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Types of Multiple Sclerosis



MS symptoms



MS Diagnosis

Clinically isolated syndrome Multiple Sclerosis



T2 and T1 lesions

Bright spots represent lesions on a T2 FLAIR (fluid-attenuated inversion recovery imaging) scan—a type of 

conventional T2-weighted image (left)—of an MS patient’s brain. Only those lesions marked by black 

arrows show up as persistent “black holes” or hypointensities on a T1 image (right), indicating a more 

severe degree of tissue destruction within them.



Radiological correlates of neurodegeneration in multiple sclerosis

T1 Lesion

Black holes on T1-weighted spin-echo MRI in multiple sclerosis represent severe tissue destruction, including axonal and neuronal loss 

(boxes). Sequential T1-weighted spin-echo MRI scans, obtained at 2-month intervals.

Gadolinium 

enhanced lesion



Serial MRI in a patient with relapsing–remitting multiple sclerosis

Baseline 3 year1 year 2 year

Inflammatory lesions



Serial T1-weighted MRI scans in a patient with multiple sclerosis

6 year follow-up of MS patient

Loss of ventricle space





Multiple Sclerosis Histology

MS is a autoimmune (?) demyelinating disease CNS

myelin protein (red), axons (green)

Proximal end

Axon retraction

Distal degeneration



Loss of axon density in MS



Aetiology of MS

2.5 Million world wide (Europe & North America)

Age of onset RRMS (30 years), PPMS (40 years) 

2 Female:  1 Male for RRMS, 1:1 ration for PPMs

25 years after diagnosis 50% patients in wheel chairs



Life Expectancy in MS



Genetics of MS

Approximately 

30% 

penetrance 



GWAS for autoimmune disease comparison



Environmental factors

Vitamin D, global distribution of MS

CMV

Circadian disruption

EBV







Early and late MS



Cascades leading to inflammation-induced neuroaxonal injury



Cascades leading to inflammation-induced neuroaxonal injury



Clinical correlates of neurodegeneration in MS

How important is Inflammation ?



Timeline for the development of disease-modifying drugs for MS



TNF neutralization in MS Neurology August 1, 1999 vol. 53 no. 3 457

Number of cumulative newly active lesions 

as determined by MRI (see Methods) over 

the first 24 weeks of the lenercept MS trial: 

placebo –—, lenercept 10 mg - - - -, 

lenercept 50 mg — - — -, lenercept 100 mg 

– – – –. 



IL-12 & IL-23
GuselkumabUstekinumab

Brodalumab aganist IL-17R



Efficacy ranking of approved therapies for multiple sclerosis



A Randomized, Placebo-Controlled Trial of Natalizumab for Relapsing Multiple Sclerosis

N Engl J Med 2006;354:899-910.



progressive multifocal leukoencephalopathy

https://en.wikipedia.org/wiki/Progressive_multifocal_leukoencephalopathy


Fingolimod

Sphingosine 1-phosphate receptor



N Engl J Med 2010;362:387-401.

A Placebo-Controlled Trial of Oral Fingolimod in Relapsing Multiple 

Sclerosis



N Engl J Med 2010;362:402-415

Oral Fingolimod or Intramuscular 

Interferon for Relapsing Multiple 

Sclerosis





Agent Mechanism of action Evidence of efficacy Ongoing trials Safety concerns

Rituximab Chimeric monoclonal 

antibody directed at 

CD20

Phase II rituximab 

versus placebo: reduced 

Gd-enhancing lesions 

and relapse rate 

None Infusion-related 

reactions, sinus and 

urinary tract infections

Ocrelizumab Humanized monoclonal 

antibody directed at 

CD20

Phase II ocrelizumab

versus placebo (interim 

report): reduced Gd-

enhancing lesions and 

relapse rate 

Phase III ocrelizumab 

versus IFNβ-1a (not yet 

enrolling)

Similar to rituximab. 

