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immune privileged”’ bir alan
(20.ylizyil)

SSS “ immun olarak ayricahlikli

Beynin, kemik ve meninkslerle cevrili ve BOS banyosu icinde ytuzen “Unique’’ bir
anatomik yapi olmasi,

Kan-Beyin ve Kan-BOS bariyerlerinin varhgi,

Parenkimde, antigen ve immun hucreleri lenf nodlarina drene edecek

lenfatik damarlarin yoklugu !!!

Gercek anlamda “Antigen Sunan Hiicre” yoklugu,

Antikor, immun medyator ve immun htcrelerin KBB ‘inden sinirli gecisi
Mikroglial ve astrositlerin immun yaniti siirdirmede yetersizligi,

Parenkimde dendritik hiicre yoklugu,

Dusuk duzeyde MHC ekspresyonu ve beyinde gecikmis, az hatta yok denecek 6lcude
immun yanit

Yabanci doku rejeksiyonunun olmayisi
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Beynin immunolojik Bariyerleri
A) astrosit (B) neuron, (C) mikroglial hiicre
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Annu Rev Pathol 2018 Jan 24;13:379-394. doi: 10 1146/annurev-pathol-051217-111013.

The Glymphatic System in Central Nervous System Health and Disease: Past, Present, and
Future.

Flog BA"2, Medergaard M.
# Author information

Abstract

The central nervous system (CNS) is unique in being the only organ system lacking lymphatic vessels to assist in the removal of interstitial
metabolic waste products. Recent work has led to the discovery of the glymphatic system, a glial-dependent perivascular network that
subserves a pseudolymphatic function in the brain. Within the glymphatic pathway, cerebrospinal fluid (CSF) enters the brain via periarterial
spaces, passes into the interstitium via perivascular astrocytic agquaporin-4, and then drives the perivenous drainage of interstitial fluid (ISF)
and its solute. Here, we review the role of the glymphatic pathway in CNS physiology, the factors known to regulate glymphatic flow, and the
pathologic processes in which a breakdown of glymphatic CSF-I1SF exchange has been implicated in disease initiation and progression.
Important areas of future research, including manipulation of glymphatic activity aiming to improve waste clearance and therapeutic agent
delivery, are also discussed.







Beynin Lenfatik Sistemi
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Dural sinuslar boyunca ilerleyen,

Hem BOS hem de immun hiicre tasima

yeteneginde olan,

Fonksiyonel,

Meninkslere T hiicre giris ve cikisina izin veren,
yeni bir lenfatik damar yolu

Bu damarlar , lenfatik sistemin endotelyal

hicrelerinde bulunan molekiler belirleyicileri

ekspresse etmekte

Bu yol ile BOS ve derinservikal lenf nodlari
arasinda dogrudan baglanti oldugu saptandi

“glimfatik sistem”

Louveau and Kipnis .Structural and functional feature of central nervous system lymphatic vessels.Nature.2015 ;16;523(7560):337-41
Ransohoff RM, Engelhardt B .The anatomical and cellular basis of immune surveillance in the central nervous system.Nature Reviews

Immunology.2012; 12, 623-635



SSS,PSS, Endokrin, immun, GIS lliskileri
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Multipl Skleroz inflamatuar, demiyelinizan, nérodegeneratif bir hastaliktir.

Ozurluluk progresyonu

Relapslar
- = = = Ozdrluluk

Degeneratif faz

Trapp BD et al. Neuroscientist. 1999;5(1):48-57



EBY and mononucleosis
Other viruses
Risk genes
Temperate latitude
Fibrinogen
Toxins

Trauma
Lowr vitamin D
Smoking
Obasity
Early adulthood

Female sex
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Chance of progression

Risk faktorleri,Tetikciler,

Modifiye Edici Faktorler
ve Hastalik seyri
Reich DS,LucchinettiCF, Calabresi PA

.N Eng J Med,2018;378:169-180



Hans Lassmann
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MS Patogenezinde Alternatif Varsayimlar

John Prineas



Noroinflamasyonda Klasik Goris:

Multipl Sklerozda inflamasyon

T lenfositlerin periferde aktive olmasi ile baslar

A Molecular mimicry
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9. I Self-tissue
destruction

Nature Reviews | Immunclogy



Infrequent entry of cells from
systemic circulation

Entry of memory T cells and monocytes
* from systemic circulation

with inflammatory disease

Healthy persons
A

\ Brain pa

Subarachnoid
space

Virchow-Robin
space

——

*y .J—h“'."ﬁ

Olfactory-nerve
filaments

Nasal mucosa

EINRNN nfitrating monocyte
NN, CCRS - b
- =~ N ]

Brain parenchyma

“Stromal vessel

3. -:_,J-cf choroid plexus
¥

Blood—C5F barrier
(epithelial cells)

SSS nin doku kompartmanlari;
I-BOS dolasiminin oldugu
koroid plexus, lateral ventrikil ve
Subaraknoid aralik

lI-Periferik immune sistemle kan damarlari ve derin
servikal nodlar araciligi ile cesitli baglantilari olan
beyin parenkimi

Ransohoff RM, Schafer D, Vincent A ve ark.

Neuroinflammation: Ways in Which the Immune

System Affects the Brain. Neurotherapeutics.
2015 Oct;12(4):896-909.



Noroinflamasyon

Infrequent entry of cells from
!TE.ME circulation
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Entry of memory T cells and monocytes
from systemic circulation

Patients with inflammatory disease
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Beyaz Cevher Lezyonlarinin Gelisiminde En Onemli Adim KBB Bozulmasl
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TRENDS in immunology

Engelhardt B, Trends in Immunol 2012

Erken donem lezyon merkezindeki
damarlar Gd gecirgen olur

Gd daha sonra pasif olarak genislemis
interstisiyel araliklara difflizyon gosterir

Gunler sonra KBB de santral bolge tamir
olmaya baslar

Bu sirada lezyon kenarindaki kucuk
damarlar hala permeabl

Gaitan MlI, Shea CD, Evangelou IE, et al. Evolution of the

blood-brain barrier in newly forming multiple sclerosis lesions.
Ann Neurol 2011; 70: 22-9.



Yeni Sekillen Lezyonlarda KBB Degisiklikleri ve Gd Tutulum Paterni

Tame {= |rgection GO ¥  Last acquisBone B4 min

OO0 0000 AL A RN

Time = Ingecton G0 } Last apqusition= 35 mn

Tim G bnjecton G0 ¥ Last sequisition= 56 min

(A) 1.glin, lezyonda ilk sentrifugal Gd
tutulum paterni .

