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Axons are transected during inflammatory demyelination. (a) Confocal image of an actively demyelinating MS lesion stained for myelin protein (red ) and axons ( green). The three vertically oriented axons have areas of demyelination (arrowheads), which is mediated by microglia and hematogenous monocytes. The axon on the right ends in a large swelling (arrowhead ), or axonal retraction bulb, which is the hallmark of the proximal end of a transected axon. Quantification of axonal retraction bulbs has established significant axonal transection in demyelinating lesions of MS. (b) Schematic summary of axonal response during and following transection. 1. Normal appearing myelinated axon. 2. Demyelination is an immune-mediated or immune cell–assisted process. 3. As many as 11,000 axons/mm3 of lesion area are transected during the demyelinating process. The distal end of the transected axon rapidly degenerates while the proximal end connected to the neuronal cell body survives. Following transection, the neuron continues to transport molecules and organelles down the axon, and they accumulate at the proximal site of the transection. These axon retraction bulbs are transient structures that eventually “die back” to the neuronal perikarya or degenerate. Panel a reproduced from Trapp et al. 1998 with permission. 
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Figure 4 | Cascades leading to inflammation-induced neuroaxonal injury. The scheme illustrates the prevailing hypothetical sequence of events eventually leading to neuroaxonal degeneration in multiple sclerosis. Chronic CNS inflammation lies at the root of deregulation of neuronal and axonal metabolism. The cascade culminates in the hallmarks of inflammation-induced neurodegeneration described in this Review.
ox 5 | Key neurodegenerative processes as a consequence of chronic inflammation 
Chronic inflammation in multiple sclerosis results in the production of reactive oxygen species (ROS) and reactive nitrogen species (RNS) that probably promote mitochondrial injury as a result of the accumulation of detrimental mitochondrial DNA mutations113,118,119 (see part a in the figure). This promotes metabolic stress, protein misfolding in the endoplasmic reticulum (ER), energy deficiency and a loss of neuronal fitness, which have critical implications due to the fact that transport along axons to maintain normal neuroaxonal function is highly energy demanding. Emphasizing the importance of this cascade of events in disease progression, several single-gene mitochondrial and neurometabolic disorders present as multiple sclerosis phenocopies based on certain clinical and radiographical features120. 
Several different neuronal ion channels — such as acid-sensing ion channel 1 (ASIC1), transient receptor potential cation channel subfamily M member 4 (TRPM4) and voltage-gated sodium channels (Nav1.2 and Nav1.6) — display a compensatory redistribution along demyelinated neurons in multiple sclerosis to help to maintain ionic homeostasis6,7,110,121. However, this redistribution, along with the excess accumulation of glutamate — which is the main excitatory neurotransmitter in the central nervous system and which is excessively released during neuronal injury — promotes an ionic imbalance that only serves to perpetuate tissue damage (see part b in the figure). From the initial site of axonal injury, these degenerative mechanisms can spread backwards towards the neuronal cell body (termed retrograde degeneration or ‘neuronal dying back’) or towards the distal axon terminal (termed anterograde degeneration or Wallerian degeneration) and can also influence nearby presynaptic and postsynaptic neurons, respectively, eventually leading to neuronal apoptosis or necrosis. 
A range of buffering mechanisms are triggered to counterbalance neuroaxonal injury, such as an upregulation of the expression of pro-survival genes and the action of the cannabinoid system, but eventually the increasingly destructive inflammatory milieu overrides them and fundamental neuroaxonal damage follows6. Therefore, although there has been an interest in therapeutically boosting neuroprotective pathways as well as remyelination in multiple sclerosis, such putative therapies would probably be most efficacious when administered along with anti-inflammatory agents. 




