Hashcmitc Un iversi‘y
AT & /

Y

Scientific Team

g H - U - M B

n il
MedlCal Sehool C Ommlt

| cay

PATHOL

(5
TR

PONE BY : Hamzeh Alsalhi

|


Hamzeh Alsalhi


PRIMARY DISEASES OF MYELIN

© Normally, within the CNS, axons are tightly ensheathed by
myelin, which serves as an electrical insulator to allow rapid
propagation of impulses. 2l ,0< )l

* Myelin consists of multiple layers of the specialized plasma
membrane of oligodendrocytes, with most of the cytoplasm
excluded.

* These portions of the oligodenrocyte membrane contain

specialized proteins & lipids that contribute to the orderly

packing of the layers. - aon J) ym plel) o
Y% One oligodendrocyte cell extends processes toward many

different axons & wraps a segment of roughly a few hundred"
microns of axon. o

* Each of these segments is called an /nfernode, & the gaps
between internodes are known as(nodes of Ranvier| Although
myelinated axons are present in all areas of the brain, they
are the dominant component in the white matter, therefore,
most diseases of myelin are primarily white matter disorders.




© Normally, the myelin in peripheral nerves is similar to the
myelin in the CNS but, has several important differences:

(1) Peripheral myelin is ‘made by Schwann cells, not by
oligodendrocytes;

(2) Each Schwann cell in the peripheral nerve contributes to
only one internode, while in the CNS, many internodes comes
from a single oligodendrocyte; &

(3) The specialized proteins & lipids are also different.

© Therefore, Thank God, most diseases of CNS myelin do not
significantly involve the perlpheral nerves, & vice versa
. aXonJ) IV impalse Hensmission )| Q{ﬁ) Z_)C dxon )\MG& o\ \2 u_o_a mxae,\\v\ ML %

* |f the myelin along a set of axons is disrupted, there are

Wbl|ltv of these axons to transmit signals, &
the symptoms depends on the site (or sites, since most
diseases of myelin are multiple, affecting many regions of the

brain at the same time) where demyelination occurs.

* The natural history of demyelinating diseases is determined,
in part, by (1)the Iim(li»d capacity of the CNS to regenerate

normal myelin & by((2) the d@mwmmm

axons that occurs as the disease runs its course.




Generally, diseases involving myelin are of 2 broad groups:

> 00 Mae\m C\Jb) L@_.},Jfl,oowd\’q,_:_im
(1)|Demyelinating diseases of the CNS: are(acquired)
conditions, characterized by damage to previously normal
myelin. The commonest diseases in this group result from

(1) immune-mediated injury, such as multiple sclerosis (MS)

& related disorders.

Other processes that can cause demyelination include
(2) viral infection of oligodendrocytes as in progressive
multifocal leukoencephalopathy {PML, discuss before}, &
(3) injury caused by drugs & other toxic agents.

V¥ In contrast to demyelinating d/'seases,r; 5L {_\J:S}»_g

(Il) Leukodystrophy or|d Zsb velinating diseases, occur

when the myelin is not formed properly or it has abnormal

turnover kinefics, & are associated with mutations affecting

the proteins required for formation of normal myelin, or
(mutations|that affect the synthesis or degradation of myelin

lipids.




Multiple Sclerosis (MS)—. £~ 2

e MS is an/autoimmunel demyelinating disorder

characterized by (1) distinct episodes of neurologic deficits,
separated in time, attributable fo (2)white matter plaques that
are separated in SPacey-) =\ - cpisodes ) .55 Ups |, < e 2o plogues 3 5L
e MS is the commonest demyelinating disorders, having a
prevalence ofﬁ%1000mﬁr_sgns_m_u_SAiur_o_pe=@ke Mallgnancyb
e MS may affect any age, although onset in childhood or after
age 50 years is relatively rare. (20-40 years)

e MS M/F ratio is 1:2_4 S )l

e MS shows relapsing & remitting episodes of neurologic

ﬁimls_m_m_o_st individuals. The frequency of relapses tends to
during the course of the illness, but there is a steady
neurologic deterioration in a subset of patients.

e A transmissible agent has been proposed as a cause of
MS, bucluswely iIdentified!

