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Les pathologies neurologiques auto-immunes : 
quand un anticorps fait perdre la tête



Pathologies neurologiques 
autoimmunes

• Pathologies du Système Nerveux Central

• Pathologies Neuromusculaires

• Pathologies du Système Nerveux Péripherique



Pathologies neurologiques autoimmunes

• Pathologies centrales
• Ac anti proteines onconeuronales
• Ac anti récepteurs/protéines  de surfaces 

• Encephalomyelites
• Encéphalites limbiques

• Neuromyelite optique 
• Encephalite d’Hashimoto
• PANDAS (Paediatric Autoimmune Disorders Associated with Streptococcus infections)

• Manifestations neurologiques centrales des pathologies autoimmunes systémiques 
(Lupus, Granulomatoses, vasculites

• Pathologies Neuromusculaires : Ac anti Rec. Acethyl Choline, Anti MUSK, Anti VGCC

• Syndromes myasthéniques
• Lambert Eaton
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Polyneuropathies périphériques
autoimmunes

Syndrome Guillain Barré
AIDP (90%) ?
AMAN (10%) GM1, GM1b, GD1a
AMSAN GM1, GM1b, GD1a
Miller Fisher (ophtalmoplégie, ataxie, areflexie) GQIb, GT1a

Neuropathies paranéoplasiques Hu, CV2
(sensitive subaiguë de Denny Brown)

CIDP ?
MMN GM1
Neuropathies vasculaires (vasculites) ANCA, aPL, 
Neuropathies / gammopathies monoclonales Anti-MAG, myelin
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Pathologies neurologiques centrales
autoimmunes

Concept récent

Antigènes intracellulaires
Anti-Hu
Anti-Yo
Anti-CV2
Anti-Ma2
Anti-Zic4…
Marqueurs indirects

Antigènes membranaires   
Anti-NMDAR
Anti-VGKC
Anti-AMPAR
Anti-GABAR

Rôle pathologique direct

Peuvent être paraneoplasiques
ou non

Antigènes
onco-neuronaux

Concept ancien

Paraneoplasiques
Anti-Hu
Anti-Yo
Anti-CV2
Anti-Ma2

Non paraneoplasiques
Anti-VGKC
Anti-VGCC
mais 20 à 60% de cancers



Deux mécanismes physiopathologiques 
distincts



Pathologies neurologiques autoimmunes

Ac dirigé contre un antigène
neuronal intracytoplasmique

Non pathogène

Marqueur secondaire

Destruction neuronale / Immunité 
cellulaire

Lesions peu réversibles

Ac dirigé contre un récepteur
membranaire

Rôle pathogène direct

Effet fonctionnel de l'Ac sur le 
récepteur

Généralement pas de destruction  
Neuronale

Tableau réversible: efficacité du 
traitement





= pathologies rares !!!



Pathologies neurologiques centrales 
autoimmunes

Paraneoplasique Non- Paraneoplasique
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Encephalites autoimmunes

Lancet Neurol 2016; 15: 391–404



Principaux anticorps / Ag / tableau neurologique



Syndromes neurologiques 
paraneoplasiques





Un peu de confusion…

• Un même anticorps peut être associé à des tableaux cliniques
différents

• Un même tableau clinique peut s’observer avec des Ac différents

• La plupart des syndromes paranéoplasiques précèdent le 
diagnostic de cancer parfois de plusieurs années (à 5ans)

• L’absence d’Ac n’exclu pas un syndrome paranéoplasique (ex 
opsoclonus-myoclonus/neuroblastome)

• Un patient peut présenter plusieurs Ac (CRMP5, Hu et Zic4)

