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PREVALENCE OF RARE NEUROIMMUNE DISORDERS

Idiopathic optic neuritis (ION): 4-8 per 100,000 per year

Acute demyelinating encephalomyelitis (ADEM): 1 per 125,000-250,000 

per year (0.07-0.09 per 100,000 in children)

MOGAD: prevalence of 1.3-2.5 per 100,00

Acute Flaccid Myelitis (AFM): <1 per million per year

Idiopathic Transverse Myelitis (ITM): up to 7.9 per 100,00

NMOSD: 1-5 per 100,000 (worldwide), 6.88 per 100,000 (US)



UNDERLYING 
FACTORS OF 

DISEASE



Genetics

• Types of genetic mutations: Point mutations, insertions, 
deletions, duplications, translocations, inversions

• Germline vs somatic mutations

• De novo vs inherited

• Can increase or decrease likelihood of developing a 
disease

• Can impact how well you recover from injury and/or 
affect disease severity or likelihood of relapse



HISTORY OF GENOME WIDE ASSOCIATION 
STUDIES IN NEUROLOGY 

7



HUMAN LEUKOCYTE ANTIGEN (HLA)

• Located on chromosome 6

•  approximately 165 different protein-

coding genes, most of which are 

immune related

• Class I: HLA-A, HLA-B and HLA-C, 

along with three nonclassical loci: 

HLA-G, HLA-E and HLA-F.

• Class II: HLA-DP, HLA-DQ and HLA-

DR, along with two non-classical loci, 

HLA-DO and HLA-DM.





Genetics of ION

• Momkute et al showed an increased risk of ON with 
APOε4 in males

• Increased APOE levels found in ON compared to 
controls

• Genotypes T/C and C/C of vascular endothelial 
growth factor A (VEGFA) rs1413711 were increased 
in ON subjects compared to controls (Punye et al)

• Another VEGFA, allele C of VEGFA rs833068 was 
associated with a 1.7 fold increased risk of ON



ADDITIONAL GENES 
ASSOCIATED WITH ON RISK
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ADDITIONAL GENES ASSOCIATED WITH ON RISK

ADDITIONALLY,  HABEK ET AL PERFORMED GWAS ON PATIENTS 
WITH ON, RULING OUT SECONDARY CAUSES, AND FOUND 
DIFFERENTIAL EXPRESSION OF OVER 722 GENES COMPARED TO 
CONTROLS. THE PROTEINS THAT APPEARED TO BE OF GREATEST 
SIGNIFICANCE WERE: 

• SLP1 (AKA VPS33, sorts proteins from golgi to vacuole)

• CR3 (complement receptor 3)  

• ITGA4 (integrin subunit alpha 4)



ACUTE DEMYELINATING ENCEPHALOMYELITIS 
(ADEM)

• Alvez-Leon et al found HLA DQB1*0602, DRB1*1501 and DRB1*1503 alleles 

to be slightly associated (<0.05) in monophasic ADEM.

• Cui et al demonstrated increased variations in NAC, GOLGA5 and CTLA4 in 

pediatric patients with MOG+ ADEM

Cui et al. Pediatric Neurology 2024





ACUTE 

FLACCID 

MYELITIS

No genetic susceptibil ity 

noted to date



Myelin Oligodendrocyte Glycoprotein Antibody 
Disease (MOGAD)

• Sun et al found that DQB1*05:02 and 
DRB1*16:02 alleles were associated 
with pediatric onset 

• Also associated with more severe 
disease

• There were no risk alleles associated 
with adult onset in their cohort

Sun et al.  J Neurol Neurosurg Psychiatry. 2020 May 



GENETICS OF MOGAD

• IN A SEPARATE STUDY (ALSO OUT OF CHINA), SHU ET AL FOUND 
INCREASED PREVALENCE OF RNASET2 (RECRUITS MACROPHAGES), BANK1 
(ASSOCIATED WITH SYSTEMIC SCLEROSIS) AND TNIP1 (REGULATIONS NFΚ-
B) WHEN INVESTIGATING 28 IMMUNE RELATED GENES IN PATIENTS WITH 
MS, MOGAD OR NMO

• ADDITIONAL STUDIES IN THE NETHERLANDS AND UK FOUND NO HLA 
ASSOCIATION



Neuromyelitis Optica Spectrum Disorder (NMOSD)

• Unlike MOGAD, there are familial and sporadic forms

• HLA-DRB1*04:05 and *16:02.

