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Ay b 70y MEZWZZE Y ANESURRE Z X 2 FrEs ik N SRR AE B O eI AT

RPURIAE AT APUREEE [P~ 7 R/ N H SR PT R Bk
(LT, ¥~ o A/NbiE e i) LEERL T, BEMEICH
T % ZORNAETHCHEOFG LML &) Lilasz. &
M &Y RFEEO B OIUE b &0 CEIEMIC R Bk %
FHEiCE S L E R £ 2T, U AMEUARA (anti-
mouse cerebellar tissue-derived antigen antibody test) D& F &
RIEHEEA RO % FEA L, AICA %, PACA BE DR
FERHEANR T B 2 LM EOFAM LA L. &5
(A DRI & OPEHRIRIZ OV T b e CTHES L7z

MR - Hik

KIFFE % EATT HI2472 0, RGIERRFEHREEI & % &GE
B, NVY X EFOMHEEEIZE S THIRRHE~NDS
MAZEzEONEZ G E LCHERL RRBES
H-171, 7&#H 2017 4-6 7 8 H). By ERIL, HEIEFK
FEMERTE X THEAR - R/ T, R %E
BRALANIZHE > CTHME L 72 (KE8F 5 © P17-15, P18-31,
P19-10, #AFEH 2017 44 A 24 H, 2018 4F 4 7 13 H, 2019
#5H21H).

AWEFE PR IRBR PR, 1 GAD Bifk, $t7) 72 U8t
R, B UL transglutaminase 6 (TG6) Fufh % [ /%3 E RS
HEOPUER] EERLZ. ZNo0H b, 7)) 7Y Uitk
1% anti-gliadin IgA ELISA kit 2 O'[d] IgG ELISA kit (Orgentec
Diagnostika, Mainz, Germany) ¥ 72 anti-DGP IgA kit % U°[H]
IgG kit (Orgentec Diagnostika, Mainz, Germany), ¥ 72$t TG6
LK1 neuronal transglutaminase (TG6) ELISA kit (IgA) &
U°[A] ELISA kit (IgG) (Zedira, Darmstadt, Germany) % Fi\»
THIsE L7z, PUHRIRBTE (BUHRIR OV 4 F 2 5 — B HUE,
A a a7 YEAR), $itGAD Uk, KU ZEofoET
PUR (FUEPUER, Lo ) €Uk, P g
&, BUSS-A ¥ifk, HUSS-BHUEK, #Lss-DNA HiLfkz% &) DMl
EIIMRA ST AT — V)V (SRL, Tokyo, Japan) [ZZ&FE L 72

x5 2005 47 5 2016 4 F TOMMICHITERKFAE
FEHEY v & — RRENE % 23 U 7N ) S B
(R EHE, BCEREMEVEEE, HEEsE, 7=}
A VAREZEER) ©H 5, NEIGEREE Chk £ 7
3o B CHUAE A B, human leukocyte antigen (HLA) %
A ¥y 7T DRA Bl &, ST O/ NGB B IR E A3 58
bIl, RIERENTON 256 TH L. kO=ZoDHkiER
Wiz L7k SIRIBGHEDPERTH B LI L, AICA L&
WrL7z. 1) SR OBATEE IR 3 5 E 1 RS B) SR ET
iR EE (ICARS) 752 MUALEE L7z, & 2 I3 KFRMEAAT
PO 2IEGEELE X, 2) 17 AU R R, $72
BFREDPERNIZ 7L &, 3) BENOREIHEORE
TRl c L & 25 BIOFIERIRIE, RIZGHRAR) 18 B, HE
B7BITHosz. HRGIZHS) 7Y PR, $TG6 HUE,
= JIATHT GAD $UE D W3 231 Tdh 1Lid AICA &2l
L, N5 OHRDFED b N WA id PACA L3 L7,
T/, BWOBEEOSEE L CHER SEHEEND L DI
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Tl RWVDS, Bl RIERRORNROREEE, S, BEMIC
definite, probable, possible (Z734H L7z, $iL~ 7 A/NEPUED
WETIX, C57BL/6N ¥ A (M, 103H#s) (SLC, Shizuoka,
Japan) ZIEFRAT NIV U4+ IF VS A+BART NV T 7
J = VIREESRIET, B L) 288, MR
L, v ¥ —RKEIFAHF—%H T 1mMEDTA, 10 mM
Tris-HC1 (pH 7.5) M U protease inhibitor cocktail (cOmplete
Mini; Sigma-Aldrich Japan, Tokyo, Japan) % & % 250 mM
sucrose KB T 10% (w/v) REI A — bR 2
ZIZERED 2.7% (v/v) SDS KB ZIRIL, BE AR,
L 0GEE (100,000 X g, 60 437, 4°C) THELNZz EEE~Y
ZNEG S oSy AR L Lz RIS~ Y AN BLA R A
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Fig. 1 Detection and scoring of antibodies against mouse
cerebellar tissue-derived antigens by slot blot.