• Des anticorps peuvent être présents sans symptomes
neurologiques



Tableau clinique/Anticorps
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Acquired neuromyotonia Yes
painful neuropathy Yes
Morvan syndrome (limbic encephalitis and neuromyotonia) Yes Yes
Rare tumors (eg, thymoma, small cell lung cancer)
Hyponatremia Yes
Myoclonic movements Yes
Stiff-person syndrome Yes yes
Paraneoplastic encephalomyelitis (PEM) Yes Yes Yes Yes Yes
Diencephalic encephalitis yes Yes
Brainstem encephalitis yes Yes Yes Yes
Myelitis yes Yes
Cerebellar degeneration/ataxia Yes Yes yes
Sensory neuronopathy (SN) Yes Yes Yes
Chorea Yes Yes Yes
Optic neuritis Yes
Peripheral neuropathy Yes
opsoclonus-myoclonus Yes Yes
Subacute cerebellar degeneration Yes Yes Yes Yes Yes
enteric neuropathy (gastrointestinal [GI] dysmotility) Yes Yes Yes Yes
Sensorimotor neuropathy Yes Yes
Optic neuropathy (retinitis, optic neuritis, uveitis Yes
Jaw dystonia Yes
Atypical parkinsonism Yes
Neuromyotonia (Isaac syndrome Yes
Undulating myeloma Yes
Cramp-fasciculation syndrome Yes
Limbic encephalitis Yes Yes Yes Yes Yes Yes Yes yes yes yes yes
Psychoses (eg, hallucinations, delusions, paranoia) yes yes
Paranoia yes
Memory issues,  cognitive impairment yes Yes
Limbic encephalitis (with early prominent seizures) yes yes
Limbic encephalitis, agitation/psychiatric disturbances () yes
Seizures yes Yes
Dyskinesia, movement disorders yes
Catatonic phase yes
Autonomic neuropathy (hypoventilation, tachycardia, hypertension, 
hyperthermia) Yes Yes yes yes
Speech and language dysfunction yes
not reported in children yes
Agitation yes Yes Yes
Sleep disorders Yes
Diarrhea Yes
Association à Hodgkin Yes Yes
Hyperrekplexia Yes





Stiff person syndrome



Stiff Man Syndrome



Anti Amphiphysine

Amphiphysin belongs to the BAR (Bin-Amphiphysin-Rsvsp) family proteins. There
are two isoforms, amphiphysin I and II. Amphiphysin I is the antigen recognized by
anti-amphiphysin antibodies that occur in paraneoplastic neurological syndromes.
Amphiphysin I is a presynaptic protein that play a key role in clathrin-mediated
endocytosis of synaptic vesicles released in the presynaptic terminals.



Anti-GAD
Higher magnification of 

the granular cells 
showing GAD reactivity

GAD65 : neurotransmission
GAD67 autres fonctions neuronales
Enzyme produisant le GABA

GAD antibody on primate pancreas (Islet cell antibody has
similar distribution). The target antigens are GAD 67 and
GAD 65.



Tableau clinique en fonction 
de la cible antigénique

NEJM 2018



NEJM 2018



Anticorps dirigés contre les protéines de surface, 
des récepteurs ou des canaux ioniques

• Tableau clinique prédominant :
• Troubles du comportement
• Psychose
• Crises E
• Troubles cognitifs et de mémoire
• Mouvements anormaux
• Dysautonomie
• Altération de la conscience

• Pas d’autre manifestations systémiques >< Lupus
• Atteint tous les ages
• Récupération complète si traitement précoce

• Effet pathogène direct des anticorps





In April 2009, Susannah Cahalan, a 24-year-old
reporter for the New York Post, woke up
strapped to a bed in a hospital room. She had
no clear memory of the previous few weeks,
though her medical records showed that she'd
been psychotic and violent before lapsing into a
profound catatonia. Her doctors had ordered a
battery of blood tests and brain scans, but they
revealed nothing. It took the brilliant neurologist
Souhel Najjar, MD, to find the cause: Cahalan
had a rare disease that caused her immune
system to attack her brain. In her new book,
Brain on Fire, Cahalan chronicles her terrifying
ordeal and the desperate search for a cure. We
asked her to walk us through her journey.

Encéphalite limbique



Ac anti-Glutamate 
récepteur



Auto-Ac et encephalites limbiques

• Ac dirigés contre cible intracellulaire
– Hu, Ma2, CV2, Amphiphysine
– GAD

• Ac dirigé contre protéine (récepteur) membranaire
– Glutamate rec : 

• Rec ionotropes: NMDA (Ca++), AMPAR (Na+/K+)
• Rec Metabotropes: mGLUR1 (deg. Cerebelleuses)

– VGKC (Kv1,Kv2,… LGI1, CASPR2
– GABAB Rec
– GlyR

• Cible inconnue : 40%
– Ac reconnaissant « Neuropil » limbique (+/-30%)
– Pas d’anticorps

32% Ac découvert  ≠ Ac suspecté



Encéphalite limbique
• désorientation,

• agitation,

• Perte de mémoire à court terme,

• Epilepsies temporales,

• Troubles du sommeil,

• Hallucinations



Système limbique

Olfaction
Mémoire
Emotions
Contrôle endocrinien



Encéphalite limbique



Récepteurs glutamate
• Récepteurs ionotropes

– Récepteurs NMDA (Ca++) tétramère 2NR1/2NR2
– Récepteurs AMPA (Na+/K+) hétérotétramère GluR1, GluR2, 

GluR3, GluR4. 

