FRER R 2024;64:148-156
doi: 10.5692/clinicalneurol.cn-001932

I 7% i BEl PR e & B © S 1t /) Bt 4 S B 2K SR EE

AR R

IO AEAEE AR R e At ARt

ZE  HOERREFICK DIKESZ /-9 B RBEINIEEEIRREE, JILT VREE YIS S VERREERESR (glutamic
acid decarboxylase: GAD) FiABE/I\INKFRE, FESENNEME, BRBIMEMAGEOVWCOIDORENHZ. ZTN2hOkE
THREZNBREFEERDD, ZLORETHTHAMEEEICLDNNEENETZEEZISNTHED, MRMKEF (blood-brain
barrier, LT BBB &B&ED) A0 FHERMEE CHERINCREEDOH 2 BEHEAORACTIRICBIES NIEN Y v/ ERDE
AEZERT D0, BeREEINMEESRBEDREDEELR O ERD S, INMEEBKBEDH DTV /\—F - 11—
N > BREDEE T/ VAR E O FHRREMEFEIC K DFEE S iz GRP78 Hifkh' BBB IiE £ 555 U/ I\ Eeh kFAE £ 5| E42 2 9.
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B AR/ \MIEES KL, BCRRMERERE T & DI
BEEZZCIESREEERETHD, TILTVKEE NI
5 I VAR EEEESR (glutamic acid decarboxylase, LT GAD
EREED) TURBEE/NBX B EN R, fEREE NN A
(paraneoplastic cerebellar degeneration, LU~ PCD &RB&:E), &%
RN EZEEDW DD DFEN 572 (Table 1)V, Fi,
INSOBAMOREICYUTEES AV, BEREEFICLD
INREENBESI NS — B & U T primary autoimmune
cerebellar ataxia MMES N TW32, BEREMENNIEEEK
SAIEDZUTIZE L WA, TR SIBED/INKMEES) KFREN
Hb, MEEREBRLUEMYAY ToO0—FILI\Y REGEER
&, FEERMRI T/NNERLH SN, MEEESTET DI ETE
BrL29, R4 AY—H—&LTOECHEAENZRETO—Bh &
239, I\NEEZENETZERE UL THATFHREEENEZ S
nTED, "HFEREZRITIURIVINKOMADIC 38 E < FKR
LTWa7c®, aFHERAEZRIHERICKDFIRATERS N
EERENNNEZEZENET S EWSRHTH DY, BEF
WiciE, ZILT Y RBETIIRE REERE, PCD Tldifgts
FEHERE, 1 GAD LB/ I\ I E B K EE T & GAD HiifIc &
% v-7 3 /B (GABA) MHHEE & WS RIERERFIEE
INTWEY YT IFILRANEIFT (blood-brain barrier, X
T BBB &£H&ED) MEEL, MRICEFNZEETHAELYA N7
1 V75 E DR ERTFOREMBEONKAREAZEILEL TWS T
&, BTSRRI MEES) R FAE TS BBB AR RIEPIBRED
B R HEEIRES NS, AIBTIE, BBBHEREMITEZD
BHEICDOWTHEFHR L, Fn2ho B2 REINKIEEEN K FE
T BBB RAEAYRREIC ED K S ICBH D Z M DNWTIRNR S,

Table 1 Classification of immune-mediated cerebellar ataxias.

gluten ataxia

postinfectious cerebellar ataxia

paraneoplastic cerebellar degeneration

opsoclonus myoclonus ataxia syndrome
anti-glutamate decarboxylase (GAD) associated ataxia
primary autoimmune cerebellar ataxia

multiple sclerosis

cerebellar ataxia associated with collagen disease
cerebellar ataxia in Hashimoto encephalopathy

others

BBB #EEHERFIC DWW T

FRIRFRICIE, DR & B RN E BER O DO Y E ik 7 B T
FfH 9 % BBB & MAMNE fEREIFT (blood-crebrospinal fluid
barrier, LT BCSFB &HB&EE) MEnz2hiFET S (Fig. 1)9.
BBB INEMMEANKME THERE N, Y1 v oyay
(BERES) LK ARMEENNEE I NYEOSBEEETS
¥% (Fig.1). ¥4 hIv>r oy ViFE4OBEBRERDY
A—7« > 5 (claudin-5), A7 JL7« > (occludin) HEEMR
DFTHZ. $FIC claudin-5 DEIREHN/NY 7 —RE ZRE
U, Occludin &Y VEEIC K DN 77— N <AL T
W21 70-1, ZO-2 (FHFRREANICHET 2EH T Z0-1 &
occludin EEEULTHA NI v VI VT 2. —5
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Fig. 1 Maintenance and breakdown of the BBB.

