
6.53

IMMUNOPATHOGENESIS OF OMS: 
BASIS FOR IMMUNE DYSREGULATION

Jonathan D. Santoro, MD
Director, Neuroimmunology

Children’s Hospital Los Angeles &

Keck School of Medicine at USC



OVERVIEW

2

1. Overview and Cellular Cascades

2. B Cells and Immune Dysregulation

3. T Cells and Immune Regulation

4. Cytokine/Chemokine Signaling



THE BASICS

3



4

Du et al, Ped Blood Cancer, 2021



CELLULAR PROFILES

CSF of Individuals with Paraneoplastic and Non-Paraneoplastic OMS Have 
B-Cell Expansion with some T-cell aberrations as well

• Pranzatelli et al (2004) reported that in the CSF of 36 individuals with OMS 

(paraneoplastic and non-paraneoplastic) expansion of CD19+ B-cells, T-cells, 

and lower percentages of CD4+ T-cells and CD4/CD8 ratios was present in 

the setting of normal cellular profiles

• More severe disease was associated with greater expansion of these cell lines
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Pranzatelli et al., Neurology, 2004
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Pranzatelli et al., Neurology, 2004
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Pranzatelli et al., Neurology, 2004

B-cell rations were
0.05 for controls and
0.16 for OMS

Importantly, no 
difference
between tumor and 
non-tumor group



TRIGGER? WHY THE CELL CHANGES

Genetics of NB?

• Hero et al. (2018) reported that nearly 52% 

of individuals with NB-associated OMS will 

have segmental chromosome alterations 

(such as gain of chromosomal arms)

• Hypothesis: certain genetic tumor variations 

may predispose to overexpression of 

pathologic surface antigen or overactive 

immunologic response

Genetics of Immune Dysregulation?

• Santoro et al (2021) reported that rates 

of personal and familial autoimmunity 

were elevated in both children with and 

without NB. Autoimmune diseases 

were largely T-cell driven.

• Hypothesis: a genetic/inheritable 

predilection towards immune 

dysregulation may differentiate those 

who get OMS and those who do not
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Hero et al., J Pediatr Hematol Oncol, 2018; Santoro et al., Neurol Neuroimmunol Neuroinflamm, 2021



THE “B” TEAM



B-CELL EXPANSION: THE OG FINDINGS

Early Studies in OMS Revealed B-
Cell Expansion and Intrathecal 
Synthesis of Oligoclonal Bands

• Pranzatelli et al (2004) identified B-cell 

populations in the CSF were expanded 

in more severe disease and 

subsequently reduced in population 

after treatment.

• Pranzatelli et al (2006) and (2018) 

identified intrathecal production of IgG 

causing oligoclonal banding

• 58% of patients will have OCB

Immunotherapy Treats OMS

• Although an entire slide deck could be 

dedicated to treatment, the identification of 

this disease as 1) autoimmune and 2) with 

definitive biomarkers of B-cell mediated 

disease activity led to therapeutic 

interventions with immunotherapy.

• Clinical improvement, particularly with 

steroids, IVIg and B-cell depletion were proof 

of concept of this theory.
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Pranzatelli et al., Mov Disord, 2004; Pranzatelli et al., J Pediatr Hematol Oncol, 2006; Pranzatelli et al., J Neuroimmunol,  2018
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Pranzatelli et al., Mov Disord, 2004; Pranzatelli et al., J Pediatr Hematol Oncol, 2006; Pranzatelli et al., J Neuroimmunol,  2018



B-CELLS & ANTIBODIES

Surface-binding autoantibodies 
against cerebellar neurons

• Blaes et al (2005) reported that in 10/14 

children with OMS had evidence of IgG 

binding against the surface of isolated 

rat cerebellar neurons.

Anti-neuroblastoma IgG

• Korfei et al (2005) reported that in 11 children 

with paraneoplastic OMS, anti-neuroblastoma 

antibody fractions yielded intracellular 

autoantigen binding in cerebellar cells.