• Récepteurs métabolotropes au glutamate:
– Homodimères (mglu1, mglu… mglu8)



Encephalite à Ac anti NMDAR



Anticorps Anti VGKC
(Voltage Gated K channels) 

DTX = Dendrotoxine (< mamba vert) RIA: test incluant l’ensemble du complexe



Anti VGKC : associations

• Neuromyotonie CASPR2

• Syndrome de Morvan LGI1/CASPR2

• Encéphalite limbique  LGI1   

• Opsonus Myoclonus (également Hu, Ri)



Anti VGKC



Ac anti- Ag de surface / Néo

% cas Tumeurs
paraneoplasiques

• NMDAR 9-55% Teratome ovarien

• AMPAR 70% Po, Thym, sein

• GABA R 60% SCLC

• LGI1 <20% SCLC, thymome

• CASPR2 <10% Thymome



Encéphalies autoimmunes en pédiatrie

NMDAR – 13/48
VGKC-complex – 7/48
Glycine receptor – 1/48

Anti-GM1 antibodies 
- In cryptogenic partial epilepsy (6%)

GluR3 antibodies 
- Mainly in Rasmussens encephalitis

NMDAR antibodies
- 140 patients identified in the first 2 years in the UK
- 26% of female patients aged 15 to 45 with unexplained

new-onset epilepsy (Arch Neurol 2009; 66:458)
GABAA antibodies 

- in severe epilepsy, encephalitis and
status (Petit-Pedrol M et al, Lancet Neurol 2014 Mar)
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Stratégie recherche Ac anti-Neurones
Immunofluorescence indirecte

(cervelet primate +/- syst limbique)

Négatif

Discussion avec clinicien

Positif

Ac anti-neurones
Anti-Hu, Ri, Yo, 
CV2, Ma2, 
AmphiphysineAnti-NMDAR, AMPAR

VGKC (LGI1, CASPR2),
AQ4

ImmunoblotCell based assays
(cellules transfectées)

Forte suspicion clinique Faible suspicion clinique Marquage du Neuropile
(couche moléculaire)

selon présentation

selon pattern

STOP



Pattern immunofluorescence 
indirecte

• Cytoplasme Purkinije à Yo (PCA1) ou 
mGluR1

• Noyaux neurones (exclure ANA) à Hu, Ri
• Cytoplasme et dendrites à PCA2
• Couche granulaire (cytopl) à GAD
• Couche moléculaire et granulaire  à NMDA, 

AMPA, Amphiphysine
• Couche moléculaire à VGKC, GABA



Histologie du cervelet
outil de screning



Anti-Tr Anti-Hu

Anti-Yo Anti-CV2

Anti-Amphyphisine

Anti-Ma1/Ma2/Ma3
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Cell based assays

Cellule transfectée avec gène du la protéine spécifique à Exprimée en surface

Human Embryonic Kidney cells



Cell Based Assays
Transfected HEK 293 cells

Anti-Neuropil antibodies

NMDAR

CASPR2

AMPAR1

LGI1

AMPAR2

GABABR



Serum ou LCR ?
• Serum:

– Hu, Yo, Ma, CV2, Amphiphysine,
– LG1, CASPR2
– Recoverine

• LCR :
– NMDAR

• Serum (et LCR):
– VGKC, AMPAR, GABABR

Anti-NMDA



Ac anti NMDAR

Dalmau, Philadelphia





Auto-anticorps : méthodes



Techniques 
d’investigation biologique

• Immunofluorescence indirecte: screening

• Coupe de cervelet, d’hippocampe (système limbique)

• Coupe de nerf sciatique

• Identification 

• Immunodots

• Cellules transfectées (pour récepteurs membranaires)

• ELISA (anti-GAD, anti-MAG, ..)