1) Structure of the blood-brain barrier (BBB): BBB consists of endothelial cells, pericytes, astrocytes and basement membrane. The BBB
communicates with neuron, oligodendrocyte and microglia in order to regulate brain homeostasis, forming neurovascular unit. 2) Normal
condition: the BBB forms barrier through tight junctions between endothelial cells, including claudin-5, occludin and ZO-1 and transports
substances via transporters, including glucose transporter-1 (GLUT1), L-type amino acid transporter1 (LAT1), pglycoprotein (p-gp) and breast
cancer resistance protein (BCRP). 3) Paracellular transport refers to the increased paracellular leakage of humoral factors into the central
nervous system (CNS) via the disruption of tight junctions. 4) Transcellular transport refers to the increased transcellular entry of pathogenesis
lymphocyte across brain endothelial cells via the upregulation of adhesion molecules, including vascular cell adhesion molecule-1 (VCAM-1) and
intercellular adhesion molecule 1 (ICAM-1).
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Fig. 2 Various functions of pericyte in the brain (Based on Reference 20).

T BBB (& P#E% >/T (P-glycoprotein) *° breast cancer
resistance protein (BCRP) R EDHEH N TV R—4—, ZIL
J—X k5> RR—%— (glocose transporter: GLUT1) e
TI/BNZYRAR—%— (L-type amino acid transporter:
LATY) BRESEE/RBN TV AR —PRREZHEEL, B
ICE>THEABYEIRERDAH, FEHDWIEEEYEISE
BIICHEBR S DHEEN A Y —T7 21 A& LTDREIE RS
(Fig. 1), —A T, BCSFB &, ZHE=ZE, ZHURESR KO
HEICHFET DMEEEZBRT DI NI v Iy avaERFD
IrigsE RO SEBR I, MR EMNEER H2VLWIEER
EDYERIMEES),

BBB [SBREICAIEY 2 NKMiE, WRMRICEL T <o
1 MOBREZNUTRNET 2RUT A K, 77U FRAE

EFENZE 2 OEREONAIICELTTZANAOYA NDORE
mEAMmA TS (Fig. 1), PR NOYA MORERICIET Y
TRUY 41IREDKF v RILHFEIBLTED, BRROKEEE
I hO—IT2%ENZRLTON, B, PANAYALE
EEHNSHE I NS VEGF, Ang-1, TGF-B, bFGF & &4 EE
MEYE L BBB E:BMEEEM, H2WIHETIE2EANHZ T
ENRESNTED, BBBHIHICEEAREZRICL TW
27, RUSA MNINKTIFESICHEEL, NERMREZED HM>
MEZYBNICRES T BE1FTHh<, BBBfFICEEREE
ERETENEFRESHIER>TE (Fig. 2)919, RUYA
NiE, ZXhOYA ~EREKIC bFGF, GDNF, VEGF, TGF-B
BEDEEEYMEZNRMERICRSIERE LU LA THRE
UBBB R = R I 2% E, BRERENPIEPHET LS LT
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MERZMBINMRORAEZ I 2REMEEINL TS
(Fig. 2)~22 FE|C, BBB HEGIHAE & iRilE, AU TV R
Atk 270707, filEAYKNYYIRZEHT—DOD
BREME T 2ERMmME L=y & (neurovascular unit: NVU) &
WSBEEARIES T, IhSsOMfgnBEERE /AR N—7
DR A AEIE TS, BBB BERICEE CTH B EEZISNT
W22 HAI$HEICE MBSk BBB RN MM, <Y
Nk, ZAMOYA MEZERBIIL, DF LRI TOEBENER
DFERR, FEETORERPEZ CNE TICHESD TE 20299,