• These IgG exhibit an anti-proliferative effect and 

cytotoxic effect on neuroblastoma cells.
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Blaes et al., Ann Neurol, 2005; Korfei et al., J Neuroimmunol, 2005
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Blaes et al., Ann Neurol, 2005

Serum of individuals with OMS displayed IgG-mediated binding
to cerebellar granular neurons with and without preincubation



ANTIBODY KNOWLEDGE IMPROVES

IgG-3 Mediated Process

• Beck et al. (2007) identified that in 16 

individuals with paraneoplastic and non-

paraneoplastic OMS, individuals displayed 

IgG3-mediated binding against both 

intracellular and surface bound antigens in 

the cerebellum of primates.

• Serum IgG3 was NOT elevated

Addition of Other Antibody Binding Sites

• Berridge et al., (2018) used mass spectrometry to identify 

12 cell-surface proteins in rats where high affinity binding 

occurred in 4/6 OMS samples.

• GluD2 receptor was the most commonly identified target 

however IgG cerebellar reactivities after GluD2 

absorption suggest that this was not the sole pathologic 

cause.

• Armangue et al (2016) reviewed a similarly large cohort 

and did NOT identify GluD2 Ab although glycine receptor 

antibodies were identified in adults with P-OMS
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Beck et al., J Neuroimmunol, 2007; Berridge et al., Neurology, 2018; Armangue et al., JAMA Neurol, 2016
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Beck et al., J Neuroimmunol, 2007

IgG3-driven binding in Perkinje cell cytoplasm
without associated increase in serum levels
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Berridge et al., Neurology, 2018

An important note…

Since preabsorption of OMS-IgG 
with GluR D2-transfected cells 
did reduce, but not eliminate, the 
surface-binding properties to 
cerebellar cells, GluR D2 may 
only be one autoantigen among 
others



GLUD2 ANTIBODY….

Role of the GluD2 Receptor?

• In children with mutations of GRID2 (GluD2 

gene), the phenotype is developmental 

delay, loss of acquired motor skills, ocular 

apraxia, cerebellar ataxia and cerebellar 

atrophy (Hill et al and Utine et al 2013)

• GluD2 is highly expressed in the dendritic 

spines of the Perkinje cells which go on to 

project into the vermis and the deep 

cerebellar nuclei.

But is it Really Pathologic?

• GluD2 expression rises in the cerebellum during 

development, the same peak time frame wherein 

neuroblastoma develops.

• Is this a perfect storm hypothesis where maturing 

neuroblastoma, expressing GluD2 antigen allows for 

disruption of immune tolerization leading to antibody 

development during a critical period of cerebellar 

development?

• BUT WAIT! Petit-Pedrol (2021) reported that in 45 

children and 158 adults with OMS, none displayed 

immunoreactivity to GluD2 antibodies! (CBA)
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Hill et al., Neurology, 2013; Utine et al., J Child Neurol, 2013; Petit-Pedrol et al., Neurology, 2021; Zar et al., J Pediatr Hematol Oncol 2021



SO IT IS GLUK2?

Three neuronal antigens identified in 
children with OMS of unknown 
etiology

• Petit-Pedrol (2021) identified that three 

patients had neuronal antigens identified 

although others had antibodies against 

glycine, HNK1, GluK2, and GAD65

• Landa et al (2021) reported on multiple 

patients with co-existent antibodies for GluK2 

however the dominant phenotype was the 

other antibody in multiple cases.

GLUK2!?

• Studies ongoing ☺

18



B-CELL BIOMARKERS: SMOKE FROM FIRE?

B-Cell Activating Factor (BAFF) is a B-cell 
Modulating Cytokine Upregulated in OMS

• Expressed by astrocytes, dendritic cells, 

macrophages, and monocytes. Part of the TNF 

ligand superfamily.

• BAFF is elevated in OMS and declines with 

both ACTH and corticosteroids 

• Fuhlbuer (2009) reported that while 

individuals with inflammatory CNS disease 

have BBB disruption, OMS did not, indicating 

that BAFF is produced intrathecally

A Proliferation Inducing Ligand (APRIL) 
is Another B-cell Modulating Cytokine 
Upregulated in OMS

• APRIL is a tumor necrosis factor ligand 

superfamily member. This protein signals 

apoptosis through interaction with a 

variety of other TNFRSF proteins and 

interactions with BAFF to increase local B-

cell recruitment

• APRIL is increased by utilization of IVIg 

and Rituximab in OMS. The rationale for 

this is unclear as APRIL is thought to be 

pathologic in serum and therapies like 

IVIg improve the symptoms of OMS
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Pranzatelli et al., J Neuroinflammation , 2013 Fuhlhuber et al., J Neuroimmunol, 2009
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Pranzatelli et al., J Neuroinflammation , 2013
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Pranzatelli et al., Movement Disorder, 2010



