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Quick Facts...
• Sclerosis means scars; these are the plaques 

or lesions in the brain and spinal cord.
• More women than men have MS, with a ratio of 

two men to three women affected.
• MS is not directly hereditary, although genetic 

susceptibility plays a part in its development.
• MS is not contagious.
• There are a variety of symptoms including 

fatigue, balance and co-ordination problems, 
and visual and cognitive disturbances among 
others...

• There is no drug that can cure MS, but 
treatments are now available which can modify 
the course of the disease.



What is MS?

Multiple Sclerosis (MS) is one of the most 
prevalent diseases of the Central Nervous 
System (CNS - the brain and spinal cord). it 
is a chronic disease that directly affects an 
estimated 2.5 million people around the 
World.

it afflicts people of virtually all ages and 
races around the World, although it 
prefers young people, especially women, as 
well as those who grew up in the Northern 
hemisphere.



World distribution of MS

Data from 4 decades ago… probably needs to be revised a 
bit, but it is still pretty close to reality (they say that MS 
is more present in the Northern hemisphere…).



What? Why? 
The reasons still remain a big mystery. It is believed 
that MS involves a genetic susceptibility, but it is 
not directly inherited. It usually causes sudden 
neurologic symptoms including vision loss, 
paralysis, numbness, and walking difficulties. The 
symptoms can be diverse and confusing, often coming 
and going without any pattern, making it difficult to 
diagnose, even today.

The symptoms appear because nerves in the brain and 
spinal cord lose their ability to transmit signals. 
Myelin, a complex substance that surrounds and 
insulates nerve fibers, is essential for nerves to 
conduct electricity and carry out their function. 
Myelin is destroyed in MS.



What happens in MS?

In MS, cells and proteins of the body's 
immune system, which normally defend the 
body against infections, leave the blood 
vessels serving the central nervous system, 
pour into the brain and spinal cord, and 
destroy myelin. The specific triggering 
mechanism which causes an immune system to 
attack its own myelin remains unknown, 
although a viral infection on top of an 
inherited genetic susceptibility is a leading 
suspect.



What is myelin?
Myelin, one of the fatty substances that sheathe, 
insulate and protect nerve fibres, aids the rapid 
transmission of nerve signals throughout the body. 
It is the speed and efficiency with which these 
impulses are conducted that permits smooth, rapid 
and co-ordinated movements to be performed with 
little conscious effort.



MS attacks the myelin...
MS attacks the myelin, disrupting 
the ability of the nerves to 
transmit signals to and from the 
brain and producing the various 
symptoms of MS.

The sites where myelin is lost 
(plaques or lesions) appear as 
hardened (scar) areas.

In MS these scars appear at 
different times and in different 
areas of the brain and spinal 
cord.



What are the symptoms?

Nothing explains it 
better than the picture 
taken from wikipedia.

It is to be noted that 
not all MSers have the 
same symptoms or all 
of these symptoms.

In addition, depending 
on the type of MS a 
p e r s o n h a s , t h e s e 
symptoms might at times 
be present or not.



Common Types of MS

MS is a lifelong disease that can follow one of several 
different types, and sometimes even switch from one type 
to another. The more common types of MS are listed below:

Relapsing/Remitting MS

Secondary Progressive MS

Progressive Relapsing MS

Primary Progressive MS



1.Relapsing/Remitting MS
Characterized by relapses (also known as 
exacerbations) during which time new symptoms 
can appear and old ones resurface or worsen. 
The relapses are followed by periods of 
remission, during which time the person fully or 
partially recovers from the deficits acquired 
during the relapse. Relapses can last for days, 
weeks or months and recovery can be slow and 
gradual or almost instantaneous. The vast 
majority of people are first diagnosed with 
relapsing/remitting MS. This is typically when 
they are in their twenties or thirties, though 
diagnoses much earlier or later are known. 
Around twice as many women as men present with 
this variety.



A person who initially had relapsing-remitting MS 
begins to develop a gradual deterioration in nerve 
function, with or without relapses. After a number of 
years many people who have had relapsing/remitting 
multiple sclerosis will pass into a secondary 
progressive phase of the disease. This is characterised 
by a gradual worsening of the disease between 
relapses. In the early phases of Secondary 
Progressive, the person may still experience a few 
relapses but after a while these merge into a general 
progression. People with secondary progressive may 
experience good and bad days or weeks, but, apart from 
some remission following relapsing episodes, no real 
recovery. After 10 years, 50% of people with relapsing/
remitting multiple sclerosis will have developed 
secondary progressive. By 25 to 30 years, that figure 
will have risen to 90%.

