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ARy

EF 7L XY 4 —JK (Alexander disease; ALXDRD) |3 glial fibrillary acidic protein (GFAP) Bz FER*%
RBHOEZ—RETA IOV A MNEETHD. RUOREISREICHAV/NBRARENOARAEEREE SN, KA
HARAE DIERE - HBEICREDEES S DHABMI NN I3 21 HICLIETH 5. EE, TE GFAP ORFIH
EIEME LARBICETIERMREIREIN TS, FRNICHFINIBRABRORED =D ICIFEMNOE
BEARLDEBPIEETHD. AT TIE ALXDRD DES, BRRER, BGFTR, BEFHNES, L UEEBRK

TEEILLEDLMBEEEZRNT 3.
(ERPR##42 2020;60:581-588)
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7 L ¥H >~ ¥ —Ji5 (Alexander disease; ALXDRD) D#c#] D
513 1949 412 Alexander 2SRCH#k L 72 BHPHIL A, R,
B L OB T WA 2RO 72 4EM% 15 7 A O FLIRHIRpE) ¢
HDY. ZOEF ORB ZHEEAEET ISR, B
TBLOWETO7 A a4 MHBENOZHED 7 1+ 7
A REMWT, Ihbidobica—8r 7 viiE? L F—7T
BB ENHWL 7. EA) 50 - I2H 72 ) ALXDRD (&
[REAIC 7 A M a4 MR IS T — ¥ v & OV & R0
5 FLENBINFAE DO T AR B OMEATE RN ER R & 3Rk s
nT&72. L2 L, 2001 412 Brenner 2k ha—¥ o ¥ )L
MHEORERE 3 D—2C, 7 A M T4 MFRG PR T 4
FAY N THBT) THAHEEREMES ~ 73X (glial fibrillary acidic
protein; GFAP) % I — F§ 438 {51 GFAP 7% E#EL T L L
TR SITURE Y, FLAIHISSAES] & I XERIR RS K & (2
7 B B NHFEHE CREASEATIE O #68 Z 7R T REBI ATV T
HENS2 09 BIFETIE ALXDRD 1 [SLEHA S B A £
THIRIL VAR CTIIEYS 5 GFAP BinTZERIZE 5 —KMET
A ~ad A MERT, WESMICET A bad o MRE o
O —¥ & Ve a Bt il e 55 LEFTE 5.

FEREIZMIRE B X OB T 7L & 7 B ge A 6 48 B
GFAP OFHEHIMICL Y /2685 7 A buH 1 bk
RERESE & T AHAH T O, ZOHRICHET X, GFAP ©
FEHANH 2 EIRIE E Lo RSy ) RY a7 151
RIGIRESE B3 5 EAERIZE 10 PG S Twd. 512

ALXDRD HEEH DR JHE & 5\ XM 2> HHES L 72 iPS #iig 22 5
GALRFE L 727 A b uth A POETAHRE S o2 4
BOEO % LHEB L EEMIGEOEE Y — v ehb 2 &
MHIFFEIG.

Z 9 & 912 ALXDRD (35 kI EEIR GBS C X B 58
TH DN, TOEBIMT TEGOER & BB OMHNE
Sk, UL, BEREZIEIEL WISER R & % 2k
FEIRZ BT B MM AEBETH LI Eh 5, BKEREE 2k
PEHE T WO TANFICHEME L 7B o B dmEE s Bbh s,
¥ 72, ALXDRD OHfE5E 5 Wiidi nFHeds & B iofanic &
L5, FERRTIRMEAEL QEBTE RV LbHY ) 5.

RIEHTIE, EBERIZBIT S ALXDRD OBHII2H E#K R
T E %25 2 L& HWIZ, E%B L ONRBIOIRE LY E %
B 7 BT, RS L R A SR L, S 512
AR FEHES B\ TR L 72 ARFR D E RIS o 72
AL ZOWTHES T 5.

ALXDRD D&%

KIBROBFFERIIH 50 %4, FIHE1T 1/270 TN LHEES
TV 52 D 5 OFFEOMREIT v, ALXDRD 1ZES
CESEAFERIC & 0 FLIER 2 RO i), AR (2 DL
14 ERBGORE) BLOKRAT (14 LU EOFIE) 1257
N T, JHEGISEE L GeneRevies® 12 £ 2 BERkE &
L EIHEB LT =712k A & 2010 4RI FLIB T 51%,
TR 23%, BABIDH) 24% Td - 7225, 2015 F121E
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FLYBHISH 42%, FERIDHY 22%, BARIATHT 33% & A
RIOEEHHIML TV 5 2 235 5 H35E M L 72 AR 27
(2009 4E) TIEHATIAT 485% & b % <, FLIARI)S
272%, HEMH 242% TH o722, BARLOFRREER 7 LR
oI, FE TEREAHED D IO MR RS & S
TV NEBIAS GFAP {5 T THIRW TR S 1L
722 lIc & B 2 BIdEBICHEE v,