PERIPHERAL IGG MEDIATED NEURONAL 
CYTOLYSIS

Serum IgG in Paraneoplastic OMS 
Hijacks the NO/sGC/PKG Pathway

• Serum IgG in 10 children with paraneoplastic 

OMS were compared to healthy controls, 

neuroblastoma controls, JIA, and NMDARE

• The Fab segment of IgG did not induce 

microglial activation

• Microglial activation and cytolysis was inhibited 

by application of NO inhibition

• Destruction was microglia-specific with 

astrocytes being spare

• PI3K expression is higher in serum of children with OMS

• Application of PI3K inhibition increases cytolysis in both 

cerebellar and cortical neurons. Application of a cell-

permeable PI3K activator alleviated cytolysis similarly.

• Similar patterns were observed with IGF1- application 

(reduced cytolysis) and IGF-1 antagonism (increased 

cytolysis)
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Ding et al., Pediatr Res, 2019; Ding et al., J Neuroinflamm, 2020

These Cytoylitic Cascades Can Be Altered 
Through IGF-1/PI3K Manipulation
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Ding et al., Pediatr Res, 2019

PI3K inhibition increases cytolysisPI3K activation decreases cytolysis
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TIME FOR HIGH “T”



T-CELLS IN A B-CELL WORLD

OMS has Increased CD3/4+ Cell 
Populations in the CSF

• On the larger scale, increased T-cell activation 

and decreased helper T-cell populations are 

noted in OMS

• The reduced populations of T-helper cells has 

been observed in a variety of autoimmune 

disorders (CNS and non-CNS)

• It remains unclear if T-cells are recruited as a 

secondary or primary process although higher 

tumor burden may be driving B-cell response

Expansion of γδ T-cells

• Expansion of γδ T-cells (also called fetal-type 

lymphocyte) is of unclear significance as these are 

primarily expressed in the firs t three years  of life

• As these cells are inherently autoreactive, they do 

not require antigen presentation from APC and can 

recognize antigen directly in tissue

• TUMOR v NON-TUMOR: no differences…
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Pranzatelli et al., Neurology, 2004
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Pranzatelli et al., Neurology, 2004



28

Pranzatelli et al., Clin Exp Immunol, 2018

But…

γδ T-cells decrease

in the CSF and serum

with age



T-CELL REDUCTION IS GOOD?

Administration of Steroid Sparing 
Therapies Decrease CD4+ in CSF

• Utilization of 6MP decreases CD4+ cell 

populations in the CSF by 21% with 

further reductions in NK cells (32%)

• Subsequent increases in Th2 (helper 

cell) responses which correlate closely 

with clinical improvement 

Tumors May Drive T-Cell Response

• NB in OMS is associated with more 

immunogenic profile as previously shown

• Bao et al (2021) reported that T-cells are of 

higher prevalence in higher risk (>18 mo) 

patients and those with OMS

• High CD3+ cells are correlated with 

favorable oncologic prognosis regardless of 

CD4/CD8 ratio
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Pranzatelli et al., J Transl Immunol, 2017; Bao et al., J Immunother Cancer, 2021; Mina et al., Oncoimmunology, 2015
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“The main neuroimmunological
observation was that low-dose 
cyclophosphamide combination 
immunotherapy exerted demonstrable 
anti-B cell effects in CSF rather than 
restorative effects on CSF lymphocyte 
phenotypic abnormalities involving T 
cells.”