Kara delikler

Jack H. Simon, Handbook of Clinical Neurology, Vol. 122 (3rd series)
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Fig. 18.7. T1 black holes.
Upper panel, from a patient with active disease represented by enhancing lesion (arrow on left image), a moderate T2 burden of disease (right image), yet no apparent T1-hypointense regions (middle image).
Lower panel, from another patient, shows a very high ratio of volume of T1-hypointense lesion (T1 black holes) (left image) to T2 lesion volume (right image), as nearly all the T2-hyperintensity has corresponding T1-hypointensity, suggesting that the focal lesion in this patient tends towards a highly destructive pathology.
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Chronically demyelinated axons degenerate owing to loss of myelin trophic support. A continuous and irreversible loss of brain tissue occurs during the chronic stages of MS despite a dramatic reduction or paucity in new demyelinating lesions. (a) Normal brain. (b) Brain of a relapsing-remitting MS patient. (c) Brain of a secondary progressive MS patient at end-stage disease. The progressive increase in ventricular volume highlights the brain atrophy that occurs as most MS patients age. (d ) Degeneration of chronically demyelinated axons is a major contributor to neurological disability and brain atrophy. 1. Most demyelinated axons survive demyelination, redistribute Na+ channels, and recover function. 2. Owing to loss of myelin trophic support, chronically demyelinated axons show signs of slowly progressive swelling and disorganization of the cytoskeleton. 3. These axons eventually degenerate. Quantification of total axonal loss is a challenge in MS brain because changes in axonal density and tissue atrophy must be measured. Panels e and f compare axonal density in control (e) and MS lesion ( f ) in spinal cord. Estimates of total axonal loss in chronic MS lesions approach 70%. Reproduced from Trapp et al. 1999 (a–c) and Bjartmar et al. 1999 (e, f ) with permission. 
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Focal thinning of the cerebral cortex in multiple sclerosis 
Fig. 3 The surface reconstruction demonstrates mean thickness differences of the cortex as statistical maps of multiple sclerosis subjects according to (A) disability, (B) disease duration, (C) T2 hyper-intense and (D) T1 hypo-intense lesion volumes in the white matter. Patient subgroups were compared with 15 control subjects. The statistical maps are overlaid on in ̄ated brains. The colour scale shows the dynamic range of thinning. Blue represents a signi®cant thickening of the cortex. Full yellow corresponds to a statistical difference in cortical thickness with a P value of 0.001 that relates to at least up to 0.4 mm of cortical thinning. (A) Average statistical map of eight multiple sclerosis subjects with a mild disability as measured on the expanded disability status scale (EDSS `3). Seven multiple sclerosis subjects with moderate disability (EDSS = 3.5±5.5) and ®ve multiple sclerosis subjects with severe disability (EDSS b6) were compared with 15 age-matched control subjects. The surface reconstruction demonstrates predominant areas of focal cortical thinning differing with the degree of disability. Thinning of the frontal and temporal brain regions was observed in patients with mild and moderate disability. Patients with severe disability presented with additional thinning of the motor area. (B) Average statistical map of ®ve multiple sclerosis subjects with short (<3 years), six multiple sclerosis subjects with moderate (3±5 years) and nine multiple sclerosis subjects with long disease duration (>5 years). With increasing duration of illness, statistical maps demonstrate progressive, focally located signi®cant differences in mean cortical thickness. The reduction of cortical thickness in temporal lobes is already an early ®nding (<3 years), whereas in patients with longstanding disease, additional atrophy including the motor area is evident. (C) Average statistical map of 11 multiple sclerosis subjects with lower T2 hyper-intense total lesion volumes (`20 cm3) and nine multiple sclerosis subjects with high T2 lesion volumes (>20 cm3). Signi®cant thinning across subjects was observed in both groups, again with predominant locations in frontal and temporal regions. Multiple sclerosis patients with high lesion load (>20 cm3) revealed a signi®cant thinning in motor area. (D) Average statistical map of 10 multiple sclerosis subjects with low T1 hypo-intense total lesion volumes (`3 cm3) and 10 multiple sclerosis subjects with high T1 lesion volumes (>3 cm3). There was a lack of signi®cant difference in cortical thickness between patients with low T1 lesion volumes and control subjects, whereas patients with high T1 lesion volumes presented with atrophy of the cortex in the predominant locations including the motor cort 
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Percentage of MS patients with abnormal axonal
biomarker value, defined by single markers or
combination of neurofilaments and NAA

