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Longitudinal Changes in GFAP and NFL after relapse

Watanabe et al. Neurology 2019
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GFAP levels are reduced during remission in NMO

GFAP levels are associated with EDSS and relapse

NFL levels are associated with EDSS not relapse



GFAP (not NFL) tracks with relapse

Aktas O et al. N-Momentum study, JNNP 2023



Nfl associated with EDSS and spinal cord atrophy during remission

Journal of Neuroimmunology 384 (2023) 578218
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the aforementioned clinical variables. Univariate analysis revealed that 
baseline log-sGFAP levels in patients were significantly associated with 
age (p = 0.011) and brain GMV at baseline (p = 0.021). However, in 
contrast to log-sNfL, the association between baseline log-sGFAP and the 
percentage change in CSCV was not significant (p = 0.138) (Fig. 3 B, 
Table 3). Multivariable analysis showed that baseline log-sGFAP was not 
independently associated with age and percentage change in CSCV in all 
patients (p = 0.352, Table 3). The results showed a trend for a positive 

association between baseline log-sGFAP and spinal cord atrophy in the 
univariate model; however, this effect was not statistically significant. 

3.3. Association of changes in sNfL or sGFAP with EDSS score changes 

Next, we investigated the potential correlation between sNfL or 
sGFAP and EDSS score changes over the follow-up period to predict the 
remission of disease disability in patients with NMOSD. The values of 

Fig. 2. sNfL and sGFAP concentrations and brain volume and cervical spinal cord volume in patients with neuromyelitis optica spectrum disorder. (A-B) Comparisons 
of sNfL and sGFAP levels between baseline and 1-year follow-up. (C) The change of cervical spinal cord from baseline to 1-year follow-up. (D) The change of brain 
volume after 1-year follow-up. The brain volume was segmented into GMV, WMV, and CSF volume. sGFAP, serum glial fibrillary acidic protein; sNfL, serum 
neurofilament light chain; CSCV, cervical spinal cord volume. GMV, gray matter volume. WMV, white matter volume. CSF, cerebrospinal fluid. 

Fig. 3. Association of baseline (A) log-sNfL and (B) log-sGFAP with age, baseline and follow-up EDSS score, and the percent change in cervical spinal cord volume. 
sGFAP, serum glial fibrillary acidic protein; sNfL, serum neurofilament light chain; CSCV, cervical spinal cord volume; EDSS, Expanded Disability Status Scale. 

Y. Li et al.                                                                                                                                                                                                                                        

Li Yl, et al. JNI 2023

Follow up is 1 year. 
Treatments : rituximab, tocilizumab  

Relapse at Baseline



Are there molecular and cellular signatures in NMO patients?

• Proteomics: Serum protein profiling of patients
 
• Transcriptomics: Whole blood RNA profiling

Collaborators

Dr. Friedemann Paul, Charité Universitätsmedizin, Berlin

Dr. Robert Axtell, OMRF



Study design for NMOSD biomarkers

96 NMOSD patients
• 53 AQP4+
• 25 MOG+
• 18 DN

49 Healthy Controls

Serum proteomics

Distinguish between AQP4+, MOG+ 
and DN-NMOSD patients  

Differences in effect of BCD in AQP4+, 
MOG+ and DN-NMOSD patients 



Why use PEA?

1. Highly sensitive compared to 
standard ELISAs 

2. Low chance of antibody cross-
reactivity compared to other 
multiplexing assays

3. Requires very little sample 
volume 

4. Measures over 1500 serum proteins in one aliquot of sample

Proximity Extension Assay (PEA) - Olink Proteomics  



Serum protein profiles distinguish NMOSD subgroups from 
healthy controls

Gawde S  et al. Neurol Neuroimmunol Neuroinflamm 2024



Serum protein profiles distinguish between NMOSD subgroups

Ø Overall serum protein profiles can distinguish 
NMOSD subgroups. 

Ø Overlap between serum protein profiles of 
MOG-NMOSD and DN-NMOSD patients

Gawde S  et al. Neurol Neuroimmunol Neuroinflamm 2024



Serum protein profiles distinguish NMOSD subgroups from 
healthy controls
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Short Summary
Ø Type I IFN-induced chemokines CXCL9, CXCL10 and CXCL11 are elevated in AQP4-NMOSD.
• Indicate that pathogenic processes in AQP4-NMOSD are driven by type I IFN

Ø CXCL13, which is a T follicular helper (TfH)/ B cell chemokine, is elevated in AQP4-NMOSD.
• Indicate that these cells are involved in pathogenesis of AQP4-NMOSD