2.Secondary Progressive 
MS



3.Progressive Relapsing 
MS

Clear progression in the level of disability 
from the time symptoms first begin are 
seen, but with episodes of clear relapses 
that may or may not be associated with some 
recovery following the acute episode. This 
form of multiple sclerosis follows a 
progressive course from onset, punctuated 
by relapses. There is significant recovery 
immediately following a relapse but 
between relapses there is a gradual 
worsening of symptoms.



4.Primary Progressive MS
Characterised by a gradual progression of the 
disease from its onset with no remissions at all. 
There may be periods of a leveling off of disease 
activity and, as with secondary progressive, 
there may be good and bad days or weeks. It 
differs from Relapsing/Remitting and Secondary 
Progressive in that onset is typically in the late 
thirties or early forties, men are as likely as 
women to develop it and initial disease activity is 
in the spinal cord and not in the brain. Primary 
Progressive MS often migrates into the brain, 
but is less likely to damage brain areas than 
relapsing/remitting or secondary progressive - 
for example, people with Primary Progressive 
are less likely to develop cognitive problems.



Other names used for MS 
Benign multiple sclerosis: This is a sub-group of 
relapsing/remitting. It is used to describe the disease 
in people who have had multiple sclerosis for fifteen 
or more years without picking up any serious and 
enduring disability. One of the neurologists that I saw 
put it at ten years. It's a bit of a false label really and 
people with benign multiple sclerosis are often 
reclassified as Secondary Progressive after a number 
of years [Hawkins and McDonnell, 1999].

Chronic Progressive multiple sclerosis: Primary 
Progressive and Secondary Progressive used to be 
lumped together as Chronic Progressive (CPmultiple 
sclerosis) but this term is no longer officially 
recognised although you will still see it referred to 
now and then.



Other names used for MS 
cont’d

Malignant multiple sclerosis: Also known as 
Marburg's Variant and Acute Multiple Sclerosis. 
This is a label given to forms of multiple sclerosis 
where the disease progresses very rapidly from 
onset leading to severe disability within a 
relatively short period of time. Fortunately, this 
form of multiple sclerosis is extremely rare.

Transitional/Progressive multiple sclerosis: 
Another form of the disease which is sometimes 
referred to but not widely used, is Transitional/
Progressive (TPmultiple sclerosis). This is 
characterised by a progressive course beginning 
many years after an isolated bout.



Other names used for MS 
cont’d

Devic's Disease: Also known as Neuromyelitis 
Optica, Devic's disease is a related condition to 
multiple sclerosis that is characterised by an 
attack of Optic Neuritis in both eyes followed by 
severe inflammation of the spinal cord (Transverse 
Myelopathy).

Balo's concentric sclerosis: This is another very 
rare disease that resembles multiple sclerosis. 
Clinically, it is very hard to distinguish Balo's 
concentric sclerosis from multiple sclerosis but 
MRI scans show the lesions in Balo's to be 
concentric rings of intact myelin and demyelinated 
zones. It is more common in China and the 
Philippines than elsewhere.



Epidemology of MS

MS is a common cause of disability: it used to be said 
that up to 60% of patients are no longer fully 
ambulatory 20 years after onset of the condition. 
This burden of disability can markedly reduce the 
person with MS’ ability to perform everyday 
activities and significantly impairs their quality of 
life. Moreover, because the disease often develops 
at about the age of 30 years, there is a substantial 
financial cost, both to the person with MS and their 
family and to society as a whole, resulting from 
reduced or loss of productivity. However, as will be 
seen later, new medical discoveries are changing 
all this...



Is MS Fatal?
As a group, people with MS have a life expectancy estimated at 
6-7 years less than the general population. The vast majority of 
people with MS die from the same diseases as everyone else–
heart disease, cancer, or stroke. Death caused directly by an MS 
lesion is extremely unusual. Without adequate medical care, it 
might result from a lesion in the part of the brain that 
regulates breathing or from large areas of demyelination that 
interfere with life-supporting systems in the body. Certain 
complications of advanced MS, such as severe urinary tract 
infections, pneumonia, or extensive skin breakdown, can also 
threaten life and may prove fatal even with adequate 
treatment. However, modern antibiotic therapy and 
sophisticated supportive care strategies make it possible to 
control these problems in most cases. Severe untreated 
depression is also known to be responsible for the relatively 
high suicide rate among people with MS. The contradiction is 
apparent but not real: severe MS or its complications may be 
fatal, but the likelihood is so rare that MS cannot be 
considered a fatal disease!



