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Knaccudmkauma ayTomMMyHHbIX 3a6oneBaHumn

MNMepBylo rpynny cocrtaensoT 3aboneBaHusi, passmBaoLMECS
B pe3ynbraTe HapyLleHnsa cocyancTo-TKaHeEBbIX 6apbepoB
N BbICBODOXXOEHUSI aHTUIEHOB U3 PU3NOSNOMMYECKNX TKAHEN
opraHmama, Hanpumep, Moara, WMTOBMOHOW Xenesbl, XpycTanuka
n ap. OpraHn3am oTBEeYaET Ha 3TN aHTUrEHbI UMMYHHOW peakumen
C akTmMBauuen cneumguyeckux T-numdoumtoB N obpasoBaHMEM
aHTuTen.

Ko BTOpO# rpynne oTHOCATCS 3aboneBaHus, Bbl3biBaeMble
COBCTBEHHbIMM TKAHEBBLIMN KOMMOHEHTaMN OpraHM3ma,
N3MEHEHHbIMW Mo, BIIUSHNEM (PU3NYECKUX, XUMUYECKUX,
MUKPOOHBIX, BUPYCHbIX 1 Apyrux doaktopoB. COBCTBEHHbLIE
KOMMOHEHTbI HAaCTONbKO U3MEHSIOT CBOM CBOWCTBA, YTO
BOCMNPUHUMAKOTCA OPraHM3MOM KaK Yy>KepOoaHbIe.

B TpeTbto rpynny o6beanHsoT 3abonesaHunsi, pa3smBatoLLMecs
BCreacTBme cpoacTtBa COBCTBEHHbBIX KOMMNOHEHTOB TKaHM
C BHELLHUMUN aHTUreHamu (ak3oatureHamm). Npun aTux
3aboneBaHusIX peakuusl, BbIaBaHHAA 3K30aHTUIEHOM, MOXET ObITb
HanpaerieHa NPOTMB COBCTBEHHON TKaHMW.

YeTBEpTas rpynna BknoyaeT 3aboneBaHnsi, B OCHOBE KOTOPbIX
nexar HapyweHna QyHKLMN caMon NUMAONLHON TKaHM,
NosBNeHne KNeTok, paspyLaroLmx CoO6CTBEHHbIE TKaHW
opraHuama. Takoe HapyLleHne MMMYHOSOrM4eckoro annapaTta
4acTO CBA3aHO C reHeTUYECKUMN OCODEHHOCTAMM OpraHn3ma,
NPOoSABAAILLMMN CBOE AeNCTBUE Nof BNNAHMEM (PaKkTOpPOB
BHeLUHen cpenbl (TpaBM, SMOLMOHArbHbIX NOTPSACEHUN,
XUMWYECKUX BELWeCTB, pagnaummn n npodee).



AyTOVIMMyHHbIe 3aboneBaHuA HepBHOI7I CUCTEeMbI.

B 2000 r. D. Karussis npegnoxun knaccudpunkaymio
ayTOMMMYHHbIX 3aboneBaHnin HEPBHOM CUCTEMbI, COrMacHo
KOTOPOW BbIAENAKT TPU OCHOBHLIX rpynnbl (lToHomapée B.B.
AymoumMmyHHbIe 3abosiegaHusi 8 Hegposio2uu. — MUHcCK:
Bbenapyckas Hasyka, 2010. — 259c. )

1. lOuonamu4veckue aymouMMyHHbIe HegpoJsio2u4yecKkue
3aboseeaHus.
a) ¢ nepsn4yHbIM nopaxeHnem LIHC n NMHC; ©0) cucteMHble
3aboneBaHust ¢ BTOPUYHbLIM nopaxeHnem LIHC v MHC;

K ngnonatnyecknum 3aboneBaHnsiM C NePBUYHbIM MOpPaXXeHNeEM
HEepPBHOW CUCTEMbI OTHOCSATCS paccesiHHbIU CKJ1epo3,
muacmeHuro pasuc, cuHOpom [utieHa — bappe, XpOHUYECKYHO
gocrianiumesibHyr0 0eMUueruHU3UpPyoWor nouHeuponamuro, a
Takke 6onee pegkne 6one3Hn: — MynbmugokasibHas MOmMopHasi
Helporamus, u3onupoeaHHble uepebparibHble 8acKynumel,
CUHOpOM «pu2UuOHO20 Yeriogeka», CUHOpom Mcaakca, s3Hueghanum
PacmycceHa.

MavonaTtuyeckne BocnanutenbHble (ayTOMMMYHHbIE)
aemuennHusnpyowme 3abonesaHus LeHTpanbHOW HEPBHOW
CUCTEMbI NPeaCcTaBnAT cOH60M LUMPOKNIA CNEKTP PacCTPOUCTB,
pasnnyaroLLnXcs KNUHNYECKN U UMMYHonorndyeckn. HambonbLuyro
OOS0 cpean HUX 3aHUMaEeT pacCesiHHbIN CKrepos C
KNacCUYeCKMMN BapnaHTamMm TEYEHUS: peMumupyrowum,
pemumupyroue — npoz2peccupyrou,uM, mopu4yHo u
nepeu4Ho rnpozpeccupyrowum. Kpome atoro pasnuyatot
ocTpble (pynbMuHaHTHbIE) dbopMbl: 6or1e3Hb Mapbypea, 6one3Hb
LLlunb0epa, KoHUeHmMpu4veckul ckrnepos3 barno, ocmpsbil
paccesiHHbIU sHyeganomuenum. lepBble TpU paccMaTpuUBaoTCS
CEerogHsa Kak aTMnuyYHble BapnaHTbl paCCEAHHOrO CKNepoasa.



AyTOMMMYyHHbIe 3a6oneBaHUA HEPBHON CUCTEMDI.
(npogonmxeHue)

B rpynny cUCTEMHbIX ayTOMMMYHHbIX 3ab0feBaHni C BTOPUYHbIM
NOpaXXeHMEM HEPBHOW CUCTEMbI BXOOAT. CUCMEMHasi KpacHasl
goslYaHKka, aHmu-gocgonunuoHbIl CUuHOpPoOM, uduornamu4vyeckue
gocriasiumesibHble  Muoramuu,  cucmemMHass  CKriepodepMus,
y3€eriIKosbIl ronuapmepuum, epaHyrnemamo3 BezeHepa, cuHOpom
LlleepeHa, 6onesHu XopmoHa, bexyema, Takascy.

2. Heepornoau4yeckue 3abosnieeaHusi ¢ oripedesiEHHbIM
UMMYHHbIM 3arycKoM (mpua2epom).

a) C NOCTUHMEKLMOHHBIM TpUrrepom; 6) c
napaHeonsiacTUYeCKNM TPUITEPOM.

