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Supplemental Table e-1. Neutrophils and Monocytes in ALS Pathology 

Cell Type Association 

with ALS 

Specific Observation Reference 

Neutrophil General Blood neutrophil levels are increased in human patients 
1-4

 

Neutrophil levels are increase in the spinal cord but not 

the brain of ALS mice at later stages of disease 

*UPR 

Neutrophils are activated in ALS but don’t accumulate 

at the site of dying neurons 

5
 

Protective Neutrophils play an early role in CNS repair and 

produce growth factors prior to macrophage 

accumulation 

6, 7
 

G-CSF (which stimulates neutrophil development) 

extends ALS mouse survival 

8, 9
 

Destructive Neutrophils can damage the blood-spinal cord barrier 
10

 

Monocytes General Monocytes detected in the spinal cord of mice and 

human patients with ALS 

11, 12
 

MCP-1 (a monocyte chemoattractant) is upregulated in 

the CNS of mice and human patients early in disease 

11, 13
 

ALS patients have altered chemokine and monocyte 

chemokine receptor expression (including CCR3 and 

CCRL2) 

14-16
 

Protective Monocytes play a central role in repairing damage to 

nervous tissue including tissue in the CNS 

17-19
 

Destructive Depleting inflammatory monocytes extends the 

survival of ALS mice 

20
 

Following neuronal damage, further damage can occur 

monocyte-derived macrophages rather than microglia 

21
 

Dendritic cell levels are increased in the spinal cord of 

ALS “fast progressors”, though it is unclear if these 

cells are monocyte-derived 

22
 

*  UPR = Unpublished Results 
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Supplemental Figure e-1: Potential mechanism by which N:M ratio may reflect 

recruitment to and damage of the CNS in ALS. (A) In healthy individuals a consistent balance 

of neutrophils and monocytes exists in the blood. Few, if any, cells infiltrate the CNS. (B) 

During ALS, and particularly during advanced stages of disease, the ratio of neutrophils to 

CD16- monocytes (N:M ratio) in the blood of ALS patients increases. This could be due to 

increased neutrophil production, monocyte recruitment to the CNS, or both. Since neutrophils 

are generated in the bone marrow (BM) and have a short lifespan, the increased percentage of 

neutrophils in the blood is likely due to increased BM production rather than a reduction in CNS 

recruitment. Similarly, the reduced percentage of monocytes in the blood observed here and in 

previous reports likely indicates recruitment to peripheral tissue. Differences observed in CCRL2 

and CCR3 expression in peripheral blood monocytes may indicate preferential recruitment of 

specific monocyte subpopulations. Finally, it has been previously demonstrated that patients with 

ALS have reduced integrity of the blood-spinal cord barrier, but it is unclear at this time whether 

neutrophils are directly contributing to this degradation. Moreover, no data currently exists to 

determine whether these cells are protective or destructive within the CNS environment during 

ALS progression; both neutrophils and monocytes play an important role in the destruction of 

peripheral tissue during an inflammatory response as well as the tissue’s subsequent repair. 

  



SUPPLEMENTAL REFERENCES 

 

1. Banerjee R, Mosley RL, Reynolds AD, et al. Adaptive immune neuroprotection in G93A-

SOD1 amyotrophic lateral sclerosis mice. PloS one 2008;3:e2740. 

2. Chio A, Calvo A, Bovio G, et al. Amyotrophic lateral sclerosis outcome measures and the 

role of albumin and creatinine: a population-based study. JAMA neurology 2014;71:1134-1142. 

3. Desport JC, Preux PM, Magy L, et al. Factors correlated with hypermetabolism in 

patients with amyotrophic lateral sclerosis. The American journal of clinical nutrition 

2001;74:328-334. 

4. Keizman D, Rogowski O, Berliner S, et al. Low-grade systemic inflammation in patients 

with amyotrophic lateral sclerosis. Acta neurologica Scandinavica 2009;119:383-389. 