BBB DgifE & I3

HO®REHEEFICE 2 BBB S &, OF 1~ v>ITg
VEHDORBETPHEETRSICK D AREEENMET UAKARE
@@ (paracellular transport) DIEMNZEL, MRICEEN
2R E AP ERIERICESYEL FIREENICEBAT
3iF, QEERTYIT TN Y EN UKD BBB #18
Z 1-#AREEE (transcellular transport) (T & 2 FRERIEA &
WS ZOD#FICKEIZND (Fig. 1), OO#FE T, M
ICEFEFN2HNEMEICEZENICERYT 28BS AP TNF-a,
IFN-y, IL-1B R E DREEMEY A ~ 14 > MMP-2 % MMP-9 73
EDOEEFEEMEN YA NI v I3 Vv EHDRIRETPY
WiixE &S| ZHRT T2, ERICEREFEIE O IR T I&EE
MNGZAERETELH D BBB BT 2 MNMEICT A b
Ve avEADEKETY, 747U /= YomENEH
BIMNRESINTED, LRMEBLE T BBB fRIc L 2i&iE
RAF OBARADREICAZ < EDZ., QOEFICDWT,
TYUY/EKIE, BBBEBMAKMERENDELHIHRES
(rolling), WEEHMEINDE LR (adhesion), MENIEEIC
U BN DA KRR = D8 (crawing), A ZEBZ
foRIREIRRE (migration) & WSUDDERY 5 7O A M
5720, VCAM-1 % ICAM-1, ICAM-2 72 & DEERFMNEEST
% (Fig. 1)272 VCAM-1 DU H > R & LT VLA-4, ICAM-1 D
UAYRELVTLFA DRIES N TWS, ICAM-1 [FEERIC
ARMEEREICHEE L TWSH, VCAM-1 [FFEIRETIEZAE
MEICRKIBA A SN, MOTFEDREEY A NA0 > OFRE
IC&hRBICIBML, REMISEICESYT %%, LRMEBL
FECRAGBEFHMREZRT 5 YT TIE VA4 CHT S
T/ 7 O—F AT VCAM-1VLA-4 DEEREZRET S &
TUYIIEROFRHREBEZTRAICEET 529, Crawing,
migration D FEM ST ERIZARBETH S, ICAM-1/LFA-1,
PECAM, IL-8, MCP-1, MMP-2/9 %2 ¥ DRBEEM A SN T W2,

£5—D20BBB ML LTI, BRFEEMNMEREELTIL
YINACR—R/, IK\—F VYUK, HEMRERZREES E O
BREMEE, CADASIL ¥ CARASIL 7 & OEGIENMEEE,
IMBTREHSNZ T VFANF—THD, FEZEMNICTIERYY
1 MK, ARMEOBER EEEOIEENRSSND. ~
YA NOBRPEEEEENT7 VXA /NF—%5| S IRE
DOEREEZ SN, BNOERSICK S MARET BBB FEidit
BN, MNLEBORDES|IERI T (Fig. 2)%0,
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IV TT®D BBB

IR & KRN T BBB HBEE LI L I TRIC L B &, EE T Y b
CSIYATPAYRN—TTSRILULEEREIOTYY G
(immunoglobulin G, LUTF IgG &R&EE), 7ILT IV, NGFiE
ERRFIRAICR S L, KRBT D BBB Z i8R IR E A&
BE BT 5 &, AR E /N TId BBB ERMEICERE GG -
feEBEINTVWSED, —AFT, YURZESMBEETILT
DR T3/ BBB # R FZAEAE < KX BBB HEEL IR AR &
ARTHA NI v >3 (claudin-1, occludin) DFIZH
m<, EBRET (VCAM-1/ICAM-1) OEIRNZ NI &hRES
nTED, NIHTO BBB #AEIE, KATOD BBBH#AEL D W
AIBEMEAYRE T W33, BBB e 59 2/ \BEBE & LT
I, BCREMEINKTE, %RGEME EEiE/I KK TE
DNHISNTWS, LRHEMETIE EROETICIHELU T, BBB
e E RIS 28R T IV T I VAV Ty I REIMY T4+ 3y