(B) 5. glin, sentripedal tutulum paterni,

(C) Bu patern 25 giin stirmekte

(D) 1.Gln ¢ap 9.5 mm
(E) 5. gincap 11 mm
(F) 25.glincap 12 mm
Zamanla sinyal intensitesi normalize olur

Gaitan MI, Shea CD, Evangelou IE, et al. Evolution of the blood-brain barrier in newly forming multiple sclerosis lesions.

Ann Neurol 2011; 70: 22-9.



Baseline

Month 3

Month 6

Erken Donem Lokokortikal Lezyonlarda Gd Tutulumu

Gd tutan kortikal lezyon % 6
% 95 i lIokokortikal
Bazi kortikal lezyonlar akut
inflamatuar donemde KBB bozuklugu ile iliskili

3 aydan sonra Gd tutulumu azalarak persistan
T2/FLAIR lezyonlara donlismekte

Maranzanol,RudkoDA, Nakamura K etal.MRI evidence of acute inflammation in
leukocortical lesions of patients with early multiple sclerosis. Neurology.2017 ;15;89(7):714-721



Month 12

Month 16

Month 24

Intrakortikal lezyonlarda Gd Tutulumu

16. Ayda Korteksteki kiiclik Gd tutan lezyonlar
T2/FLAIR/ PD gorilmekte
24. Ayda Gd tutulumu yok T2 lezyona evrilme

MaranzanolJ,RudkoDA, Nakamura K etal.MRI evidence of acute inflammation in
leukocortical lesions of patients with early multiple sclerosis. Neurology.2017 ;15;89(7):714-721



Kortikal Demiyelinizan Lezyon
Popescu BF, Lucchinetti CF. Pathology of demyelinating diseases. Ann Rev pathol. 2012;7:185-217

Kronik MS de Non-inflamatuar
Kortikal Demiyelinasyon

Lokokortikal lezyon Intrakortikal lezyon
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Akut donem Otopsi




Bevan RJ, Evans R, Griffiths L et al.
Meningeal inflammation and cortical demyelination

in acute multiple sclerosis .Ann Neurol.
2018 ;84(6):829-842.



https://www.ncbi.nlm.nih.gov/pubmed/30362156

Inflamasyon ve demiyelinasyon
baslangicta SSS nin degisik alanlarinda
fokal inflamasyon ve demiyelinasyon

alanlari seklinde

Reich DS,LucchinettiCF, Calabresi PA
.N Eng J Med,2018;378:169-180
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Multipl Sklerozun Heterogen Patogenezi (Lassmann H ve ark. 2000)

ThA ThZ T
Inflarmrmaticn O ©

Damyalinaton

Patern | : % 12
Patern Il : % 53

Fattarn | Pattam Il Fattarn I11 Fattem IV Patern Ill: % 30
P ! oa \ r”;.:;] Erken Hastalik D6nemi: Patern I, 11,111
g o - =
it 000 _— - Patern Ill: Disregule miyelin ekspresyonu,
& [ . . ..
L M apopitoz, inflamasyon zemininde olusur
Macrophage- Auntibody - Distal Frimary
mediated mediated oligedendro- oligodendroglia .
demyelination demyelination gliopathy & degensration Patern IV:PerlpIak beyaz cevherde
THF- Li-PACIS tosi tablic defact . . . .
ity oy st e e oligodendrosit degenerasyonu , birkag otopsi
proteinasss thers? wirus induced

olgusunda ve nadir

\\“Z///

Acute exconal injury during phass of active demy=lination
Macrophage toxins: Protesasss; MO-mEdicals, TRFo
Cytotoxic T cells
Chronic axenal injury in inactive demyslinated plagques
Lack of trophic support by oligodendrocytes

Bireye 6zgu lezyon paterni

TRENLCEE in Molec e Medicins




Otoimmun Demiyelinizasyon

Macrophage
mediated

Patern |

T-cells
CD4-Th,
CD4-Th,

Perivendz yerlesen
lezyonlar(lezyon
merkezinde klglk
ven&vendiller)

T hicreleri ve makrofajlar
on planda

Keskin lezyon sinirlari

Tum miyelin proteinlerinin
eszamanli kaybi



Otoimmun Demiyelinasyon :Patern |l

Periveno6z yerlesen
lezyonlar(lezyon
merkezinde kicuk
ven&veniller)

Patern Il

T hicreleri ve makrofajlar

dominant T-cells
i | | CDA4-Th,

Keskin lezyon sinirlari CDA4-Th,

Tum miyelin proteinlerinin CDS8

eszamanl kaybi

Aktif myelin yikim
alanlarinda Ig birikimi ve
komplement aktivasyonu



Akut MS(Patern I1): Keskin kenarli plak, yogun Makrofaj infiltrasyonu. Remiyelinize
Shadow Plak . Myelinli liflerde ve makrofajlarda C9 neo antigen depolanmasi




Oligodendrosit Distrofisi

e T hicresi, makrofaj ve
aktive glia infiltrasyonu

Patern Il

e Lezyon Sinirlan Silik
e MAG(Myelin-associated

T-cells 2

cDA-Th, Glycoprotein) Kaybi

CD4-Th, e PLP,MBP,CNP saptanabilir
Ch8 * Distal OG Prosesinin

Degenerasyonu

e OG Apoptozu Ve
Demyelinizasyon

Distal
oligodendrogliopathy
& apoptosis



Akut MS(Patern lll)
Konsantrik tabakalanma. Aktif demiyelinizasyonda periaksonal alanda MAG kaybi
cok belirgin. OG Apopitozu




Oligodendrosit Distrofisi
Patern |V

Inflamatuvar infiltratlar,
c¢ogunlugu T hiicreleri ve
makrofajlar

Periplak ak maddede, aktif
miyelin kaybina komsu bolgede
demyelinizasyon+ OG olimii

Apoptotik OG Oliimiine iliskin

Patern |V

T-cells

Morfolojik Bulgu Saptanmaz CD4-Th,
CD4-Th,

Hem aktif, hem de inaktif CDS8

alanlarda OG’lerin tama yakin

kaybi

Remiyelinize “shadow” plak

nadir

Primary
oligodendrogliopathy
degeneration



PPMS (Patern IV):Keskin kenarl demiyelinizan plak. OG’da DNA
fragmantasyonu, ancak apopitozun morfolojik kanitlari yok




Acute white-matter lesions — immunoclogic patterns Chronic white-matter lesions

Subpial cortical lesions

B

Apoptotic Chronic inactive
oligodendrocyte

Degeneration of
inner myelin loops Remyelinated
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Pattern Il and pattern Ill MS are entities @
distinct from pattern | MS: evidence from
cerebrospinal fluid analysis

5. Janus, FB. Konig’, | Metz’, K Ruprecht’, F. Paul™, W, Briick™" and B. Wildemann''

Abstract

Background: The diagnoss of multipde scerosis (MS) i currently based solely on dinical and magretic resonance
imaging features. However, histopathobogical studies have revealed four different patterns of besion pathology in
patients diagnosed with M5, sugoesting that M5 may be a pathologically heterogeneous syndrome rather than a
sngle disease entity.