MS Historical Facts

The history of MS is similar to a detective 
story, spanning more than a century. Many 
clues have been pieced together, but 
answers are emerging only now. To 
appreciate why the trail to a solution has 
been so long and hard, it is necessary to 
understand the journey to what scientists 
now believe to be true about MS.



Historical Facts cont’d
1400 — the earliest written record of someone with MS-like 
symptoms was that of Lydwina of Schieden, Dutch patron Saint 
of Ice Skaters.

1838 — medical drawings clearly show what we today recognize 
as MS, but 19th Century doctors did not understand what they 
saw and recorded.

1868 — Jean-Martin Charcot, professor of neurology at the 
University of Paris, wrote the first complete description of MS 
and the changes in the brain which accompany it.

1878 — Myelin was discovered by Dr. Louis Ranvier.

1916: Detailed microscopic description made by James Dawson 
revealed the basic damage done in MS.



1919 — Abnormalities in the spinal fluid were discovered in MS, but 
their significance remained puzzling for decades.

1920 — Men were thought to be more susceptible to MS than women, 
because women were often mistakenly diagnosed with “hysteria”, and 
also because it seemed that MS symptoms used to flair each month 
for most female MSers.

1925 — Lord Edgar Douglas Adrian recorded the first electrical 
nerve transmissions, which helped prove demyelinated nerve cannot 
sustain electrical impulses.

1928 — The oligodendrocyte cell that makes myelin was discovered.

1935 — an animal form called EAE (experimental allergic 
encephalomyelitis), developed by Dr. Thomas Rivers demonstrated 
that nerve tissues, not viruses, produced an MS-like illness. This 
paved the way to present theories of auto-immunity, for it 
demonstrated the body can generate an immunologic attack against 
itself (ultimately suggesting an autoimmune basis for the disease). 

Historical Facts cont’d



1948 — Under an early NMSS grant, oligoclonal bands 
discovered in the spinal fluid by Elvin Kabat and others, 
provided a diagnostic test suggestive of MS and linking MS to 
immune system problems.

1965 — White blood cells that react against a protein in nerve 
insulating myelin were discovered in MS.

1969-1970 — ACTH used to treat MS exacerbations. This was the 
first controlled trial of a successful treatment for MS: it 
used newly standardized diagnostic criteria and rating scales 
to evaluate the efficacy of treatment.

1981 — MRI first used to examine a person with MS. MRI 
revolutionized diagnosis and provided evidence that MS is a 
constantly active disease even when symptoms abate.

1993 — Beta-interferon 1b (Betaseron) approved as the first 
drug to alter the course of MS.

Historical Facts cont’d



History of Medicine’s Understanding 
of MS...

1890’s — caused by the suppression of sweat, treated with herbs & 
bed rest, life expectancy after diagnosis was 5 years.

1910’s — caused by an unknown blood toxin, treated with 
purgatives & stimulants, life expectancy after diagnosis was 10 
years.

1940’s — caused by blood clots & poor circulation, treated with 
drugs that improve circulation, life expectancy after diagnosis 
was 18 years.

1960’s — caused by allergic reaction, treated with vitamins & 
antihistamines, life expectancy after diagnosis was 25 years.

1996 — caused by autoimmune reaction possibly linked to virus, 
treated with steroids & immune system regulating drugs, life 
expectancy after diagnosis is essentially normal for most.



Drugs for MS
Interferon Beta-1A (Avonex): Prescribed in USA as Avonex, administered by 
IM (intramuscular) route (Biogen). Avonex is indicated for treatment of 
patients with relapsing forms of MS to slow the accumulation of physical 
disability and to decrease the frequency of clinical exacerbations. Patients 
with MS in whom efficacy has been demonstrated include patients who have 
experienced a first clinical episode and have MRI features consistent with 
MS. Safety and efficacy in patients with chronic progressive MS have not 
been established. Believed to act via ability to counteract cell surface 
expression of proinflammatory or pro-adhesion molecules on immune cells, 
among other effects. More studies needed to fully understand mechanisms 
of action. Differs from interferon beta-1b (Betaseron, see below) only in 
that it has amino acid sequence identical to that of natural compound and is 
glycosylated. Presence of glycosylation is claimed to lead to structural 
stability and presumably to higher biological potency. Interferons act 
through common receptor that activates Jak/Stat pathway of signal 
transduction molecules, which, in turn, leads to activation of interferon-
responsive genes. Interferon beta may decrease expression of B7-1 (a 
proinflammatory molecule) on surface of immune cells and increase levels 
of TGF-beta (anti-inflammatory molecule) in circulation of patients with 
MS. Interferon beta-1a is the only ABCR drug administered on a weekly 
schedule.Frequency of development of neutralizing antibodies against 
interferon is higher with interferon beta-1b than with interferon beta-1a, 
but clinical significance of neutralizing antibodies still unclear and 
controversial. May delay progression of disease in patients that have only 
manifested one clinical attack but have MRI evidence of MS.



