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   Extra Figures are added for sake of simplicity (marked by the rose ) 

   Extra Notes are added from google and Dr. Heyam lectures. 

 

 

   Myelin sheath is a substance that surrounds the nerve 

axon, it’s composed of fats and proteins (specialized 

plasma membrane). 

   Function of myelin sheath is insulation of the 

electricity inside the nerve axon to maintain the rapid 

propagation of the neural impulses and protect the axon. 

   Remember that it’s formed by Oligodendrocyte (we 

are in CNS!)  

 So according to what we say, any disease that 

affect the myelin will affect specifically the white 

matter of the CNS.  

   CNS diseases that involve the myelin are categorized into two main groups: 

   1. Demyelinating diseases 

   2. Dysmyelinating diseases (Leukodystrophy)  

֍ Demyelination diseases are large group of different diseases, but they all are 

characterized by two main things: 

1. Are acquired diseases (Not inherited) 

2. Involve damage to previously normal myelin, which could be caused by: 

A} Immune mediated injury (Multiple sclerosis MS)  

B} Viral infection of Oligodendrocytes. 

C} Injury caused by drugs. 

D} Other toxic agents. 

֍ Dysmyelinating diseases are also group of diseases that share in common: 

1. Abnormal formation of myelin 
2. Mostly caused by mutations that disrupt the function of proteins required for the 

formation of normal myelin sheaths (Inherited disorders)  



 

 

    The main types are: 

1. Multiple sclerosis (MS)  )التصلب اللّويحي(   

-Autoimmune destruction of myelin. 

-the most common type. 

2. Neuromyelitis Optica. 

3. Post infectious demyelination. 

4. Central pontine myelinolysis. 

    
 

   Characterised by episodes of disease activity, separated in time that produce white 

matter lesions that are separated in spaces.  

 =explanation: episodes mean that the disease is not continuous, instead it appears as 

attacks separated by periods without manifestations (remission), separated in spaces 

which mean that it’s not necessary for the attacks to be in the same place (it could 

happen one time in optic chiasm for example and another time in the spinal cord)   

 

   Prevalence: 1/ 1000 individuals in USA and Europe. 
   Incidence appears to be increasing. 
   May present at any age (usually 20-40). 
   Onset in childhood or after 50 years of age is rare. 
   Women are affected twice as often as men. 
 
 
 
   An autoimmune response directed against components of the myelin sheath.  
   As in other autoimmune diseases, the development of MS is related to: 

- undefined environmental triggers.  
- Genetic susceptibility:  

* There’s no certain genetic mutation that’s if exist it causes the disease but it’s 
susceptibility, which means that the person has higher tendency to get the 
disease if he has certain genetic setup. 

           * Only a portion of the genetic basis of the disease has been explained, and many 
           of the identified loci are associated with other autoimmune diseases. 
 
 
 
 

Epidemiology 

Pathogenesis 



 
           *Incidence 15-fold higher when disease is present in a first-degree relative  
           and ≈150-fold higher with an affected monozygotic twin.  
 

  

 
 
 
 
   Genetic loci that are associated with MS: 

1) HLA (major histocompatibility complex), specifically HLA-DRB1*1501 

- Each copy of the allele an individual inherits brings with it 3-fold increase in the 
risk for MS. 

2) IL-2 & IL-7 receptor genes  

3) Other genes encoding proteins involved in immune responses. 
 

֍ The disease initiated by: 

   A] T-lymphocytes -> that react against myelin antigen and secrete cytokines: 

      - TH1 T-cell: secrete IFN-γ which activate macrophages. 

      - TH17 T-cell: promote the recruitment of leucocytes.  

   B] B-lymphocyte and anti-bodies (humoral part): poorly defined role in MS (it’s still 

not known clearly) but it must have a role because some patient benefits from B-cell 

depleting therapy (Immune suppressing therapy against B-cells)  

- In conclusion the pathogenesis is basically Inflammation. 

The details in the figure is NOT for memorising  

First degree relatives 

include the parents, the 

brothers and sisters and 

the children 

 
monozygotic twins are 

identical twins who came 

from division of fertilized 

egg 

 Extra info Extra info 

                          These two cytokines control the activation 

and regulation of T cell mediated immune response. 
 Extra info 



 

 

   Multiple sclerosis is a multifocal white matter disease (not a single spot). 