Objective: The sm of this study was to imvestigate whether patients with pattern | M5 d&ffer from patients with
pattem 0 or Bl WS with regard (o cerebrospinal fuld (C5F) findings, especially with reference o intrathecal kg
syritbwesis, which i found in most patients with S bt is fregquently méssing in MS mirmics such as aquagonin-4-ig G
positee neurcmyelits optica spectnam disorders and myeiin oligodendrocyte ghooproteingl-positive
encephakormyestis.

Methods: Findings from 68 lumbar punciures in patients who underwernt brain biopsy as part of ther diagnostic
work-up and who could be unequivocally dassified as having pattemn |, pastern I or pattem || M5 wene anabysed
reTrOspeCtivedy.

Results: Oligocional bands {0085} were present in 88.2% of samples from pattem | M5 patients Bt in ondy 27% of
samples froem patkents with pacterms | or pactems I WS (P < CO0004Y mcrecsser, OCBs were present oniy transently in
sowme of the |attes patients. A pofyspectic intrathecal G response 1@ messtes, ubala andéorn vancalla 206t vins (socaled
MRZ. reaction) was previousy reported in 60-808% of M5 patients, but wias absent in all pattem 1| or Il MS patients tested
(P = CLOOD0T we pressows cohions). In oondrast, the afbomin C5ESenam ratio (00ER), & matker of blood -OSF bamier fundction,
wits rmone fregquently devaled inosampes from pettem B ancd B MG patients (P < 0002 Accordingly, Cwdb values and
albwrmin and told protein kevels were figher in pattemn I and 1l M5 sampges than in pattemn | M samples (P < Q006,

< (0 ancd P < 0006, respectively)

Conchusions: Patients with patbem || or patter 1 6 differ sigrificantly from patients with pattem | WS & well & fom
prensious, histologicatly non-dassified M5 cohorts with regard to both intrathecal igh synthesis and béood - (5F barier
Funcman. Our findings strongly comobaorate the nation that pattem | aedd pattem 11 M5 are entites distinct from
pettem | MG,

Keywords: Multiphe sclersis, Histopathology, Pattern | lesions, Pattem [ lesions, Pattemn Il lesions, Cerebrospinal fuid,
Olgodonal bands, Intrathecal lgi syrthesis, Blood-CSF bamer dysfunction, Total protein, Clgli, QAL

Patern Il ve lll Patern | den farkl antiteler

E/K:

Patern 1:1
Patern Il:1:2
Patern Ill:1:2.5

NMO(AQP4 +) 1:12.1



Pattern | MS

Pattern lI+lll MS

CSF-restricted oligoclonal bands

P<0.00004
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MS de MRZ Reaksiyonu % 60-80

Patern Il ve lll de saptanmadi

Pattern | MS Pattern Il MS
e S ST
Era 31='C E "C'EJU

i
ke 150 450
=10
E Qua
E 5
Eeg

10

TTTRT—

: -_/I“. v
1 Lovoilbonlbeny (oo by B 770 5 0 4

Fig. 2 CEF/arum quetent diagrams for G v and lgh (Relbangrams. Indhdidual
ypersolic diser

il ra
rclvicual

il s abowe the upper b

tiews, b, €

Wertical o shed Fres indicate the rmedian O (AlL) &

e cirectly e

aten line, Oy, indeal

y irtemalation frorm e pen

B irrnunoglotulin GidaM, 0

Pattern I MS

.- Ha

T

Ty

Qan

U a8 | | o} i

i Lol | I B |
2 g and ot are plowed againet CSF/senu
e irmmunagbulin 04 o

valies are given inTables 2 and 3}

R M (5 F Aerum lgl/AIM ratios, (il C5 fsenum d bumin ratio

P<0.005

35.0 r
1 °
325
22.54
20.0- o*
17.54
o 15.04 ve®
S 12.54 .
oo
10.04 o tvee®
.
- *
75 i .'....-
5.0 :' e
* .. 0... .
2.5 L .:
0.0 T T
Pattern | MS Pattern I+l MS
P<0.01
7504 »
7004
6504
600 °
= 550+ ®
oD [ ] ®
5004
£ %
= 450 = .
E 4004 R
3 350+ Mt PO
a °
= 300- eee®,
w 2504 e see
o__0 L et
& 200- —ee— *e
° .
150 eq® ..::
100+ . .
504
c T L
Pattern | MS Pattern I+l MS
P<0.007
2000+
L
1750
0
5 1500+
E
= 1250 .
2 .
=] "
5_1000 v
% L
9 750- o® o See?
5 . L
+= 500
8 * ° ..:o;..
» L
4 o8 4
250 - o2

L] L}
Pattern | MS Pattern I+l MS
Fig. 3 Albumin CSF/serum ratios, CSF albumin concentrations, and
C5F total protein concentrations. QAIb C5F/serum albumin ratio

BOS/Serum (Qalb)
Patern Il ve lll de artmis
(P <0.002).

QAIb degeri ve Alb ve T. protein
Patern Il ve lll >Patern |
(P < 0.005,P <0.009,P <0.006,)



Multipl Skleroz Patogenezinde Noroinflamasyon
ve T lenfositlerin Roli

I-Efektor T hiicreler (CD4+ T hiicre :Thl, Th2,Th17)
CD8+ T hiicreler
lI-Regiilator T Hiicreler (Treg)



MS Baslangicinda immun
Yolaklar:Edinsel Immunite

Inflamatuar ve Regulator
T Lenfosit

TGF-G (IL-6/IL-Z1/IL-1§) + IL-23

Co-stimulation Fax I
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Axonal and myelin damage
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Naive CD4+ T hiicrenin Treg ya da

Effektor T Hucreye Differansiyasyonu

nTreg

~ | Foxp3
iTreg
Maive T
IL-2, RA,
_—TGF-p— | FOxp3
“NIL-6, TGF-p
=12 \ LR
IL-4
/ \ RORyt
Thi Th2
T-bet
IL-17
RUnKS GATA-3

Autaimmune disease
Microbial immunity
IL-4, 5,10, 13

Parasite infaction
Allergy

IFN-y, IL-2

Autoimmune disease
Anti-tumor immunity




Multipl Sklerozda T Huicrelerin Rolu

Periferden parenkime aktif T hicre gocinde artis
CD4+ T hiicreler perivaskiiler mansonda ¢ok yogun
CD8+ T hiicreler parenkim iginde yaygin bir sekilde
Lassmann H. Mechanisms of white matter damage in multiple sclerosis. Glia 2014; 62: 1816-30.