e MS, like other autoimmune diseases, is believed to be
caused by a combination of [gﬂl_eiml&@wronmentaﬂfactors

that result in a loss of tolerance to self proteins (the myelin

antigens in the case of MS).




e MS risk of development is X15-fold higher when the
disease is present in a first-degree relat‘ivce;.V TERE
* MS concordance, rate for monozygotic twins is 25%, with a,
much lower rate for df?fg%tic twins indicates a strong, [but not}
causative, role for genes. Genetic linkage of MS susceptibility
to the HLA-DR2 extended haplotype is well established.
@02%13 experimentu| allerg'c eV\(‘_e‘)\\a\omjg\'lhs s\m'\\avli—hg_so(me.gs N\_S? ‘/f% B
B {(mmune mechanisms) that may be the'c?‘éff’J’s\)éo‘(?ffrcr’\lQy)l'e*’Ii“ﬁ“s'S e
destruction have been investigated because of prominence of
chronic inflammatory cells within & around MS plaques,
?@(Experimenz‘a/ allergic encephalom ye//'z‘/S)is an animal model
of MS in which demyelination & inflammation occur after
iImmunization with myelin, myelin proteins, or certain
peptides from myelin proteins.
=» |n this model, the lesions are caused by a T cell-mediated
DHR tType IV) to myelin proteins, & the same immune N

mechanism is thought to be central to the pathogenesis of MS.




® While MS characterized by demyelination out of proportion to
axonal loss, however some injury to axons does occur.

;ﬁg—TMS is dwhit® matter disease, The affected areas
show multiple well-circiimscribed plaques glassy, gray-
tan, slightly depressed irregular lesions.

A, =R
@Plaques commonly occur beside the ventricles, & are
frequent in the optic nerves & chiasm, brain stem, ascendmg &
desc%‘ndm)g fiber tracts, cerebellum, lum, & spinal cord (F23- &
9-26 & 27
O H, the lesions have sharply defined borders {F23-27B & &

4. 21&23 N ¢80
n an active plaqgue there is evidence of ongoing:

(1) Perivascular cuff of ymphocytes & monocytes—> o2&l <
(2) Abundant macrophages containing myelin debris. > J.2 .4
(3) Myelin breakdown, with B(eoM&om J)
(4)

Small active plaques are often centered on small veins, A
(5) Axons are relatively preserved, although they may be
reduced in number.




@© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com
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F23-27: Multiple sclerosis
A, Fresh brain section

showing a well-
circumscribed, slightly

depressed, gray-tan,

irregularly shaped plaque

around occipital horn of the

lateral ventricle.

B, Unstained region of
demyelination (MS plaque)

around the fourth ventricle.

(Luxol fast blue-PAS stain
for myelin.) =acoube peazll,

&dee\ inaded. e, X



F 9-26'Mjltiple scleros'tﬁsﬁrain Coronal section of the brain
showing well-defined_greyish-brown chronic plaques of

demyelination at the upper angles of both lateral ventricles
within the white matter of the centrum semiovale. The right

plaque shows features offhadow plaque Jﬁ\%ﬂ\wé

g.26 Multiple sclerosis: brain



F 9-27{Multiple sclerosis MS) : brain. Close-up view. A

recently-formed oval, pinkish-grey plaque is present in the white
matter beneath the cortical ribbon. Ihis IS a characteristic site

9.27 Multiple sclerosis: brain



H 4.21: Multiple sclerosis (MS) X9. Cervical spinal cord — Ly

section, stained by the \Weigert-Pal method| which colors the®?+)
myelin black, showing 2 plaques of demyelination: (1) a smcéﬁir‘hf
round one in the ventrolateral part of the cord (thin A), (2) much

larger, irregular shaped one (thick A) which affects most of the

posterior columns, with complete lo i shar
line of demarcation between it & the surrounding tissues.
W e Gl s lnd feriof )\O“"‘i
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0 4.23: Multiple sclerosis (MS): Brain, Sudan IV X11. Frozen
section of cerebellar recent plaque, stained with Sudan IV to

show fat (orange-red color| thick A) from the presence of much
stainable fat which comes from the breakdown of myelin lipids.