 

 

   Grossly the characteristic lesion is called 

plaque which described as discrete, slightly 

depressed, glassy appearing and grey tan in 

colour.  

   So, in the pointed area there’s 

inflammation, affecting the white matter, making 

the nerve impulse inefficient and the patient come 

with neurologic manifestations. 

   These lesions could happen anywhere in the white 

matter but most commonly near ventricles, optic 

nerve (or chiasm), ascending and descending fibre 

tract, cerebellum and spinal cord.  

-Depending on the location of the lesion the patient will have the symptoms.  

=As you can suspect we can’t clinically see these figures so what help us to diagnose is 

the clinical picture of the patient and the…    

 

   

    Magnetic resonance imaging (MRI) is an important tool in diagnosing CNS disorders 

including the MS, it’s used also to monitor disease activity and progression. 

   The plaques which we saw grossly will appear here as white areas.  

 

 

 

 

 

 

 

Morphology 

Normal 

Grossly 

Radiologically 



 

 

   It’s not used at all in diagnosing MS, just for 

researches and autopsies. 

   This stain is Luxol-fast-blue, it stains the white 

matter with blue colour so in this figure the dark blue 

is the myelin and inside it we can find pale areas that 

means there isn’t myelination here (damaged myelin), 

these areas represent MS plaques.     

*Usually, areas of demyelination (light coloured) are seen surrounding vessels.     

 

   As the gold standard in the pathogenesis is the inflammation, we will classify the 

plaques according to the presence or absence of inflammation into: 

1>  Active plaques                              -> with inflammation 

2>  Inactive plaques (Quiescent)    -> without inflammation 

֍ Active plaques:  

- Contain abundant macrophages stuffed with 
myelin debris (to engulf the damaged myelin), 
evidence of ongoing myelin breakdown.  
- Lymphocytes also are present, mostly as 
perivascular cuffs األصفاد (around blood vessels). 
- Small active lesions often are cantered on 
small veins. 
- Axons are relatively preserved.  
The figure is NOT for memorisation 
 

֍ Quiescent plaques (Inactive): 

- The inflammation mostly disappears. 

- Little to no myelin (so the dark blue 

colour seen previously will 

disappear)  

- Evidence of repair and tissue 

healing, by astrocyte proliferation 

and gliosis. 

*Remember after tissue injury and 

inflammation there’s repair prosses 

(gliosis).   

Histologically Myelin sheath 

Types of plaques 



 

   It’s NOT the same clinical features in all patient because it depends on the location of 

the injury, also they differ in the severity and the episodic type (extremely variable 

clinical picture). 

   Commonly there are multiple relapses followed by episodes of remission but the 
recovery in the remission is not complete (not 100% recovery) and because of that, over 
time there is usually gradual, often stepwise accumulation of neurological deficit. 
   Depending on the location of symptoms we can determine the site of injury. 
   -the symptoms are reversible but tend to recur and when it recurs, it might differ 
from the initial ones. 
           Don’t memorize any percentage! 

 

   Changes in cognitive function can be present but are often much milder than the other deficits.  
   In any individual patient, it is difficult to predict when the next relapse will occur. 
 
  

   The cerebrospinal fluid (CSF) can be used as diagnostic method for MS. 

   What is CSF? 

- It’s a clear fluid that surrounds brain and 
spinal cord.  

- Ultrafiltrate of plasma with low protein 
content and few cells.  

- Mainly produced by choroid plexus; also, 
by ependymal cells of brain ventricular 
system 

- It cushions brain and spinal cord from 
injury and also serves as a nutrient 
delivery and waste removal system.  

 

Clinical features  

ية مهارات ادراك  

Lab tests  



   CSF can be tested for the diagnosis of a variety of 
neurological diseases, usually obtained by a procedure called 
lumbar puncture. 
=lumbar puncture is basically inserting a needle in the 
lumbar area between L3 and L4 and taking a small amount 
of CSF.  
 

-This sample will go to the lab and will examined by a test 

called protein electrophoresis {electrophoresis!! Not a strange word, right?!}  

* It’s a biochemical test that detects presence of proteins in fluids and it separates 
proteins according to their size and charges. 
• It shows proteins as bands. 
• Used to compare proteins in serum and CSF. 
 