Akut eksaserbasyonda MS’ lilerin periferik kanlarinda regiilator T hiicre fonksiyonlarinda azalma
Myeline reaktif T hiicre sayisinda artis
MS de ve EAE de SSS de ,BOS da, kanda Th1/Th17 artisi

Cogunlukla parenkimde ve lezyon kenarinda , BOS’da yogun CD8+T hiicre
Biyopsilerde CD8+T hiicre sayisi zedelenmis akson sayisi ile korele
CD8+ T hucre Oligodendrositi direkt zedeler



MS immunopatogenezinde olasilikla hem CD4+ TH-1 hem de TH-17
hlcreler anahtar rol oynamakta
Hayvan modellerinin tersine MS de SSS deki primer T hiicre CD8+ Thiicre



CD4+TH-17 Hlcreler/MS

|- KBB bozuklugunun ve noéroinflamasyonun en énemli efektor htcreleri
Kebir ve ark,2007

lI- EAE patogenezinde TH-17 hucreler kilit rol oynar
Betelli ve ark, 2008

IlI- MS lezyonlarinda yogun TH-17 hlcreler
Jadidi-Niarajn ve Mishafiey,2011

IV- MS de serumda atak sayisi ile anlamli korele IL17a ve 6zellikle IL-17F dizeyi

Babaloo Z,AliparastiM,babaie Fet al.The role of Th17 cells in patients with relapsing-remitting multiple sclerosis: Interleukin-17A and

interleukin-17F serum levels.Immunol Lett 2015, 24. pii: S0165-2478(15)00002-4

Rostami A,CiricB.Role of Th17 cells in the pathogenesis of CNS inflammatory demyelination. J Neurol Sci.2013 ;15;333(1-2):76-87


http://www.ncbi.nlm.nih.gov/pubmed/25625963

CD8+ T Lenfosit Dual Fonksiyona sahip

Demyelination CD8.|. + Cytotoxic to pathogenic CD4+ T cells
* Help Th17 cells accumulate in CNS + Reduce APC function
Secrete pro-inflammatory cytokines T ce“s in - Shift cytokine profiles anti-inflammatory

Cytotoxic to oligodendrocytes (ODCs) Suppress monocytes/macrophages

MS/EAE

CD4+T cell

L4
lasma
,.\'? g
s\
Interact with APCs at plaque margins \ S oel .

IFNy production % P,
Oligoclonal expansion in MS lesions \




Multipl skleroz Patogenezinde CD8+ T Hlicre
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Akson Zedelenmesinde CD8+ Sitotoksik T hiicre

(" A. With CD8* T-cells W "rB. Without CD8* T-cells
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Hastalik Supresyonunda Regulator CD8+ Hucreler

LY

A. Direct requlatory role by cytotoxic killing of self-reactive CD4* T-cells
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B. Indirect regulatory role through APCs
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B lenfosit CD8+ Thiicre Yanitlarina yardimci

Antibody-mediated
(A) Anti-CD20 mAb platelet destruction
Plasma B cell
r .{“T *=,
Mature = % ?
B cell
CD20%" g Lok

Mature CD8*

IFN-y* CD8*

CD8* T cell-mediated

plateletymegakaryocyte
destruction



Multipl Sklerozda 2 Farkli Tipte Noroinflamasyon

|- SSS beyaz cevherinde yerlesen lezyonlar:
CD4+ T, B, CD4 8+T lenfositler, Mo/Mak

A B
Subarachnoid space. 00 ©e DF‘;‘I" W —— - Korteksde yerlesen lezyonlar:
© % T D@ oo cl . ;I'\IllekBlien{osit)ler ve/ya da SA ektopik lenfoid
k. cronhare 8 (O et ollikaller (ELF) .

ol [(slifejee (e e
* SPMS lilerin % 40 inda ELF formasyonu

 TFH
e CD17+ T hicreler

e ELF dekiimmune hucreler tarafindan sekrete olan
immune molekuller SSS gri cevherine yayilir

7 i h " .
Newron " ™% fa® ‘50

Oligodendrocyte

S /{_,’0" [ S——— | * Busoluble molekuller olasilikla néronve
/ oligodendrositi direkt sitotoksik etki ya da indirekt
olarak mikroglia aktivasyonu ile zedeler

Cytotoxic Tcell ©  €D4 Teell

Schmitt N.Role of T Follicular Helper cells in Multiple Sclerosis) Nat Sci. 2015; 1(7): e139.



T Follikuler Helper Hijcreler(TFH)

Yeni CD4+ Lenfosit alt grubu
Germinal merkez olusumunda rol oynar

Antigen spesifik B hiicrelerin bellek B ve
plazmositlere differansiyasyonunu saglar

MS’ de;
TH-17 hicre aktivasyonu artmis
TFH hicreler artmis
Periferik B hiicre aktivasyonunda artis

hastalik progresyonu ile iliskili
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CD20+ T Hiucreler

* Yakin zamanda belirlenen bir T hicre alt tipi

. CDh2_O+ T hiicreler proinflamatuar Th1/Tc1 phenotipine
sahip

e SSS antigenlerine karsi yliksek proliferatif kapasitede

e CD20+ T hiicreler MS de kanda ve BOS artmis ve
artis hastalik siddeti ile korele

e Olasilikla doku inflamasyonunda 6nemli rol oynar

 CD20- hucrelere oranla IFNy ve TNFa Urldnleme
kapasiteleri yuksek

* B hicre tedavilerinin bu hlcreleri de elimine etmesi
tedavi basarisinda rolu oldugunu distiindirmekte

CD20 molekulunun biyolojik rolii ??
MS Patogenezinde yeri ??

Von EssenMR, AmmitzbollC, HansenRH ve
ark.Proinflammatory CD20+ T cells in the pathogenesis of
multiple sclerosis.Brain. 2019 Jan 1;142(1):120-132

Published July 13, 2016, doi:10.4049/jimmunol.1600089

The Journal of Immunology

Features of Human CD3"CD20" T Cells

Elisabeth Schuh,*" Kerstin Berer,” Matthias Mulazzani,*** Katharina Feil,*

Ingrid Meinl,* Harald Lahm," Markus Krane,"* Riidiger Lange,"* Kristina Pfannes,**
Marion Subklewe,** Robert Giirkov, ' Monika Bradl,” Reinhard Hohlfeld,*"*

