Immunological neuropathies

Anti-MAG ,antigaglioside
neuropathies

C,KILIDIREAS MD

Professor of Neurology -
Neuroimmunology



Systemic immune
compartment

Peripheral nervous system

| ®

D

©

Reactivation
and expansion

IL-10
TGF-

Apoptosis

Schwann
cell




Immune mechanism in PN

* Triggering of auto reactive T- and B-cell
-molecular mimicry
-epitope spreading
 Induction phase and effector phase
-co-stimulatory molecules



* Entry of inflamatory cells
adhesion molecules,chemokines,
matrix metaloproteinases

« Amplification and termination of the local
Immune response

-cytokines[IL-8, IL-2,Th1/Th2 ]



» Effector mechanisms of the myelin
destruction:macrophages, antibodies
,complement



Macrophages in PN

Endoneurian macrophages act as APC

Hematogenous transmigrate through adhession
molecules ,and MMP.once within produce pro-
Inflamatory cytokines

Antibody driven,complement depented attack to
the target Antigen.Cell mediated cytotoxicity.

Anti-inflamatory cytokines production
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Peripheral neuropathy

Autoantibodies against

gagliosides|GM1,GM2,GD1a,GD1b,GT1a,
GQ1b cerebroside[Galc,SGPG, SGLPG
Sulfatide ]

Proteins [MAG, OMgp,P0,PMP22 ,P2 |
Proteins- gagliosides cross reactivities
T- cell indepented reactions



Gangliosides in peripheral nerve
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Figure 2. The main nodal and paranodal target antigens, recently described in
CIDP.

llla 2016



FIGURE 3

Candidate antigens in the nodal, paranodal and juxtaparanodal regions of the myelinated fiber

Conatctin 1, Na+ channel, Ankyrin G, Neurofascin 186 are the most common putative antigens in the nodal region; Neurofascn 155, Gaspar 1and contactin 1 inthe paranodal;
and contactin 2, Caspar 2 and K+ channel in the juxtaparanodal region. Additional ones (see text) incdude gliomedin, connexin, NCAM, cadhernin and others.

In QDP, KCNQZ, a K+ channel subunit, is diminished; Caspar 1, is more widespread extending to internodal reg ions; the nodal Na+ channel clusters are disrupted; antibodies to
several proteins have been observed; palymorphisms in the Contactin 2 (TAG-1) have been associated with response to Vg

Dalakas 2015



Immune neuropathies

GBS

CIDP

Miller-fisher syndrome and anti-GQ1b
Anti-MAG paraproteinemic neuropathy
MN with MMCB and anti-GM1 antibodies

Paraproteinemic neuropathies and anti
glycolipid antibodies[against GM2,GDIb,
GQ1b ,GT1b ,SGPG, Sulfatide ]

AMAN and anti-GM1,anti-GD1la



Acute motor inflamatory

neuropathy

Gullain Barre syndrome
AIDP
AMAN
AMSAN
Mller- Fisher syndrome
Sensory axonal GBS
Acute pandysautonomia



ANTI-MAG NEUROPATHY



Antl-MAG neuropathy

* Sensory neuropathy and later sensory
motor neuropathy

* Distal ,ascending paresthesia,numbness,
sensory ataxia pain uncommon , positive
Romberg test

« Reflexes decreased or absent in lower
extremities and deccreased In upper.
distal weakness

* Monoclonal IgM anti--MAG specificity
Wide spaced mvelin and demvelination



Immunology

IgM and complement deposition In
peripheral myelin

Monoclonal IgM with anti-MAG specificity

Passive transfer of neurophysiological and
pathological features of the disease to
experimental models [demyelination |

Sucesfull therapy with B-cell depletion or
Immunosupression
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Cross-reactivities

MAG SGPG
Po SGLPG
Pm-22

Common carboydrate epitope: HNK-1
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FIGURE 8. Electron micrographs of longitudinal sections of Schmidt-Lanterman incisures in specimens from a normal control (A)
and anti-myelin-associated glycoprotein neuropathy (B). Widely spaced myelin is in continuity with Schmidt-Lanterman incisures.
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« Kawagashira et al 2010



Anti-MAG antibodies
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* Monoclonal gammopathy IgM
« CD5 Bcells
* Natural iImmune repertoire
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Antl-MAG neuropathyTherapy