VEEHSEEEER (DCE-MRI) TOEFME OB RS
NZZENBESINTED, BBBIEIRDBESNRESI L TW
%% ZRFEMEVC/N—F VY URTIRa XU L1 V5E
EICE D HBRBHREENECZZENHMESNTVWBD, a VXY
LAV@ERVS M P72 MAOY A MIERBU TREEX T«
I—5—%ZzEAUVARMRRICERT S &Ik D, HiREiRE
M5 BBBIKAEICEIS 972, FEiC, BEEM/INKRBETH 2D
SCA3/MJD DEMIETIL, BIRBNDRETIE, /NXHUIMEEE
D ataxin-3 L&, Y1 hIYv >3 VERIET, fibrinogen i®
8, TN R 7)L— (evans blue) BE:BMIENAERINTH
D, ataxin-3 M BBB #AKMIE\DLEH BBB E@ Mt % 18
MEEZEEINREINTVSE, INSOHBEL SEREE
RETH > TH/NKHTD BBB I D 5N, MREANSD
EEYEOINARRAZS ISR L, #FREEEESIETW
SHHEENEZ 5N,

B SR /i &) K 3RE T D BBB T

T ECREM/INKTE TDRRAE & BBB e DS ICD
WTHR 3B,

TIVT > KRE

TINTVRAERNEICEEFNDZ VLT VDT )T IV
MEREOERE T DERMERETH D™, 70%ICE ~BIMEK
TR (HLA) type 1 DQ2 A'BH SN, B REMEFRIRESE,
1 BfERE, BETRUEBMAGEDECREEREEAHT
%09 K (45%) THREMBESEzEHL, NBEHRRR
ETIHMEEYER, 1gGindex, AY IV A—FJL/XY RTE
BHNRWEEHN S, BB MR TE 79%ICREH 2 WEHER

IZIS U T/ NINEED R I N D%, U7 I VTR U TG
WT%&VG%#EZ D, FEETMIE® TS, BMEASEE
{ftE N, occludin, ZO-1, claudin-1 MNSEBRE N Z/IETOR
BRAYT7—HigEERLL, JUTZIYVREPURSZEE
(lipopolysaccharide, LT LPS & BEEC) 72 & D KAEFEEYH
BEHNSMAICHRAT Y, MAICRALETUTIVIE T
TITIVIUR, i TV X)L =+ —+ (transglutaminase,
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BUF TG &REEE) 2 HifK, 1 TG6 MAREDEEEFEL, m
RTEBEERDY, B, MAICTALL LPS YIBEDIEMEX
EIC & bmAd IL-1, IL-6, IL-8, TNF-a DEMAFES h,
BBB e s 729940, Ffz, TG2 |& BBB #rARHIIEICHIR
LTHD, MIG2AKPLHIY 7YV RGENEE L, REES
K% TR L BBB H&AEEE % = 297940 $ERM(IC BBB IRIEN
TG6 FEDBMARAZFEL, MO T IL+ Y THICHKIRYT
% TG6 &RXERIG (cross reactivity) U/NMKFZE/-99. A
BELTIE, BT VBRI ESRIRTHD, BIILTVERIC
& DIEROBELETIFHIE SNBRWEE EERBEZER
95 B/IILTVBICEDERNFIFHEL, TLOEICED
FIHIM/EINTWVWBY, BFREE LU TIE IVIg FRANZHZ
HHTHD, WEIBEINTNDD,