Cerebellar proteins of mice were absorbed at amounts of 500
ng/slot, 167 ng/slot, 56 ng/slot, 19 ng/slot, and 6 ng/slot on a
polyvinylidene difluoride (PVDF) membrane. For the negative
control, only solvent was absorbed by the PVDF membrane. The
PVDF membrane was blocked with tris-buffered saline with Tween
20 containing 5% skim milk for 60 minutes and then incubated with
patient serum for 60 minutes and horseradish peroxidase-labeled
anti-human IgG antibody for 30 minutes. After measuring the
antibodies against mouse cerebellar tissue-derived antigens by
chemiluminescence, the negative control slot value was subtracted
from the measured values of slots with absorbed cerebellar proteins
from mice. If the subtracted value was positive, the primary score
was determined on the basis of the amount of protein in the slot
(500 ng/slot, 1 point; 167 ng/slot, 2 points; 56 ng/slot, 3 points;
19 ngyslot, 4 points; and 6 ng/slot, 5 points). If the value was not
positive, a score of 0 points was assigned. The highest primary
score was recorded as the patient’s final score. For example, if the
measured values were 100 at the 500 ng/slot, 80 at the 167 ng/slot,
60 at the 56 ng/slot, 40 at the 19 ng/slot, 15 at the 6 ng/slot, and 20
at the negative control slot, the subtracted values were 80 at the
500 ng/slot, 60 at the 167 ng/slot, 40 at the 56 ng/slot, 20 at the
19 ng/slot, and —5 at the 6 ng/slot. The patient’s final score was 4
points because the subtracted value of the 19 ng/slot was positive,
but that of the 6 ng/slot was negative. MV, measured value; SV,
subtracted value; PS, primary score; and FS, final score.
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Oy b7ay MECLDBIE L, A — )V THRILE L 7
polyvinylidene difluoride (PAF, PVDF kL #&GE) fix Ny b7
oy %— (Aav k% A7) (Sanplatec, Osaka, Japan) |ZZE75
L, TAEL =8 —TWEIL b ~T A/MNKS /87 Bl
WE£EAT Y MIEALZZ, 20 & & PVDF EICIRE S €2
% vy Bw% 500, 167, 56, 19, 6ng protein/slot & 5 B¢
WCREEL, T2, B E LTr vy Bia 2 EA L
7z (Fig.1). 2o 1#6 Aoy b (0~500 ng protein/slot)
57 % PVDF B %, 5% (wiv) AF A 3I)V27 T60 457
M7y x>y 7Ltk BEIME (IgG gk & LT 370 ng/ml)
& 6047, 512 HRPfE#kPLL © IoG ¥k (¥ /87 iRk
& LC63ngml) (SeraCare Life Sciences, MA, USA) & 30 45
M, WINLER TS SEZ. PUERAEEGROBREIZIE
ImmunoStar LD (Fujifilm wako pure chemical, OSAKA, Japan)
% vy, LumiCube Plus {5 FJ65THH#% (Liponics, Tokyo,
Japan) THIEHEEZMEL /2. A0y FOHIEME (measured
value: MV) 7225 BEMERoOMNEE*EZ L&, ZOH
(subtracted value LT, SV L E&GFE) HSIEDETHILIE Y X
7 BB\ U 72— kA5 5 (primary score: PS) % 7td% L (500 ng,
14 ;167ng, 2 1 ;56ng,3 % ; 19ng, 4 1 ; 6ng, 5 ), &
0% O I A O #4545 (final score LT, FS & B
FL) & L7 =, WO SV A IEDEE IS b o 12 A
IEFS % 0 & L7z (Fig. 1). BAIMTE KU HRP &i#kdie b
IgG PUiR DM IO W T, FENCIER b b ImiE 2 v
TME AT, Thbb, EHE ML LT Pooled
Human Complete Serum (Innovative research, MI, USA) & O
Human Serum Normal donor UID565652 & U% UID548093
(BioreclamationIVT, NY, USA) % H\WC, Wi oliETd FS
BOmERBEMLE LT

PUAHAL & SRIERIE AR OB, Fisher O IEMERE T
FH L7z, SIEEER & A BRSO b AR,
receiver operating characteristic (ROC) &I & V) 4T L 72,
S HIZH~ T AN TR R A & o PR R A O ML
Fisher O IEMERE CRFM L 72, #EAH#HTY 7 & LT JMP Pro
15 (SAS Institute Japan, Tokyo, Japan) % H\>, 95% DASHEE
(P<0.05) #LLCRaI AR E AR L.