B kayecTBe 3aboneBaHnin C UHPEKLMOHHbLIM TPUITEPOM
paccmaTtpuBatoTcs: xopess CudeHzama,
rnocmkamrunobakmepHbit cuHOpom [utieHa — bappe,
rocmrosiuomMuenumuyecKkul cuHopom, Heupoboppernuos, BUY —
rnopaxeHusi HepsHol cucmemsl. K 3abonesaHnsam c
napaHeomnnacTU4eCKMM TPUITepPOM OTHECEHbI: CUHOPOM
Jlambepma — UmonHa, nodocmpas uepebernnsapHas
deceHepauus, numbudyeckul sHueganum, cuUHOPOM OrCOKIIOHYC
— MUOKIIOHYC, Helporiamusi ¢ naparipomeuHemued,
pemuHarbHasi 0eceHepauyusi.

3. Heeposozuyeckue 3aboneeaHusi c HEYMOYHEHHbIM
aymouMMyHHbLIM amo2eHe30M.

B TpeTbto rpynny ¢ HeYTOYHEHHbLIM Ay TOUMMYHHbIM
naToreHe3oM BOLUNN: Helipocapkoudos, cuHOpom Torno3sa —
XaHma u CuHOpom xpoHu4deckol ycmarnocmu (CXY).

Kpyr 0603Ha4YeHHbIX ayTOMMMYHHbIX 3aboneBaHNn HEPBHOM
CUCTEMBI MOCTOSHHO pacLUMPAETCA.



PACCESIHHbIA CKIEPO3

MaToreHes

Nature Reviews | Neuroscience
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The glioneuronal micromilieu regulates immunological
mechanisms within the brain.

The upper panel illustrates the physiologic situation (i.e., without
an inflammatory stimulus), which is characterized by secretion of
immunosuppressive factors/mediators in order to maintain an
immunologically downregulated state. Activated T cells may
cross the blood—brain barrier (BBB), but regularly undergo
apoptosis under normal conditions, because they do not
recognize antigen. Astrocytes produce immunosuppressive
TGF-b, IL-4, and IL-10.

Neurons produce neurotrophins such as brain-derived
neurotrophic factor (BDNF), nerve growth factor (NGF), and
neurotrophin-3 (NT-3), which have been shown to prevent
expression of proinflammatory cytokines on astrocytes and
microglial cells. Neurons and astrocytes express fas-ligand
(CD95L). Both astrocytes and microglial cells constitutively
express PRR. Perivascular macrophages are not activated and
secrete low or no inflammatory mediators.

The lower panel shows inflammation which activates neurons,
astrocytes, and microglial cells as well as endothelial cells and
perivascular macrophages to produce chemokines, cytokines,
growth factors, and cytotoxic mediators as well as
prostaglandins. A chemokine gradient is thought to attract
inflammatory leukocytes (T cells), granulocytes (GRA),
macrophages(mf), and microglial cells to the lesion site. Specific
antigen recognition stimulates T cells locally and leads to
enhanced production of cytotoxic mediators and proinflammatory
cytokines. Antigen presentation to invading T cells is assured by
activated microglial cells, which have upregulated their MHC
production



— XPOHUNYECKOE ayTOUMMYHHOE 3aboneBaHne—
XPOHUECKOE ayTONMMYHHOE 3aD0NEBaANE, NPV KOTOPOM |
nopaxaetcqda MmesrimHoBad obonoyka HEPBHbIX BOJIOKOH
rOJ1I0BHOIO N CrMIMHHOIO MO3ra.

OTnunynTenbHag oCoObOeHHOCTb DoONe3Hn — Hanuume
Ba6eSARAL U BEHEIKAET: BoMON0AAM MEPSFHEM BO3pacTe
Cle e DReTM iR Aa it P B MEHI HRBESFBBHT LY A nume
PAETRHARKKITOCEBNAEABEMBATIHERRN IR TUGTEARLGe3
S1GRORMBAGBIRHO RAIIRRIIT RNZEHEA ONHOBPEMEHHOE
FRRKEHUBTHAGKABMNM A LB OTO THPR SN BHOM
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ROIHHHERIX IPA3KEOO0DPa3HbLIX HEBPONOrMYECKUX CUMMTOMOB.
Mopdonorndyeckon oCHOBOW BOSE3HN ABNSETCS
obpa3oBaHMe Tak Ha3blBaeMbIX DNALEK paCCEAHHOIO
CKIlepo3a — o4aroB paspyLleHns MyerHa SBnseTcs
OLOHOBPEMEHHOE NOopaKeHNe HECKONbKUX pasfNYHbIX
OTAENOB HEPBHOM CUCTEMBI, YTO NPUBOAUT K MOSABIIEHUIO Y
BONbHbIX pazHOODpa3HbIX HEBPOSTOMMYECKNX CUMMITOMOB.
Mopdonorndyeckon ocCHOBOW BOSE3HU ABNSETCS
obpa3oBaHMe Tak Ha3blBaeMbIX DNALEK paCCEAHHOIO
CKIlepo3a — o4aroB paspyLleHust MMenmHa
(aemuenuHusauma) 6enoro BewecTsa rosIoBHOrO sBAAeTcH
OLHOBPEMEHHOE NOopaKeHNe HECKONbKUX pasfiNYHbIX
OTAENOB HEPBHOM CUCTEMBI, YTO NPUBOAUT K MOSABIIEHUIO Y
BONbHbIX pazHOODpa3HbIX HEBPOSTOMMYECKNX CUMMITOMOB.
Mopdonorndeckon oCHOBOW BOSE3HU ABNSETCS
obpa3oBaHMe Tak Ha3blBaeMbIX DNALEK paCCEAHHOIO
CKIlepo3a — o4aroB paspyLeHnst M1ernmHa
(aemmenuHusaums) benoro BeLlecTsa royIoBHOMO U CAOVHHOIO
MO3ra. Pasmepbl 6n;|me|< Kak npanmo OT HECKOJSTbKNX




Clly4YamHbIM MHANBUAYaNbHbLIM COYeTaHUueM
HeGnaronpuUATHbIX 3HAOreHHbIX U 3K30reHHbIX
¢akTopoB pucka.

K aHaoreHHbIM doakTopam npexae Bcero crieayetr OTHECTU
MyTauun B KOMMSiekce fnokycos reHoB HLA dpakTopam
npexae Bcero crieayer OTHECTU MyTauMn B KOMIMIEKce

nokycos reHos HLA Il knacca n, BO3MOXXHO, reHoB,
kogmpyowmnx PHO-a, obycrnosnmBaroLLUX reHETUYECKYHO
HEeCOCTOATENbHOCTL MMMYHOPETYNALNMN.

Cpeaun BHewWHux oakTopoB MOryT UMETb 3HA4YEHMNE: 30Ha
NPOXUBaHUSA B JETCKOM BO3pacTe, 0COOEHHOCTM NUTaHuS,
YyacToTa BUPYCHbIX U BakTepmanbHbIX MHEKUNA 1 ap.