* Rituximab
» Cytostatics [cyclophosphamide |



Antl-MAG neuropathy

 ANTIGEN

MAG cross ractivities to
PO,PMP22,SGPG,SGLPG
IMMUNOGENIC EPITOPE

HNK-1 carboydrate

EFFECTOR
Monoclonal IgM
IMMUNE CELLS
B CD5+ , Tcell independed reaction



AViIvEVO AVIICORATOV
X0aoaxTnQLopnog Aviiyovov 0GTOYOV

Itwon tov TitAov cvvdvaletar pe vYeon Ti¢
vooov

MEeTa@oQa TS VOGOV OF RNELQUNATOLWO HECH
TOV YOQUXTNOLCOEVIOV CVIICONATOV

AvVOGOTOiN0) ME TO YOQEUXTNQLOOEY AVTIIYOVO
MOOXUAEL NELQURATIXO MOVIEAO TS VOGOV




Antigen: MAG

Antibody: monoclona;l IgM
Passive transfer

Immunisation experimental model




SPECIFIC CHARACTERISTICS
OF IMMUNE NEUROPATIES
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Complex antigenic targets

* Potential antigenic targets may have been
overlooked because of focusing in single
molecules

. -complex gangliosides

. -antibodies to specific gangliosides
may not recognise clusters of
gangliosides,cholesterol, GPI-
anchored proteins .



Triggering factors of molecular
mimicry

Camp jejuni [IgG anti-GM1 , anti-

GDla,anti-GQ1Db]

Mycoplasma pneumonia [anti-Galc]

Haemophilus influenza [anti-GM1,anti-
GQ1b]

CMV [IgM antl- GM2 ]



C.Jejunicstll | LOS structures produced | Resultant GBS Human target
activity subtype antigens
G 3\ AMAN
GM1 lke V7 ol
Lipid A O-{HO
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(02,3 *
sialyltransferase) | GD1alike GD1a
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@ e
*
MFS 6Qth
< > Ceramide
GTalike Ophthalmoplegia
Bifunctional |LP9A 603
(@23and 028 s 0
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Camplylobacter jejuni with the cstll allele Thr51 have a2,3-activity alone and produce GM1 and GD1a-like LOS, resulting in AMAN via the induction of
anti-GM1 and anti-GD1a antibodies. Those possessing the Asn51 allele have bifunctional enzyme activity. GT1a and GD1c LOS with terminal
disialosyl groups induce anti-GQ1b, GD3 and GT1a antibodies. AMAN, acute motor axonal neuropathy; C. jejuni, Camplylobacter jejuni; GBS,
Guillain-Barré syndrome; LOS, lipo-oligosaccharide; MFS, Miller-Fisher syndrome. {} = ganglioside mimicking structure of LOS. "Presence of
second glucose on core LOS structure is serotype-dependent. (), Galactose; [], N-acetyl-galactosamine; [§, heptose; (), phosphorylethanolamine;
@. glucose; |, N-acetyl-glucosamine; ¢, «2,3 N-acetyl-neuraminic acid; 4, «2,8 N-acetyl-neuraminic acid.



Specific features of Immune
response in PN
Topografy of antigenic epitopes and
clinical phaenotype .

Cross reactive epitopes in lipids and
proteins.

Epitope spreading .

Immunoglobulin class,isotype, and
disease .



Neuropathy pathogenesis
1.specificity of iImmunoglobulin
2.immunoglobulin class

3.other coexisting factors asVEGF In
POEMS



Target AG  Immunoglobulin Class Clinical Syndrome
GM1 IgM M.N withMMCB

GM1 1IgG axonal GBS



* 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



* Molecular mimicry and complex
specificities

* During B-cell maturatrion the antibody
specificity Is altered : restricted to one
ganglioside to an affinity of complex
ganglioside



* Determination of target antigen gives
Information about the characteristcs of
Immune responsele.g anti-GM1 and T-cell
Independend reactions]




* Natural autoantibodies are range products
of innate like B cells that include B1 and

marginal B cells
* The example of ABO blood group



CD34 CJDIB i CD19 CD20 CD3&
o7 >’ . . ! 010
N | @ _\ :
L J SO B ce
D22 CDI0 B
Pro-B Plasma cell Intestinal Pro-plasma cell
7 7 submucosa L~
/ g - ,--""" ) e n
J— = - Follicle Marginal
i h r b zunre‘;:l
': . l = | |z
\\_,__ - _‘/.l — \\__ __/J ﬁ Q
Pro-B Flasma cell Ly ﬂntigeﬁg
— |"/ \ N
— | Girculating | |
. Ial'l | —— > L follicular -
ArCuiKl / B cell
follicular = _ T Tmloe Ext[a—
B cell Iolltﬁlular
o —— i — = | Beell
r A r \.I [ .\.‘I l,r’ .\". . |
| | - | —T | — | .l*' . f
- Y 4 - --ﬁmpmsis : |
Pre-B Virgin-B I|
Bone marrow : primary Peripheral blood ' Secondary lymphatic organs: |
B-cell production ' antigen-induced B-cell proliferation
| \ |
CD20 CD22 D20 CD21 D20 CD21 Co20 CD21
o1 | _/ co1s |/ ooz |ems |/ ooz cole |/ cpm:
N Nt Y D23 X
| | ! | [ D37 ! \-CD39
"-. Fote \ . ~slgh . L slgM . L slgM
- -_— 4 A N slgD N D
Circulating Extra-
Pre-B Virgin-B follicular B cell follicular B cell
A. Development of B lymphocytes
Pleural space CD5+ B cells
i - T-independent
| — Secrete low-affinity
2 lgM-autoantibodies
Bone marrow o5+ — Can renew themselves
[ + - No hypermutations
- e SlaM
|\.‘,’
/_% - 05 (D45R
= A= 0
C::? :I . |
o= ~mna
-
Early ontogenesis Peritoneal cavity slg
B.CD5* B cells