Merci







Autoimmune encephalitis screen
Serum sample from patient is screened on transfected HEK cells for 
the detection of the following antibodies:-

Glutamate receptor type: 

NMDA (see below), AMPA1 and AMPA2

Voltage-gated potassium channel associated proteins:

Leucine-rich glioma inactivated protein 1 (LGI1) and 
Contactin-associated protein 2 (CASPR2)
DPPX

GABA receptors 1 (GABARB1)



Syndrome / cible antigénique



Quelques définitions
• Syndrome de Morvan : maladie neuro-musculaire rare, auto-immune, caractérisée par la 

présence de nombreuses fasciculations douloureuses. Elle se traduit par des contractions 
musculaires du visage et de la langue, des faiblesses et des crampes dans les muscles 
principalement dans les membres inférieurs. Associé à hyponatrémie.  Video

• myoclonus (myoclonies) : contractions musculaires rapides, involontaires, de faible
amplitude, d'un ou plusieurs muscles.

• Opsoclonus : mouvements oculaires conjugués, involontaires, arythmiques, 
multidirectionnels.   Video

• Encéphalite limbique : survenue aiguë ou subaigue de troubles mnésiques, d’un 
syndrome confusionnel et/ou de crises d’épilepsie. Le début est parfois plus insidieux se 
manifestant par des signes d’allure psychiatriques avec anxiété, dépression, hallucinations.

• Dysautonomie : sub-occlusion intestinale, fièvre, hypersialorhée voire hypoventilation 
conduisant à une hospitalisation en réanimation.

• Stiff Person Syndrome



Tableau clinique en fonction de la cible 
antigénique



• Dégénerescence cerebelleuse
• Neuromyelite optique
• Stiff person syndrome

• Rarement associé aux symptomes
d’encephalite

Anticorps dirigés contre antigènes neuronaux 
ou des cellules gliales





Yo

GAD Hu

Ri

Myelin

MAG



Stratégie recherche Ac anti-Neurone

Immunofluorescence indirecte
(cervelet primate +/- hippocampe/amygdale)

Négatif

Discussion avec clinicien

Positif

Ac anti-neurones
Anti-Hu, Ri, Yo, 
CV2, Ma2, 
Amphiphysine

Anti-NMDAR, AMPAR
VGKC (LGI1, CASPR2),

Immunoblot
Specific

Cell based assays
(cellules transfectées)



Pattern immunofluorescence indirecte

• Cytoplasme Purkinije à Yo (PCA1) ou mGluR1
• Noyaux neurones (exclure ANA) à Hu, Ri
• Cytoplasme et dendrites à PCA2
• Couche granulaire (cytopl) à GAD
• Couche moléculaire et granulaire  à NMDA, 

AMPA, Amphiphysine
• Couche moléculaire à VGKC, GABA



Histologie du cervelet
outil de screning



Anti-Tr Anti-Hu

Anti-Yo Anti-CV2

Anti-Amphyphisine
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Histologie du cervelet



Mécanismes 
physiopathologiques



ANNA1 (Hu) PCA1,2 (Yo)

Ma(1,2,3)

Tr



Syndromes cerebelleux

syndromes paraneoplasiques



Ri (ANNA2) antibodies
Rare antibodies (IgG)

Similar staining pattern as anti-Hu 
antibody

Antibody binds to CNS but not PNS 
neurones (myenteric neurones stain 
negative)
A high intensity signal at both 55 and 80 kDa 
on a Western blot would confirm Ri 
specificity.

Neurological syndrome: Cerebellar 
degeneration, opsoclonus/myclonus

Associated tumours: Breast, 
gynaecological and small cell lung 
carcinoma   



Anti Hu (ANNA1) antibodies
Hu antibody binds to the
granular and Purkinje
neurones
This is the most commonly
occurring paraneoplastic
neurological antibody.

Neurological syndrome:
Cerebellar ataxia,
encephalomyelitis, sensory
neuropathy

Associated tumour: Small
cell lung carcinoma and
neuroblastoma



Anti Hu (ANNA1) antibodies

Patients with paraneoplastic syndromes and anti-Hu antibodies may develop concurrent
antibodies to other onconeuronal antigens. They include, anti-CV2 (CRMP5), anti-
amphiphysi, anti-Ri, anti-VGCC, or anti-Zic4 antibodies.