Cnenyet NoAgYepKHYTb, YTO HU OOMH B3ATbIN U30SIMPOBAHHO
doakTop He MOXET UMETb 3Ha4YeHNE B BO3SHUKHOBEHNU
pacCcesiHHOro CKrneposa, TONbLKO onpeaenieHHoe codeTaHne
psaga dpaktopos. B opraHnsme, nmeroLiemM reHeTU4eCcKu
0OYCOBMEHHYIO HECOCTOATESTIbHOCTb PErynATOPHbIX
CUCTEM UMMYHUTETA, NPOUCXOOANT aKTMBaALUSA UMMYHHOW
CUCTEMbI OQHUM U3 Hecneundmniecknx NpoBOLMPYHOLLNX
doakTopoB, HanpumMmep, BUPYCHOU UHJeKLUNEN, TPaBMOWN,
CTPECCOBOMN CUTYyaLMEN.

[1py 3TOM aHTUrEH-CTUMYNUPOBAHHbIE MakKpodarn m
aKTUBMpPOBaHHbIe T-xennepbl PUKCUPYIOTCA Ha KreTKax
aHpoTenus remarto-aHuedannyeckoro bapeepallpu aToM
aHTUreH-CTUMYNMUPOBaHHbIE Makpodarn u akTMBMpPOBaHHbIE
T-xennepbl PUKCUPYIOTCSH Ha KNeTkax aHgoTenud remaTo-
9HuUedanunyeckoro 6apbepa ('9b). LnTokuHbI,
BblaensemMble QUKCUPOBAHHbLIMU KIETKAaMW, SKCNPECCUPYOT
Ha noBepxHocTn ' Bb aHTUreHbl OCHOBHOIO KOMMIeKca
rmctocoemectumocTu | 1 |l knacca (ons npeacTtaBneHus




B pe3ynbraTe MHOro4YMCreHHbIX uccrieaoBaHum ObINo
YyCTaHOBIEHO, YTO AJIA pacCeAHHOro CKriepo3a
CYLLUEeCTBYHT TaK Ha3blBaeMble «reHbl pacCesHHOro
CKnepo3sa», KOTopble yKa3aHbl B Tabnuue

MEHbI

NOKAN3ALMA

NaBHOro Komnaekca
ructocosmectumocTtn (FKIFC)

6 xpomocoma (nokycbl HLA-cuctemsi | u
Knacca)

Beta uenu T-kneToyHoro
peuenTopa (TKP)

7 Xxpomocoma

Anba uenn T-KI1eToUHOro
peuenTopa (TKP)

14 xpomocoma

dakTopa Hekpo3a onyxonu
(PHO)

6 xpomocoma (Mexay nokycamv HLA-cuctemsil |
n Il knacca)

OcHoHoro 6enka MmuenuHa
(OBM)

18 xpomocoma

KOHCTaHTHbIX Y4aCTKOB TSXKesbIX
Luenen UMMyHOrn106y/IMHOB

14 xpomocoma

Bapeabe/ibHbIX y4acTKoB
TSXKENbIX Lenen
NMMYHOT/1006yIMHOB

14 xpomocoma

KomnsiemeHTa

6 xpomocoma (nokycbl HLA-cuctemsl Il knacca),
19 xpomocoma

TpaHcnopTHbIX 6enkos (TAP-
6esKoB)

6 xpomocoma (fiokycel HLA-cuctemsl 1l knacca)

Benkos npoteacom (LMP-6esikn)

6 xpomocoma (fiokycel HLA-cuctemsl 1l knacca)

LinToxpoma 450

6 xpomocoma (nokycbl HLA-cuctemsl Il knacca)

MutoxoHgpuansHo JHK

MwuTtoxoHgpnanbHaa HK

Anbgpa-1 aHTUTpuUncuHa

14 xpomocoma

PeuenTopa nHtepnenknHa 1
(nn-1)

2 Xpomocoma

MuenmH-onurogeHApoLUMTapHoOro
rnkonpotenHa (MOI)

6 Xxpomocoma




PacnpocTpaHeHHOCTb PacceaHHOro CKNepo3a

per 100,000
W2s-495
Ws05-95
Bors5-1435
B1445.1905
B1s15-240

No Data Provided
" | Not Known
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MaToreHes paccesiHHOro ckrneposa

AKTMBMpOBaHHbIE NMMMAOLUUTLI CNOCOBHbLI MPOHNKATL Yepes
[ Ob. lNpoHuKWwmne B MO3r aktmBnpoBaHHble CD4+ T-kneTku
CNOCOOHLI Bbl3blBaTb HEMPOTOKCUYECKMIN IAMDEKT HE TONBLKO
ornocpenoBaHHO- Yepes NPoAyKUM0 LUTOKMHOB, HO U
HenocpeacTBEHHO —depe3 KOHTaKTHOE MEXKNEeTOYHOoe
B3aumopgenctene. CD4+T xennepHble knetkn 1 Tmna (Tx1)
aKTUBUPOBAHHbLIE B MPUCYTCTBUN HEMPOAHTUTEHOB,
npoayumpytot INFgamma, TNF, IL2 v npusnekatotr CD8+
kneTtkn n makpodaru. INF-ramma nHayuupyet
LMTOTOKCUYECKYHO aKTMBaLMIO MaKpodaros 1 KneTok
MUKPOINKUK , @ TaKkke yCUnMBaeT 3KCNPECCUIO Ha KIeTKax
HEepPBHOM TKaHW NPOAYKTOB rNaBHOMo KoMmnsekca
rMcTocoBMEeCTUMOCTHU | Knacca, KoTopble HeobxoanMbl AN
aKTuBauMn n peanusaumm uMTotTokcndeckoro gemcremsa CD8+
T-KNeTok.
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B-Cell functions in autoimmunity:

Antibody-producing cells—plasma cells.

(b) Antigen-presenting cells (autoreactive T cells with a
specific antigen; regulatory with low levels of nonspecific
antigen).

(c) Cytokineproducing cells; regulatory (B-cell activation
with isolated CD40 stimulation), polarizing (B-cell
activation with dual stimulation of BCR and CDA40),
lymphoneogenesis (memory B cells, primarily produce
proinflammatory cytokines, TNFa/LT following dual
stimulation of BCR and CDA40).

(d) Development of tertiary/ectopic germinal centers
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barrier
Peripheral immune system Target organ
(lymph nodes, spleen, blood) (CNS myelin)
Specific CD4+ T cells Initiate
myelin damage by various axon
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The immunopathogenesis of MS

A limited number of resting T cells may enter the CNS after
crossing the intact blood-brain barrier (BBB). Autoreactive CD4+ T
cells may be activated in the periphery by antigens that are
structurally similar to myelin antigens (molecular mimicry). When
activated T lymphocytes interact with endothelial cells (EC) of
CNS venules, cell trafficking across the BBB increases.
Reactivation of myelin antigen-specific T cells by local
antigen-presenting cells (APC) may initiate myelin damage by
several mechanisms: CD4+ T cell production of proinflammatory
cytokines and chemokines that further recruit effector cells
through an inflamed BBB; CD8+ T inducing cytolysis and
chemokine production; activated macrophages producing oxygen
radicals and NO (nitric oxide); deposition of myelin
antigen-specific antibodies activating complement and facilitating
myelin damage by activated macrophages. Resolution of
inflammatory damage may be modulated by regulatory cells, that
produce anti-inflammatory cytokines, and by elimination of
effector cells by apoptosis.