& R

X5 25 BIDFEMINZ DWW C Table 1 1278 L7z, SRIEIRRARD
(X 18 19, ERIE 7 B, FRIRESRE 0.72 TH Y, RIEHHED
e EHBIDTRED & - B CPUEMR AT X 22 A2 > 72 (Table 2).
9 IEFR OB~ 7 ZA/NRBUEZ EIE L, Fig 112D wie
AR (LUF, SR Egst) %5272 (Table3). D ELC
FARRISH y A TEEREL, Jiv v A/NEIUR R & R
TEIG RN R O % Fisher O 1IEHEH] % CaFfili L7z (Table
4). F1v MF 7R 2 BRI B B~ AN R A
E RPN RIA B LD RD b

D E P~ Y AN & /N S R E B CE
BEOHHZEE G L. & ToMAEEEHE LR,

BRI 625275 (2022 :2)

Q) T~ Z/NRSUERA 721330 GAD Ui ED &6 5
P CTHES B S U] (Table S1), (i) [~ 7 A/
PR F 7213070 7V ViR (IgA 7 5 &) HED &
B 50 THUE A S US| (Table S2), Gii) [Hi~
Z/NRPUARRRAS F 721350 TG6 Btk (IgA 7 9 R) WED&H
B CHURA R & NALIEH ] (Table S3), (iv) [HL~ v A
AN F 721340 GAD UM F 2213t 7Y U B
fk (IgA 7 5 A) BEO TN THAAEL M S b
(Table S4), (v) [Hi~ 7 A/NEPUAMRE F 7213 BT GAD Pifk
A F 7P 79 vk (IgG 7 9 A) BEOWT)
THUAD e & UL ] (Table S5), (vi) [HL~ 7 A/
PUABAr £ 721390 GAD Pufiiedr £ 721330 TG6 Hitfk (IgA 7
T A) BMEOWT N THEDSHIE S U] (Table
S6) DHEBIZBWTCHRIEREN R L AELMHE»ED N
7o. =, i ANBTURRE B L 2 WiE i, we
NOMAETIZB VT RIERFRI R L BRI RD S
ol (F—7E0E).

DXL~ 7 A/NRPURBA AR OE () A5 (vi)
DHFFIZ DT ROC MR CRAT L, iz v b+ 7HIC
BT 5 AUC, Youden’s index, [XE, HF¥E HBYEILELL,
BEEIUEE T, WA RS ORI R Okt B oF
BRI L7z (Fig. 2, Table 5). @7z 71 v b+ 7,
THEDIC2HTHo72. AUC ORERTIE, 7THEICHE 2%
EERD SN o 7.

AR, Pi~ 7 ZA/PETURSA & o Bk o+ B % 57
filiL7z. $i~ o A/NEHURAEE D 7 v b A T E 2 SCEHI
ThHE, i~ ANREUEREE 14 %0 9 bR RIRBUE
EE 259 % (64.3%), $L GAD $LIRREEED 2 44 (14.3%),
BTV bR (gA 7 5 A) g 44 (286%), T
7TV ik (G 7 7 R) BtEE» 04 (0.0%), L TG6
itk (IgA 7 5 A) BptEg75 14 (7.1%), PiTG6 Hitk (IgG
77 A) BHER0LH (0.0%) Thotz (Fig.3A). i~ 7~
ANEUR TS 11 4T, PURRIRPURR &2 4 %
(36.3%), ¥l GAD HUER & 14 (9.1%), 7)) 79~
pifk (gA 7 5 A) BB 3% (27.3%), L) 72 vt
fh (IgG 7 7 R) bElk&E» 44 (36.4%), Pt TG6 bifk (IgA
79 R) BHENP1L (91%), FLTG6 ik (IgG 7 F &)
Bt 250 4 (00%) THo7: (Fig. 3B). Fisher LA
TEORER, Fu~ A/NMIEMAE LBt ) 72 v bk (IgG
75 AL) MAEIZHERAOHMNE® 517 (Table S7).
ZNLUANOFURRA N IL~ 7 A/ NRPUERRTE & A& R A
BOSNLDo 1.