THE IMPORTAND DISCOVERY OF

PATTERN RECOGNITION ANTIBODIES
INSTEAD OF SPECIFIC

CARBOHYDRATES OR GLYCOLIPIDS

AALIL L 1ICC/AANIL DHDN\1T1 D



Chronic Immune Mediated
Demyelinating Neuropathy (CIMDP)

mCIDP CIDP Variants
B Classic ® Sensory Predominant
®variants— B Multifocal
® PARAPROTEIN ™ Lewis-Sumner
W Strong Assoclation ® With CNS
= gM ® \With Diabetes
W POEMS B \With Autoimmune
W Weak Association ® \With Other Disorders
BigG

ugA



LIPID AND PROTEIN
ANTIGENS IN PERIPHERAL
NERVE



Glycolipid Structure
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Specific features of Immune
response in PN
Topografy of antigenic epitopes and
clinical phaenotype .

Cross reactive epitopes in lipids and
proteins.

Epitope spreading .

Immunoglobulin class,isotype, and
disease .



Cross-Reactivities :
Glycoproteins and Glycolipids

* Anti-MAG antibodies and peripheral nerve
* Antl-GM1 and peripheral nerve
* The concept of intermolecular spreading






Antigens and molecular mimicry

« GM1[MN with MMCB,AMAN ]
. GDla [AMAN]
. GQ1b [MFS]







Microbial infection and autoimmune
neuropathy

« Camp jejuni [serotype PennerD19]
* Mycoplasma pneumoniae
 Haemophilus influenza

* Borelia Burgdorfi




Camp.Jejuni and molecular
mimicry

C.Jejuni cstll LOS structures produced Resultant GBS Human target
activity subtype antigens
- ~ AMAN
GM1 like GM!1
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* C.Jejuni siasltransferase enzyme cstll
cstll with a2,3 activity : LOS GM1,
mimics[AMAN]
cstll bifunctional a2,3 and a2,8-cslI:
disialosylmimics [MFS]

Host factors: CD1 polymorphisms




GM, A

LPS of C. jejuni
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The spectrum of anti-GM1
assoclated neurologic disorder

1.MN with MMCB [IgM class]

 -T-cell Indepented reaction,natural
Immune repertoire]

2.AMAN [lgG class iIgG1 andlgG3 isotypes]
-molecular mimicry,the role of Camp
jejuni
3.LMND
-controvercial






MN withMMCB

Motor neuropathy
asymetral neuropathy,upper extremities
more involved,muscles atrophies

Motor conduction block in neurophysiology
studies

Anti-GM1 IgM antibodies
T-cell Independent reaction
Anti-GM1 gathered in Ranvier nodes



Therapy: MN with MMCB

* [VIg
* Cyclocophosphamide
 Corticosteroids worsen the neuropathy



Target AG  Immunoglobulin Class Clinical Syndrome
GM1 IgM M.N withMMCB

GM1 1IgG axonal GBS






GM1 and cross reactivities

« GalGalNack carbohydrate epitope
« GM1,AsGM1
* versican






Binding of serum antibodies to GM, and other glycoconjugates
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AMAN

* Acute motor axonal neuropathy
* Infection
* China epidemics



Camp.Jejuni and molecular
mimicry

C.Jejuni cstll LOS structures produced Resultant GBS Human target
activity subtype antigens
- ~ AMAN
GM1 like GM!1
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GM1 ganglioside Gall-3GalNAcl-4Gall-4GIcBl-l’Cer