Yo (PCA-1) antibodies
Yo antibody (also known as 
Purkinje cell antibody type 1 (PCA-
1)) reacts with primate cerebellum 
with coarse granular staining of the 
Purkinje cell cytoplasm. This 
reaction must be confirmed with 
Western blot/line blot.
Clinical indication: Cerebellar 
degeneration

Associated tumours: Breast and 
ovarian carcinomas. With only few 
exceptions PCA are found 
exclusively in female patients.



Ma antibodies
Three types are known, Ma1 (Ta), Ma2 and Ma3. These have a similar pattern of distribution on the cerebellum. All three antibodies can coexist with each other and this is reflected by additional symptoms compared to isolated reactivity.

Cerebellum: Ma is located in 
nucleoli of the molecular and 
Purkinje neurones. Nucleolar ANA 
must be eliminated as it produces 
similar pattern as Ma. This type of 
distribution can also be seen with 
non Ma sera of undetermined 
significance
Tumour: Ma1: Various tumours. 
Ma2 usually found in younger 
males with testicular tumour.
Syndrome: Ma1: 
Brainstem/cerebellar syndrome. 
Ma2; Brainstem, cerebellar, limbic 
signs.

Tumour: Ma1: Various tumours. Ma2 usually found in 
younger males with testicular tumour.

Syndrome: Ma1: Brainstem/cerebellar syndrome. Ma2; 
Brainstem, cerebellar, limbic signs.



Tr antibodies

There are several antibodies (for example, Yo, PCA-
2 and Tr) which have different specificities yet react
with Purkinje cell cytoplasm thus producing a similar
immunofluorescence distribution pattern. For this
reason it can be difficult to differentiate between
them by immunofluorescence alone. Alternative
methods (such as Western blot) must be employed
to confirm specificity of the antibody.

Primate cerebellum: Anti-Tr IgG stains the 
cytoplasm of Purkinje cells together with the 
dendrites. In the molecular layer, punctate 
(dotted) pattern further distinguishes from Yo. 
The staining in the Purkinje cells is finer than 
that of anti-Yo antibodies. The identification of 
Tr is based on immunocytochemical 
distribution alone, as no common band has 
been identified by Western blot analysis.

Associated tumour: Hodgkin's disease

Neurological syndrome: Cerebellar 
degeneration



Tr antibodies

Confirmatory test:
Not available. Antibody not detected by immunoblot



CV2/CRMP5 antibodies
CV2/CRMP5 is a 66 kDa protein
found in the cytoplasm of
oligodendrocytes in the white matter
When this antibody was first
described, it was called CV2 and
now it also known by its antigenic
protein (collapsing response
mediator protein 5; i.e CRMP5)

Clinical conditions: Paraneoplastic
encephalomyelitis/sensory
neuropathy

Associated tumours: Thymoma,
small cell lung carcinoma.



Stiff person syndrome



Anti Amphiphysine
Amphiphysin (128 kDa dimeric, 
synaptic protein) is found in cerebellar 
presynaptic nerve terminals. 
The cell processes in the molecular 
layer are stained more intensely than 
the nerve terminals in the granular 
layer. The pattern in the granular layer 
resembles that of GAD.
Amphiphysin can also coexist with 
Hu, CV2 or PCA-2.
Clinical conditions: Stiff person’s 
syndrome (5%), paraneoplastic 
encephalomyelitis.
Associated tumours: Most common 
malignancies are small cell lung 
carcinoma and breast cancer



Anti Amphiphysine

Amphiphysin belongs to the BAR (Bin-Amphiphysin-Rsvsp) family proteins. There
are two isoforms, amphiphysin I and II. Amphiphysin I is the antigen recognized by
anti-amphiphysin antibodies that occur in paraneoplastic neurological syndromes.
Amphiphysin I is a presynaptic protein that play a key role in clathrin-mediated
endocytosis of synaptic vesicles released in the presynaptic terminals.



Anti GAD
Low magnification: GAD 
staining the granular layer in the 
primate cerebellum. In contrast 
to amphiphysin there is a lack of 
staining in the molecular layer.

