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Biomarker Challenges and Opportunities 

Neuroinflammation in Multiple Sclerosis  
 

comes in more than a single flavor…	
  

 
 Biomarkers of Neuroinflammation Workshop 

 National Academy of Sciences, March20-21, 2017   
 



Dr.	
  Bar-­‐Or	
  Has	
  par9cipated	
  as	
  a	
  speaker	
  in	
  mee9ngs	
  
sponsored	
  by	
  and	
  received	
  consul9ng	
  fees	
  and/or	
  
grant	
  support	
  from:	
  
	
  
Biogen	
  Idec,	
  Diogenix,	
  Roche/Genentech,	
  Sanofi-­‐
Genzyme,	
  GlaxoSmithKline,	
  Medimmune,	
  Novar9s,	
  
Ono	
  Pharma,	
  Teva	
  Neuroscience,	
  Celgene/Receptos	
  
Inc,	
  and	
  Merck/EMD	
  Serono.	
  

	
  Disclosures	
  



MS: Major cause of neurological disability in young adults  

Dynamic, multifocal and diffuse, destructive process  
Non-random global distribution 
Female predilection (after puberty) 
Highly variable and unpredictable individual course 
 



Therapeutic Era: Multiple Options Available 
 

IFNβ
Copolymer glatiramer acetate 
 
S1P functional antagonist (fingolimod) 
Selective cell subset modulation/losses (BG12/fumarate) 
Pyrimidine synthesis inhibitor (teriflunomide: ) 
 
Anti-VLA-4 (natalizumab) 
Anti-CD25 (daclizumab) 
Anti-CD52 (alemtuzumab) 
 
[Anti-CD20: (ocrelizumab)] 

How to Monitor? Choose? Sequence? 



   
Where We Stand in the Clinic 
(any biomarkers used in making decisions?)  

Diagnosis of CNS inflammatory diseases 
 

 MRI: multi-focal T2 lesions (>>  OCB, IgG Index)   

 anti-AQP4 Ab (anti-MOG Ab?) 
 

Treatment initiation/considering change: 
 

 MRI ‘Gd+’ and Δ in T2; (atrophy)   
 IFNβ Neutralizing Ab 
 Anti-JC Abs 

 (Lymphopenia)  ; B cell counts…) 



Multiple Candidate biomarkers for MS 
CSF (serum) neurofilament LC (NFL)  
Chitinase 3 like 1 
Particular miRNAs 
B cell chemoattractant CXCL13, Osteopontin 
Monocyte macrophage marker CD163  
Glial activation marker YKL-40  
Lateral olfactory tract usher substance (LOTUS), an 

 endogenous Nogo receptor-1 antagonist 
Haematopeitic precurser stem cells (HPSC) 
myelin reactive T cells 
Kir4.1 antibodies 
Microbiome associated lipopeptides 
… 
… 
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2. Adhesion

3. Attraction

Periphery

BBB
CNS

4. Invasion

Simplified Model of MS Immunopathogenesis 
1. Activation 

  T cell 

B Cell 

5. Reactivation

  

B Cell 

6. Neural/glial 
responses 





NEJM,	
  Jan	
  2017	
  



n	
  

IFN	
  β-­‐1a	
   372	
   357	
   335	
  
Ocrelizumab	
   382	
   377	
   359	
  

OPERA I OPERA II 

n	
  
IFN	
  β-­‐1a	
   372	
   334	
   311	
  
Ocrelizumab	
   385	
   373	
   359	
  

ITT 
*Adjusted by baseline T1 Gd lesion (present or not), baseline EDSS (<4.0 vs ≥4.0) and geographical region (US vs ROW). 
EDSS, Expanded Disability Status Scale; Gd+, gadolinium enhancing; IFN, interferon; MRI, magnetic resonance imaging; ROW, rest of the world. 

95% 
p<0.0001 

98% 
p<0.0001 91% 

p<0.0001 

92% 
p<0.0001 

96% 
p<0.0001 

97% 
p<0.0001 

Phase 3 αCD20 (ocrelizumab) B cell depletion in RRMS  

Hauser	
  et	
  al	
  
NEJM,	
  Jan	
  2017	
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Autoimmunity and Multiple Sclerosis 
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Mechanisms underlying aberrant B cell cytokine 
pursued for biomarker potential: 
mechanisms in MS? 