Percentage abnormal in each subgroup)
Biomarkers included [ND | IND| OND| CIS |RR |SP |PP
NAA 14| 51| 47 |18 | 27| 43| 33
Nf 7| 38|21 |45 | 51| 50| 50
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(A) Schematic representation of the levels of NAA, neurofilament light chain (NfL), and neurofilament heavy chain (NfH) during different stages of axonal degeneration in multiple sclerosis (MS). The lower line represents the hypothetical pathologic correlates of the abnormal levels, classified into six classes.
Class 0: all markers are within the normal range; class 1: levels of NAA and Nfs are within the normal range; class 2: NAA levels are increased due to increased mitochondrial activity and Nf levels are normal; class 3: both NAA and Nf levels are increased; class 4: Nf levels are increased; class 5: NAA levels are decreased while Nf levels are increased; class 6: NAA levels are decreased only. (B) Percentages of patients with MS with abnormal axonal biomarker value, defined by single markers or combination of neurofilaments and NAA. (C) Frequency distribution of different classes of abnormal biomarker levels in different relapse-onset MS clinical subtypes. Gray scales are similar to those in (B). None of the patients with clinically isolated syndrome (CIS) had biomarker levels in class 5–6. The lowest frequency in class 2–3 and highest frequency of biomarker levels in class 5–6 was found in patients with secondary progressive (SP) MS (CIS, relapsing-remitting [RR], SP: _2 _ 14.1, p _ 0.079; CIS vs SP: _2 _ 10.7, p _ 0.033). (D) Frequency of abnormal biomarker values in patients with Expanded Disability Status Scale (EDSS) scores above and below 4. Gray scales are similar to those in (B). Highest frequency of biomarker levels in class 2–3 was present in the people with EDSS _4, while the frequency of class 5 was highest in people with EDSS _4 (_2 _ 13.5, p _ 0.009 C.E. Teunissen Neurology® 2009;72:1322–1329
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MS'in immiinopatogenezinde nérodejenerasyonun roll
nedir?



Radyolojik izole sendromda gri madde
atrofisi var!!!
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The top panel shows conventional fluid-attenuated inversion recovery MRIs (A–D) in transversal orientation of a subject with
radiologically isolated syndrome (RIS). Note the superimposed central brain volume of interest for spectroscopy (A) and the
spectroscopic voxels located in the normal-appearing white matter (B), in lesional/perilesional regions (C), and in the interhemispheric
occipito-parietal cortex (D). The bottom panel shows the boxplots of N-acetylaspartate (NAA)/creatine (Cr)
levels in RIS subjects and healthy controls (HC) obtained by averaging the spectroscopic values in voxels located in the
whole volume of interest (E), in the normal-appearing white matter (F), in lesional/perilesional regions (G), and in the interhemispheric
occipito-parietal cortex (H). Note the presence of lower NAA/Cr brain levels in RIS subjects than in HC in all
brain regions (p , 0.005 for all). Maria Laura Stromillo Neurology_ 2013;80:2090–2094
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Searching for neurodegeneration in multiple

sclerosis at clinical onset: Diagnostic value of
biomarkers

Lenka Novakova'*, Markus Axelsson', Clas Malmestréom', Henrik Imberg?, Olle Elias?,
Henrik Zetterberg®*°¢, Olle Nerman?, Jan Lycke’

Table 1. Characteristics of the patients and controls.

CIS/RRMS<2yr (n=97) RRMS=2yr PrMsS (n=23) sC HC (n =51) 0D (n = 46)
(n=39) (n=89)

Age, yr, mean (range) 34 (18-62) 38 (19-64) 51 (36-67) 35(17-56) 27 (20-49) 35(17-58)
Gender, n, F/M 67/30 30//9 14//9 73/16 24/27 35//11
Disease duration, yr, mean (range) 0.2 (0-1.5) 8.4(2-39) 14 (2-30) 0.3 (0-5) 0 0.3 (0-3)
EDSS, median (range) 2 (D-6) 2(0-3.5) 6(2.5-6) 1(0-3.5) 0 2(0-4.5)
Relapse within 3 months, n (%) 66 (68.0) 22 (56.4) 0(0) 58 (65.2) 0(0) 25 (50.0)
OCB or increased IgG index, n (%) 91 (93.8) 37 (94.9) 21(91.3) 3(34) 3(5.9) 13(28.3)

CIS = clinically isolated syndrome, RRMS = relapsing remitting multiple sclerosis, PrMS = progressive multiple sclerosis, 5C = symptomatic controls, HC = healthy
controls, OD = patients with other disease, F = female, M = male, EDSS = Expanded Disability Status Scale, OCB = oligoclonal bands, IgG = immoglobulin G