Z =B

TAZINE T, EATHNERTIRE S S S L 7B,
P T Y B, $UTGe Bk, HUHIRIRGUAE, HUGAD Bt
K& /MM EHBE PR L 3 L, 2o MENTH -
THHMEDHE, AICA, PACA##BLTBH2IToTA
7. AICACTIRCNOLOHCHATEEL CRIBEINSZ L
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Table 1 Patient characteristics.
Age of onset Walking ability Cerebellar  Positive autoantibodies
Case  Sex iie at therapy Other symptoms and disorders atrophy and other findings HLA CSF Immunotherapy Diagnosis
1 F 74 Able to walk unassisted, Marked NAE-Ab, Tg-Ab, Cells: 1/ul IVIg effective PACA
Wide based gait, TPO-Ab P: 49 mg/d! Definite
80 Hashimoto’s disease,
Hypothyroidism
2 F 60 Unsteadiness but able to walk Mild DGP-Ab (IgG class), Cells: 1/ul IAPP ineffective,
unassisted TG6-Ab (IgA class) P: 32 mg/d! 1VIg ineffective,
68 Steroid therapy ineffective
3 F 54 Unsteadiness but able to walk Not clear TPO-Ab ND 1VIg effective PACA
unassisted Definite
54
Multiple mononeuropathy
4 M 59 Able to walk with assistance Marked RE TPO-Ab Cells: <1/l IAPP effective, PACA
P: 52 mg/d! 1VIg effective, Possible
65 Methylprednisolone pulse
therapy effective
5 F 77 Unsteadiness but able to walk Mild DGP-Ab (IgG class), Cells: <1/ul Gluten free diet effective, AICA
unassisted, Wide based gait DGP-Ab (IgA class), P: 61 mg/d! Methylprednisolone pulse Probable
78 Dysarthria, Dementia TPO-Ab therapy effective
6 F 46 Unsteadiness but able to walk Not clear DGP-Ab (IgA class), Cells: <1/ul Methylprednisolone pulse AICA
unassisted SS-A-Ab P: 26 mg/d! therapy (half dose) effective Possible
43
7 F 64 Able to walk unassisted, Mild Tg-Ab, DR4  Cells: <1/u 1VIg ineffective,
Wide based gait, TPO-Ab P: 45 mg/dl Steroid therapy ineffective
76 Ulcerative colitis
8 F 76 Unsteadiness but able to walk Mild AGA (IgG class), Cells: <1/ul IAPP ineffective,
unassisted Tg-Ab P: 38 mg/dl IVIg ineffective,
77 Steroid therapy ineffective
9 F 67 Able to walk with assistance Moderate ANA, ND IVIg effective AICA
TG6-Ab (IgA class) Possible
81
10 F 47 Able to walk unassisted, Mild AGA (IgA class), ND Methylprednisolone pulse AICA
Myoclonus, P-ANCA, therapy effective, Possible
50 Hyperreflexia, RF Oral prednisolone therapy
Numbness in whole body effective
11 F 36 Unsteadiness but able to walk Not clear B51  Cells: <1/ IVIg ineffective,
unassisted, P: 54 mg/d! Steroid therapy ineffective
40 History of optic neuritis
12 F 64 Able to walk with assistance Mild AGA (IgA class), DR4 ND IVIg effective AICA
Vitamin B12 deficiency AIF-Ab, Probable
76 GAD-ADb (high titer),
TPO-Ab
13 F 51 Able to walk unassisted, Marked DGP-Ab (IgA class), ND IVIg ineffective
Wide based gait ss-DNA-Ab,
60
14 F 79 Able to walk with assistance, Marked NAE-Ab, ND IVIg ineffective,
Dementia Tg-Ab, Methylprednisolone pulse
81 TPO-Ab therapy ineffective,
Oral prednisolone therapy
ineffective
15 F 54 Able to walk unassisted, Moderate DR4  Cells: <1/l IVIg effective, PACA
Wide based gait P: 41 mg/d! Repeat administration was Probable
59 necessary
16 F 71 Able to walk with assistance Marked DGP-Ab (IgA class), Cells: 1/ul 1VIg effective AICA
Idiopathic thrombocytopenic PA-IgG, P: 43 mg/dl Possible
87 purpura RE
TPO-Ab
17 F 59 Able to walk unassisted, Mild RF Cells: <1/ul Methylprednisolone pulse PACA
Wide based gait P: 35 mg/d! therapy effective Possible

61




62 : 116 ERRHIES  62%2% (2022 2)
Table 1 Continued.
Age of onset Walking ability Cerebellar  Positive autoantibodies
Case  Sex éie at therapy Other symptoms and disorders atrophy and other findings HLA CSF FS Immunotherapy Diagnosis
18 F 40 Unsteadiness but able to walk Mild ss-DNA-Ab, DR4  Cells: <1/ 5  Methylprednisolone pulse PACA
unassisted Tg-Ab P: 34 mg/d! therapy effective, Probable
40 Oral prednisolone therapy
effective
19 F 7 Able to walk with assistance, Not clear AGA (IgG class) DR4 ND 0 Steroid therapy ineffective
Epilepsy,
50 Myoclonus
20 M 68 Able to walk unassisted, Mild AGA (IgA class), Cells: 1.3/l 5 Oral prednisolone therapy AICA
Wide based gait Tg-Ab, P: 45 mg/d! effective Possible
75 Polyneuropathy TPO-Ab
21 F 75 Able to walk unassisted, Marked Tg-Ab, DR4  Cells: 1/ 5 IVIg ineffective, PACA
Wide based gait, TPO-Ab P: 63 mg/d! Methylprednisolone pulse Probable
77 Dementia, therapy effective,
Parkinsonism Oral prednisolone therapy
effective
22 M 41 Able to walk unassisted, Marked S-GAD: <0.3 U/m/ DR4  Cells: 1/ 5  IVIg effective, PACA
Wide based gait C-GAD: 0.8 U/m! P: 28 mg/d/ Oral prednisolone therapy Probable
55 effective
23 F 77 Able to walk with assistance Mild AGA (IgA class), ND 0 IVIg effective, AICA
Sjogren’s syndrome, DGP-Ab (IgA and IgG IVIg was necessary for every Possible
84 Basedow’s disease class), half a year
SS-A-Ab, SS-B-Ab,
RE TPO-Ab
24 F 41 Able to walk with assistance Marked S-GAD: 3.0 U/ml, DR4  Cells: <1/ 1 IVIg effective, PACA
C-GAD: 1.2 U/m/ P: 27 mg/dl Oral prednisolone therapy Probable
52 TPO-Ab effective
25 M 29 Able to walk unassisted, Marked DGP-Ab (IgA and IgG DR4  Cells: <1/ul 5 Gluten free diet effective, AICA
Wide based gait, class) P: 39 mg/d! 1VIg effective Definite
61 Diarrhea, Dementia, S-GAD: 1.6 U/m/
Epilepsy