(a) T cell-mediated autoimmunity (b) Primary oligodendrogliopathy
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Models of demyelination in multiple sclerosis.

Primary autoimmune attack. Autoreactive Th lymphocytes initiate the
autoimmune attack when they gain entry across the blood—brain barrier. This
leads to recruitment of microglia and macrophages and the release
ofinflammatory mediators, leading to the destruction of myelin, death of
oligodendrocytes, and phagocytic clearance of the debris.

Primary oligodendrogliopathy. Oligodendrocyte apoptosis is the primary event,
leading to activation of microglia, which are overwhelmed by the amount of
myelin debris. Circulating autoreactive T lymphocytes are then activated by
the myelin debris and initiate the immune attack on myelin.

Axonal injury. Axonal injury is the primary event, leading into microglial, and in
turn, T-cell activation. The stereotypical autoimmune destruction of myelin
ensues as a secondary event
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Alternative views of the mechanisms of lesion formation in MS.

(a) Activated T cells migrate into the CNS (1) and initiate
inflammatory events, including recruitment of blood macrophages,
activation of local microglia and release of toxins. This leads to
myelin destruction, oligodendrocyte death and clearance of damaged
tissue by phagocytes (2).

(b) Viruses, glutamate and other agents can cause extensive
oligodendrocyte apoptosis in tissue foci (1). As a consequence, large
amounts of myelin debris are generated (2), overwhelming the
physiological mechanisms of elimination of apoptotic leftovers and,
thus, triggering inflammation. Subsequently, T cells and
macrophages invade the CNS (3) and initiate a stereotyped
autoimmune attack of myelin (4), as described in (a).
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Role of complement activation in the pathogenesis of multiple
sclerosis.

The immune response is initiated in the peripheral lymphoid tissue by myelin
antigens or cross-reactive foreign antigens presented by antigen-presenting
cells (APC) to T cells. In the CNS these T cells re-encounter antigens that
are presented by microglial cells through the MHC class Il molecules. CD8+T
cells can directly affect OLG by Fas—FasL specific interaction leading to OLG
apoptosis.

After B cell migrate into the brain and encounter their specific antigen they
clonally expanded and mature into plasma cells.

Antibodies produced by plasma cells will induce demyelination by
antibody-dependent cell-mediated cytotoxicity and by activation of the
complement system with subsequent assembly of C5b-9. Complement can
also be activated directly by myelin. Complement activation products like C3b
also play an important role in opsonization of myelin fragments and uptake by
macrophages through complement receptors. C5b-9 is known to be involved
in demyelination and was also found to protect oligodendrocytes from
apoptosis induced by Fas—FasL pathway.




Knaccuyeckumm KNnMHNYECKUMN KPUTEPUSIMU ANArHOCTUKU
pacCcesHHOro cknepo3sa sBAATCA KITMHUYECKME AMarHoCTu4eckme
KpUTEPUMN OOCTOBEPHOro paccesaHHoro ckneposa (G. Schumacher n

coasrT., 1965). K HUM oTHOCATCA

1  Hanunune o0beKTUBHbLIX CBUOETENBLCTB NOPaKEHUSI HEPBHOM
CUCTEMDI.

2. Ha ocHoBaHUM gaHHbIX HEBPOIOrMYEeCKOro ocMoTpa nnm
aHaMHe3a OOSTKHbl ObITb BbISIBIIEHbI MPU3HAKM NO KpanHeEN
Mepe OBYX pa3fesibHO pacnosioXKeHHbIX O4aros.

3. HeBponornyeckmne cuMnToMbl AOMKHbI CBUAETENbCTBOBATDL O
NpenMyLLIECTBEHHOM NopakeHnn 6enoro BeLecTsa,
FOSTOBHOIO W CMIMHHOIO MO3ra, TO €CTb NPOBOAHMKOB.

4. KnnHnyeckme CMMNTOMbI OOSKHbI UMETb NPexoasLLnm
XapakTep, BbIMOMHAS 04HO U3 criegyrowmx TpedoBaHui:

4a -gormKHO BbITb ABa Uy bornee anNM3040B yXYALEeHWs,
pa3genéHHbIX NepmoaomMm He MeHee 1 Mec n
NPOAOIMKUTESTIbHOCTBIO HE MEeHee 24 \.
40 - OOMKHO ObITb MeaneHHoe, NOCTENeHHoe
nporpeccupoBaHmne npouecca Ha NPOTSXKEHUN MO
KpanHen mepe 6 mec.

5. 3aboneBaHue HaymHaeTcs B BodpacTte oT 10 go 50 net
BKIHOYUTESBHO.

6. meroLmecs HeBpOsiormMyeckme HapyLLeHUs He MoryT ObITb
bonee agekBaTHO OOBbACHEHbI APYrMM NMNaToNnorMyecknm
NpoLeccoM (3TO 3aKrYeHne MOXET caenaTtb TONbKO Bpay,
KOMMETEHTHbIN B KIMHUYECKOWN HEBPOSIOTUN).



MPT B gpuarHocTuke paccessHHOro ckrneposa

MPT — meTon AnarHOCTUKM, OCHOBaHHbLIM Ha TOM, YTO U3-3a
ocobeHHocTeN BEeNKoBO-NMNUAHOIO CTPOEHNS MeMbpaH MuenuHa
BOJa pacnosiaraeTca B onpeaenieHHOM nopaake Mmexay crosimm
MWENUHOBOW 060M0YKN. DTOT NOPSAOK HApyLLAETCs Npu
AeMnenuHu3aunmn, Korga BbiICBOOOXKAaeTcqa YacTb BOAbl. A Tak Kak
BoJa UMeeT bonee anutenbHoe Bpems penakcaunm B MarHUTHOM
nose, ydacTku AeMUEeNMHM3aLnmn BbISBIAKTCSA KaK y4aCTKu
NOHMXEHHOW NSTIOTHOCTYU B pexxmme T1 1 Kak y4acTKu noBbILLIEHHON
NMIOTHOCTU Ha T2-B3BELLUEHHbIX N306paxeHusax. Npn paccessHHOM
CKIepo3e BbISIBNSATCA MHOXECTBEHHbIE PpasHOObpa3HbIX
pasmMepoB 1 OpM ovarn B pasfnmyHbIX OTAenax BewecTsa
rOfTIOBHOMO N CMMHHOIO Mo3ra.

CyLLecTBYIOT pasHble AMarHoOCTUYECKMNE KpUTepum aaHHbIix MPT.