Pranzatelli et al., Eur J Paediatr Neurol, 2018
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KEEP CALM AND CHEMOKINE ON



SERUM/CSF CYTOKINES

Serum and CSF Cytokines also Have 
Been Identified in Active OMS

• CSF Cytokines are highly variable and poorly predictive 

of untreated v. treated OMS status

• Similarly weak signal detected in serum cytokine 

analysis in IL-Ra (high), IL-4 (high), IL-13 (high), IL-6 

(high), CCL4 (high), IL-16 (high), CCL3 (low), and CCL11 

(high)

• Although aberrations were detected, and can be linked 

to a variety of other neuroinflammatory disorders with 

similar patterns, nothing emerged as specific for OMS

33

Pranzatelli et al., J Neurol Sci, 2013



CHEMOKINES AND CYTOKINES

• Pranzatelli et al. (2013) reported on 
elevations in CCL17, CCL21, and 
CCL22 in untreated OMS and was 
predictive of both disease severity 
and likelihood of response to 
corticosteroids and ACTH.

• This was in comparison to CCL19 
which was expressed in the CSF but 
was not altered by therapy of any 
type.

• Interestingly, CCL21 is a ligand for CCL7

• CCL7 is  as sociated with receptor 
balance of tolerance and regulation of 
immune responses .

• CCL22 and CCL17 are ligands for CCL4. 

• CCL4 is  a chemoattractant for natural 
killer cells , monocytes and various other 
immune cells in the site of inflamed or 
damaged tissue
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Pranzatelli et al., J Clin Immunol, 2013; Pranzatelli et al., Cytokine, 2013
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Pranzatelli et al., J Clin Immunol, 2013



ARE WE BARKING UP THE WRONG TREE?

CCL4 Seems Like A Reasonable 
Therapeutic Target

• Overexpression of CCL17 and CCL22 ligands 

in OMS and a variety of other neuroimmune 

and autoimmune conditions is present

• In vitro experiments have indicated that these 

neutraligands can inhibit CCL17 and/or 

CCL22-induced intracellular calcium 

responses, CCR4 endocytosis, and human T-

cell migration.

There is always a but…

• Blockade of CCL4, CCL17 and CCL22 have 

not been able to augment disease in EAE 

models of MS

• Anti-CCL4 antibodies (Mogamulizumab) 

have been used in a verity of infectious 

diseases (HTLV) and neoplastic disorders (T-

cell lymphoma) with reasonable safety 

although dermatologic side effects seem 

common (including SJS!)
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Sato et al., NEJM, 2018; Ishi et al., Clin Cancer Res, 2010; Scheu et al., Int J Mol Sci, 2017



OTHER BIOMARKERS?

Neurofillament Light Chain Also 
Elevated in OMS

• Pranzatelli et al (2014) reported that CSF NfL is elevated in 

children with OMS and that more severe cases were 

correlated with higher levels of NfL.

• Correlation between NfL and other CSF biomarkers of B-

cell mediated disease (next slide)

• Use of immunotherapy, as expected, reduced NfL

concentrations
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EMERGING DATA

COVID19

Post-Infectious Syndrome and 
Provocation of Relapses
(everything is related to COVID)

GluD2 in CSF

Case Report of Clonal GluD2 
Ab in Serum and CSF 

(been there, done that)

Increased 
Autoimmunity 

Personal and Familial 
Autoimmunity Increased in 
Paraneoplastic and Non-

Paraneoplastic Cases
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Ishaq et al., Front Neurol, 2021; Noguchi et al. Ped Blood Cancer, 2022, ; Santoro et al., Neurol Neuroimmunol Neuroinflamm, 2021
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REMAINING QUESTIONS

B-Cell/Antibodies

Is there a specific target?

Is this process primarily B-cell/antibody driven?

Role of T-Cells

What role does T-cell expansion play in the acute 

and chronic forms of the disease?

Do T-cell intervention change outcomes?

Genetics

Does predilection for autoimmunity make the 

difference for who develops OMS and who does not?

Chemokines/Cytokines

Are these smoke to the B/T-cell fire?
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SUMMARY
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OMS appears to be primarily driven through B-cell 

dysregulation although no definitive autoantibody has been 

identified. Promising target in GluK2. The role of T-cell 

activation of B-cells remains unclear.

Cytokine and chemokine signaling, via B and T cell mediated 

mechanisms may be the activators of the potent 

immunogenic response in individuals who develop OMS 

versus those that don’t. Potential uses as biomarkers of 

disease activity/severity.

Genetic/inheritable modifiers may have a role in the 

development of abnormal immunologic signaling and 

cellular expansion.



THANK YOU

Jonathan D. Santoro, MD

Children’s Hospital Los Angeles

jdsantoro@chla.usc.edu
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