AGA: anti-gliadin antibody, AICA: autoimmune cerebellar ataxia, AIF-Ab: anti-intrinsic factor antibody, ANA: anti-nuclear antibody, CSF:
cerebrospinal fluid, C-GAD: anti-glutamic acid decarboxylase antibody in cerebrospinal fluid, DGP-Ab: anti-deamidated gliadin peptide antibody,
FS: final score of anti-mouse cerebellar tissue-derived antigen antibody test, GAD-Ab: anti-glutamic acid decarboxylase antibody, HLA: human
leukocyte antigen, IAPP: immunoadsorption plasmapheresis, IVIg: intravenous immunoglobulin, NAE-Ab: anti-NH, terminal of alpha-enolase
antibody, ND: not detected, P: protein, PACA: primary autoimmune cerebellar ataxia, PA-IgG: platelet associated immunoglobulin G, P-ANCA:
perinuclear antineutrophil cytoplasmic antibody, RF: rheumatoid factor, S-GAD: anti-glutamic acid decarboxylase antibody in serum, SS-A-Ab:
anti-Sjogren’s-syndrome-related antigen A antibody, SS-B-Ab: anti-Sjogren’s-syndrome-related antigen B antibody, ss-DNA-Ab: anti-single
stranded DNA antibody, Tg-Ab: anti-thyroglobulin antibody, TG6-Ab: anti-transglutaminase 6 antibody, TPO-Ab: anti-thyroid peroxidase

antibody.

b4, RWERIZBWTLH ) T yHEBME 11 FlF 5
BISHLH R UERETH ), $L GAD Bk, o) 7~
Pk, BUHARBILAES T X CTHEEOE S & F Tz,
Hadjivassiliou 5%, 70V 7 ¥ SLHRIED 40 Arh 16 A (40.0%)
AL GAD LRI ETH D, VT EEfTo72 11
B 10 B THL GAD HUEDEEAL L7278, #2707 v BIGE
AT %o 72 5 BITILPL GAD Puikflilc 22 % 2o 72 2
NS, Bl GAD HUR B /MM IGEREE & 7OV 7 v JRE 1L E
BLIYBZE, FRFAUEEARY b ATHDLHEEDSD
% LIRH L T\Vv2Y. SR A CREERE 2 8L, BT R
HRERRINTE, HOMEMERIRER, 1 BERSE, TR
R TE, EEMEIE, £V 7 v 7R b 2 A L%
ERLAGE L EREINTVEY, Lo 3 PRI E#EST %
B3 A (HCREERREEE, 1 BRRE, )7 v
7)) BEENTWD, TNRFETIE, PMNEREEZET LS

Tt B TSR AR R 1L 18 Bl S TB Y 6 Pl SHIEIRE
AT A BNAR TH - 720, LR E e fEe 2 1
|3 HLA-DR3, DR4 & O\ BEDHE S T 59. LLlo
XA, N E) L FRE IS B A BLFUIRIRHLIE, BT GAD
ik, 7)) 7Y vk oS0 3%, ToEHIIO
WTIREAHEZTE S D H 208, e 2 EAMMTH-TH
AICA, PACA # IR 20 DEEL B~ — 7 — &
BN DLEEZLNL, INLOIRNE B E 2 TRIIZETIZ,
PUHURBRPUIR, $UGAD Bk, #7707 A4k, L TG6 Bt
fhx [VNRRTEREA ChUR] LERL, o5 %E [/MEE
FRAE RS H TR F 7213t B TR B, HLA 4 4 K>
27T DR4 M5tk 7e &, SRIERET /NN I S B) 26 R E DB b LR
ERIED TN 25 6] & L7z