Tania Kiimpfel,* Edgar Meinl*" and Markus Krumbholz*'*

Monoclonal Abs against CD20 reduce the number of relapses in multiple sclerosis (MS); commonly this effect is solely attributed to
depletion of B cells. Recently, however, a subset of CD3'CD20" T cells has been described that s also targeted by the anti-CD20
mAb rituximah. Becanse the existence of cells coexpressing CD3 and CD20 is controversial and features of this subpopulation are
poorly understood, we studied this issue in detail. In this study, we confirm that 3-5% of circulating human T cells display CD20
on their surface and transeribe both CD3 and CD20. We report that these CD3'CD20" T cells pervade thymus, bone marrow, and
secondary lymphatic organs. They are found in the cerebrospinal Auid even in the absence of inflammation; in the cerebrospinal
fluid of MS patients they occur at a frequency similar to B cells, Phenotypically, these T cells are enriched in CD8* and CD45R0"
memory cells and in CCR7™ cells, Functionally, they show a higher frequency of IL-4-, IL-17-, IFN-y-, and TNF-a-producing
cells compared with T cells lacking CD20. CD20-expressing T cells respond variably to immunomedulatory treatments given to
MS patients: they are reduced by fingolimod, alemtuzumab, and dimethyl fumarate, whereas natalizumab disproportionally
increases them in the blood. After depletion by rituximab, they show earlier and higher repopulation than CD20" B cells. Taken
together, human CD3*'CD20" T cells pervade lymphatic organs and the cerebrospinal fluid, have a strong ability to produce
different cvtokines, and respond to MS disease modifying drugs.  The Jowrnal of Immunology, 2016, 197: 000-000.




Regulator T hiicreler(CD4+ CD25+FoxP3+)

Regulatory T cells Periferal immun toleransin siirdiiriilmesinde kritik
Thymus Lymph node <00 3 6nemde
5. ; Tregler, CD4+ T hiicreleri supresse eder

QJ}M FOXP3 MS de Treglerin supressiv belirleyicilerinde (CTLA-
P o — T 4 ve CD25) genetik anormallikler
S ige _ Teels Recogniioncianieen  Treg gbgilinde disregulasyon
in thymus lymphoid tissues
m;{mon °“‘7 Fox P3 ve IL-10 ekspresyonunda azalma
1 c8jl resporavs T effektorler tarafindan sekrete edilen IL-6, IL-17,
23 Effector
e T cells

Inhibition of
other cells

ve IFN-y sekresyonund artis

Tregs fonksiyonlarini diizeltecek,
CCL17 ve CXCL11 gibi Treg goc¢linu etkileyen yeni
tedavi stratejileri

Danikowski KM, Jayaraman S,PrabhakarBS.Regulatory T cells in multiple sclerosis and myasthenia gravis .Neuroinflammation.2017; 9;14(1):117



Multipl Skleroz Patogenezi
Geleneksel Gorus:T Hiicrelerin Rolu

a  Traditional view
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Promilammatory macrophage
(IL-12, IL-23, IL-6 and IL-1t)

Anti-infiammatory macmphage
fIL-100

* T hicreler otoimmunitenin
reglilasyonunun santral oyunculari

o Effektor CD4+T hiicreler(Thl, Th17)
ve T regler arasindaki dengesizlik
veni ataklardan sorumlu

 Ana APC myeloid hucreler

* T hiicreler myeloid hiicre yanitlarini
sekillendirir.

e B hicrelerin biyutk kismi homogen
ve pasif populasyonlar

e B hucreleri Ab sekretere eden
Elazmoblastlar ve plazma
ucrelerine donustirmekicin T
hlcrenin yardimi gerekli

e MS patofizyolojisine B hiicrenin
katkisi, otoreaktif SSS antikorlar
Grinlemektir.



Multipl Skleroz Patogenezinde B lenfosit
“multifonksiyonel bir oyuncu”
I-Antikor Grldnleyen Efektor B hicreler
lI-Reguilator B Hiicreler (Breg)

laes N,Frausen), Stinissen P ve ark.Bcells are multifunctional players in multiple
sclerosis pathogenesis: insights from therapeutic interventions.Front Immunol. 2015
dec 21;6:642



Erken/Relapsing MS
Patogenezde B hiicrenin rolii( Klinik, Biyolojik ve Patolojik Kanitlar)

e Relapsli bir cok MS de erken donemde IgG yuksekligi ve OKB saptanmasi
 BOS IgM artisi ve ve I1IgM-OKB nin MS aktivitesi ile eslik etmesi
e Kird.1 ve MOG a karsi klinik anlami tartismali antikorlarin saptanmasi

 MS lilerden IgG transferi ile deney hayvanlarinda demiyelinizasyonun
yaratilmasi



Erken/Relapsing MS
Patogenezde B hiicrenin rolii( Klinik, Biyolojik ve Patolojik Kanitlar)

» SSS ve periferde B hiicre klonlarinda dinamik degisiklikler
* Periferde B hiicre maturasyon/aktivasyonunun kanitlari
* Lezyonlarda Ig ve Kompleman depolanmasi

 MS lezyonlarinda fagositlerde miyelin fragmantasyonlari ve antikor
saptanmasi

e CXCL13,CXCL10 CXCL12 gibi B hiicre/ ya da plazma hicre kaynakl
kemoatraktanlarinin BOS da artisi

* Plazmaferezle, kortizona direncli relapslarin dizelmesi

e Anti-CD 20 tedavilerle fokal inflamatuar beyin lezyonlarinin
sinirlanmasi ve relapslarin azalmasi



Gec Donem/Progressiv MS
Patogenezde B hiicrenin rolii( Klinik, Biyolojik ve Patolojik Kanitlar)

e Ge¢c donemde de BOS da OKB saptanmasi

* OKB-IgM varliginin agressiv seyir ve kotu prognoz ile iliskisi

e Kird.1 ve MOG a karsi klinik anlami tartismali antikorlarin saptanmasi

 MS lilerden IgG transferi ile deney hayvanlarinda demiyelinizasyon
varatilabilmesi



Gec Donem/Progressiv MS
Patogenezde B hiicrenin rolii( Klinik, Biyolojik ve Patolojik Kanitlar)

e Parenkimde, BOS da,subpial lezyonlarda B/plazmosit klonlar
e Lezyonlarda Ig ve Kompleman depolanmasi
* Lezyondaki fagositlerde antigen fragmantasyonlari ve antikorlar
* Progressiv formlarda B hiicreden zengin meningeal agregatlar
( subpial kortikal lezyonlarla birlikte) saptanmasi
e Anti-CD 20 tedavileri dizabilite artisinin sinirlanmasi
(Posthoc subgrup analizleri ;genc, GD+ lezyon saptananlarda)



B Hiicre Fonksiyonlari

I- Antigen sunumu

. N o Antigen presentation Immune Antibody-Producing
ll- Otoantikor liretimi Regulation  Plasmablasts and Plasma Cells
lll- Sitokin Uretimi @
Proinflamatuar
IL-12
IL-6
IL-15 Cytokine B cell rich meningeal immune