Above & to the left of the plaque there is purplish-blue sheet of
normal, _unff_ec;ted su_beQ”rtic‘aIfibers (thin A). o




SQ)LD
H Inactive plaques MS (when plaques become quiescent),
(1) Disappearance of inflammation, leaving behind little or
(2) No myelin. Instead, there is shadow plague. = 4 ackive &30 =%

(3) Gliosis & prominent astrocytic proliferation &  P*¥«
(4) Shadow plaques may be Seen (F 9-26), where the border

between normal & affected white matter is not sharpl
circumscribed. Here,(thinned-o
demonstrated) especia suggesting that

thls border region represents either @mcomplete myelin loss
partial remyelination.
. oJ)J'o/DDLQ/..\.) o {daPSﬁdY\A fe—miSSiort_é\@O;e}\ ‘J.—QJ ML&— oss 5

» Clinically, commonly, there are multiple episodes of injury
(relapses)followed by episodes of recovery (remissions);
typically, the recovery is not complete, with %radual, often
stepwise, accumulation of T neurologic deficits. [~ 7 &)7aa.5 4

* Unilateral visual impairment, occurring over the course of
a few days is a frequent initial symptom of MS due to apfic
nerve involvement (opfic neuritis)\retrobulbar neuritis).

* [nvolvement of the brain stem produces cranial nerve signs
& ataxia, & can_disrupt conjugate eye movements.




% Spinal cord lesions give rise to motor & sensory
impairment of trunk & limbs, spasticity, & difficulties with the
voluntary control of bladder function.
® In any individual patient,(it is hard to predict when the
next relapse will occur!)

V¥ CSF shows @ in 1/3 of cases there is moderate pleiocytosis.

A mildly elevated protein level with an T proportion of y-

%_op_u[m which when examined further, show o/igoclonal
ands, representing antibodies directed against a variety of

antigenic targets.

=» Although these antibodies constitute a marker for disease

activity, it is{not clear]if they are a critical part of the disease
mechanism.

elarminalion M <o b0t ax8 5 Dt Lsn S5 300 55700 MS )
¥ MRI can the distri i i ross the CNS

during active disease. From this, it has become clear that

there are often more lesions in the brains of MS patients than
might be expected by clinical examination & that lesions can
come & go much more often than was previously suspected!




_ ®p Other Acquired Demyelinating Diseases

mmune-mediated demyelination can occur after a number
systemic infectious, including relatively mild viral diseases,
(whlch are not thought fo be related to direct soreagLOf the
infectious agents to the nervous svstem

@o It IS believed t e response to pathoqen-
associated antigens cross-reacts with myelin antigens, &

resulting in myelin damage (Cytotoxic reaction, Type II)

Rheumaticfever )| =)

ﬁ; Ve SS:on/rg,lo\PSe (_:9‘/-93)
Twofatterns of post-infectious, immune-mediated

demyelination recognized, both, unlike MS, are
e monophasic ilinesses with relatively e abrupt onset:

Acule disseminated encephalomyelitis, symptoms
ypically develo * a week or two after the antecedent infection

& suggest o(d o) brain involvement (rather than the foca
findings typical 0 S) with headache, lethargy, & coma, which
ro ress rapidly, to a fatal ouw' % of cases; in
remaining patients there is c [ECOVEery> $>oue
(II ) =» Acute necrotizing hemorrhagic encepha/om yelitis is a
more devastating, typically affects young adults & children.

P ost-V \(d\ R Re*b 55 ‘éY\CS{O“\Q\ E>_)
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@5/, Central pontine myelinolysis
|Is nonimmune process characterized by loss of

myelin involving the center of the pons, most
often after rapid correction of hyponatremia.

» |t occurs in a variety of clinical settings including
severe electrolyte or osmolar imbalance &
alcoholism..

@® Most characteristic lesion occurs in the pons
fibers, which carry signals to motor neurons in the
spinal cord, resulting in rapid (guadriplegia)

by W
vifal infeckion. -

Progressive multifocal leukoencephalopathy
(PML) is a demyelinating disease that occurs following

reactivation of JC virus in iImmunosuppressed patients
(See CNS infection).