NeuAcai

LPS (PEN 19) Gall-3GalNAcl-4Gall-2Hepa-LPS core

NeuAcai




Anti-GD1a spectrum

1.IgM In a few neuropathy patients
2% Inwhole series
MMNI[1]
CIDP

2.1gG severe axonal GBS withpredecented
Camp jejuni infection
titers reduced with therapy



s.Miller Fisher

Clasical triad:ataxia,areflexia,ophthalmoplegia
Anti-GQ1b I1gG antibodies[lgG1,IgG3 |
Anti-GT1a and pharygo-brachial-cervical variant
Therapy:IVIg,Plasma exchange,

eculizumab [anti C5b9 mab] under study



Camp.Jejuni and molecular
mimicry

C.Jejuni cstll LOS structures produced Resultant GBS Human target
activity subtype antigens
- ~ AMAN
GM1 like GM!1
Lipid A Ceramide —.—g—D—O
Monofunctional .
(02,3 *
sialyltransferase) | GD1alike GD1a
Lipid A . . Ceramide
%D_g o Limbparalysis _._g_D_g
¢ “re
*
MFS GQ1b
< > Ceramide
GT1a like Ophthalmoplegia
Bifunctional |LZP9% GD3
(02,3 and 02,8 ‘ Ceramide
sialyltransferase) *
GD1c like Ataxia GT1a
Lipid A O_D_% Ceramide
*
\_ y,
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Antl-GQ1b

* GQ1Db as receptor of botulin toxin
» occulomotor nerves highly enriched
« Complement mediated damage so

eculizumab [anti-MAC mab ] effective In
therapy.

Abllity to interfere toNeuromuscular Junction




Antl-GQ1b spectrum

1.IgM anti-GQ1b :minor percentage In
Ganglioside series

« -afew CIDP cases
. -iIn CANOMAD cases [with GD3,GT1b
. GD1b reactivity |

2. 1gGantli-GQ1b :MFS,GBS with
opthalmoplegia



Specific features of Immune
response in PN
Topografy of antigenic epitopes and
clinical phaenotype .

Cross reactive epitopes in lipids and
proteins.

Epitope spreading .

Immunoglobulin class,isotype, and
disease .



Mycoplasma infection and
neuropathy
* AntiI-GM1 and anti-GalC antibodies
generation [Suzuki etal2004, ]

 The role of anti-GalC uncertain for
AIDP,AMAN

* Cholera toxin B-subunit and rabidanti-GM1
|IgG stained band in lipid extracts of
mycoplasma




Lyme neuropathy

1.Infection
2.Molecular mimicry

- generation anti-ganglioside ab [ Garcia et al1995]
etal

- anti-flagelin ab cross react to neural antigens[Sigal
etal1997

-Anti-OspA peptides|[identical cDNA sequence from brain
Tissue[Alaedini 2005]



Haemophilus infl and neuropathy

* strain isolation frm MFS patient reveal
bifunctional sialyltransferase activity

producing disialosyl group structures
linked toterminal Gal



Glycolipid Structure
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2.XOAIO-1

* 2€ 000¢gveIC ye KOBapOo ocuvOPOUO
KOTWTEPOU KIVNTIKOU VEUPWVOC
UTTOOTNPICOMEVO ATTO VEUPOPUOIOAOYIKAO
eupnuUaTa [ME N XWPEIC OIATAPAXEC
AYWYIMOTNTOC] N TTAPOUCIa NUCNMEVWY
TITAwv IgM avT-GM1 n GD1a fonBa oTtnv
QTTOKAAUWN OVOOOAOYIKOU OUVOPOOU



2.XOAIO-2

e 2 EKUPIWG a10ONTIKN ACOVIKN VEUPOTTABEIO
UEYOAWYV IVWV Kal yovouAovikn IgM
navixveuoic avTtl-GD1b kaBopilel
OVOOOAOYIKOU OCUVOPOUO

* 2€ OCEIN YEVIKEUNEVN QOUVAMIO O
kKaBopliopocg avr-GM1 n avti-GD1a | IgG
class Jutropel va diagpopodiayvwon AMAN
N kKal GBS n aAAec aiTiec aduvapiac OTTwG
uuaoOeveia’,FOTOUAIVIOUO Kal aAAO



2. XOAIO -3

* 2€ 0CEI0 OPOaAPOTTAPEDN ME N XWPEIC OAAN
TTPOCBOAN KPAVIOKWY VEUPWYV ,aTACIO N
YEVIKEUMEVN VEUPOTTABEIO O KOBOPIOHOC
Twv avTl-GQ1b IgG avricwuaTtwy
utTooTNPICEl TNV OlayVWON OCUVOPONOU
Miller Fisher kai d1a@opo0dIayIYVWOKEI TOUC
QO0BOEVEIC AUTOUC ATTO EKEIVOUC TNC VOOOU
TWV VOOOU Lyme capKoeIidooewC Kal
VEOTTAQCOTIKNG MNVIYYITIOOC



In conclusion

Motor neuropathy:.anti-GM1-ASGM1,-GM?2
IgM

Sensory demyelinative neuropathy:anti-
MAG/SGPG,

Sensory axonal: anti-Sulfatide,-GD1b,-Hu
-SGPG,ANA SS-A,SS-B [Sjogren],ANCA —
DNA RF|[vasculitis] ,dual MAG

AMAN :anti-GM1 1gG,-GD1a IgG
Acute opthalmoplegia :anti-GQ1b