Kpumepuu ®a3sekac (F.Fazekas u coaBT., 1988). ons
pacCcesiHHOro CKNnepo3a XxapakTepHo He MeHee TPEX obnacten ¢
NOBbILLEHHOW NHTEHCUBHOCTBIO CUrHanNa, ABe U3 HUX AOIMKHbI ObIThb
B NEPUBEHTPUKYNAPHOM MPOCTPAHCTBE N NO KpanHen mepe oamH
— cynpaTteHTopunanbHO; pa3Mepbl 0MaroB AOMKHbI ObITb HE Bornee
5 MM B Onamertpe.

Kpumepuu NMamu (D.Paty n coasrt., 1988): oomxkHo 6bITb He
MeEHee YETbIPEX O4aroB rmNepPUHTEHCUBHOCTU Ha T2
n3obpaxeHusix, pasmepamm bonee 3 MM, UK TpU o4ara, O4uH U3
KOTOPbIX PacronoXeH NepuBEHTPUKYIISIPHO.



MRI -T1 ( left),
MWF — T2
(middle ) and
Luxol fast blue
myelin stain of
post-mortem
tissue
( right )

It is also possible to assess myelin in vivo using positron
emission tomography (PET) and tracers such as 1,4-bis( p
-aminostyryl)-2-methoxy benzene (BMB)
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CknepoTu4yeckme OnsaLwKkM B KOpe Mo3ra npu paccesiHHOM
cKknepose.

Cneuundunyeckmum, HeobxoanMbIM NATOMOPEONOrMYECKUM
mapkepom PC aensietcs
BrisiLKa paccesiHHOro ckrneposa - ovar XPoOHU4YeCcKomn
BOCManuTernbHON AeMUennHnu3aLun.
Pacnonaratotca o4arm B ntodbom otaene 6enoro BeLlecTsa
FONOBHOMO U CMMHHOIO Mo3ara. Npu ANnTensLHO TekyLleMm
paccesiHHOM CKIlepo3e 1 BblpaXXeHHOM pa3spyLueHumn
MUENMHA MOXET NPOMCXOONTb BTOPUYHAA AereHepauus
OCEBbIX LMNUHOPOB HEPBHbLIX BOSIOKOH, B NocrneayiLwem —
HEPBHbIX KINETOK U ONUroAeHAPOLUNTOB. OTO NPMBOAMUT K
aTpodmn ronoBHOMO M CANHHOMO MO3ra, PacLUNPEHUIO
XXEenyaoykoB Moara.



In this acute plaque, the central blood vessel is almost
obliterated by a lymphocytic infiltrate, which extended
through the wall to lie perivascularly. Inflammatory cells also
lie in the tissue away from the vessels

Histology of a plaque silver stained for axons. There is a
major dropout of black axons, some of which are thickened
and swollen indicating damage



Actively demyelinating MS lesion.

Myelin basic protein (MBP) is a major constituent of
the myelin sheath of oligodendrocytes in the central nervous
system. Macrophages phagocytosing myelin debris can be
easily detected in actively demyelinating lesions



Table l. Variable Elements Identified in MS Plaquesa
Cellular

T cells (CD41, CD81, TcRa/b, and TcR g/d)
Macrophages, B cells, and plasma cells
Reactive microglia, reactive astrocytes, and reactive
endothelial cells

Molecular
Immunoglobulins (variable isotypes)
Complement components (including membrane attack
complex)
Proinflammatory cytokines (TNFa, IFNg, IL-2, [L-12, LT,
etc.)
Chemokines and matrix metalloproteinases (MMPs)
Adhesion molecules (on endothelia, leukocytes, and glia)
aThe diversity of cellular and molecular elements found in
MS




MRI from a normal subject (left), a patient with RRMS (middle)
and a patient with SPMS (left). Note the enlargement of the
lateral ventricles and sulci, indicative of cerebral atrophy in the
MS patients

An axon (pink) runs obliquely across the figure. On the right, it is
surrounded by a relatively thick blue-stained normal myelin sheath,
whereas on the left, the remyelinated sheath is far thinner






Electron micrograph showing a field of demyelinated
axons. On the right, two remyelinated axons, with thin
sheaths, are present
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The white matter in the occipital lobes of this
brain is almost totally replaced with diffuse gray
plaque



Pa3pyLwleHne HepBa LMTOTOKCUYECKUMU T-nnmdrountamm




(b)

Axons are transected during inflammatory demyelination.

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.

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.



Cortical demyelination and neuronal pathology.

Three types of cortical lesions have been described in MS
brains (a—c, orange areas).
(a) Type | lesions affect both white and gray matter.
(b) (b) Type Il lesions are small perivascular areas of
demyelination.
(c) (c) Type lll lesions extend from the pial surface into the cortex
and often demyelinate multiple gyri.

(d) Cortical demyelination occurs without significant infiltration of
hematogenous leukocytes (ctx, cortex; wm, white matter).

(e) Axons and dendrites are transected (white arrowheads) during
cortical demyelination. ( ) Apoptotic neurons (red arrows),
identified by tunnel staining, are increased in demyelinated
cortex
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Spinal cord demyelination.

The spinal cord is a predilection site for MS lesions, and
inmany advanced cases, only islands of myelinated
tissue remain in both the white and gray matter.
Immunolabeled for MBP (ocHoBHOWM Benok MuesnmnHa)



PaccesiHHbIN CKnepo3: poKoBaA ownbKa
UMMYHHON CUCTEMDI

NMpnynHOM paccessHHOro CKneposa, BepPOATHO, ABJIAETCA

LULMPOKO pacnpocTpaHeHHbIU BUPYC, paHee cYNTaBLUMNCA

abcontoTHO be3BpeaHbLIM. B cuny HecyacTHOro cre4yeHus

006CTOATENBLCTB HEKOTOPbIE (pparMeHTbl 6enKoB 3TOro

BUpYyCca CXOA4HbI C 6erikaMmu UeHTparbHON HepPBHOM

cuctembl («MornekynsapHasa MmumMmukpusa». HayaB oxoTty 3a
6e3onacHbLIM BUPYCOM, MMMYHHasi CACTeMa aTaKyeT

KIIeTKM Mo3ra.

OTO [Ba BMpYyca, paHee CHMTaBLUMECH COBEPLUEHHO
b6esspeaHbiMu: TTV (Torque Teno virus) n TLMV (TTV-like
mini virus). O6a BMpyca 4Ype3Bbl4anHO LMPOKO
pacnpoCcTpaHeHbl B YernoBe4ECKOW NoNynsaunum n MoryT
NPOHNKaTb B MO3T.

T-nMMoUUTbLI, Bbi3blBaloLLME pacCesAHHbIN CKNepOo3, Kak
BbISICHUNOCbL, Pacrno3HalT onpenesieHHbIe Yy4acTKu
BUPYCHbIX 6enkoB, 6oratble aMMHOKUCNOTOW aprMHUHOM.
TOYHO TaKkne e NN o4eHb MNOXOoXNe y4aCTKN eCTb B
HEKOTOPbIX Benkax, CUHTE3NPYEMbIX KITETKAMK MO3ra.