Production infiltrates (follicle-like) in CNS

Anti-inflamatuar
IL-35/IL-10/ TGF beta
IV- immun Regulasyon (Breg) Wi N
V- Bystander Aktivasyon Anti-inflammatory cytokines

. . Ki Interleukin-6
VI- Ektopik follikul olusumu Cytoxinas Tumor Necrosis Factor
Interleukin-10 Granulocyte Macrophage- Y Y

(Lenfogenez) Interleukin-35 Colony Stimulating Factor ¥




MS de B hiicreler perifer ve SSS arasinda
immunolojik olarak aktif bir aks saglar

B hucreleri kemik iliginde ¢ikar
Periferal germinal merkezlerde on

g A maparenchyma antigen egitimi alir
. . . Fee, perivascular .
A B :‘*’ %3@3 infiltrates Germinal merkezde olusan bellek B
Lesion Meninges & 70 . . .
\.\, a \  \ e hiicre periferal lenfoid dokuda uyarilir
' c .
O osr \@ B " Yerivo= ve SSS ne goc eder
ymphoi
§ & | Follicle-like' . .
o~ @__@ %%%: sFtructures (plal parenklm Ve BOS)
@ BAFF
@ CXCL13 |
3 % C ceebrospinal || Antigenik stimulasyonun devam ettigini
/ 0% = dusiuindiiren klonla iliskili B hiicre reseptoriu
ymonoidtssues | O B lezyonda, meninkslerde ve BOS da saptanir
\ pheripheral blood Y X OCB

Kan beyin bariyerinin iki tarafinda B lenfosit

Bl / repertuvarlari cakismis durumda
Memory B cells
Bu durum KBB nin 2 yaninda MS ile iligkili
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B Hiicrenin Ozellikleri

B hiicre Co stimulator ve inhibitér molekiller ekspresse eder
I-Co stimulator: B hiicrede CD80/86 ve onun T hiicreyi aktive eden
partneri CD28 en iyi bilinen co stimulator molekdller
MS de aktif hastalik sirasinda dolasimdaki CD80+B hucreler artmistir
lI-Co-inhibitor molekiller: B hiicreler tarafindan ekspresse edilen
Ligand PD-L1(reseptorii PD-1) T hiicre
vanitlarini azaltir(EAE e karsi korur)

GITRL ( reseptorii GITR)direkt olarak Treg
differensiyasyonunu tetikler.

Effektor T hiicre yanitlarini inhibe eder



Fonksiyonel olarak farkl B hiicre alt gruplari
(Co-stimulator ya da co-inhibitor molekiil ekspresyonuna gore)

Farelerde Bellek B hicreler
I- Double positif B Hiicreler (PD-L2+CD80+)
Hizla Ab sekrete eder
Germinal merkez olusturamazlar
lI-Double-negative B Hiicreler(PD-L2 —CD80-)
Germinal merkez reaksiyonunu tetikler

Cok azi Ab GrUnler

MS de hangi subset rol oynamaktadir??



Bellek B ,¢ok gii¢lii ASH
Aktif MS de B hiicrelerde aberan
CD80 ekspresyonu

B Lenfositlerin Efektor Fonksiyonlari
I-Antigen sunumu

MS de periferal kanda myelin-

reaktif bellek B hiicrelerden

Antigen Activation of T cell; Activation of B cell B cell . .
presentation expression of CD40 by cytokines and proliferation and yu kSEk d uzeyde CDZO
to helper T cell ligand, cytokine secretion CDA40 ligation differentiation
Wi pe0 | _ [cow | %,' o] ekspresyonu
i ligand ; ]
_ : d| o
4 e T
I = - —— = L. — = - X 2

CD 20 deplesyonu ile bunlar

kaybolur ve yeni populasyonlar

Y“O‘ #
Cytokines

ortaya cikar

CD 20 deplesyonu bazi T hiicre
yanitlarini da azaltir
(CD20+T hiicre yanitlan)



MS de B Hiicrenin Ag Sunumu

B hiicre yokedici ajanlarin 8-12 haftada ortaya ¢cikan dramatik basarisi
Lezyon formasyonunun sinirlanmasi ve klinik aktivitenin bastirilmasi
dikkati B huicreler uizerine ¢ekti
Bu durum, dolasimdaki Ig azalmasindan dnce ortaya cikar
B hiicrenin patogenezdeki rolu olasilikla Helper T lenfosite antigen

sunumu ve sitokin uriinlemesi ile iliskili olabilir

Michel L, Touil H, Pikor NB, Gommerman JL, Prat A, Bar-Or A. B cells in the multiple sclerosis central nervous system:

trafficking and contribution to CNS-compartmentalized inflammation. Front Immunol 2015; 6: 636.

EAE calismalari B hiicrenin potansiyel APC fonksiyonuna isaret eder.
Calismalar EAE de B hiicrenin rolunun MHCII bagimli ancak Ab bagimsiz oldugunu

B hiicrenin APC fonksiyonu infeksiydz hastaliklar, transplantasyon,ve OIH bilinmekte



lI-Otoantikor Uretimi
MS ve EAE de Antikor Fonksiyonlari

Doku zedelenmesi

1-Plazma hucreleri tarafindan
otoantikor uUrunlenir

2-Opsonizasyonla miyelini
zedelenmesi

3-Ab makrofajlarin FcR ‘e baglanir

4-Makrofaj ADCC tetikler

5-Miyeline baglananAb,
komplemani aktivasyonu ileMAC
olusturur

6-Hucre olimune neden olur




MS de SSS icindeki B hiicreler ve Antikor yanitlari

e Perivaskuler lezyonlarda fagositlerde miyelin fragmanlarina baglanan antikorlar

* Prineas, J. W. & Graham, J. S. Multiple sclerosis: capping of surfaceimmunoglobulin G on macrophages engaged
in myelin breakdown.Ann. Neurol.1981; 10, 149-158
Genain, C. P, Cannella, B., Hauser, S. L. & Raine, C. S. Identification ofautoantibodies associated with

myelin damage in multiple sclerosis.Nat. Med. 1999,5, 170-175

e BOS da anormal artmis Ig sentezi ve OKB; MS in isaretleyicisi ve intratekal Ig
urtnlenmesinin ifadesi



MS de BOS Oligoklonal Bandlari

* [gG-OKB MS % 80-90
* [gM-OKB MS % 30-40

Villar, L. M. et al. Early differential diagnosis of multiple sclerosis using anew oligoclonal

band test.Arch. Neurol.2005; 62, 574-577

* |[gM-OKB cok aktif hastalik

Villar, L. M. et al. Intrathecal synthesis of oligoclonal IgM against myelinlipids predicts an
aggressive disease course in MS. J. Clin. Invest.2005; 115,187-194
e Bu bulgu B hiicre tedavileri icin temel olusturdu

Villar, L. M. et al. Immunoglobulin M oligoclonal bands: biomarker of targetable inflammation

in primary progressive multiple sclerosis. Ann.Neurol.2014;. 76, 231-240



MS de BOS Oligoklonal Bandlari

 OKB hedef antigeni bilinmemekte

* Kismen doku destruksiyonu sirasinda ortamdaki intraselluler
otoantigenlere(Oll hilicre debrileri)ne karsi oldugu dusintlmekte

Winger, R. C. & Zamwvil, S. S. Antibodies in multiple sclerosis oligoclonalbands target debris. Proc. Natl Acad. Sci. USA 113,

7696-7698 (2016).
Brandle SM,Obermeier B, Senel M ve ark.Distinct oligoclonal band antibodies in multiple sclerosis recognize ubiquitous self-proteins.ProcNatl

Acad Sci USA.2016 ; 12;113(28):7864-9.