Interferon Beta-1B (Betaseron in US Betaferon in Europe): Indicated for 
treatment of relapsing forms of MS to reduce the frequency of clinical 
exacerbations (Europe indications include treatment of secondary progressive MS 
with active disease). Acts via ability to counteract cell surface expression of 
proinflammatory or pro-adhesion molecules on immune cells, among other effects. 
More studies needed to fully understand mechanisms of action. May decrease 
expression of B7-1 (proinflammatory molecule) on surface of immune cells and 
increase levels of TGF-beta (anti-inflammatory) in circulation of patients with MS. 
Acts through common receptor that activates Jak/Stat pathway of signal 
transduction molecules, which, in turn, leads to activation of interferon-
responsive genes. Frequency of development of neutralizing antibodies against 
interferon is higher with interferon beta-1b than with interferon beta-1a, but 
interferon beta-1b nAbs disappear faster. The clinical significance of nAbs is still 
unclear and controversial

Glatiramer Acetate (Copaxone): Mix of amino acids proposed to mimic myelin 
proteins when presented on surface of antigen-presenting cells. Copaxone is 
indicated for reduction of the frequency of relapses in patients with RRMS. In 
theory, lymphocytes reactive against CNS myelin would be diverted to bind to 
Copaxone in circulation, thus decreasing entry of immune cells across blood-brain 
barrier. Most mechanisms of action, however, remain unknown, and wider effect on 
immune system responsiveness may be at play. Has safest side effect profile of 
ABCRs.

Drugs for MS



Interferon Beta-1a (Rebif): Indicated for treatment of relapsing 
forms of MS to decrease the frequency of clinical exacerbations and 
delay the accumulation of physical disability. Believed to act via 
ability to counteract cell surface expression of proinflammatory or 
pro-adhesion molecules on immune cells, among other effects. More 
studies needed to fully understand mechanisms of action. Differs 
from interferon beta-1b (Betaseron, see above) only in that it has 
amino acid sequence identical to that of natural compound and is 
glycosylated. Presence of glycosylation is claimed to lead to 
structural stability and presumably to higher biological potency. 
Interferons act through common receptor that activates Jak/Stat 
pathway of signal transduction molecules, which, in turn, leads to 
activation of interferon-responsive genes. Interferon beta may 
decrease expression of B7-1 (a proinflammatory molecule) on surface 
of immune cells and increase levels of TGF-beta (anti-inflammatory) 
in circulation of patients with MS.Frequency of development of 
neutralizing antibodies against interferon is higher with interferon 
beta-1b than with interferon beta-1a, but clinical significance still 
unclear and controversial. For instance, neutralizing antibodies in 
patients taking interferon beta-1b disappear faster than those in 
patients taking interferon beta-1a. May delay progression of disease 
in patients that have only manifested one clinical attack but have MRI 
evidence of MS.

Drugs for MS



Natalizumab (Tysabri): Three cases of progressive multifocal 
leukoencephalopathy (PML) associated with natalizumab use 
prompted temporary withdrawal from the market in 2005. 
Natalizumab was later reapproved in 2006 by the FDA for 
commercialization under a special restricted distribution 
program known as TOUCH. The drug now carries a package insert 
black box warning about potential risks of opportunistic 
infections. Patients, physicians, and pharmacists must be 
involved in the TOUCH program in order to receive, prescribe, 
or dispense (respectively) natalizumab. Indicated as 
monotherapy for MS, not to be used with other immune system-
modifying drugs. It is indicated for relapsing MS and to reduce 
symptom exacerbation frequency. Because of risks of PML, 
natalizumab is now generally recommended for patients who 
have had an inadequate response to, or are unable to tolerate 
alternate MS therapies. Up to November 18th 2009 there have 
been 27 pml cases and 5 deaths (out of 63.000 patients who take 
Tysabri worldwide). 