PU~ 7 ANPGRS s SR & SR IR R R S o T 1k &
Fisher ® IE#EHE TEFMi¢ 5 &, Ay b+ 7772 AL ET
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Table 2 Correlation between immunotherapy effectiveness and each antibody test.
o Effect of immunotherapy Fisher's
Inspection item Judgement + test
Ineffective Effective exact tes
Anti-thyroid antibody Negative 4 8
o P =0.673
Positive 3 10
Anti-GAD antibody Negative 7 15
.\ P =0.534
Positive 0 3
Anti-gliadin antibody (IgA class) Negative 6 10
& v e gt P =0.355
Positive 1 3
Anti-gliadin antibody (IgG class) Negative 4 17
& vie g' . P =0.053
Positive 3 1
Anti-TG6 antibody (IgA class) Negative 6 17
- P = 0.490
Positive 1 1
Anti-TG6 antibody (IgG class) Negative 7 18
Positive 0 0
Autoantibodies associated with cerebellar ataxia Negative 1 3 P = 1.000
Positive 6 15 o
Autoantibodies other than those associated with Negative 7 15
: P =0.534
cerebellar ataxia Positive 0 3

GAD: glutamic acid decarboxylase, TG6: transglutaminase 6. Autoantibodies associated with cerebellar ataxia include anti-thyroid antibody,
anti-GAD antibody, anti-gliadin antibody (IgA class), anti-gliadin antibody (IgG class), anti-TG6 antibody (IgA class), and anti-T'G6 antibody (IgG
class), while autoantibodies other than those associated with cerebellar ataxia include anti-intrinsic factor antibody, anti-nuclear antibody, anti-
cardiolipin antibody, anti-NH, terminal of alpha-enolase antibody, perinuclear antineutrophil cytoplasmic antibody, anti-SS-A antibody, anti-SS-B
antibody, and anti-ssDNA antibody. Positive criteria for anti-thyroid antibody: anti-thyroglobulin antibody =28 IU/ml or anti-thyroid peroxidase
(TPO) antibody =16 IU/ml. Positive criteria for anti-GAD antibody: anti-glutamic acid decarboxylase antibody in serum (S-GAD) =1.5 [U/m! or

high titer of anti-glutamic acid decarboxylase antibody was detected.

Table 3 Patient score distribution according to the anti-mouse
cerebellar tissue-derived antigen antibody test.

Number of patients with each score

Score

Ineffective Effective
immunotherapy immunotherapy
0 1 1
1 6 3
2 0 4
3 0 0
4 0 1
5 0 9

&\ ZAHRE 25388 57z (Table 4). ROC Hi#RIZ & 2 T C
i, RSy METEIX2 B THo 7 (Fig. 2). wtHEE
DOFEHHEHEIL 0.72 TH o 7225, i~ 7 ZA/NEPLERED 71 v
M 7% 2 LT 5 LA TS OFEHESRI 1.00 TH
DBRIFCH o7z ZOREPSHMBREBEEIIBNTIE, BIER
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S2), (i) ¥ TG6 itk (IgA 7 5 2) ¥ & OO (Table
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H (Table S6) 2B\ THRIZEFIR E OFE L AAB RO
b7z, ROC H#E o AUC HECTlEH~ 7 A /NPT g A7 B
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&, Yoy ANPUARE R S () (ZARRE, BYLE
I, BHBRZEOFBEEIENTEY, (v) 1Z&E, BHL
I, BHEEORERMERISEN TV (Table 5). FF12,
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Table 4 Correlation between immunotherapy effectiveness and a positive anti-mouse cerebellar tissue-derived

antigen antibody test.

Positive criteria: Anti-mouse cerebellar tissue-

Effect of immunotherapy

. . . Fisher’
derived antigen antibody test score exceeded the Total S tet St
reference score. Ineffective Effective exact tes

. Frequency 1 1 2
Negative
Percentage 50.0% 50.0% 100.0%
1 P =0.490
. Frequency 6 17 23
Positive
Percentage 26.1% 73.9% 100.0%
. Frequency 7 4 11
Negative
Percentage 63.6% 36.4% 100.0%
2 P < 0.001
. Frequency 0 14 14
Positive
Percentage 0.0% 100.0% 100.0%
. Frequency 7 8 15
Negative P t 46.7% 53.3% 100.0%
Referen ercentage 7% 3% .0%
eference P =0.020
score . Frequency 0 10 10
Positive
Percentage 0.0% 100.0% 100.0%
. Frequency 7 8 15
Negative
Percentage 46.7% 53.3% 100.0%
4 P =0.020
. Frequency 0 10 10
Positive
Percentage 0.0% 100.0% 100.0%
. Frequency 7 9 16
Negative
Percentage 43.8% 56.3% 100.0%
5 P =0.027
. Frequency 0 9 9
Positive
Percentage 0.0% 100.0% 100.0%
Frequency 7 18 25
Total
Percentage 28.0% 72.0% 100.0%