BOS IgM Bandlari

OKB-1gM bandlari OKB-1gG den
farkh migrasyon zonlarinda
Agresif MS’ de daha sik IgM

Agresif MS’'de anormal B hiicre T
yanitinin ifadesi "'"i |

CXCL13 artisi ile birlikte RRARTTR X
Kot prognoz belirtisi SCSCSC SCSCSC

1 2 3 1 2 3

Villar 2002, Sharief 1991, Villar2005, Villar2008, Villar 2010, Mandriolini 2008 , Kuenz 2009



E idiman, D Kaya,Z Altun, C Dogan, B
Tercan. Oligoclonal IgM bands in the
cerebrospinal fluid of the patients with
clinically isolated syndrome (CIS),
multiple sclerosis ( MS ) and
neuromyelitis optica ( NMO) .
ACTRIMS/ECTRIMS Meeting (MSBoston
2014)




MS Patogenezinde B Hiicre

. Pldazrlnablast ve plazma hicreleri cok az yok denecek kadar az CD20 ekspresse
ederler

e CD 20 tedaviler ile direkt olarak yok edilmezler

* CD 20 tedavisinden once ve sonra MS li hastada klinik aktivitenin azalma
doneminde bile BOS da anormal Ig diizeyi, sentez hizi,OKB sayi ve paterninde
degisiklik yok

e Cross, A. H., Stark, J. L., Lauber, J., Ramsbottom, M. J. & Lyons, J. A.Rituximab reduces B cells and T cells in cerebrospinal fluid of
multiplesclerosis patients. J. Neuroimmunol. 180, 63—-70 }/2006).

e Monson, N. L., Cravens, P. D., Frohman, E. M., Hawker, K. & Racke, M. K.Effect of rituximab on the peripheral blood and cerebrospinal fluid B
cellsin patients with primary progressive multiple sclerosis. Arch. Neurol. 62,258-264 (2005).

Yeni MS relaps aktivasyonu olasilikla Ab dan bagimsiz 6zelligi kapsar
(APC rolii, T hiicre aktivasyon ve ya da sitokin tiriinlenmesi)



MS de B Hiicre Klonlari

|- Seriyal BOS incelemelerinde SSS icindeki B hiicre klonlari zaman icinde
persistan gostermekte

Colombo, M. et al. Maintenance of B lymphocyte-related clones in thecerebrospinal fluid of multiple sclerosis patients.Eur. J. Immunol.

2003; 33,3433-3438

Persistan klonlar hastalar arasinda farklilik gostermekte

lI- Bir hastanin ayni B hlicre ve plazma htcre klonlari farkl SSS kompartmanlarinda
saptandi
(BOS, parenkim, meninksler)
IlI- Somatik hipermutasyon calismalari bir hastanin ayni B hicre klonlari
SSS ve PSS tarafindan paylasiimakta

Von Bilidingen, H. C. et al. B cell exchange across the blood-brain barrier inmultiple sclerosis. J. Clin. Invest. 122, 4533-4543 (2012).

Stern, J. N. H. et al. B cells populating the multiple sclerosis brain mature inthe draining cervical lymph nodes. Sci. Transl. Med. 6, 248ral107 (2014).



Bu ¢alismalar;
1-SSS icine ve disina dogru ¢ift yonli bir B hiicre trafiginin oldugunu
2-B hiicrelerin klonal genislemesi SSS den ¢ok ,derin servikal lenf nodlarinda
oldugunu dusundiirmekte
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Blauth K, Owens GP, Bennet JL.The ins and outs of B cells in multiple sclerosis. Front Immunol 2015;6:1-7



Persiste B hiicre klonlarinin lokal ¢evredeki faktorlerle
desteklenmekte

Bu faktorlerden bir astrositlerden sekrete edilen “B cell-survival factor BAFF’’ dir.

M]ilchel, L. et al. B cells in the multiple sclerosis central nervous system:trafficking and contribution to CNS-compartmentalized
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BAFF bagimsiz bir mekanizma ile yalnizca B hiicre yasamini saglamaz ayni
zamanda onlarin aktivasyon ve SSS inflamasyonunun yayilmasina neden olur

Touil, H. et al. Human central nervous system astrocytes support survivaland activation of B cells: implications for MS
pathogenesis. J.Neuroinflammation 15, 114 (2018).



llI-Sitokin urtuinlenmesi

C Cytokine production

Activated B cells

a-Proinflamatuar

MS’de B hiicrelerden, LTa , GM-
CSF IL-6, TNF-alfa, LT sekresyonu
artar

1 yilhk B hlicre deplesyon tedavisi
IL6 azalir

Bellek B hicreler azalir

Periferal kanda IL-17 UrUnlenmesi
azalir

b-Antiinflamatuar
IL- 10
IL-35


http://www.nature.com/nrd/journal/v5/n7/full/nrd2085.html

GM-CSF ekspresse eden B Hiicreler

 MS li hastada bellek B hticre havuzuna ait GM-CSF ekspresse eden B
hicreler artmistir

* Yuksek dlizeyde TNF alfa ve IL6 co-expresse ederler.

e GM-CSF bagiml sekilde myeloid htcre proinflamatuar yanitlarini
artirirlar



CD 20 Tedavileri

e CD20 tedavisinden sonra inflamatuar sitokin yanitlari azalir

e CD20 tedavisinden sonra olusan B hticre profili tedavisiz olgulardan
farklidir

* Yeni yapilanan B hiicreler CD27—(naive)B hucreler

e Human CD27—(naive) B htcreler daha az proinflamatuar daha cok
anti-inflamatuar sitokin (IL-10)GrUnler

* Yeniden yapilanma fazinda hem T hem de Miyeloid hticre inflamatuar
yanitlari azalir