Ha aToM 1 OCHOBaH MexaHW3M pa3BUTUA pacCessHHOro ckneposa. B
HOpMe NPOHNKHOBEHME B opraHn3m 6e3spenHbix BupycoB TTV u TLMV
He Bbl3blBaeT 3aMEeTHOro MMMYHHOIO OTBEeTa, O4HAaKO MHOIOKpaTHOE UNu
OYeHb CUNbHOE 3apaXXeHue, BUAUMO, MOXET NMPUBOANTL K PA3MHOXEHWNIO

cneuyndunyecknx KIoHoB T-nnMcoumToB, «HaLENEHHbIX» Ha BoraTble
aprMHMHOM doparMeHTbl 6enkoB aTMX BUPYCOB. 1o HecHacTHOMY
CTeYEeHU0 06CTOATENBCTB TOYHO TaKMe Xe hparMeHTbl MPUCYTCTBYIOT B
HeKOTOpbIX Benkax LeHTpanbHOM HEPBHOM CUCTEMbI, YTO U NPUBOAUT K
pasBUTUIO ayTOMMMYHHOro 3abonesaHus.




SUMMARY POINTS

1. Multiple sclerosis is an immune-mediated demyelinating
disease of the human central nervous system.

2. Neurodegeneration is the major cause of permanent
neurological disability in MS patients.

3. The cerebral cortex of MS patients is demyelinated without
significant influx of immune cells.

4. Despite indirect evidence supporting an autoimmune
etiology of MS, it remains to be determined if inflammation
is primary or secondary to a degenerative process in the
brain.

FUTURE ISSUES

1. If new inflammatory demyelinating lesions can be
prevented inMSbrains, will the disease process be
halted?

2. Are relapsing-remittingMSand primary progressiveMSthe
same disease or two different diseases?

3. Is there a global cortical-based disease in MS patients?

4. Investigators need to develop brain imaging modalities that
can detect cortical demyelination.

Multiple Sclerosis: An Immune or Neurodegenerative Disorder? Bruce D. Trapp, and
Klaus-Armin Nave AnnRevNeurosc., 2008



PaccesHHbIN CKepo3: UMMYHHbIE KINEeTKN HEeEPBHOM
cucTteMbl (KENTblE) HanagarT Ha ONUroAeHApPOoUUTHI,



*Mechanical Trauma
*Basal Membrane *Bacterial Substances m

*UV Radiation
*Collagen *Factor Xlla

% ) *Allergenes
*Bacterial Endotoxin

*Anaphylotoxins

*Bacterial Toxins

Ag-Ab brod
Complexes
Microbial
Cell Wall

B ED

*Microbial Surface
*Endotoxin Ara do
Membrane
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Network including most of the components of the inflammatory

response.

Initiating factors of inflammation are represented in the white
squares, effector functions in the black ones. The kinin system is
represented in red, the fibrinolytic system in green, the classical
pathway of complement in orange, the alternative pathway of
complement in turquoise, the lectin pathway of complement in grey,
the arachidonic acid products in yellow, in white others likehistamine,
serotonin, nitric oxide, etc.

PAF, platelet-activating factor; Ag, antigen; Ab, antibody; LTA4,
leukotriene A4; LTB4, leukotriene B4; LTC4, leukotriene C4; LTD4,
leukotriene D4; LTE4, leukotriene E4; PGD2, prostaglandin D2;
PGE2, prostaglandin E2; PGF2, prostaglandin F2; PGI2,
prostaglandin 12; MBL, mannan-binding lectin; MASP, mannan-binding
lectin-associated serum protease; MAC, membrane-attack complex.
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Myasthenia Gravis: Clinical Manifestations
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MwuacTteHusi — 3abonieBaHne HEPBHOW W
MbILLEYHOW CUCTEM, MPOABNSOLWNXCA CraboCTbio K
NOBbLILLUEHHON YTOMIAEMOCTbLIO Pa3NUYHbIX FPYMNMN MbILLLL.
[Mpn 3aboneBaHnn nNopakaeTcsa ABuraTernbHbIA annapaT B
obnactn MMoOHEBpAarbHOro cnuHanca.

Nerve from |

Spinal Cord

NERVE ENDING

¥ Neuromuscular
junction
/ -
Surface of '
muscle fiber Ly ach
t receptors

preventing muscle contractions
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Myasthenia gravis
pseudoparalytica
bone3Hb Apba-fonbadnama

1. MposaBnsaetcsa obbIYHO B 3 AeKaae XU3HU, HO MOXET
BCTpevaTbCcs B N06OM Bo3pacTe nocrie nepsoro roga
XN3HU, Hanbonee 4acTo ¢ NTo30M uam aunnonuen. Y

NaUueHTOoB C reHepannM3oBaHHbLIM NOpaXXeHNem
pa3BunBaeTca 6e3bonesHeHHada ycTanocTb, YacTo Nocre
dom3nyecknx Harpy3ok, Kotopasi yCUnmMBaeTCca K KOHLY OHS
N NpoBoOLMpYyeTCA UHJIEKLMEN UNU CTPECCOM.

2. CumnTomMbl MnacteHum gravis. Cambii BaXXHbIM CUMATOM
— YTOMJIEHME, 3aTparnsatoLlee nornepeyHo-nosiIocaTyto
MYCKynaTypy KOHEYHOCTeN, CBA3aHHOE C U3MEHEHMNEM
BblpaXXeHNs nuua, OBMKEHUI a3, NpoLEeCcCOoB XeBaHUA U
peyun.

a) nepundepunyeckne cMMnNTOMbl: cnabdbocTb, 0COBEHHO B
pyKax 1 npoKkCumManbHbIX MbiLL, HOT. [JofiroBpeMeHHbIe
MuonaTtnydeckme N3MeHeHna MoryT ObITb NpU ONTENbHO
CyLLieCTBYIOLLEM 3aDoneBaHunU;

0) paumanbHble CUMNTOMbI: aMUMUYHOCTb
(MnonaTuyeckoe nmuo) 1 NTo3s;

B) OynbbapHble HapyLLIeHUs: TPYAHOCTU C roTaHneM
(aucdoarus), Npu pasrosope (An3apTpus) 1 XKeBaHWUu;

) AblXxaTenbHble HapYyLLIEeHUs: peakn, HO Bcerga K aTomy
cnegyeTt OTHOCUTLCH CepbesHo.



Cellular and molecular players in the multi-step
recruitment of T lymphocytes across the blood-CNS
barriers.

A For the superficial vessels of inflamed brain, E-
and-P-selectin,PSGL-1 and a4-integrin are involved in
lymphocyte tethering and rolling. G protein-dependent
activation of LFA-1 on T lymphocytes, probably by
chemokines (yet to be identified), leads to their firm
adhesion on endothelial ICAM-1. Lymphocytes migrate
transcellularly through the BBB endothelium, leaving TJs
intact. In EAE, the inflammatory lymphocytes present in
brain (and spinal cord) parenchyma are Th1 effector
memory cells with a characteristic surface-marker
phenotype.

