest that fingolimod may limit
demyelination and restore the function of neural
cells®89

1. Brinkmann V et al. J Biol Chem 2002; 2. Matloubian M et al. Nature 2004; 3. Brinkmann V. Br J Pharmacol 2009;
4. Mehling M et al. Neurology 2008; 5. Gilenya® Prescribing Information; 6. Chun J & Hartung HP. Clin Neuropharmacol 2010;
7. Mehling M et al. Neurology 2010; 8. Aktas O et al. Nature Reviews 2010; 9. Brinkmann V et al. Nat Rev Drug Discov 2010
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Teriflunomide: Targeting Activated Lymphocyte Proliferation

e

* Teriflunomide selectively and
reversibly inhibits mitochondrial
dihydro-orotate dehydrogenase
(DHODH), impairing the
proliferation of activated
lymphocytes while sparing resting
and slowly dividing cells*'?

* The pyrimidine salvage pathway is
not affected by teriflunomide’

* The exact mechamsm by which tenflunomide exerts
s therapeutic effect in MS 1S not fully understood

1 GoM R & Wolnsky J Acts Neuns Scand 20911247504
2 Wamie C ot o Newnospthiatr D Teeat 2000 5 13340

Stimuiated
lymphocyte Resting and
slowly dividing
. lymphocytes
De novo ]
pyrimidine
—— SALVAGE
synthesis ==
pathway DEMAND PATHWAY

s

Inhibition of actively mor:::nc
proliferating lymphocytes preserved



DMF and its Metabolite, MMF, “Inhibit the Inhibitor”
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CELL DEPLETION



Surface markers during B cell ontogeny

StemCell  mmatureB cell Naive Memory Plasmablast Plasma cell
i i matuﬁ‘ B celli i i

CD19

CD20 CD138
CD27

Major histocompatibility complex-Class I

Sased om Mei HE_ et ol Raticnaie af 240 CO10 imsmunoter agy an option 1o target auloreadtive plassa il s n aulcrmmunly  Athedts fesoonh & Thesoey 2002 18|Supml 5588



Rituximab :mechanism of action
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Alemtuzumab and Multiple Sclerosis:
Mechanism of Action and Summary of Safety and Efficacy

Selection ——Depletion Repepulation
&
N Stem cell
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)
© e W 9
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» High efficacy in drug-naive patients and also useful as rescue therapy in drug resistant relapsing-
remitting multiple sclerosis
* No net benefit in progressive disease despite suppression of new lesions
» Unexpected adverse effects profile
* Acute cytokine release syndrome
* Low risk of opportunistic infection
e Secondary thyroid autoimmunity
» Evidence for (post-inflammatory) neuroprotection
» Potential for enhancing endogenous remyelination







After alemtuzumab
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NK cells
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Activated T cells and CD56°"9" NK cells are functionally modulated by
IL-2 through distinct IL-2 receptors

High-affinity IL-2R Intermediate-affinity IL-2R

On activated T cells 4' On CD569" NK cells

» IL-2 signalling induces expansion and » IL-2 signalling induces expansion
differentiation of activated T cells’ and activation of CD56%" NK cells®
~ Anti-CD25 antibody binds the ~  Anti-CD25 antibody permits IL-2
a chain (CD25) and blocks IL-2 signalling through the intermediate-
association with the high-affinity IL-2R"? affinity IL-2R%+#

1 Bisiekova B Newrotherapeunes. 2013105567, 2, Amaravadl L €1 3l Presanted al AAN. Washingion, USA_ 2015.P1.149
3 Wiendt M of of Naf Rev Neurol 20139 304.404 4 Plender N et ol Exp Newro! 2014 262 44.51




Antibody targets in nervous system

* Central and Peripheral Myelin [MS andPN]
 Ranvier nodes [MN with MMCB]
 Neuromuscular junction [MG ]

 Neuron [Paraneoplastic syndromes,
autoimmune encephalopathy ]

e Astrocytes [NMO]
* Oligodendrocyte



|. AutoavtiowpoTa KATA YAOLOKUTTAP WV

* Anti-AQP4 (aotpokuttapa)
* Anti-MOG (oAwyodevdpokitTopa)
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NMO IMUNOLOGY

ANTIGEN

Agp4,molecular studies,tissue distribution, CNS
topografy

MMUNE EFECTORS
mmunoglobulins,complement

MMUNE ACTIVATION

T and B-cells ,B cell epitopes,peripheral activation
LESSION MECHANISM




Avti-AQP4 wc eldkoc Brodeiktnc otnv NMO

2004: NMO-IgG
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High-risk Multiple sclerosis Classic multiple Miscellaneous
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Lennon et al; 2004 Lancet
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ANTOBODIES AND AUTOIMMUNE
ENCEPHALOPATHIES [THE ANTI-NMDR ]
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+ Encephalomyelitis

« Cerebellar degeneration
+ Sensory ataxia

« Chorea

* Hypokinesia, ngidity

« Opsoclonus

Lancaster and Daimau. Nat Bewew Newol 2012 0380330
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* Psychosis

« Limbic encephalitis

« Dyskinesias

« Seizures

« Level of consciousness
« Autonomic instability

« Sleep dysfunction




NMDAR antibody synthesis and effects in the CNS




2. AUTOOVTICWHOTO KOTA EEWKUTTOPLKWY
OLVTLYOVWV VEUPLKWV KUTTOPWV

- Qewpovuvtal ntaboyova
- Movo pepikéc popecg oxetilovrol PE OYKOUG

- Mepikeg dopeg mapayovral HeTd ano GAeypov), OMwWE RETA Ao
HSV eykedalittda
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[Mpoocdata mpoTELVOUEVA KPLTPLA VLA TN Stdyvwon
aUTOoAvVoo N EYKEDQAAITIOOC XWPLE TN XPION AVILCWUATWY

* Ymoéeia emdeivwon KAWIKAC ElKOVAc* <3 pnivec

« ApdotepomAeupec fAaPec orov immokapno otnv MRI
* MaBoloywo ENY n HET

* AmokAswopoc alAng dayvwoncg

*AVOIKN oUVB PO, ETWANTITLKEC KpLoELg, \pUyIKEC SLoTapoyEc

Grous et al 2016, Lancet Neurology



Antibody targets in nervous system

* Central and Peripheral Myelin [MS andPN]
 Ranvier nodes [MN with MMCB]
 Neuromuscular junction [MG ]

 Neuron [Paraneoplastic syndromes,
autoimmune encephalopathy ]

e Astrocytes [NMO]
* Oligodendrocyte



Peripheral neuropathy

Autoantibodies against

gagliosides|[GM1,GM2,GD1a,GD1b,GT1a3,GQ1lb
cerebroside[Galc,SGPG, SGLPG Sulfatide |

Proteins [MAG, OMgp,PO,PMP22 ,P2 ]
Proteins- gagliosides cross reactivities
T- cell indepented reactions






* Topographical distribution of antigen
determines the clinical syndrome

* GM1 mainly localised in Ranvier nodes
* Clinical syndrome Motor neuropathy

with multifocal conduction block
Anti-GM1 titers increased more than 1 6400



Target AG Immunoglobulin ClassClinical Syndrome
GM1 IgM M.N withMMCB

GM1 1gG axonal GBS



Neuropathy pathogenesis

1.specificity of immunoglobulin
2.immunoglobulin class

3.other coexisting factors asVEGF in POEMS



ANTI-MAG NEUROPATHY
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Cross-reactivities

MAG SGPG
Po SGLPG
Pm-22

Common carboydrate epitope: HNK-1
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Anti-MAG antibodies
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Polard 2011
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