Neurological syndrome: Stiff 
person’s syndrome or diffuse 
hypertonia. GAD has also been 
reported in cerebellar ataxia, 
epilepsy and myoclonus.
Tumour associated: Breast, colon, 
small cell lung carcinoma



Anti-GAD
Higher magnification of 

the granular cells 
showing GAD reactivity

GAD65 : neurotransmission
GAD67 autres fonctions neuronales
Enzyme produisant le GABA

GAD antibody on primate pancreas (Islet cell antibody has
similar distribution). The target antigens are GAD 67 and
GAD 65.



Anti-GAD



Anti-glial nuclear antibody 
(AGNA) antibodies (SOX1)

Recent emergence of another antibody directed 
against the Bergmann glia of the Purkinje cell layer of 
cerebellum has been described in patients with PNS 
(usually Lambert Eaton myasthenic syndrome) 
associated with SCLC. The target for this antibody is 
SOX1 protein. 

Both SOX1 and SOX2 are  targets for the AGNA, with 
higher positivity seen against SOX1

Immunofluorescence shows 
characteristic staining of the 

nuclei of Bergmann glia.



CV2/CRMP5 antibodies

Immunohistochemistry on paraformaldehyde
fixed rat brainstem and cerebellum sections. The
typical staining is that of oligodendrocytes.
Additionnaly, the neuropile may be stained













Tableau clinique en fonction de la cible 
antigénique



Anticorps dirigés contre les protéines de surface, 
des récepteurs ou des canaux ioniques

• Tableau clinique prédominant :
– Troubles du comportement
– Psychose
– Crises E
– Troubles cognitifs et de mémoire
– Mouvements anormaux
– Dysautonomie
– Altération de la conscience

• Pas d’autre manifestations systémiques >< Lupus
• Atteint tous les ages
• Récupération complète si traitement précoce
• Effet pathogène direct des anticorps





Mécanismes physiopathologiques





Ac anti-Glutamate récepteur



Autoimmune encephalitis screen
Serum sample from patient is screened on transfected HEK cells for 
the detection of the following antibodies:-

Glutamate receptor type: 

NMDA (see below), AMPA1 and AMPA2

Voltage-gated potassium channel associated proteins:

Leucine-rich glioma inactivated protein 1 (LGI1) and 
Contactin-associated protein 2 (CASPR2)
DPPX

GABA receptors 1 (GABARB1)



Ac anti- Ag de surface / Néo
% cas Tumeurs
paraneoplasiques

• NMDAR 9-55% Teratome ovarien

• AMPAR 70% Po, Thym, sein

• GABA R 60% SCLC

• LGI1 <20% SCLC, thymome

• CASPR2 <10% Thymome





Récepteurs glutamate
• Récepteurs ionotropes

– Récepteurs NMDA (Ca++) tétramère 2NR1/2NR2
– Récepteurs AMPA (Na+/K+) hétérotétramère GluR1, GluR2, 

GluR3, GluR4. 

• Récepteurs métabolotropes au glutamate:
– Homodimères (mglu1, mglu… mglu8)



Anticorps Anti VGKC 

DTX = Dendrotoxine (< mamba vert) RIA: test incluant l’ensemble du complexe



Anti-VGKC: cible = 
protéines associées au VGKC

• Kv1.1, Kv1.2, Kv1.6 3%

• LGI1
80%

• CASPR2

• Contactin2 et autres ?

Formes d’encéphalites plus indolentes que NMDA-encephalites



Anti VGKC : associations

• Neuromyotonie CASPR2

• Syndrome de Morvan LGI1/CASPR2

• Encéphalite limbique LGI1





Anti-VGKC



Anti-VGKC





Encephalite à Ac anti NMDAR



Anti-NMDA
NMDAR antibody is associated with treatable 
limbic encephalitis and its target is the NMDA 
receptor which comprises four NR units, with 
each of the subunit has a molecular size of 
100 kDa and together they form an ion 
channel/receptor. NMDAR antibody binds to 
the neuropils in the molecular layer of the 
hippocampus as well as the granular layer of 
the cerebellum

Tumours: Ovarian teratoma (56%, 
young women).
Syndrome: Limbic encephalitis

Couche granulaire du cervelet

Forme la plus fréquente :
1% des admissions de jeunes à l’USI



Anti VGKC

High titres of VGKC antibodies may be
detected by immunohistochemistry
showing characteristic staining of
molecular layer of the cerebellum.

