Calming microglia: a future method for treating multiple sclerosis
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The promise of LDN
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Invading anti-inflammatory cells inhibit
inflammation via cell-cell contact and
cytokine signalling promoting disease
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Invading proinflammatory cells secrete
proinflammatory cytokines and
antibodies within the brain parenchyma
causing inflammatory plaques and axonal
damage
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The effect of CD8+ T cells, NK cells, and
in the development of EAE and
MS is unclear with studies suggesting

th positive and negative influences
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lead to neuronal

dysfunction

Astrocyte

Astrocytes are known to have
both beneficial and
detrimental roles in the
progression of MS and EAE

Demyelination and
axonal damage

Microglia

Resident microglia are
activated and contribute to
inflammation and axonal
damage

Oligodendrocyte

Damage to oligodendrocytes
caused by autoimmune
inflammation is a key

EAE and MS

characteristic

Duffy et al., 2014; MS Inter
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Size Length Type Outcome

Gironi et al., 2008 24 weeks Primary Progressive Reduction of spasticity

Cree et al., 2010 8 weeks Relapsing-Remitting or No efficacy
Secondary Progressive

Sharafaddinzadeh et al., 17 weeks Mixed Improvement mental scores
2010

Gironi M, Martinelli-Boneschi, Sacerdote P, Solaro C, Zaffaroni M, Cavarretta R, Moiola L, Bucello S, Radaelli M, Pilato V, Rodegher M, Cursi M
Franchi S, Martinelli V, Nemni R, Comi G, Martino G. A pilot trial of low-dose naltrexone in primary progressive multiple sclerosis. Mult Scler
2008, 14: 1076.

Cree B, Kornyeyeva E, Goodin D. Pilot trial of low-dose naltrexone and quality of life in multiple sclerosis. Ann Neurol 2010, 68: 145.

Sharafaddinzadeh N, Moghtaderi A, Kashipazha D, Majdinasab N, Shalbafan B. The effect of low-dose naltrexone on quality of life of patients
with multiple sclerosis: a randomized placebo-controlled trial. Mult Scler 2010, 16: 964.



Problems with previous cIi_r;jcaI trials




N=215

3.5mg LDN

Average Tx duration = 804 days

60% reported LDN improved fatigue

60% reported LDN improved disease severity
Minimal side effects

Turel A, Oh K, Zagon |, McLaughlin P. Low dose naltrexone for treatment of multiple sclerosis: a retrospective chart review of safety and
tolerability. J Clin Psychopharmacol 2015, 35: 609.
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Need to be of much longer duration

Need to use same outcomes as major trials
Need to comprehensively assess outcomes
Need to involve radiologic scans

Need to target early forms of condition
Need larger sample sizes

Need to frequently assess outcomes

Need to do dosage-finding studies
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Early start of therapy Later start of therapy
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Dosage
Timing

Mode of administration



Naltrexone analogs
Other microglia modulators

Botanicals



Sonja Paetau, http://blogs.helsinki.fi/brain-mind/2015/08/behind-every-successful-neuron-there-are-nine-glia/

http://usa.healthcare.siemens.com/

Torres-Plates S et al., Morphometric characterization of microglial phenotypes in human cerebral cortex, J Neuroinflammation 2014, 11

Ehrlich E & Mattiuz K, Inflammation and neurodegenerative disease: a role of the estrogen receptor in suppression of inflammation in the brain
http://www.sabiosciences.com/pathwaymagazine/minireview/ind.php

Vishnu AC, Robel S, Watkins S, Sontheimer H. A neurocentric perspective on glioma invasion. Nature Reviews Neuroscience 2014, 15: 455.

Miller S, Turley D, Podojil J. Antigen-specific tolerance strategies for the prevention and treatment of autoimmune disease, Nat Rev Immunol
2007, 7: 665.

Politis M, Su P, Piccini P. Imaging of microglia in patients with neurodegenerative disorders. Front Pharmacol 2012, 29.

Rahn K, MclLaughlin P, Zagon I. Prevention and diminished expression of experimental autoimmune encephalomyelitis by low dose naltrexone
(LDN) or opioid growth factor (OGF) for an extended period: therapeutic implications for multiple sclerosis. Brain Res 2011, 1381: 243.

Liu B, Du L, Hong J. Naloxone protects rat dopaminergic neurons against inflammatory damage through inhibition of microglia activation and
superoxide generation. J Pharmacol Exp Ther 2000, 293: 607.

Duffy S, Lees J, Moalem-Taylor G. The contribution of immune and glial cell types in experimental autoimmune encephalomyelitis and multiple
sclerosis. Mult Scler Int 2014.

Teva, https://www.copaxone.com/about-relapsing-ms/relapsing-multiple-sclerosis-treatment