GAD #HifABa5E |\ it SE B K FRAE

GAD AR E/N M ZEEBAFAEIF, MATHEAMDN
GAD6GS IiAN R S N B /NN EESKRBED—FETH
B4 FZED ZT ¢y T)8— Y VREREER E D/INNIEES)
KALANOERIEERZEH, H2Wd 1 BHERF IS MEFIRER
RIZEDMODECEREMEEREEHT DI EHH D999 KT
BERMRETIE, MBECEHIEIEETHD I ENZLN, IgG
index E&, AU ITo0O—+IL/NY RBE (69~73%), GAD
TR (83~100%) & BEREAND GAD MAREENTRE S 1,
BEEE MRl TIEBEISHEKICH U /WNERI S (43~
57%) ICRSH 5N 2. ZHEEAMDO GADES itk (BE
10,000 U/mi Uk, SRETH 2,000 U/mi L) #HERT &
THREIND. EAMO GAD IiEz2&63 2881, ARE
[CIFEFENRRV. GAD REEMGENE THD7ILY I VEL
SIEIMRENE D GABA # AT 2BET, MNYENE, B2
IE3%9 5. ¥l GAD FiiKIZRREZ D Z D in vitro EFT)L,
invivo ETILTIHEEAE N TR D, RZAANIFv—ETILT
I, 1 GAD Hiik(& GABA O EIIFIL, YUY T v K~
EDEPETILTIIEEERF D IgG 1 GADES I 2 E ./
VO—FIIEEREY 5 &, KAMST, NNMIEEEKHE,
RAEEREENHIRT 2949, §i GAD Hifkid/h@sFmEaL
GABA ZHIH I 2B IC/INIBAICEND A F 1 GAD6S &iEE
BRLE Nz GABA D/INIBAD )y i — Dk EE & IIHERAIA D8
EEWSD GADBS D#EEZEE L, GABA DIERAZ5| =ik
ZY. GABAEDRAMNTILY VB E WS EEEY F-
TRA%ziERIE, FILF Y IO ZFET 299, i1
GAD #ifATH 1 BUREIRIR, /INBMEEERAE, RT 1 v 7/8—
VU BEHETHREOIE N —TICENHZ I EMNREINTED,
T GAD FKDFURRAIAID Z= AT GAD FURIC & 2 HRRAEIR
DEFEESISRITEFEE U THASINTWNEDO, R
ICTFFES 231 GAD FLiAAVININICER 9 % 7z 6 (T Id BBB % @@
TEDENDH DD, GAD FIABDE/INXIEEEN K FRAE T BBB i
EHNELCZNCDOVNTIE, <N > THESTSEDEETH
CREELTERREEEATHD, XATOC R (&8O, /ULR),
Vig, MMIFRIWEE, SRMFIE VYEFIIITNEMHZWN
FHEAEDIN, BE5IN 2990 REREEENMEEINT
WaH, B UHRERBETERRT D LEFEVEL, FBICHE

D EN/NNEBOIET U RE TRRZRSB Ll Tia,
SBRRISHEDZ U W,

PCD

PCD RFESEREICL D BECRERENFR S /I\NEEZ =
g —HTHD, EEEEMREREEES CTEANEDL 2]
ICEATH 5. EEEEMIFIERFEEES A EREATR
ZENE T 2564, HRRREANELY F7ANRZENET S
MAEDZDICKAIE N, BEERDOEHEDLSDhigh risk
antibodies (MIFEMNIMEZRFT 25U A7 HUET 70% U LI
EiEEX &), @intermediate-risk antibodies (MIIERETER
ERHBITBHYRTAKT0~70% Ic BEESZEH), O
lower-risk antibodies (&' X 7 ik TEB A HEIFE 30% U T)
D=DICHES N2, BCREEINIEESKREICHS
9% “high risk antibodies” & U THEFERFTR Z 52549 231 Yo 1T
&, YL HU AR, HTCV2 4k, MR HUE, T Ma2 Hils, T
JUA, “intermediate-risk antibodies” & U T i@ RE IR IC KIE
9 %1 contactin-associated protein-like 2 (CASPR2) #ifE, #1
P/Q B voltage-gated calcium channel (VGCC) #ii&, “Lower-risk
antibodies” & U TH GAD65 Hitk L il REMRZ R I 1471
mGIUR1 4, #T SEZ6L2 HUiF, #T LGN ik, #T DPPX ifFh®
FEMBN~9 (Table 2). /INIEESIKFAEZ EFERETZES
FUARIE, BT Hu F4K, 31 Yo FiLdk, i Tr #iL4k, L RiFL4k, #1
CV2 #if&, #T mGIuR1 #71i&, GADG5 ik, 1 SEZ6L2 itk TH
%1)2)4)8)43)46)50)57).
—RMICHERATRRICH T 2HAL HIEE BB BEDS I,
[EEzEHL, REAEICNTIRIGERFZLL, FRIZFR
TH3. HRFENCHREEE THREZN U CHERESENE
AT, FARIARREICERENICIEZES LBVWEEZSNT
W29 INEEERIRE T ISHEUEN, EH LS, 1gG index
R, AVIT7O0—FIL\Y RBENFER SN, B MR TlE
AR IC I/ NINERD R WD, ZORABRIT/NNEEIETT
%% SRRV TIMESE S ARAENMAI NS &M%
WA, FREFRTESEFHRRBIF 42 H1AT, BCREREL
TIREBDSEEHMRERICLZ2DDONZ NV, REDOEE(IC
W BBRENEETHDH, Vg, A70O40 K (O, /VLR),
MPRWEE, VY FINT, REMHE (V70K T773
R) BREDREBENHIEREENTHD I EHHES N TW
%9 —AT, MERAICHT 2REI’GEE G2 EEL, B
BOEHNBWEBFLHTHRL, RBRBENDORIGENRIFT
HBIENZWN, FERAENRRICEENICESL, RBHE
BREDENMRICEENICHEET T ST, TOMEZHEY
SEENMEESNTVNE BEFEEL TR, AESNEES
TARIC & 2 B RBENKDOBRICEC THEREZED, T
LGN miEBGETHNIE, X704 REFRDE UTcaiagEy
HREREZ & 22V, JT mGIURT FfE P P/Q B VGCC Hifant
BHETHNIE RTO4R/IULR, fEI/O7Y Y, MmEEKiE
BREEM H2WEEAEDETERL, #aflithnidt
HAYRSA2ELTYIZARIATZ Z7IRIULA, UYYFINXT
AW S, B 55 ~58)