B In the spinal cord white matter, T lymphocytes arrest
immediately through a4-integrin. G protein-dependent
increase in a4-integrin avidity on the T lymphocytes is
required for firm adhesion to endothelial counter-receptors.
LFA-1 supports T lymphocyte diapedesis, adjacent to TJs.

C Molecular mechanisms in lymphocyte transit across
fenestrated CP microvessels, and subsequent migration
across the CPE into the CSF are relatively unknown,
although a4-integrin is required. Endothelial P-selectin
mediates T lymphocyte recruitment into the CP stroma.
Pathways of T lymphocyte traversal across CP endothelial
and epithelial barriers are equally mysterious. T
lymphocytes in the CSF, both of healthy individuals and MS
patients, are predominantly central-memory CD4+ T
lymphocytes, about half of which express the recent
activation marker CD69



Myasthenia gravis
pseudoparalytica
bone3Hb Jpba-fonbadnama

Signs and Symptoms of Myasthenia Gravis

s SmartDraw

Although myasthenia gravis may affect any voluntary muscle, muscles that control eye and eyelid movement, facial
expression, and swallowing are most frequently affected. The onset of the disorder may be sudden. Symptoms often are
not immediately recognized as myasthenia gravis.

Drooping of one or

BOU) EYL M ASREES

Blurred or double
vision (diplopia) due to
weakness of the

that contro

Unstable or waddling

Weakness in arms,
hands, fingers, legs,

Source: U.S

Department of Health and Human Services,

Change in facial

|Difficulty in swallowing
and shortness of

Gravis

Q’.‘;" Myasthenia
/|

National Institutes of Health, National Institute of Neurological Disorders and Stroke
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Myasthenia gravis initially manifest
ptosis.




Nerve terminal
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acetylcholine
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acetylcholine in a
presynaptic vesicle

nicotinic acetylcholine
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muscle specific
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acetylcholinesterase

[MaTonornsa ABnseTca pe3ynsraToM BblpabOTKM aHTUTEN
npoTmB anbda-cybeanHuLIbl HUKOTUHOBBIX

XONMHOPELIENTOPOB.

AHTUTENA K HUKOTUHOBBLIM peLenTopamM NoJobHO Kypape
3aTPYOHSAOT CUHANTUYECKYo nepeaady 1 npuBoasaT K

MblLLEeYHOW cnabdocTu.

AyTOaHTUTENa BbITECHAIOT aLETUNXOMNNH B
MWUOHEBpPAanbHbIX COeAUHEHUSX, ONOKMPYIOT HENpPO-
MbILLEYHYIO CUHANTUYECKYIO nepeaauvy.

3aboneBaHue cropagnyeckoe, ogHaKko ornmcaHbl 1

CeMenHble criyyau.




Diagnosis of Myasthenia Gravis

Check for Associated Conditions

L &

Anticholinesterase Intensive Care:
¢ fluids, respiratory
infection

O Evaluate for Thymectomy

Plasmapheresis

hymectomy W ' improved: go to
generalized path

If unsatisfactory

Evaluate
o not improved
Prednisone /
Immunosupression

HanpaBneHus BuAbl ne4eHnsi MMacTeHUn
1 — aHTUXonNuMHecTepasHas Tepanus,
2 — NMMYHOCYnpeccmnBHas Tepanna (rMIKOKOPTUKOCTEpONaHas
N uMTocTaTmyeckas),
3 — TUM3KTOMUA U fy4yeBas Tepanus,
4 — copbuMOHHbIE METOAbI
5 — VMMMYHO-CTUMYNUpyoLwasi U UMMYyHOMOZYNUpYyoLas Tepanus
(pa3BuBaeTcs)
6 — Hecneuundguyeckas Tepanus, ycunusearLlasa gencTene
naToreHeTU4YeCKnXx cpeacTs.
[Mpn oTcyTcTBUMK ahphekTa oT AXD Tepanum nposegeHune
MMMYHOCYMPECCUBHOM Tepanuu, COPOLMOHHBLIX METOLOB NeYeHuns,
MONoAbIM NauneHTaMm — TUMIKTOMUK, a MOXUIbIM — Kypca Jy4eBOon

Tepanum Ha 0bnacTb BUNOYKOBOM Xenesbl.

[Mpn npaBunbHO nogobpaHHOM rnedveHun, OGornee 95 %
NauMeHTOB BO3BpaLLalTCs K HOpMasribHOMY KadeCTBY KU3HM.












(ii) (iii) (iv)
activation adhesion transmigration
strengthening

perivascular cell pericyte

inflamed superficial brain vessels

B (i) (ii) (iii) (iv)
capture activation adhesion transmigration
immediate arrest strengthening
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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 inchronic MS lesions approach 70%.
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A model of MS immunopathogenesis. Myelin-autoreactive T cells are found in
an enhanced state of activation in the circulation of MS patients (1) due to
genetic and environmental factors (including viral infection, bacteria, and
superantigens).

Endothelial adhesion molecules, such as ICAM-1 and VCAM-1, are
upregulated (2), which further facilitates the migration of T cells into the CNS.
Chemoattraction via chemokines (3) and elaboration of matrix
metalloproteinases, which may enhance migration by degrading
extracellular-matrix proteins (4), results in invasion of activated autoreactive T
cells across the blood- brain barrier (BBB). Inside the central nervous system
(CNS), reactivation of T cells by local or infiltrating antigen presenting cells
(APCs) results in release of proinflammatory and cytotoxic mediators, leading
to tissue injury. The protective myelin sheath may be injured (6) via several
mechanisms: cytokine-mediated injury; digestion of surface myelin antigens
by macrophages, which may include the binding of antibodies;
complement-mediated injury; and direct injury by CD41 and CD81 T cells.




Infection, injury, amyloid etc.
'

NGF
IENY e ; —. BDNF
efc. GDNF
1 ™ NT-3,4

@ 7 i ™. IL-1B TNFo IFNy

/ ™. NO ROS glutamate
IL-12, IL-23,
IL-27, IL18

Demyelination Degeneration Gliosis
regeneration

Blood vessel CNS

Functions of microglia in immune and inflammatory
mechanisms in the CNS.

Microglia produce a variety of neuroprotective and
neurotoxic factors. These factors play a role on the
development of demyelination, neuronal degeneration,
regeneration, and gliosis. Infiltrating T cells, especially
Th1 cells, activate microglia to function as effector cells
in neuroinflammation. Arrows indicate functions of
soluble factors from microglia, and dotted lines indicate
functions of Th1-derived factors. E: endothelial cells,
oligo: oligodendrocytes,
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Chronology of a newly forming lesion in the relapsing and
remitting form of MS.