Ø Granzyme B and H levels are increased in MOGAD.
• MOG-reactive CD8+ T cells could be involved in MOGAD pathogenesis

Ø Serum protein profiles of DN-NMOSD are more similar to MOGAD than AQP4-NMOSD



96 NMOSD patients
• 53 AQP4
• 25 MOG
• 18 DN

49 Healthy Controls

Serum proteomics

Distinguish between AQP4+, MOG+ 
and DN-NMOSD patients  

Differences in effect of BCD in AQP4+, 
MOG+ and DN-NMOSD patients 



BCD alters serum protein profiles of NMOSD subgroups 



Expressed on B cells

Serum proteins indicate B cell depletion in NMOSD subgroups

B cell survival factor 
(BAFF)

B cell 
associated 

proteins



BCD differentially modulates inflammatory pathways in AQP4 
and MOG-NMOSD patients

Gawde S  et al. Neurol Neuroimmunol Neuroinflamm 2024



Short Summary

Ø Type I IFN-induced chemokines CXCL9, CXCL10 and CXCL11 are elevated in AQP4-NMOSD.

Ø Granzyme B and H levels are increased in MOGAD.  

Ø Serum protein profiles of DN-NMOSD are more similar to MOGAD than AQP4-NMOSD

Ø Anti-CD20 BCD differentially modulates inflammatory signaling pathways in AQP4-NMOSD and MOGAD. 
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Recombinant Type I IFN treatment induces NMO relapses 

• Interferon Beta (Type I IFN) (FDA approved for Multiple sclerosis) worsens NMOSD



Endogenous Type I IFN is associated with severe persistent 
disability in NMO

IFN-I gene signatures

Transcriptomics (IFN-signatures)

• Interferon signatures are elevated in NMOSD. 
• IFN signatures can stratify NMOSD: IFN-high and IFN-low
• IFN-high patients had ↑ serum IL-17 cytokines and IL-6.
• IFN-high patients had severe disability (but not relapses)

Findings 

Clinical Outcomes

Agasing  et al. Mao-Draayer…Axtell Nature Communications 2020.



IFN-High NMO is characterized by elevated IL-6 and TH17 responses

IFN-High

TH17 responses – ↑IL-17A, ↑IL-12p40, ↑CCL20
IFN-I signatures – ↑MCP-3, CXCL9, CXCL10, CXCL11 

IFN-I/TH17 signatures – ↑IL-6

Proteomics
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Agasing  et al. Mao-Draayer…Axtell. Nature Communications 2020



TH17 cells in PBMCs are correlated with EDSS

Combined TH17+TH17.1 TH1

Agasing  et al. Mao-Draayer…Axtell Nature Communications 2020



B cell depletion does not reduce IFN-signatures in NMO
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Blockade of Type I IFN in NMO

• Type I IFN is elevated in NMO and is associated with worse disability and neuro-
damage. 

• Current DMTs continue to have worsening symptoms/disability. 

• Current DMTs (anti-CD20) do not reduce IFN-gene signatures. 

• Could the addition of anifrolumab to standard of care benefit patients?



Anifrolumab-IFN receptor blocker 

• Anifrolumab is an antibody that binds and blocks the type I IFN receptor. 

• It is approved for treating systemic lupus erythematosus
(SLE)

• Proteomic studies of SLE trials (TULIP1 and TULIP2)
show anifrolumab reduces several biological pathways
implicated in NMO pathology.



5Baker T, et al. Ann Rheum Dis 2024;0:1–10. doi:10.1136/ard-2023-225445

Systemic lupus erythematosus

52: log2FC=−0.52; cluster of differentiation 38 (CD38), week 
24: log2FC=−0.52, week 52: log2FC=−0.47). Overall, similar-
ities observed between follow- up time points and the consistency 
observed between trials supported pooling the TULIP data for 
further transcriptomic analysis.

Differentially regulated pathways in patients receiving 
anifrolumab 300 mg versus placebo
GSEA using the Metabase database on pooled TULIP data revealed 
the top 25 pathways that were significantly downregulated or 
upregulated by anifrolumab compared with placebo at week 52 
(upregulated: NES>0; downregulated: NES<0; PFDR≤0.001; 
figure 2 and online supplemental table S2). Several Metabase 
intracellular signalling pathways downstream of IFN-α/-β29 
were  suppressed,  including  via  Janus  kinases/signal  transducer 
and  activator  of  transcription  (JAK/STAT;  NES=−2.84),  via 
phosphoinositide 3- kinases and nuclear factor kappa light chain 
enhancer  of  activated  B  cells  (NF- kB;  NES=−2.13),  and  via 
mitogen- activated  protein  kinase  (MAPK; NES=−2.21)  path-
ways. Multiple MetaBase pathways associated with IFN-γ29 were 
downregulated, including IFN-γ mediated apoptosis induction 
and inhibition of proliferation (NES=−2.32) and IFN-γ actions 
on extracellular matrix  and cell differentiation  (NES=−2.13). 
A NETosis- associated MetaBase pathway29 was also downregu-
lated (NES=−2.21). Several MetaBase pathways associated with 
protein synthesis29 were upregulated (eg, regulation of transla-
tion initiation, NES=3.59).