Drugs for MS



Drug Category: 
Corticosteroids

These agents reduce acute inflammation and 
expedite recovery from acute exacerbations of MS. 
They may be used for “rescue” therapy as monthly 
boosters in patients who respond poorly to the ABC 
immunomodulators. Methylprednisolone, a 
glucocorticoid, has greater anti-inflammatory 
potency than prednisolone and even less tendency 
to induce water and sodium retention.

Methylprednisolone (Solu-Medrol, Depo-Medrol): 
For treatment of inflammatory and autoimmune 
reactions. By reversing increased capillary 
permeability and suppressing PMN activity, may 
decrease inflammation. Also may alter expression 
of some proinflammatory cytokines.



Drug Category: 
Immunosuppressors

These agents are used for their ability to suppress immune reactions.

Mitoxantrone (Novantrone): Anthracenedione compound used for SPMS and RPMS. 
Induces DNA cross-links and strand breaks and leads to apoptosis. Mitoxantrone also 
interferes with RNA and is a potent inhibitor of topoisomerase II, an enzyme responsible 
for uncoiling and repairing damaged DNA. Indicated for reducing neurologic disability 
and/or the frequency of clinical relapses in patients with secondary (chronic) 
progressive, progressive relapsing, or worsening relapsing-remitting MS (ie, patients 
whose neurologic status is significantly abnormal between relapses). Not indicated in 
the treatment of patients with primary progressive MS.

Cyclophosphamide (Cytoxan, Neosar): Metabolized in liver by mixed-function microsomal 
oxidase system. Mechanism of action believed to involve DNA cross-linking. Has been used 
off-label for secondary progressive MS, especially for patients with dramatic, rapid 
progression. Thought to be more effective if given in early stage of progression.

Azathioprine (Imuran): This immunosuppressive antimetabolite drug is an imidazolyl 
derivative of 6-mercaptopurine. Cleaved in vivo to mercaptopurine and converted to 6-
thiouric acid by xanthine oxidase. Generally used in treatment of transplant rejection 
or severe, active, erosive rheumatoid arthritis. Has been used off-label for MS.

Methotrexate (Rheumatrex): Immunosuppressive metabolite drug used for some 
neoplasias (including leukemia), psoriasis, and rheumatoid arthritis. Interferes with DNA 
synthesis, repair, and cellular replication. Inhibits dihydrofolic acid reductase, which 
participates in synthesis of thymidylate and purine nucleotides. Has been used off-label 
for MS.



Other Drugs...
Drug Category: Antiviral, anti-Parkinson agent

This agent is used for treatment of fatigue in MS.

Amantadine hydrochloride (Symmetrel): Mechanism of counteracting 
fatigue unclear. May have antiviral effects by inhibiting replication of some 
viruses, including influenza A.

Drug Category: Central nervous system stimulants

These agents are used for treatment of fatigue without interfering with 
normal sleep architecture. They promote wakefulness.

Modafinil (Provigil): Mechanism of action currently unknown. Listed in 
Schedule IV of the Controlled Substances Act. Patients should be observed 
for signs of use or abuse, as drug has psychoactive and euphoric effects 
similar to those seen with other scheduled CNS stimulants (eg, 
methylphenidate).



New Drug Discoveries
“With the launch of up to 12 new disease-modifying agents, three 
vaccines and one novel drug designed to treat the symptoms of multiple 
sclerosis (MS) and improve quality of life, the MS market is in an 
exciting phase of evolution.” - ResearchAndMarkets.com

Over the next six years a number of oral agents are expected to be 
launched that could drastically change the way in which MS patients 
are treated. These include: Novartis’ fingolimod, Teva’s laquinimod, 
Merck KGaA’s Mylinax (cladribine), sanofi-aventis’ teriflunomide and 
Biogen Idec’s BG-12 in Phase III development, and GSK/Mitsubishi Tanabe 
Pharma’s firategrast, MediciNova’s ibudilast and Biogen/UCB’s CDP323 in 
Phase II development. Three companies have taken on the ambitious task 
of developing vaccines to treat MS and each has adopted a unique 
approach to addressing the underlying causes of the disease. Orchestra 
Therapeutic’s NeuroVax targets three proteins expressed on T-cell 
receptors whilst Opexa Therapeutics’ Tovaxin uses attenuated 
autologous cells to stimulant an immune response. Bayhill 
Therapeutics is developing BHT-3009, a tolerising DNA vaccine. All 
vaccines are in Phase II development and could reach market by 2012. In 
fact, some of these have been launched already...with very promising 
positive results!



And...in sum...