%. GAD 2134 F = 65,000 (GAD65) & 67,000 (GAD67)
DZODTA VT +—A0HHNTEY, GAD65 & 1 BIEIR
RN RFIE 12 B 2 RS REOFE BN TS S
A0 HL GAD67 FUA DI S NN EFRIER A T 4 v 7
8= MEFEREORER B RE STV DY, w7 Z/MEOE
ERT AT 4 —2hlE GADB7 THLH I L0059, <7 AW
oy B Rl o ANEPURSR A T, $it GAD67
PUR ORI DSTTRE & 7 5 —77, $1 GAD65 ik & 155 1M
TERWIREED S ), P~ 7 ZA/NRPUABAI2HT GAD #L
EEZPFHT L IIFEREEZ N T2, 7T
DrPuk (IgA 7 9 R) MAICHHABIR AT &7z B &
LT, AR~y A/MMEbiagd <t B Ok omtiic
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72 (Table5). L7zA5>C, #7707 Y v hifk (IgG 7 T R)
WA e OSHL TG6 Hiulk (IgA 7 5 ) #dsi, i~ 2/t
AT BRI Z L WEELSN. LA LR
5, NBRBEIZBT LI 7Y ik (g6 7 5 A) Btk
Hixas, PTG Pk (IgA 7 7 R) BE&EIZ24THD,
B D 2 b % 155 IIERIE Z B L 22E T
b5,
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== Anti-mouse cerebellar tissue-derived
antigen antibody test (AUC=0.88)

== (i) Anti-mouse cerebellar tissue-derived
antigen and anti-GAD antibody tests
combined (AUC=0.90)

== (i) Anti-mouse cerebellar tissue-derived
antigen and anti-gliadin (IgA class)
antibody tests combined (AUC=0.87)

(iii) Anti-mouse cerebellar tissue-derived
antigen and anti-TG6 (IgA class) antibody
tests combined (AUC=0.79)

(iv) Anti-mouse cerebellar tissue-derived
antigen, anti-GAD, and anti-gliadin (IgA
class) antibody tests combined (AUC=0.89)
== (V) Anti-mouse cerebellar tissue-derived
antigen, anti-GAD, and anti-gliadin (IgG
class) antibody tests combined (AUC=0.67)
(vi) Anti-mouse cerebellar tissue-derived
antigen, anti-GAD, and anti-gliadin (IgA
class) antibody tests combined (AUC=0.82)

0.00

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

1-Specificity

Fig. 2 Receiver operating characteristic (ROC) curves and areas under the curve (AUCs) were determined to assess the ability of antibody

tests to predict the effectiveness of immunotherapy.

Seven ROC curves are shown, including the anti-mouse cerebellar tissue-derived antigen antibody test (red), (i) the anti-mouse cerebellar

tissue-derived antigen and anti-glutamic acid decarboxylase (GAD) antibody tests combined (dark green), (ii) the anti-mouse cerebellar tissue-

derived antigen and anti-gliadin (IgA class) antibody tests combined (blue), (iii) the anti-mouse cerebellar tissue-derived antigen and anti-

transglutaminase 6 (TG6) (IgA class) antibody tests combined (orange), (iv) the anti-mouse cerebellar tissue-derived antigen, anti-GAD, and

anti-gliadin (IgA class) antibody tests combined (light green), (v) the anti-mouse cerebellar tissue-derived antigen, anti-GAD, and anti-gliadin

(IgG class) antibody tests combined (purple), and (vi) the anti-mouse cerebellar tissue-derived antigen, anti-GAD, and anti-TG6 (IgA class)

antibody tests combined (yellow). The corresponding AUC of each ROC curve is given in the legend. The corresponding sensitivity and

specificity at the optimal cut off value of each ROC curve are given in the figure.
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Table 5 Area under the curve, optimal cut off value, Youden’s index, sensitivity, specificity, likelihood ratio, and posterior probability for each
inspection method.

Likelihood ratio Posterior Probability
I " thod AUC Cutoff  Youden’s Sensitivit Specificit
nspection metho value index ensivity peciicity Positive ~ Negative Positive ~ Negative
test test test test
Anti- bellar ti -
Hmouse cereberiar hssue 0.88 2 0.78 0.78 1.00 +oo 0.22 1.00 0.36

derived antigen antibody test

(i) Anti-mouse cerebellar tissue-
derived antigen and anti-GAD 0.90 2 0.83 0.83 1.00 + o0 0.17 1.00 0.30
antibody tests combined

(i) Anti-mouse cerebellar tissue-
derived antigen and anti-gliadin 0.87 2 0.75 0.89 0.86 6.22 0.13 0.94 0.25
(IgA class) antibody tests combined

(iii) Anti-mouse cerebellar tissue-
derived antigen and anti-TG6 (IgA 0.79 2 0.64 0.78 0.86 5.44 0.26 0.93 0.40
class) antibody tests combined

(iv) Anti-mouse cerebellar tissue-
derived antigen, anti-GAD, and anti-
gliadin (IgA class) antibody tests
combined

0.89 2 0.80 0.94 0.86 6.61 0.06 0.94 0.14

(v) Anti-mouse cerebellar tissue-
derived antigen, anti-GAD, and anti-
gliadin (IgG class) antibody tests
combined

0.67 2 0.46 0.89 0.57 2.07 0.19 0.84 0.33

(vi) Anti-mouse cerebellar tissue-
derived antigen, anti-GAD, and anti-
TG6 (IgA class) antibody tests
combined

0.82 2 0.69 0.83 0.86 5.83 0.19 0.94 0.33

GAD: glutamic acid decarboxylase, TG6: transglutaminase 6, AUC: area under the curve.