Patients with VGKC antibodies may
have associated myasthenia gravis
with or without acetylcholine
receptor antibodies, or may have
acetylcholine receptor antibodies
without myasthenia gravis. Other
thymoma-related antibodies (eg.
Interferon alpha, IL-12) may be
present. Acquired neuromyotonia
has been reported in patients
following bone marrow transfer, with
systemic sclerosis and with other
autoimmune diseases.



Anti VGKC





Encéphalies autoimmunes en pédiatrie

NMDAR – 13/48
VGKC-complex – 7/48
Glycine receptor – 1/48

Anti-GM1 antibodies 
- In cryptogenic partial epilepsy (6%)

GluR3 antibodies 
- Mainly in Rasmussens encephalitis

NMDAR antibodies
- 140 patients identified in the first 2 years in the UK
- 26% of female patients aged 15 to 45 with unexplained

new-onset epilepsy (Arch Neurol 2009; 66:458)
GABAA antibodies 

- in severe epilepsy, encephalitis and
status (Petit-Pedrol M et al, Lancet Neurol 2014 Mar)





NMO (aquaporin 4) antibodies
Neuromyelitis optica (NMO) associated 
antigen, a water channel protein, known 
as aquaporin 4 (AQP4) is found both in 
the central and peripheral tissues. 
Detection of AQP4 antibody is clinically 
useful in differentiating between NMO 
and other optic neuritis or myelitis. Unlike 
multiple sclerosis, a patient with AQP4 
antibody can benefit from 
plasmapheresis and 
immunosuppression.  
On cerebellum, AQP4 is found in the 
juxtaposed pial membrane, microvessels 
in the white matter, molecular layer and 
granular layer.



AQ4 : espaces de Virchow Robin

Binding of serum AQP4-Ab to adult mouse cerebellum as demonstrated by 
immunohistochemistry. Magnified images show staining of b | the microvasculature, c | the 
Virchow–Robin spaces and d | the pia mater. e–g | Binding of serum AQP4-Ab to the surface 
of cultured human embryonic kidney (HEK293) cells transfected with human full length AQP4 
(panel e; see panel f for higher magnification) or nontransfected control cells (panel g), as 
demonstrated by immunocytochemistry. Bound IgG was visualized using a goat anti-human 
IgG secondary antibody labeled with fluoresceinisothiocyanate. Abbreviations: Ab, 
antibodies; AQP4, aquaporin-4. 



Localisation de Aquaporine 4



Often, AQP4 antibody is 
also associated with the 

staining of the cytoplasm of 
the granular cells: Such 

reactivity is also found in the 
CSF.

NMO (aquaporin 4) antibodies

Clinical: Neuromyelitis optica (also known as Devic's disease, ~65%) is an immune-
mediated demyelinated disorder of the optic nerve and spinal cord.  The disorder 
resembles multiple sclerosis (MS) and the two cannot be distinguished from one another.



VGKC-complex encephalitis
Manifestation (n=72) No. (%)

• Cerebral cortex 54 (75)

• Hypothalamic 27 (38) – Hyponatraemia 36%

• Dyssomnia 19 (26)

• Extrapyramidal 15 (21)

• Cranial nerve/brainstem 14 (19)

• Myoclonus 21 (29)

• Autonomic 24 (33)

• Hyperhidrosis 7 (10)

• Somatic peripheral nerve 18 (25)



Encéphalites limbiques



Lg1: encéphalite limbique
Caspr2: Neuromyotonie



2007-2011
• 761 patients with unidentified 

encephalitis
• Enterovirus – 30
• HSV – 7
• VZV – 5
• WNV – 5
• NMDAR - 32



Encéphalite limbique à 
Ac anti-NMDAR

Stage 1 (10-20 days)
• Psychosis
• Seizures
• Confusion
• Amnesia
Stage 2
• Involuntary movements
• Altered consciousness
• Autonomic features





Non-Ma nucleolar antibody
This rare nucleolar antibody which reacts 
with cerebellar neurones and closely 
resembles Ma2 pattern. Extensive testing 
did not show any reactivity against stomach, 
kidney, liver, ovary, testis and ANA. 
Granular staining in the cytoplasm of HEp2 
resembled ribosomal antibody but this was 
not ribosomal P. This antibody also reacted 
with peripheral neurones of the stomach but 
was negative for all the characterised 
paraneoplastic antibodies. The serum also 
tested negative against AChR, RF, ENAS, 
ANCA and TTG.   