   CSF is a filtrate of plasma, so normally CSF has the same serum proteins or even less 
(large proteins will not be filtrated) so, the presence of these extra bands in CSF means 
that these are proteins which are secreted intrathecally (within the CSF) -> abnormal   
->inflammation of CNS. 
= The test is also called Oligoclonal bands. 
 

*Normally the CSF must have equal or less 
protein content as you can see. 
 
*look at the normal comparison, the oligoclonal 
band is found in the plasma only.  
 
*By looking to the abnormal comparison, you can 
notice that CSF has oligoclonal bands too. 
 
*the extra band in the abnormal CSF contain 
immunoglobulins which are produced inside the 
CNS (because of the inflammation).  
 

   Again, patients with MS will show high amount of proteins specially the Ig, they also 

show moderate pleocytosis (which is the presence of abnormally large number of 

lymphocytes in the CSF [in 1/3 of cases]) 

-When the immunoglobulin is examined further by protein electrophoresis, oligoclonal 
bands usually are identified.  
  

 

 



 

   The treatment is focusing on two points: 

1. Immunosuppression (to decrease the rate and severity of relapses which also 

called Disease modifying therapies) to treat the original cause (the inflammation) 

2. Supportive therapy for the symptoms (physiotherapy to regain the lost function) 

 

 

   Limited capacity of CNS to regenerate normal myelin (although myelin can be 
restored in CNS, this is less efficient than in PNS) and that is what makes the disease 
worse by the time. 
 
   Secondary damage to axons that might occur after repeated relapses and occurs late 
in the course of the disease (remember, the axons in the beginning were preserved). 
 

 

 

*CNS diseases that involve the myelin are: 

   1. Demyelinating disease (acquired)         2. Dysmyelinating diseases (inherited)  

*MS (most common type of demyelinating diseases) is an autoimmune disease that occurs in 

genetically susceptible individuals and in association with HLA mutation. 

*TH1 is stimulated and recruits macrophages, TH 17 recruits WBCs. These cause inflammatory 

damage to myelin. 

*MS is a white matter disease, there are sclerotic plaques within the white matter. 

*Clinical symptoms of MS vary between individuals and clinical course is unpredictable. 

*Diagnosing is usually by MRI and Lumbar puncture (where the sample is tested using protein 

electrophoresis to detect the presence of oligoclonal bands in the CSF), histologically not at all. 

*Types of plaque: 

1> Active plaques                               -> with inflammation 

2>  Inactive plaques (Quiescent)    -> without inflammation 

*Treatment is by Immunosuppressors and supportive therapy (physiotherapy if needed). 

*myelin can’t be completely regenerate in the recovery and axonal injury is suspected by the time. 

 

 

 

Treatment  

Outcomes  



 

 

1) Choose the INCORRECT statement regarding multiple sclerosis (MS): 

 a. Axonal damage occurs late in the disease process. 

 b. The disease is caused by loss of immune tolerance to a myelin protein. 

 c. Characterized by grey matter plaques separated in time and space. 

 d. T helper cells play a major role in MS pathogenesis. 

 e. Patients have more IgG in their CSF than in the serum. 

 

2) Wrong about MS: 

 a. has episodic pattern.  

 b. could be triggered by environmental factors. 

 c. optic nerve is one of the common sites of it. 

 d. It affects both peripheral and central nerves. 

 e. active plaques indicate inflammatory period. 

 

3) Which of the following combinations is correct?  

 a. IL 2 receptor polymorphisms and better outcome of MS 

 b. TH17 activation and secretion of IFN-γ. 

 c. HLA-DRB 2 and the causation of MS. 

 d. Older age and the incidence of the disease.  

 e. Quiescent Plaques in MS and astrocyte proliferation. 

 

4) At what age does MS usually diagnosed? 

 a. 30-50 

 b. 20-40 

 c. 0-10 

 d. 40-60 

 e. 10-20 

 

5) What type of imaging is usually used to see inflammation and damage areas in the brain? 

 a. X-ray 

 b. CT-scan 

 c. MRI 

 d. PET-scan 
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