A B

100

80

60

Antibody test positivity rates (%)
Antibody test positivity rates (%)

Antithyroid ~ Anti-GAD  Anti-gliadin  Anti-gliadin Anti-TG6 (IgA) Anti-TG6 (IgG) Antithyroid ~ Anti-GAD  Anti-gliadin  Anti-gliadin  Anti-TG6 (IgA) Anti-TG6 (IgG)
antibody antibody  (IgA) antibody (IgG) antibody  antibody antibody antibody antibody  (IgA) antibody (IgG) antibody  antibody antibody

Fig. 3 Stacked bar graph showing the proportions of patients with positive and negative results for various antibody tests, including the
anti-thyroid antibody test, anti-glutamic acid decarboxylase (GAD) antibody test, anti-gliadin (IgA class) antibody test, anti-gliadin
(IgG class) antibody test, anti-transglutaminase 6 (TG6) (IgA class) antibody test, and anti-TG6 (IgG) antibody test.
Patients with positive test results are indicated by a black bar, and patients with negative test results are indicated by a white bar. (A) Results of
various antibody tests among patients with positive anti-mouse cerebellar tissue-derived antigen antibody test results. (B) Results of various
antibody tests among patients with negative anti-mouse cerebellar tissue-derived antigen antibody test results.
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Abstract

Usefulness of an anti-mouse cerebellar tissue-derived antigen antibody test
in predicting immunotherapy efficacy in patients with idiopathic cerebellar ataxia

Takayuki Ohtomo, Ph.D.?, Sakura Ogino, Sayaka Yanai”, Sayaka Nakayama®, Risa Yajima”, Mayu Sugawara?,
Junji Yamada, Ph.D.?, Hitoshi Aizawa, M.D., Ph.D.?, Takeshi Taguchi, M.D.? and Kazunori Nanri, M.D., Ph.D.?%

U Center for Clinical Pharmacy, Tokyo University of Pharmacy and Life Sciences
2 Department of Neurology, Tokyo Medical University
9 Department of Neurology, Tokyo Medical University Hachioji Medical Center
9 Department of Internal Medicine, Hanno Geriatirc Center

Background: Autoimmune cerebellar ataxia (AICA) is a general term for diseases in which the cerebellum is
damaged by an autoimmune mechanism. For the diagnosis of the AICA, anti-thyroid antibodies (anti-thyroid peroxidase
antibody and anti-thyroglobulin antibody), anti-glutamic acid decarboxylase (GAD) antibodies, and anti-gliadin antibodies
are measured. Immunotherapy is known to be effective for AICA, but some patients with effective immunotherapy lack
autoantibodies associated with cerebellar ataxia. The purpose of this study was to clarify whether the effectiveness of
immunotherapy in patients with suspected AICA could be predicted by anti-mouse cerebellar tissue-derived antigen
antibody tests. Methods: This study was conducted on 25 patients with idiopathic cerebellar ataxia (excluding multiple
system atrophy, hereditary spinocerebellar degeneration, cancer-bearing patients, and patients taking phenytoin) who
received immunotherapy from 2005 to 2016 at Tokyo Medical University Hachioji Medical Center. The patients were
suspected of having AICA because they were positive for cerebellar ataxia-related autoantibodies (anti-thyroid antibody,
anti-GAD antibody, anti-gliadin antibody, or anti-transglutaminase 6 antibody) or other autoantibodies. Antibodies that
bind to mouse cerebellar tissue-derived antigens were defined as “anti-mouse cerebellar tissue-derived antigen
antibodies” in this study, and their IgG-class antibodies were comprehensively measured using a slot blot. Results: Anti-
mouse cerebellar tissue-derived antigen antibody test results were correlated with immunotherapy efficacy.
Furthermore, the combination of anti-mouse cerebellar tissue-derived antigen and anti-GAD antibody tests could predict
the effectiveness of immunotherapy with 83% sensitivity and 100% specificity, while the combination of the anti-mouse
cerebellar tissue-derived antigen, anti-GAD, and anti-gliadin (IgA class) antibody tests could predict the effectiveness of
immunotherapy with 94% sensitivity and 86% specificity. Conclusion: Anti-mouse cerebellar tissue-derived antigen
antibody tests could help to provide useful information for immunotherapy administration to patients with idiopathic
cerebellar ataxia suspected to be AICA.

(Rinsho Shinkeigaku (Clin Neurol) 2022;62:112-122)
Key words: Idiopathic cerebellar ataxia, autoimmune cerebellar ataxia, primary autoimmune cerebellar ataxia,
anti-mouse cerebellar tissue-derived antigen antibodies, immunotherapy