* Breg fonksiyonlari artar ve yeni relapslar azalir

e B hiicreden IL-10 Grunlenmesinde TLR, CD40, microbiota ve sitokinler
rol alir



IV- B Lenfositin Regulator Fonksiyonu

Catalytic IgG
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Breg: Immun yanitlarin down
regulasyonu

MS’de

Breg’ ler defisitli
IL-10 sekresyonunda defekt
Yetersiz IL-10 yaniti

MS’de hastalik aktivitesi ile eslik eder

CD20 tedavileri ile Breg fonksiyonlari
artar


http://atlasofscience.org/b-cells-to-the-rescue-regulatory-b-cells-are-a-promising-therapeutic-target-for-autoimmune-disease/

SPMS de meninkslerde germinal

IV-Ektopik Follikul Olusumu merkezlere benzeyen B hicre ve
plazma hucresi iceren ektopik

lenfoid folikuller

Pia

‘““'“'Q- ¥y Bu cok yogun meningeal B hicre
o< inflamasyonunun 6limden onceki
cok agressiv donemle eslik etmekte
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Sl RTINS T meningeal inflammationin multiple sclerosis. Ann. Neurol.
PR o e 68, 477-493 (2010)
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MS Patogenezinde B hiicrelerin roli konusunda yanit bekleyen sorular

e SSSicine ve disina olan B hticre go¢liniin mekanizmasi?

e B hicreler SSS ne zaman ve nasil gecger?

e Hangi faktorler onu SSS ne surliklemektedir?

 Hangi goc¢ yollarini kullanir?

e B hiucre subsetlerinin goclinde hangi molekiiller gérev alir?

SSS subkompartmanlarina nasil go¢ eder?

SSS inde gegici mi persistan mi kalir?

MS de SSS de B hiicre persistansi icin hangi molekuler mekanizma rol oynar?
e MS seyri sirasinda ne zaman SSS de toplanir?

e B hiicrenin gelistigi SSS nin 6zel nisleri icinde kalir mi?

Inflame SSS inde B hiicre trafigini ve B hiicre yasamini kolaylastiran faktorler
nelerdir?

e Germinal merkez benzeri yapilar MS patolojisinde nasil rol oynar?



MS Patogenezinde B hiicrelerin roli konusunda yanit bekleyen sorular

 MS de anormal BOS Ig nin antigenik spesifitesi nedir?
 Hangi Ig hastalikla iliskilidir ya da epifenomendir?
e Hangi yanit profili (Pro ya da antiinflamatuar) SSS inde B hiicresini

karakterize eder?



MS Patogenezinde B hiicrelerin roli konusunda yanit bekleyen sorular

 Meninkslerde immun hucre agregati icinde B huicrelerin farkh roliu ?
 Inflame SSS icinde B huicrelerin diger hucrelerle karsilikli iliskisi ?

* OG ve noron uzerine direkt etkisi var midir?

* T hiicreye antigen sunar mi?

* T hiicre aktivasyon ve polarizasyonunu modile eder mi?

» Astrosit/ mikroglia aktivasyon / polarizasyonunu ya da tersini etkiler mi?



MS Patogenezinde Yeni Goruis :
B Hiicrelerin Rolu
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MS de CD 20 tedavi sonuclari yeni MS
ataklarinda B hucrelerin santral rolunu
ortaya koymakta

Bu rol antikor bagimli gérinmemekte .

Farkli sitokinlerin salinimi araciligiyla
ortaya cikan B hicrenin antikordan
bagimsiz roli:

Proinflamatuar (B effektor)

Antiinflamatuar (B Reg) sitokinlerin
salinimiile iliskili

Bu sitokinler Effektor B lenfositleri aktive
eder ve Regulator B lenfositleri inhibe
ederek hem T hem de myeloid hlicrelerin
proinflamatuar yanitlarini artirir

Fonksiyonel olarak farkli bu B hicreler, T
hicreler ve myeloid hicreler arasindaki
cift yonla iliskiler ve bu iliskilerin sonuclari
yeni MS ataklarinin gelismesine yol acar.



Initiation of inflammatory cascade

Hastalik progresyonunda
innate immunite ve immun
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SSS inde Dogumsal immunitede Rol Alan Hiicreler,
Reseptorler ve Molekiiller

I- Glia (Astrosit ve mikroglia)

lI- NOron

llI- Dendritik Hucreler

IV- NK Hlcreler

V- TLR(Tolllike reseptorler)

VI- Sitokinler

VII- MMP

VIIl- Nervoz-Immun —Endokrin Sistem iliskilerini dizenleyen molekiiller




Mikroglialar Noroinflamasyonun Bas Rol Oyuncusu

Mikroglia ile beyin parenkim hicreleri
arasinda bidireksiyonel iliskiler var

Patogen ya da zedelenme Urlnlerinin
taninmasi ile mikroglia aktive olur

Mikroglianin dual etkisi vardir:
M1 tip: Noroinflamasyon ve ardil
noronal kayip
astrosit aktivasyonu
Noronal zedelenme
T hicre aktivasyonu(re-stimulation)
KBB de bozulma
M2 Tip: Antiinflamatuar ve antindrotoksik

etki
Hugo Gonzalez, Journal of Neuroimmunology 274 (2014) 1-13




CD4 + T Hiicreler Mikroglia islevlerini Belirler
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Astrosit, mikroglia ve T hlicreleri arasindaki kompleks bir ag mevcut
Bu ag pro-inflamatuvar ya da anti-inflamatuvar sinyallere karar verir
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Otoimmuninflamasyon Sirasinda Astrosit Biyolojisini Etkileyen Sitokinler
SSS ne go¢ eden Th1,Th17 ,TREG, Trl hucreler astrosit biyolojisi ve davranisini etkiler
Monosit, makrofaj ve mikroglia IL-1Bve IL-6 sekrete ederek lokal sitokin ortamini, KBB butinliGginu

ve astrosit ve noronu etkiler
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Noron
A-Kontakt bagimsiz mekanizmalar

B-Kontakt bagimli mekanizmalarla dogal ve kazanilmis immun yanitlari inhibe eder

Immunological synapse Neurotransmitters Neuronal synapse
Neuropeptides

Neurotrophins
Cytokines Pre-synapse
Sema-3
sICAM-5
sFasL

sICAM-5

sFasL Sema-3

Post-synapse

Decreased: Microglial activation; MHC and costimulatory molecule expression,
proinflammatory cytokine production;
T-cell activation and proliferation; Th1/Th2 polarity;
proinflammatory cytokine production

Increased: T-cell anergy
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Decreased: Microglial activation; proinflammatory cytokine production;
T-cell activation and proliferation; Th1/Th2 polarity;
proinflammatory cyltokine production

Increased: Microglial and T-cell apoptosis; T-cell anergy
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