Conclusion: This is a rare antibody of undetermined significance which 
reacts with epitopes of primate liver and cerebellum generalised severe 

muscle weakness (unable to walk) and aches



Purkinje cell cytoplasm antibody (Yo/Tr type staining)

Human IgG autoantibody to 
primate cerebellum. This type 
of distribution can be mistaken 
for Yo antibody. The peripheral 

neurones were also spared.    



Neuronal nuclei rim
Primate cerebellum showing 
human IgG binding to the rims of 
the neuronal nuclei of the 
Purkinje layer (G is the granular 
and M is the molecular layer).

Clinical significance:  Unknown.



Molecular layer specific antibody
Primate cerebellum showing 
intense staining of neuronal nuclei 
(arrows) in the molecular layer 
(ML). There is no substantial 
staining of the Purkinje cells (PC) 
or granular layer (GL) neurones.

At a higher magnification, 
generalised speckled staining of 
the molecular layer appears 
similar to that seen with 
amphiphysin, The neuronal 
nuclei (NN) give the impression of 
being masked with the speckled 
staining.



Masking of Hu by anti-mitochondrial antibodies

This is an example of 
mitochondrial antibody 
masking Hu (ANNA1) 
reactivity that was only 
revealed when testing by 
Western blot. It is important to 
eliminate other antibodies 
particularly when there is 
excessive staining as seen 
here.



Syndromes neurologiques 
paraneoplasiques

Formes classiques 
= forte probabilité de cancer

Formes non classiques 
= faible probabilité de cancer



Auto-anticorps : méthodes

Envoyé en Allemagne

Envoyé en Allemagne



Anti VGKC
Prolonge la dépolarisation des neurones moteurs



Anti-VGKC: cible = 
protéines associées au VGKC

• Kv1.1, Kv1.2, Kv1.6 3%

• LGI1
80%

• CASPR2

• Contactin2 et autres ?



Anti VGKC : associations
• CASPR2 : Neuromyotonie et EL paraneoplasiques

(thymome, SCLC)

• LGI1/CASPR2 : Syndrome de Morvan

• LGI1 : Encéphalite limbique non paranéoplasique







Encéphalies autoimmunes en pédiatrie

NMDAR – 13/48
VGKC-complex – 7/48
Glycine receptor – 1/48

Anti-GM1 antibodies 
- In cryptogenic partial epilepsy (6%)

GluR3 antibodies 
- Mainly in Rasmussens encephalitis

NMDAR antibodies
- 140 patients identified in the first 2 years in the UK
- 26% of female patients aged 15 to 45 with unexplained

new-onset epilepsy (Arch Neurol 2009; 66:458)
GABAA antibodies 

- in severe epilepsy, encephalitis and
status (Petit-Pedrol M et al, Lancet Neurol 2014 Mar)









Anti Ma2 paraneoplastic
syndromes 



The Neurohospitalist 2012
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Anti-NMDA
NMDAR antibody is associated with treatable 
limbic encephalitis and its target is the NMDA 
receptor which comprises four NR units, with 
each of the subunit has a molecular size of 
100 kDa and together they form an ion 
channel/receptor. NMDAR antibody binds to 
the neuropils in the molecular layer of the 
hippocampus as well as the granular layer of 
the cerebellum

Tumours: Ovarian teratoma (56%, 
young women).
Syndrome: Limbic encephalitis

Couche granulaire du cervelet

Forme la plus fréquente :
1% des admissions de jeunes à l’USI



Anti VGKC

High titres of VGKC antibodies may be
detected by immunohistochemistry
showing characteristic staining of
molecular layer of the cerebellum.

Patients with VGKC antibodies may
have associated myasthenia gravis
with or without acetylcholine
receptor antibodies, or may have
acetylcholine receptor antibodies
without myasthenia gravis. Other
thymoma-related antibodies (eg.
Interferon alpha, IL-12) may be
present. Acquired neuromyotonia
has been reported in patients
following bone marrow transfer, with
systemic sclerosis and with other
autoimmune diseases.




