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ALS

Different pathologies 

and cells in different 

regions of the spinal cord?



Activated immune cells negatively affect motorneurons so that they lose contact with the muscle



RESEARCH QUESTIONS

Why does ALS occur?

What are the disease mechanisms?

How can we slow or stop them?
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Does metal exposure cause ALS?
   

Sheep workers
New Zealand

Mount Etna volcano
Italy

Metal factories
Spain

Exposure to metals in the envirtonment is associated with higher ALS incidence



Exposure to metals

* Tracy L. Peters, Caroline E. Weibull et al. Association of Fractures with the Incidence of 
Amyotrophic Lateral Sclerosis. Amyotroph Lateral Scler Frontotemporal Degener. 2017 August ; 
18(5-6): 419–425. 

§ Respiratory Mount Etna; Mn, As, V, U

§ Orally Water, Food

§ Skin Makeup, Skin cream

§ Dental Amalgam fillings; Cu, Hg

§ IUD Copper spiral; Cu

§ Medical     Surgical Bone pins; Fe, Co, Mn, As

Hip replacement; Cr, Co, Ni, Ti, Mo



Aluminium Injected mice show motor neuron degeneration. 
Vanadium Intoxication causes death preceded by hind limb paralysis.
Manganese Elevated concentrations in ALS spinal cord sections.
Cobalt Neuron death in cell cultures.

Copper Case report of ALS with elevated Cu plasma concentrations.
Zinc No association to ALS described.
Cadmium Guam ALS elevated Cd. Case report of ALS after Cd exposure.

Lead Several studies show elevated Pb in ALS. Several case reports.
Uranium No connection to ALS previously reported.

Clinical correlates of neurotoxicity 

Roos Per M et al. Metal concentrations in cerebrospinal fluid and blood plasma from patients
with amyotrophic lateral sclerosis. Biological Trace Element Research. 2013. Feb;151(2):159-170.

Neurotoxic metals are significantly 
elevated in ALS CSF, but not in ALS 
blood plasma 
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While copper treatment was beneficial in ALS mice, it was not in ALS patients
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Measuring metals and altering metal balance
   

Ca, Cu, Na, Fe.    Mg, Zn, K
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Genetic difference in immune cell activation states

PROINFLAMMATORY PROINFLAMMATORY

ANTI-INFLAMMATORY

GENETICALLY SUSCEPTIBLE GENETICALLY RESISTANT

Andersson et al,, 2004 J Leul Biol 76:1118-24 

ANTI-INFLAMMATORY

Inbalance in proinflammatory/anti-inflammatory immune reactions (left panel) occurs in ALS
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We have demonstrated  the role of fibroblasts as the earliest biomarker for ALS disease onset



The picture can’t be 
displayed.

Vascular injury symptoms in ALS-FTD

14

Vascular alterations are the first physiological changes in ALS 
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Vascular injury symptoms in ALS-FTD

15
SPP1 is the first blood biomarker to predict ALS progression
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Brain - Liver Axis – is there a link in ALS?
Changes in the liver in ALS
• Liver atrophy
• Ultrastructural, inflammatory and metabolic changes occur in liver 

Immune cells in the liver 
Hepatic glucose and lipid 
metabolism
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Harmful & Helpful cells
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Proinflammatory microglia/macrophages (red cells on right) attack motor neurons
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Keying
Zhu
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120 nm

20 nm

Encapsulating topotecan in glucan- DNA-origami 

Drug delivery system 
specific for microglia
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TopoGami mitigates EAE disease severity

Reduced Multipole Sclerosis 
disease in mice when treated 
with our drug delivery system

Zhu et al EMBO Reports 2022



Cell therapy with IL-4/IL-10/TGFb-activated immunoregulatory 
macrophages prevents autoimmune disease

Type 1 diabetes
Parsa et al Diabetes 2012 61:2881-92

MOG-EAE
Zhang et al Glia 2014 62:804-17.
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Dysfunctional cells in ALS patients.

Differences in cell functions 
depending on speed of disease 
course (slow, medium, fast).
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Macrophages from the blood of ALS patients can be 
activated to be immunoregulatory
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Limited clinical improvement with this 
cell therapy– we think because of
buboptimal protocol for cell stimulation
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Some therapeutic effect of stem 
cell therapy



Human amniotic epithelial cells (AECs)
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Amniotic sacs were used to treat damaged skin 120 years ago



AECs in disease models of neurodegeneration

Cognitive deficits     inflammation, plaques in Alzheimers Disease 

Inflammation in ischemic stroke, migrated to the brain

Macrophage and T cell infiltration in the spinal cord in Multiple 
Sclerosis

2 ongoing clinical trials in humans:
Parkinson’s Disease - NCT04414813
Ischemic stroke –ACTRN12618000076279p 
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AEC treatment reduced EAE disease progression
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Thankyou to everyone involved at 
Alltid Litt Sterkere

for being such valuable members of 
my research team

TECH


