
Multiple Sclerosis – Success, challenges and Hope



Multiple Sclerosis

• How common is multiple sclerosis in Scotland?

A) 1 in 10

B) 1 in 500

C) 1 in 2000



Multiple Sclerosis

• Young

• 2F:1M



What causes MS?

GenesIdentical twins

A) 100%
B) 50%
C) 30%



What causes MS?

Genes Latitude 
and 
vitamin D

e.g. EBV

Immune

Infections

immune system genes



MS is a disease of brain and spinal cord myelin

Saltatory conduction

Metabolic support

oligodendrocyte



Continuous conduction v saltatory conduction

Unmyelinated nerve Myelinated nerve



Oligodendrocytes myelinate the brain

Stem/precursor cell



Increasing physical and mental skills

Myelin is important in development



Oligodendrocyte precursor cells to remyelinate
Nerve protection

Immune attack

What happens in MS?



Pathology of  myelin – multiple sclerosis brain

Normal Multiple sclerosis





MS disease course

Anti-inflammatory drugs

Inflammation neurodegeneration

Relapses
Progression

d
is

a
b

ili
ty

time

βIFN, Fingolimod, Natalizumab
Teriflunomide, Dimethylfumarate, Alemtuzumab,

Haematopoietic stem cell transplant



Beta-interferon
Glatiramer acetate
Teriflunomide

Dimethylfumarate
Fingolimod

Natalizumab
Alemtuzumab
Haematopoietic stem cell transplant

Success: treatments for relapsing-remitting MS

relapses by 30%

relapses by 50%

relapses by >70%



Success:



Success: MS Tissue Bank



Challenge

Anti-inflammatory drugs

Inflammation neurodegeneration

Relapses
Progression

d
is

a
b

ili
ty

time

βIFN, Fingolimod, Natalizumab
Teriflunomide, Dimethylfumarate, Alemtuzumab,

Haematopoietic stem cell transplant

Neuroprotection and neuroregeneration



Healthy Brain

Myelin Damage (MS)

No regeneration of myelin
Nerves degenerate

Myelin regeneration by 
Oligodendrocyte stem cells

For Neuroprotection



About 5% of our brain cells are oligodendrocyte stem cells

These cells generate myelin 
throughout life and during regeneration



Ability of stem cells to make myelin impaired in MS

We need coax stem cells to make myelin

How do we do this?

x



We can use zebrafish to identify drugs that promote myelination

Zebrafish share many similarities with us
Clinical trials (cancer) following studies in zebrafish

3 days!
1 mm

1-5 embryos?                                       10-50 embryos?                                 100-500 embryos?



We can watch stem cells make myelinating oligodendrocytes 



We can watch myelination



Embryos can be put into small “wells” in plate

Drugs dissolved in water and can be taken up by fish



How do we look at how drugs regulate production of myelinating OLs?



All oligodendrocytes in entire brain and spinal cord imaged in 30 secs



All oligodendrocytes in entire brain and spinal cord imaged in 30 secs



How do we get fish from plate to microscope?









What kind of “drugs” do we test?

Drugs already approved to treat other diseases in humans
Well defined safety profiles
Cuts out time from concept to clinic

Drugs that affect genes/ proteins implicated in myelin repair



Associated with severe side effects

Unsuitable long-term e.g. for progressive MS

9-cis-Retinoic acid binds to RXR protein and promotes myelin 
formation and regeneration?

We  want a drug that SPECIFICALLY PROMOTES RXR activity

How could we do this?



ATOMIC STRUCTURE OF RXR Computer matches RXR structure to all 
known drug-like chemicals

We get lists of “drugs” to try on promote myelination?



Tested 450 “RXR” compounds for ability to promote myelination

9 consistently increase myelination

Ongoing work

How do drugs promote myelination?

Can drugs promote myelin regeneration?

Do drugs work in mammals and on human cells?
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HOPE!

Discovery that LINGO 

regulates myelination

2004

LINGO antibodies

promote remyelination

Rodent models

2007

Phase 1 trial

2012

Phase 2 trial

2014

Sema3A/NP1

inhibits 

remyelination

2013

Grant to 

develop

drug 

inhibitors

2015

RXR promotes 

remyelination

2011

Screens in zebrafish for 

new RXR hits 2015

Drug discovery projects

Clinical trial with known 
RXR drug Ongoing

Extended 
trials 
ongoing



Targetting progressive MS is a global research priority

(Information from clinicaltrials.gov) 

194 trials to date on Progressive MS- Of those 75 actively recruiting!



Thank you – any questions?

http://www.crm.ed.ac.uk/
http://www.crm.ed.ac.uk/