Phase II: 1 death due to 

systemic inflammatory 

response syndrome

Alemtuzumab Humanized monoclonal 

antibody directed at 

CD52

Phase II alemtuzumab

versus SC IFNβ-1a: 

reduced relapse rate, 

sustained disability, 

progression, and MRI 

lesion activity 

2 phase III trials of 

alemtuzumab versus SC 

IFNβ-1a

Infusion-related 

reactions, mild/moderate 

respiratory infections. 

Autoimmune reactions 

including 

hyperthyroidism and ITP. 

One ITP-related death

Daclizumab Humanized monoclonal 

antibody directed at 

interleukin-2 receptor

Phase II daclizumab

versus placebo add-on 

to IFNβ: decreased Gd-

enhancing lesions (high 

dose only) 

Phase III daclizumab 

versus IM IFNβ-1a

Skin reactions, rash 

increase infection rate. 

Two malignancies in 

phase II trial

PEGylated IFNβ-1a Mechanism of action is 

similar to other IFNβs, 

PEGylation prolongs 

half-life and reduces 

immunogenicity

Phase Ia and Ib studies 

support safety and that a 

proposed SC dose of 

125 mcg every 2 or 4 

weeks would be 

comparable to IM IFNβ-

1a 30 mcg/week 

Phase III PEGylated 

IFNβ-1a versus placebo

Flu-like symptoms, 

myalgias, chills, pyrexia 

vary according to dose 

and frequency

Current ongoing Trials



Immunomodulatory medications with putative direct neuroprotective effects: 

glatiramer acetate, fingolimod, laquinimod, BG-12

Sodium channel blocking agents

Glutamate receptor antagonists

Neurophilins

Cannabinoids

Statins

Estrogens

Testosterone

Erythropoietin

Stem cell transplantation

What about neuronal protection



Target Dose Route Dosing Inclusion and exclusion criteria

Migraine days at 

baseline

Decrease in 

migraine days 

versus placebo 

(95% CI)

ALD 403
6

CGRP ligand 1000 mg Intravenous Once 5–15 migraine days per 4 weeks at baseline; 

preventive treatments and analgesic 

overuse not allowed

8·4–8·8 1 (0·1–2)

LY2951742
7

CGRP ligand 150 mg Subcutaneous Every 2 weeks for 12 

weeks

4–14 migraine days per 4 weeks at baseline; 

preventive treatments and analgesic 

overuse not allowed

6·7–7 1·2 (0·6–1·9)

TEV-48125
8

CGRP ligand 225 mg Subcutaneous Three doses, one dose 

injected every 4 weeks

8–14 migraine days at baseline; preventive 

treatments allowed; patients excluded if 

failure with at least three preventive 

treatments; triptans as needed allowed; use 

of less than four opioids and barbiturates 

allowed per month

11·3–11·5 2·81 (1·55–4·07)

AMG 334
5

CGRP receptor 70 mg Subcutaneous Three doses, one dose 

injected every 4 weeks

4–14 migraine days at baseline; patients 

excluded if failure with more than two 

preventive treatments; preventive treatments 

not allowed

8·6–8·9 1·1 (0·2–2·1)

Calcitonin gene-related peptide (CGRP) antibodies tested in patients with episodic migraine

AMG 334 CGRP antibody for migraine: time to celebrate?

http://www.sciencedirect.com.libproxy.ucl.ac.uk/science/article/pii/S1474442216000405#bib6
http://www.sciencedirect.com.libproxy.ucl.ac.uk/science/article/pii/S1474442216000405#bib7
http://www.sciencedirect.com.libproxy.ucl.ac.uk/science/article/pii/S1474442216000405#bib8
http://www.sciencedirect.com.libproxy.ucl.ac.uk/science/article/pii/S1474442216000405#bib5
http://topics.sciencedirect.com/topics/page/Calcitonin_gene-related_peptide
http://topics.sciencedirect.com/topics/page/Calcitonin_gene-related_peptide
http://topics.sciencedirect.com/topics/page/Antibodies
http://topics.sciencedirect.com/topics/page/Migraine