Early pathological alterations occur within hours. They include:
appearance of numerous apoptotic oligodendrocytes concomitant
with decreased levels of myelin-associated glycoprotein (MAG) and
20,30-cyclic nucleotide 30-phosphodiesterase (CNP); deposition of
activated complement (MAC) on the oligodendrocyte and myelin
membrane; and activation of microglia. Damaged oligodendrocytes
are eliminated 1-2 days later, presumably phagocytosed by
amoeboid microglia, and myelin sheaths become vacuolated. These
short-lived changes are followed by a third, long-lasting phase
involving T-cell infiltration, digestion of damaged myelin sheaths by
macrophages, and migration of oligodendrocyte precursor cells into
demyelinated areas. Changes in neurons and astrocytes are not
conspicuous throughout the lesion formation process. The cartoon
depicts major changes occurring during lesion formation
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Effector mechanisms of myelin and neuronal damage Axon
1. Complement and antibodies

2. Production of reactive oxygen species and NO
3. Myelin stripping by macrophages

4. Neuronal and oligodendrocyte apoptosis
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Pathogenesis of EAE.
In the peripheral immune system, antigen-presenting cells
(mainly DCs but also B cells and macrophages) produce
IL-12 and IL-23 which prime native CD4. T cells during
activation by interaction of the T-cell receptor with cognate
antigen presented by MHC class Il complexes.
Activated Th1 and Th17 cells cross the blood—brain barrier
into the CNS. Resident antigen-presenting cells (APCs)
interact with activated myelin-specific Th1 and Th17 cells
which become reactivated. Inflammatory cytokines and
chemokines are produced and an inflammatory cascade is
initiated. Infiltrating macrophages are activated and attack the
myelin sheath on neurons
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The role of lymphoid chemokines in CNS homeostatic and
pathogenic states.

A. CCL19 and CCL21 are constitutively expressed in
cerebrovascular endothelium and the choroid plexus. The majority
of cells in the CSF are TCM cells that express CCR7 and may play
a role in immunosurveillance of the subarachnoid and perivascular
spaces, including in the clearance of local infections,

B. Conversely, aberrant production of CCL19, CCL21 and
CXCL13 may support CNS infiltration by leukemic T and B cells and
the establishment of hematopoetic tumors (inset) in the brain and
spinal cord,

C. CXCL13 is not expressed in the healthy CNS but is
upregulated during autoimmune inflammation where it may have a
role in the cognate interaction of encephalitogenic T cells and DC,
while later in disease CXCL13 has been associated with the
development of ectopic lymphoid structures (inset) in the meninges,



Photograph of a brain with well-demarcated gray/pink MS plaques
around the ventricles and extending into the white matter. Adjacent to the
plaques, there are areas of less well-defined white matter changes,
representing dirty-appearing white matter. Note the atrophy due to myelin
and axon loss in the corpus callosum on the left and the ventricular
dilatation
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Neurodegeneration and Neuroprotection — Innate Immune Response.
Figure 1 Innate (natural) defensemechanisms in health and diseases of the CNS: (i): The
physical blood brain barrier composed ofendothelial cells linked by tight junctions and
surrounded by the end feet of astrocytes prevents the infiltrationby pathogens. (ii): Brain cells
such as microglia and astrocytes can also induce apoptosis of autoimmuneT lymphocytes
through the Fas/FasL pathway. (iii): In response to infection or tissue injury, resident cells
willbe activated, i.e., reactive gliosis with the activation and proliferation of astrocytes and
microglia. (iv):Remarkably, innate immune molecules will contribute to the selective
recognition and removal of pathogensand toxic cell debris (apoptotic corpses, amyloid fibrils)
while preserving self cells. Furthermore, several innateimmune molecules will initiate tissue
repair (neurogenesis). (v): This response will have to be kept under safeguard through the
expression of inhibitory/regulatory molecules for example by neurons to controlphagocytosis
by microglia. (vi): In sharp contrast, several innate immune molecules have been involved
inneuronal loss and oligodendrocyte damage in diseases such as Alzheimer’s disease and
multiple sclerosis,respectively. For example, host defense complement proteins are known to
induce adverse cytotoxic activitiesagainst myelin-forming cells and neurons. Hence, a fine
balance must exist and which is at the route of futuretherapeutic strategies.
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Use of EAE in neuroimmunology research.
Healthy mice are immunized with a subcutaneous injection of
strainspecific, immunogenic myelin peptide in complete Freud’s
adjuvant (CFA) and pertussis toxin is injected on days 0 and 2.
Disease onset, evident as progressive neurological disability,
occurs between days 9 and 14.

Tissues are collected and are either directly analyzed
histologically and by PCR or are cultured and later harvested for
phenotypic and molecular analysis. Results are analyzed,
interpreted, and used to evaluate the original hypothesis of the
experiment and plan further studies
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Schematic drawing representing signal transduction
of interleukin-1 and tumor necrosis factor.

AA: arachidonic acid; AC: adenylate cyclase; cAMP:
cyclic adenosine monophosphate; CAPK: ceramide
activated protein kinase; DAG: diacylglycerol; MAPK:
mitogen activated protein kinase; NF: nuclear factor; PG:
prostaglandin; PKC: protein kinase C; PLC:phospholipase
C; SMase: sphingomyelinase.



Development of central nervous system inflammation and
damage.

After antigen recognition by T cells, several cytokines and
chemokines are produced which have several effects on cell
recruitment (represented in green), in damaging CNS cells and
structures (represented in red) and in the exceptional occasion
with anti-inflammatory properties (represented in yellow).

BBB, bloodbrain barrier; CNS, central nervous system; E,
endothelium; T, T cell; B, B cell; NK, natural killer cell; N, neuron;
Ta, activated T cell; Ma, macrophage; A, astrocyte; Mi, microglia;
Mo, monocyte; DC, dendritic cell; MC, mast cell; PC, plasma cell;
NO, nitric oxide; MMP, metaloproteinase.
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|
. Possible pathways involved in controlled immune response or in
uncontrolled inflammation: the central role of pro-inflammatory
cytokine levels and glucocorticoids.

(a) IL-1, TNF-a and IL-6 production sustains an early and efficient
inflammatory/innate response which limits and destroys the pathogen and
primes acquired immunity; glucocorticoids (GCs) control the local and
systemic inflammatory response preventing damage by excessive
inflammation;

(b) uncoupled regulatory linkage between GH and IGF-1 during
infection: increased levels of GH could be considered as a compensatory
attempt to sustain innate immunity and counteract excessive GC activity;

(c) reduced GH and IGF-1 activity drives metabolic and nutritional
modifications towards supporting the immune function; cytokine production in
adipose and muscle tissue can favour energy partitioning; (d)
uncontrolled high levels of pro-inflammatory cytokines, IL-1, TNF-a
particularly IL-6, cause inflammatory tissue damage concomitantly with

(e) HPA axis dysregulation, altered levels
of ACTH and/or GCs and reduced GCs Receptor (GR) expression; (f)
persistent levels of IL-6 mediate chronic inflammation