• HLA-DRB1*03 associated with NMO in Afro-Caribbeans. 
This is the most appreciated risk focus. 

• HLADRB1*08:02 and HLA-DRB1*16:02 have been found 
as risk loci, while HLA-DRB1*09:01 has been a 
protective allele



NMOSD 
WHOLE 
EXOME 

SEQUENCING

• Whole exome sequencing has also detected:

• AQP4,

•  CYP27B1 (Vitamin D activator)

•  CYP7A1 (Thyroid Hormone receptor)

• CD226 (costimulatory molecule for NK and T 

cells)

• CD58 (costimulatory molecule for NK and T cells)

• CD6 (T cell activation)

•  FCRL3(interacts with HLADRB1*0103)

•  GPC5 (inhibits tumor growth)

• MIF (macrophage migration inhibitory factor)

• ATG5 (core autophagy protein)

• PD-1.3 (programmed cell death)

• IL2RA (expressed on activated T cells and Tregs)

• IL7RA

• IL17A



Ghafouri-Fard et al. Frontiers in Immunology Oct 2021.



NMO 

GENETICS 

More recently Saggau et 

al identified enrichment of 

T cells with HLA-DQ6.2 

(DQA1*01:02, DQB1*06:02) 

reactive to AQP-4 in 

NMOSD patients

Ghafouri-Fard et al. Frontiers in Immunology Oct 2021.



IDIOPATHIC 

TRANSVERSE 

MYELITIS (ITM)

Felt to be sporadic 

and not familial



Mealy et al. Neurology 2018

In pursuit of an etiology, genetic analysis of 

TM patients was undertaken and a pair of 

siblings with ITM were found to have a shared 

unique point mutation in VPS37A



THE ENDOSOMAL SORTING COMPLEX REQUIRED FOR TRANSPORT 
(ESCRT)

Williams and Urbe. Nat Rev Mol Cell Bio 2007



Hurley. Embo J 2015



Qiu et al. Frontiers in Pharmacology 28 April 2021



BOTH VPS37A MUTATIONS ARE ASSOCIATED WITH INCREASED 
EXOSOME PRODUCTION/EXPORT

• VPS37A-L234I (TM mutant) 

and VPS37A-K382N (HSP 

mutant) were both associated 

with increased exosome 

production

• Noted variability in degree of 

exosome decrease with 

attempted KD 
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CHANGES IN AQP4 CARGO IN ISOLATED EXOSOMES

1. Increased AQP4 cargo in 

exosomes isolated from AQP4-

GFP 293T cells transfected 

with VPS37A TM mutant
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ADDITIONAL ESCRT MUTATIONS 
ASSOCIATED WITH DEMYELINATING 

DISORDERS

Courtesy Dr. Taka Mikami



ADDITIONAL ESCRT MUTATIONS ASSOCIATED WITH DEMYELINATING 
DISORDERS

Courtesy Dr. Taka Mikami



WHAT CAN WE DO?



Residuals of TM in MOGAD
ALSO AVAILABLE THROUGH THE MGH NEUROIMMUNOLOGY CLINIC PAGE 
HTTPS://WWW.MASSGENERAL.ORG/NEUROLOGY/TREATMENTS-AND-
SERVICES/NEUROIMMUNOLOGY-CLINIC

Ongoing Research



Conclusions

▪ It is very rare to find a gene directly 
responsible for a single disease. 

▪ Usually genetics can potentially create a 
background where you are at increased risk 
for developing a disease

▪ Often there may be multiple genes and 
other factors at play

▪ However, genetics can help guide us in 
potential therapeutic targets for disease 
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GENOME WIDE ASSOCIATION STUDIES (GWAS)

These initial studies allowed for the discovery of a role of 
inflammation in neurodegenerative disorders like 
Parkinson’s disease, Alzheimer’s disease and ALS

It also shed light on particular genetic risk factors in MS
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