FEREAFHE I ZHAE 2 5 70 B A F TR V. ALXDRD (3
AN NBINFERE D IR AN DS, IR DFEHZE L DT — 5T
1 60 IR D ERE IZ D IIED Y — 7 27872 2

ALXDRD E#H DIFITEBIH GFAP E T OERT LIV EIE
T LVONT DA ERTH RO AEE R 2R, L
BRI T LB DS de novo ZEHTd A, —77, WARIIARFS
D LA TH) 65% TRIENFEA G S /2052, 5l
H LI CRIZFHREDIT DN IERNIZ A v, BERIZON
THHSE2 TRV

ALXDRD D#R%E!

GFAP AR T2 B o i NIRREBI A3 R & LT & 72 2011
412 Prust 5 20 L5555 ) (357 L CTH LV iR 2 4R
WG L7z, Prust & (ZEEHE 185 SEH] & HiH O 30 FEGIZ X LT
MATFIFE A AT o 258N 54 L 72 27
STHL: BHIBSE T LA, KEEE, EEISGERE, BT,

KEAR, FBIEMOEREALZ RS, SR 72 B MRI

BT 22935,

I B - BRI SEAE C© B S, IREKER)EE, ERAEIR &

R, JEMAEY R EEE MR ® 2525 5.

5\ IARF O A EFA S CTHAE L 72 35 E B O RERREIR

B & O MRI BT RIZHEDOWTLUT @ 39| L 72 %),

ORI (LR vt A, KEENE, R0 E) 563
%R, BETE MRI Z CRITEBEA O KA ERZE % 320 5
CEDHTH D, FICHYEIIEET, BETEARD
EREFID S . B WS B C K B R0 BE 35 A I TT
JERAR &L, AR FHRARTHD.

MR - BREEGIEL (2 BY) ¢ IR, REPRRGEL, BRI/
ARCPEBRIBRE, SEE)ERH, B2 &2 2 OMAE
HETRD, MRLIZCTER - EAEROETREH S0
Eix il b LI TH L. FEMD S AMLIED
FERET, MOIFEL & I L CREfR Rl 2 & 5 2 L%,

SR SR 1 MBI 2MOMEDOEMEET S, 5
JEREUNE L B 2 & A £ TR V.

72, B OEFIFRE TR (early-onset) ALXDRD
BLOMMFESE (late-onset) ALXDRD O KFE b # &1
% 275 STERER OBIIZIRAL L 22 e v s, MRS S
ORMEME (158) (X Prust 5 TR, 58y 2 FLIE AL
early-onset ALXDRD |2, £E% 5 OMERl - Fa@Ehrm (2 &)
I& Prust 5O I ANZ, LAY 2 548 - AL late-onset
ALXDRD (ZHI4 42 L £ 2 TL\v, EH SO (37)
E O ORI TIIBIREIC 4T & 2 WIlTE OB 2 1 4 OfE
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JEVZIRAE L CRED DM L B 5 & v,

ARIRHTIE, DT OBRAREIR, W§HT R, EESREIL
early-onset ALXDRD & late-onset ALXDRD 2454 L C#¢alk
T 5.

ALXDRD DERRFEIR

1. Early-onset ALXDRD

Wit A, REE, B FEER 3 KIERTH 5.
R TIRIEA 14 T, PRARBIZERILET WL ARSRE
W, EAE R EOOFEH L TIZTS 2 2 LA %02,
LR SR BEE B3 K BEE <0 BH 3 T TCAEREIR O 72 012 A 12 3R
BPSEPATIET 2 2 ENE\v. —FTEEYFE TIZT
WILADE - HES 2R S DL O TIEL, 20 &)
7 RE BN AE G & AT IR O AT R E LT R E 4 & D IE
- FHEREZET 20 00EMTRIIILENRIFTHS.
REE TR S 2N D 720H, AR H12oNT
COVAY AL RGP