Semptomatik kontrol: NM ve MRG normal

Diger nor hst kontrol: ON, myelit, RIS, tanimlanmamil demyelinizan hst, dish hernisi, peroneal

noropati, PNP, narkolepsi, trigeminal nevralji, CADASIL, non-arteritik anterior iskemik ON, hemifasyal
spazm, NMO, Bell, SLE-SSS tutulumu, atipik yiiz agrisi, norojenik mesane, epilepsi, ndroborreliozis,

spinal araknoid Kist
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NFL yeni tan1 MS de daha daha ytiksek; kontrollerde normal
GFAP progresif MS de yiiksek; yeni tam1 MS de kontrollerden daha yiiksek
Tau tium MS lerde kontrollerden daha ytksek

IgG indeksi tum MS lerde daha ytksek

BPF progresif MS de daha diisiik
Retinal lif tabakas1 ve makula volimu progresif MS de daha diisiik
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Fig 1. Comparison of biomarker levels among groups with and without multiple sclerosis. (A) NFL (age adjusted)
levels, (B) GFAP levels, (C) tau levels, (D) IgG index, (E) BPF values, (F) RNFL thickness, and (G) macula volume in
control groups (HC, SC) and in patients with OD, PrMS, CIS/early RRMS (with disease duration <2 years; ERRMS),
and established RRMS (disease duration  2 years; LRRMS). Dots represent the log of the biomarker values or the
tissue properties measured in each subject. Boxes are the IQRs and horizontal lines are the median values. Brackets
indicate pairwise group comparisons with corresponding p-values. The age adjusted log(NFL) was calculated, as
follows: log(NFL)± 4.24±0.040  Age (y), as estimated by linear regression of the HC group. The age adjusted log(tau)
was calculated, as follows: log(tau)± 5.75 + 0.015Age (y), as estimated by linear regression of the HC group.


e NFL baslangicta yiiksek (noron)

 GFAP progresif MS de yuksek (astrosit)
e Tau tum MS lilerde daha ytksek
e BPF zamanla azaliyor

e MS’in erken evresinde sinirli da olsa
norodejenerasyon vardir



Mavi: pozitif korelasyon

*NFL ve GFAP inflamasyon belirtecleri ile korele;

«diger ndrodejenerasyon belirtecleri inflamasyonla
zayif korele

MS in erken evresinde inflamasyon belirtecleri baskindir
norodejenerasyon belirtecleri ileri evrelerde baskin hale
gelir



14y, RRMS, 9 ay icinde 4 atak

4.atak: vertigo, bulanti, kusma: pulmoner 6dem: eksitus (17 saat)
Otopsi:

Yesil:
prefagositik
myelin
vakuolizasyon
Kirmizi: aktif
myelin
fagositozu
Siyah: OG
apopitozisi
Mavi:
remyelinizasyon

Michael H. Barnett, John W. Prineas, Ann Neurol 2004:55:458—-468
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Fig 1. The 17-hour lesion at the level of the lower medulla. A patchy reduction in myelin density involves midline structures and
most of the section above the left inferior olivary nucleus. In no area is myelin loss complete. The pale area on the left toward the
bottom of the section is an old remyelinated shadow plaque. The areas indicated by arrowheads and arrows are shown at higher
magnification in Figures 2 and 3. The diagram shows the location of this and the 11 other lesions found at autopsy in Case 1.
(left) Luxol fast blue periodic acid–Schiff, magnification 7. (right) The colors indicate the predominant tissue alteration. Red 
active myelin phagocytosis; green  prephagocytic myelin vacuolation and/or dissolution; black  oligodendrocyte apoptosis; blue 
remyelination.