T Yo HUREGME PCD 13, 60 BRI DLEICIFRL, AR F
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Table 2 Anti-onconeural antibodies or autoantibodies associated with autoimmune cerebellar ataxia.

B CR& /I ES) R IRE (c & 1 2 IRANBIPIIRR D D F 1%

Autoantibodies associated with pure or predominant cerebellar ataxia

Anti-gliadin/Anti-TG2/Anti-TG6

Anti-GAD65 intracellular
Anti-mGIuR1 cell surface
Anti-SEZ6L2 cell surface
Anti-onconeural antibodies (high risk)

Anti-Hu intracellular
Anti-Yo intracellular
Anti-CV2 intracellular
Anti-Ri intracellular
Anti-Ma2 intracellular
Anti-Tr intracellular

gluten ataxia
anti-GAD ataxia
Anti-mGIuR1 encephalitis (ataxia)

subacute cerebellar ataxia

PCD: small cell carcinoma

PCD: breast, uterine, ovarian carcinoma
PCD: small cell lung cancer, thymoma
PCD: breast carcinoma

PCD: testicular, lung carcinoma

PCD: hodgkin lymphoma

Autoantibodies associated with cerebellar ataxia, but observed in different neuroimmunological disease other than autoimmune cerebellar

ataxia

Anti-onconeural antibodies (intermediate risk or lower risk)

Anit-P/Q type VGCC cell surface
Anti-DPPX cell surface
Anti-LGI1 cell surface
Anti-CASPR2 cell surface
Anti-glycine cell surface

Lambert-Eaton myasthenic syndrome
autoimmune encephalitis
autoimmune encephalitis
autoimmune encephalitis

opsoclonus myoclonus syndrome

Abbreviation) TG: transglutaminase, GAD65: glutamic acid decarboxylase 65, mGIuR1: metabotropic glutamate receptor, SEZ6L2: seizure-
related 6 homolog-like 2, PCD: paraneoplastic cerebellar degeneration, VGCC: voltage gated calcium channel, DPPX: dipeptidyl-peptidase-like
protein 6, LGI1: leucine-rich glioma-inactivated 1, CASPR2: contactin-associated protein-like 2 (Reference 1, 2, 4, 8, 43, 46).