Impact of anifrolumab 300 mg versus placebo on blood 
transcriptome modules and cell counts
Additional GSEA using fixed repertoires of transcriptional 
modules30 revealed several modules that were significantly down-
regulated or upregulated by anifrolumab at week 52 (figure 3A; 
online supplemental figure S2 and online supplemental table 
S3). Modules (M) that were significantly (PFDR≤0.01)  down-
regulated by anifrolumab versus placebo at week 52 included 
those  associated  with  IFN  activity  (eg,  M10.1,  NES=−2.68; 
M8.3,  NES=−2.66;  M15.127,  NES=−2.38;  M13.17, 
NES=−2.84; M15.64, NES=−2.62). Downregulated non- IFN 
pathways included modules for antigen presentation (M15.47, 
NES=−2.03), neutrophils  (M15.26, NES=−1.88) and mono-
cytes  (M15.7,  NES=−1.86).  Several  modules  associated 
with lymphocytes (M13.27, NES=2.10) and T cells (M12.6, 
NES=2.14) were significantly upregulated, as were modules 
associated with protein modification and synthesis (M11.1, 
NES=2.84; M13.28, NES=2.73) (PFDR≤0.01).

These results were supported by in silico deconvolution RNA- 
seq analysis to estimate cell type abundance of 13 cell types in 
bulk RNA- seq data (figure 3B; online supplemental figure S3 and 
online supplemental table S4). In patients receiving anifrolumab, 
the estimated proportion of mucosal- associated invariant T 
(MAIT) cells and γδT cells increased, and the estimated propor-
tion of monocytes decreased from baseline to week 52, while 
they remained stable in patients receiving placebo. Deconvo-
lution data did not show clear differences between treatment 
groups for the estimated abundance of B cells, basophils, pDCs, 

Figure 2 Pathway analysis for genes that were downregulated or upregulated by anifrolumab. The top 25 most significantly dysregulated pathways 
in patients receiving anifrolumab (n=241) vs placebo (n=250) at week 52 in pooled TULIP- 1 and TULIP- 2 data (PFDR≤0.001).a GSEA using the 
Metabase pathway database was conducted on a list of genes ranked by the z- standard score calculated using a longitudinal linear mixed effect 
model. Each suppressed or activated pathway is represented by an individual point (larger size for greater absolute NES; lighter shade for greater 
significance of FDR- adjusted p value). aDifferentially regulated pathways in patients receiving anifrolumab versus placebo can be found in online 
supplemental table S2. FDR, false discovery rate; GSEA, gene set enrichment analysis; NES, normalised enrichment score; PFDR, FDR- adjusted p value; 
SLE, systemic lupus erythematosus.
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Anifrolumab Downregulates the Complement System, Neutrophil Activity, B cell activity in SLE  

Baker T et al. SLE,  2024



Hypothesis: anifrolumab will reduce severity of relapses AND may 
attenuate long-term disability in NMO 

Current approved NMOSD therapies target B cell/antibody functions.
Type IFN modulates B cell activity/function and drive neuronal hypersensitivity (pain).

IFN blockade could offer multimodal therapy benefits for NMOSD.

GFAP and Nfl 
Astrocyte/neuron damage



OMRF NIAID ACE Project 2024-2029:
 NASCAR Clinical Trial for NMO

Double-Blind, Placebo Controlled Trial in Neuromyelitis Optica of Anifrolumab to 
Standard of Care for Acute Relapses and Worsening Symptoms

• OMRF—central site
ØChair: Yang Mao-Draayer, MD, PhD, Professor and Director of Clinical and 

Experimental Therapeutics
ØMechanistic Chair: Robert Axtell, PhD, Associate Professor

• Other potential trial sites: Washington U., UAB, NYU, U Chicago, Cleveland Clinic,   
University hospital Cleveland, Henry Ford, U Wisconsin, U Mass, Swedish, 
Hackensack Meridian Health, Mount Sinai, USC, Cornell, U Rochester

• AstraZeneca
• Rho and NIH/NIAID
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