Myelin kaybi az; sadece biraz daha az boyaniyor
BUtin OG’ler apopitotik

Bltin OG’ler apopitotik; niikleuslar:
biiziilmiis, niikleer kromatin yogunlasmis

Cok erken evre aktivasyonu gosteren dallanmis

X% mikroglialar; uzantilar1 kalin

Michael H. Barnett, John W. Prineas, Ann Neurol 2004
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Fig 2. Typical early “prephagocytic” white matter changes in the
17-hour lesion. (A, C, E) Area within the lesion indicated by
left arrowhead in Figure 1. (B, D, F) Corresponding unaffected
area indicated by right arrowhead in Figure 1. (A, B) Affected
tissue within the lesion appears vacuolated and paler than normal
when stained for myelin. (C, D) Oligodendrocytes (arrowheads)
in unaffected tissue appear normal, with typical open
nuclei. In contrast, the nuclei of oligodendrocytes within the
lesion are markedly reduced in volume and show extreme compaction
of nuclear chromatin. (E, F) Ramified microglia (arrows)
are enlarged and increased in number within the lesion.
(A, B) Luxol fast blue periodic acid–Schiff. Magnification
400. (C, D) Immunostained for HNK-1. Magnification
400. (E, F) RCA-1 lectin. Magnification 330.


* MS de myelin fagositozu dogal immuin yanait
sonucu gelisir, monositler hizla lezyon alanina
gelir, dallanmis mikroglialara donitisiir, dejenere
doku hizla temizlenir

» Adaptif immun yanit daha sonra gelisir

Andrew P. D. Henderson, Ann Neurol 2009;66:739—753)



nature,, .
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geld>~7 & Martin Kerschensteiner!>’

* En erken dejenerasyon bulgusu intra-aksonal
mitokondri patolojisidir

e Myelinin saglam oldugu aksonlarda da
dejenerasyon bulgulari olabilir

Nisan 2011



e RElapsing-remitting « weems  Secondary progressive

Frequent |nﬂammahon Co tl l|..||rtg ﬂ mma’hona d Infrequent inflammation,

demyelination, axon al persistent demyelination chronic axonal degeneration
ansection, plasticity, and gliosis

nd remye elin t:on

Brain volume

Medscape

 NoOrodejenererasyon MS’in iIkinci evresi olarak
diisiniilmemelidir ¢iinkii noron dejenerasyonu
baslangictan itibaren vardir

e Hastalik ilerledikce ndrodejenerasyonla iliskili
bulgular daha gorunur hale geliyor



Immune aging

Changes in the immune system when people grow
older:

_'.'e':';lopm ent, diversity

Kronik inflamasyon
Sinir sisteminin rejenerasyon kapasitesini tuketir
Serebral hipoperfiizyona ve KBB’de sizdirmaya neden

olur



SSS hucrelerindeki yaslanma

 SPMS evresinde gorulen ve immunmodulatuvar
Ilaclara direncli “compartmentalized”
inflamasyonun sebebi yaslanma olabilir



Published in final edifed form as:
Mulr Seler. 2013 Febrmary ; 19(2): 188-198. doa:10.1177/1352458512451510.

Onset of Progressive Phase is an Age Dependent Clinical
Milestone in Multiple Sclerosis

Melih Tutuncu, M.D.1, Junger Tang, M.D.1, Huhad Abou Zeid, M.D.2, Nilufer Kale, M.D.2, : <0001
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Figure-4.
Age at developing first clinical symptoms MS (a) and age at reaching progression (b)
curves, along with life-table analyses and mean (± standard deviation) values are shown for
SPMS versus SAPMS versus PPMS. All patients with progressive MS from both cohorts are
included in the analyses. In the population-based cohort from the Olmsted County, MN
(n=210), we excluded patients with RRMS (n=109) and patients whose age at onset of
progression was not clear (n=1 SAPMS). In the clinic-based referral patients (n=773), we
excluded patients where presence or absence of pre-progression relapses were not well documented (n=19). Age at progression does not differ according to whether there were
preceding relapses, but age at onset of MS, defined either by the first relapse (SPMS and
SAPMS) or progression onset (PPMS), is significantly earlier for SPMS compared to
SAPMS compared to PPMS. “ Progression” refers to insidious and irreversible worsening
brain, brainstem-cerebellar and spinal cord syndromes most commonly characterized by
progressive weakness, ataxia or bladder dysfunction of ≥1 year
SPMS = secondary progressive multiple sclerosis, SAPMS = single-attack progressive
multiple sclerosis, PPMS = primary-progressive multiple sclerosis


Stiphesiz ki MS de ndrodejenerasyon baslangictan
itibaren (klinik bulgulardan da 6nce) var

Noroinflamasyon da baslangictan itibaren
(klinik bulgulardan da 6nce) var

Yasin etkisi

I1k tetikleci: Otoimmiin? Ndrodejenerasyon??
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