=i, NEE IIEROSHMNBESNTNDEY, il Yo ik
M PCD B TIXINEEMARIC Yo #E (CDR2/CDR2L) DE(R
FERENZELIEMERICE N EREREERFZAE (human
epidermal growth factor receptor 2) DBEFEIBMNKE SN, &
BEALERICHT2REBINEEZERIEZ2ERNHZDTIE
EEZS5NTWS0 ] Yo HifkkEME PCD BE O ME VIS
BE IE CDR2 1S E CD8 FBIE T U >/ ERAMEIIL, Yo Hifk &
EBICTIF Y ITHEEZ5 ISR I I, K V/NEIT,
BHAMIAEIC & % CDR2 72 & D BB HRMRIERICK D CD4 Y
VIR RIES N, MEFENGAIL/N—THREICMEL,
CD8 B3t T MifahvEME b 5. B Mil3/EMEDEEIC &
DL Yo MEHELEST N D", BBB BB DWW T DM T
FIERIETETH 5HY, CD4 GIE T Mk CDS B T #lie,
B #ifan'H % 5 < VCAM-1 ¥ ICAM-1 7 EDEERFZN LT
BBB M S/N\BRICEAT 2 EBEIND. FIRATEE{LS
fc CD8 it T#ERE I )L v Tl = BEMNICKEL, $5
LM Yo FTRHRREAICEY D A ENIURMKEED 7L+ > Tl
fsteHB T2 T, IHESZZLIRFIEZISNTUL
3 (Fig. 3)5)63)_

Tumor cells Dendritic cells

CDR2 CD4* CD8*
<O1C)
CDR2L
® ©
ICAM1 @ @VCAMI
Endothelial

cells O %O ]

D4 @ oq CDR2
Cerebellum CD8* @@ % @
/7 - Granule cells

IFN-y / /
Purkinje cells

Peripheral

N

Granzyme B

Fig. 3 Mechanism of cell-mediated immunity in anti-Yo antibody-
associated paraneoplastic cerebellar degeneration.

Ectopic expression of CDR2 and CDR2L on ovarian tumor cells
triggers the activation of onconeural antigenspecific CD4+/CD8+
cells through anti-tumor immune response. These cells cross the
BBB through the adhesion molecules (VCAM-1 and ICAM-1) and
damage Purkinje cells expressing CDR2 in the cerebellum via the
mechanism of cross-reactivity due to molecular mimicry.

152 BEPRMHIRS | 2024 | 64535



B CR& /I ES KRR (c & 1 2 MRANBIPIIRR D D F 1%

Cerebellum

% Anti-P/Q type VGCC
Anti-GRP78

Tumor cells 1

Granule cells Purkinje cells

Fig. 4 Pathomechanism of paraneoplastic cerebellar degeneration and Lambert-Eaton myasthenic syndrome.
Glucose-regulated protein 78 (GRP78) and P/Q-type voltage-gated calcium channel (VGCC) are expressed on the surface of tumor cells and
GRP78 autoantibodies are produced by cross-reactivity with tumor cells (1). Binding of GRP78 autoantibodies to GRP78 induce increased blood-
brain barrier permeability through nuclear factor-kappa B (NF-kB) signaling (2), thus mediating the entry of P/Q-type VGCC autoantibodies into
CNS space (3) and leading to the damage of Purkinje cells and Granule cells (4). (Reference 67)
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Blood-brain barrier breakdown and autoimmune cerebellar ataxia

Fumitaka Shimizu, M.D., Ph.D.

Department of Neurology and Clinical Neuroscience, Yamaguchi University Graduate School of Medicine

Abstract: Autoimmune cerebellar ataxia is a disease entity that affects the cerebellum and is induced by autoimmune
mechanisms. The disease is classified into several etiologies, including gluten ataxia, anti-glutamate decarboxylase (GAD)
ataxia, paraneoplastic cerebellar degeneration, primary autoimmune cerebellar ataxia and postinfectious cerebellar ataxia.
The autoimmune response in the periphery cross-reacts with similar antigens in the cerebellum due to molecular mimicry.
Breakdown of the blood-brain barrier (BBB) could potentially explain the vulnerability of the cerebellum during the
development of autoimmune cerebellar ataxia, as it gives rise to the entry of pathogenic autoantibodies or lymphocytes into
the cerebellum. In this review, the maintenance of the BBB under normal conditions and the molecular basis of BBB
disruption under pathological conditions are highlighted. Next, the pathomechanism of BBB breakdown in each subtype of
autoimmune cerebellar ataxia is discussed. We recently identified glucose-regulated protein (GRP) 78 antibodies in
paraneoplastic cerebellar degeneration and Lambert—Eaton myasthenic syndrome, and GRP78 antibodies induced by
cross-reactivity with tumors can disrupt the BBB and penetrate anti-P/Q type voltage-gated calcium channel (VGCC)
antibodies into the cerebellum, thus leading to cerebellar ataxia in this disease.
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