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Objectives

• General concepts of disease marker discovery
• Sharing the UAB/BVAMC experience in using ALS

tissue
• Example 1: Discovery of muscle biomarkers and new

directions for understanding disease mechanisms
• Example 2: Validation of HuR as a new regulator of central

neuroinflammation in ALS
• Example 3: Validation of peripheral neuroinflammation in

ALS and support for a novel treatment direction



Importance of Biomarker discovery by “omics”
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● Markers for clinical assessment

Swinnen, Nature Rev, 2014

• Reveals novel molecular pathways
• Provides direction for mechanistic 

studies and novel therapies
• Her2 
• BCR-ABL kinase



Post Mortem Biospecimens in ALS
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• “Gold” standard
• Sporadic form
• Microenvironment
• End-stage
• QC RNA, protein

ALS Tissue: Discovery and Validation

• ALS patient derived 
• Sporadic or familial
• Rapid testing
• Mechanistic
• Not an organism
• No aging effect

IPSC

• Temporal and spatial 
evolution

• Microenvironment
• Mechanistic
• Genetic manipulation
• Genetic based
• Incomplete 

recapitulation of 
pathology



Example 1: Biomarker Discovery 

Si et al., Ann Clin Transl Neurol. 2014

Discovery



Smad 8 Validation
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Smad8 in the G93A SOD1 mouse
ALS mouse

Si et al., Ann Clin Transl Neurol. 2014
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CYP27B1

Si et al.,J Steroid Bioch, 2020
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Lessons Learned

• Coordinated molecular program initiated in skeletal 
muscle in ALS at early pre-symptomatic stages

• Diversity of novel disease-associated pathways
• Smads in muscle denervation/reinnervation and miRNA 

regulation
• Role of local Vitamin D in denervated skeletal muscle 
• TGF-β: role in muscle fibrosis and inflammation; link to  

Smads

• Potential markers for tracking disease progression



Example 2 Central neuroinflammation: validation

• HuR is an RNA binding 
protein in the ELAV family

• Binds to AUUUA sequences 
and stabilizes mRNA and 
increases translation

• Translocates to cytoplasm 
when activated

• Expressed in 
microglia/macrophages

ORF
3’ UTR

HuR

ARE

GAUUAUUUAUUAUUUAUU
UAUUAUUUAUUUAUUUAC
AGAUGAAUGUAUUUAUUU 

TNF-α



HuR and Neuroinflammation

Microglia
RNA Sequencing of microglia

Validation of targets

Matsye et al., Glia, 2017



HuR and ALS



Lessons Learned

• HuR is a major regulator of inflammatory cytokine 
production through posttranscriptional pathways

• Human tissue validation of ALS mouse findings: HuR 
is activated and upregulated in microglia.

• HuR may be a therapeutic target for slowing disease 
progression in ALS



Neutrophils

Mast cells
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Example 3 Peripheral inflammation in ALS: validation

G93A Rat ALS muscle

G93A Rat ALS Sciatic nerve

Tryptase  DAPI
Trias et al. JCI Insight, 2018



Validation in Human ALS
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CD68+, CSF-1R+ Macrophages in ALS Nerve Roots
CSF-1R CD68

CSF-1R CD68

Trias et al., 2019



Validation

S100β GFAP DAPI  Myelin

Trias et al., Glia, 2019

Sciatic nerve



Lessons learned

• Peripheral neuromuscular 
inflammation in Rat ALS model is 
validated in human ALS tissue

• Rat model indicates an evolution
of peripheral inflammation with 
disease progression

• Provide rationale for masitinib
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Conclusions

• Post mortem ALS tissue is essential for discovery of 
new pathways and validation of pathways discovered 
in non-human ALS models

• The importance of animal models for assessing 
temporal evolution of biomarkers

• The importance of normal controls and disease 
controls

• Discovery in ALS will not move forward without the 
cooperation and courage of our patients



“…We are also grateful to our patients 
who donated their spinal cord tissues 
postmortem for ALS research”

Patient Acknowledgement
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