(1) miR 132 regulates B cell LT and TNFα secretion 

(2) STAT5/6 signaling reciprocally regulates B cell               
pro-inflammatory and anti-inflammatory cytokines  



T cells 
Treg (nTreg; iTreg) 
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Co-operativity Captures disease ‘state’ 



Func9onal	
  Immune	
  profile	
  to	
  capture	
  person’s	
  disease	
  ‘state’	
  	
  
	
  

	
  	
  	
  	
  Guide	
  individualized	
  care	
  (Precision	
  Medicine):	
  
	
  Treatment	
  Selec9on	
  (both	
  efficacy	
  and	
  safety)	
  
	
  On-­‐treatment	
  Monitoring;	
  Stop	
  and	
  Switch	
  

T cell 
regulation 

B cell 
regulation 

Myeloid cell 
regulation 

Importance	
  of	
  concurrent	
  measure	
  of	
  relevant	
  biologies	
  



? 

MS T1D IBD 

B cell 

T cell 

Myeloid 
cell 

MS T1D IBD 

? 

T cell 

B cell 

Myeloid 
cell 

Evolving beyond disease‘Silos’: 
(Example of autoimmune diseases; AID) 

Relevance	
  of	
  dynamic	
  (viable)	
  cell-­‐based	
  measures	
  to	
  define	
  
func9onal	
  Immune	
  profile	
  capturing	
  person’s	
  disease	
  ‘state’	
  	
  
	
  

	
  	
  	
  	
  	
  



Ideal: develop in parallel, iteratively, with one guiding the other 
 

Opportunity:‘Onion Peel’ model of biomarker development 

Pros and cons to either ‘Static’ or ‘Dynamic’ Biomarkers  

Most disease relevant 
‘Dynamic’ biomarker,  
Smaller scale, higher 
intensity; Less accessible 
samples; Less broad utility 
More direct measure of     
      disease biology 

Broadest utility 
‘Static’ biomarkers 
Appeal of simplicity,  
potential for larger scale use,  
readily accessible samples 
less direct measure of 
       disease biology 

Intermediate level: 
broader/patterns, 
more accessible 
materials on more 
people - hypothesis 
generation, 
‘Omics’  
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Microglial	
  ac9va9on:	
  similar	
  graded	
  pabern	
  from	
  surface,	
  inwards	
  

Cor9cal	
  layers	
  

Abrac9ve	
  hypothesis:	
  Secreted	
  factor(s)	
  released	
  from	
  meningeal	
  
immune	
  cells	
  contribute	
  to	
  the	
  subpial	
  cor9cal	
  injury	
  in	
  MS	
  
However:	
  Not	
  all	
  autopsy	
  studies	
  have	
  found	
  rela9onship	
  
between	
  meningeal	
  inflamma9on	
  and	
  subpial	
  cor9cal	
  injury	
  …	
  

Meningeal	
  
inflamma9on	
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B	
  cell	
  soluble	
  products	
  from	
  MS	
  pa9ents	
  are	
  also	
  
more	
  toxic	
  to	
  neurons	
  than	
  normal	
  B	
  cell	
  products	
  

Propor9on	
  of	
  dead	
  Human	
  neurons	
  

Lisak	
  et	
  al,	
  JNI,	
  	
  in	
  press	
  

Propor9on	
  of	
  dead	
  Rat	
  neurons	
  

Normal	
  B	
  cells	
  	
   MS	
  B	
  cells	
  	
  





Take aways:  

Complex inflammatory mechanisms contribute to MS 
 
Distinct compartments, evolving over time, overlap 
 
Significant intra- and inter- individual heterogeneity 
 
Blue (relapsing):  integrated dynamic cell-based, to 

inform more readily accessible biomarker 
 
Red (non-relapsing): in vivo measures of meningeal-

based inflammation: molecular imaging 
 CSF based (limited bur part of integrated approach)  
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