5. Pope HM, Voigt MM. Peripheral glia have a pivotal role in the initial response to axon 

degeneration of peripheral sensory neurons in zebrafish. PloS one 2014;9:e103283. 

6. Butterfield TA, Best TM, Merrick MA. The dual roles of neutrophils and macrophages in 

inflammation: a critical balance between tissue damage and repair. Journal of athletic training 

2006;41:457-465. 

7. Kurimoto T, Yin Y, Habboub G, et al. Neutrophils express oncomodulin and promote 

optic nerve regeneration. The Journal of neuroscience : the official journal of the Society for 

Neuroscience 2013;33:14816-14824. 

8. Pollari E, Savchenko E, Jaronen M, et al. Granulocyte colony stimulating factor 

attenuates inflammation in a mouse model of amyotrophic lateral sclerosis. Journal of 

neuroinflammation 2011;8:74. 

9. Naumenko N, Pollari E, Kurronen A, et al. Gender-Specific Mechanism of Synaptic 

Impairment and Its Prevention by GCSF in a Mouse Model of ALS. Frontiers in cellular 

neuroscience 2011;5:26. 

10. Weiss SJ. Tissue destruction by neutrophils. The New England journal of medicine 

1989;320:365-376. 

11. Henkel JS, Engelhardt JI, Siklos L, et al. Presence of dendritic cells, MCP-1, and 

activated microglia/macrophages in amyotrophic lateral sclerosis spinal cord tissue. Annals of 

neurology 2004;55:221-235. 

12. Appel SH, Smith RG, Engelhardt JI, Stefani E. Evidence for autoimmunity in 

amyotrophic lateral sclerosis. Journal of the neurological sciences 1993;118:169-174. 

13. Nagata T, Nagano I, Shiote M, et al. Elevation of MCP-1 and MCP-1/VEGF ratio in 

cerebrospinal fluid of amyotrophic lateral sclerosis patients. Neurological research 2007;29:772-

776. 

14. Mantovani S, Garbelli S, Pasini A, et al. Immune system alterations in sporadic 

amyotrophic lateral sclerosis patients suggest an ongoing neuroinflammatory process. Journal of 

neuroimmunology 2009;210:73-79. 

15. Zhang R, Gascon R, Miller RG, et al. MCP-1 chemokine receptor CCR2 is decreased on 

circulating monocytes in sporadic amyotrophic lateral sclerosis (sALS). Journal of 

neuroimmunology 2006;179:87-93. 

16. Figueroa-Romero C, Hur J, Bender DE, et al. Identification of epigenetically altered 

genes in sporadic amyotrophic lateral sclerosis. PloS one 2012;7:e52672. 

17. London A, Cohen M, Schwartz M. Microglia and monocyte-derived macrophages: 

functionally distinct populations that act in concert in CNS plasticity and repair. Frontiers in 

cellular neuroscience 2013;7:34. 



18. London A, Itskovich E, Benhar I, et al. Neuroprotection and progenitor cell renewal in 

the injured adult murine retina requires healing monocyte-derived macrophages. The Journal of 

experimental medicine 2011;208:23-39. 

19. Shechter R, London A, Varol C, et al. Infiltrating blood-derived macrophages are vital 

cells playing an anti-inflammatory role in recovery from spinal cord injury in mice. PLoS 

medicine 2009;6:e1000113. 

20. Butovsky O, Siddiqui S, Gabriely G, et al. Modulating inflammatory monocytes with a 

unique microRNA gene signature ameliorates murine ALS. The Journal of clinical investigation 

2012;122:3063-3087. 

21. Evans TA, Barkauskas DS, Myers JT, et al. High-resolution intravital imaging reveals 

that blood-derived macrophages but not resident microglia facilitate secondary axonal dieback in 

traumatic spinal cord injury. Experimental neurology 2014;254:109-120. 

22. Sta M, Sylva-Steenland RM, Casula M, et al. Innate and adaptive immunity in 

amyotrophic lateral sclerosis: evidence of complement activation. Neurobiology of disease 

2011;42:211-220. 

 