2. Late-onset ALXDRD

VUG AT, EEPRRRIE,  fomml, PR - ARERSRER, HEE
M FEAEE, WTRE, HAMEEE GEIZERImE,
IR TE s s, HRAR PR LD ) 70 & OIERE - FREREIRS & O
INREIR % A 4 DA S D L TEE TR A, EERERIL L
EUISEGEZ RO D, LIRSS EEE T v, 1535
RIS R IR GRS H 55413 ALXDRD % 5 < %89 b,
L. FRAWEBERE E ORI A e ) 93030 FTERE &
P S 220 R 2 i LS AT BN BE AR BRAEE & A O AEAT AR LR
FLEBM SN TR BI S 2 %, £ 51) 7 NEH 8H/D
REF BV TR EE B L ONEE - FATIRBED KT 253k
SNTVE0,. F7, RHEBERTOEFIIBWTHRA
WD\ EBYEIR 2 & o A1) 12 ALXDRD & 2l & 5 JEB
bH5LH. TO L) IERITIZEMET W AILA R R KA O e
DFEZ SO END L. WE L EOFEIRE LCHEM L FFIC
PRSI B W THRD B 2D B 20, — o KAEVENE
23— DFEIR T, MRI I CTHEFETS I OASEIIRIRZ % FR8 72
Z k& & 50IFI2 ALXDRD & B & Nz /NE O RE B 7
H BN DX IEFNL AN AR IZHER - FEd &
OVNFREIRASHETEAL 3 B TS 5 .

AT 21349 25 4F 20 C early-onset ALXDRD & ¥ L CH
T 5A, EER - BAER - FPIGEIR 2 &S S
B AEB] A0~ 7n 8 JEF IR AR SRR TR IS 7 o T3S
WZROD DR F TREAIMOZEIK XV,

ALXDRD D E{&FT R

1. Early-onset ALXDRD

van der Knaap & \&REES= 12 FEERZ T L 72 ALXDRD %
DR MRI AT LA & &2, QORTSEHME L o IR i 7 K B 5%
W (Fig. 1A), QT, sl {% TG, T, Mm% coiEs
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Fig. 1 Typical brain MRI findings of early-onset Alexander disease (ALXDRD).
MRI characteristics of early-onset ALXDRD include predominant cerebral white matter abnormalities in the frontal lobe (A), periventricular

rim, indicating high intensity on T,;-weighted imaging (B) and low intensity on T,-weighted imaging (C), signal abnormalities with swelling or

atrophy of the basal ganglia and thalami, brainstem lesions, and contrast enhancement?®. A: a 9-year-old early-onset ALXDRD patient. B, C: a

3-month-old early-onset ALXDRD patient.

ZRT R E B oI Y (Fig. 1B, C), @FEEML & HEDR
W, @O R (I ST, @EeahR (HEE
PH, AUSHIECIE, Bise3, Wi, JREKRZ, SUR, /MR,
fixig 1 2L @ 5 IHA 5% 5 MRI ik % 23 L
7o, & 512 OHAE R FERAH O [T NE SN 217 A2 # A
L7zEZh, 209 b 4THHLLEZ7: LER O#E12

BT ALXDRD ORI AT R & —307 5 2 & 2 HERR L 72 2.

COFEEZTOOIHLWIFIIZHH) ANSTEBY, i
Prust 5O TR TIE“BAIH 2" MRI T & LTw5 20,

2. Late-onset ALXDRD

SHH MRI |2 CHRER - SHBEOZEM - BHE 7130 TH L 2,
AN IZIERE - R SEHEOE L EM 2 255 — 4 TED
Pr7zzd ¥ <Y % 7 U8 (tadpole appearance) O iMERTEfE
g W (Fig. 24). wilind CEOE B CIERE - SHEH O ZEHE A
B OYEid, BHE MRI KRN T A 57~ F 3 7 OILIREEE
DIERHEAR D B HAZES (eye spot sign) # W20 5
(Fig. 2B). £ 5%, MEIEPRIREH RIS C, MEEEEE % L
SBERLATHBO kink 7 S JE M~ OEEE HEE, 1578 % PE M
Jer & BN EIR~OFEEHHE L L4 (Fg 247) 12, &
BifE (<9.0mm) B & OIEREE - BRI (<0.46) 1TEWV K
B HRRE R b o T IMERZEE 2 1t O fEF) & ofplica H
Th 5 & ¥ 5w m YRRl 2 #d L7z ©. KK, &
i, TEOFREE @ EREE T O, 2, 10 mA
B2 5 20 AR OFEEBCTIHIERE QKSR - ERIRE TR
FERBODLZENL VD (Fig. 2C). /PNRBEIREE P 0555
‘# (Fig. 2D) = FLAIR %12 CH N O Y (midbrain
periventricularrim) ¢ (Fig. 2E) b E=IZALNLIT A TH 5.

7 v N B2 T, iR {512 T ventricular garland & 3
SN DM EREIG o 72AE IR S E G R T, u—+¥
I VRHEN L E BT A 855 L Eb 9. Ventricular garland
13 late-onset ALXDRD O#JFEUZFED 2 DA TH L4, A

WA B RTATH S 9 (Fig. 2F). KNI ERE L
80% DIERFITFED % 7%, early-onset ALXDRD & (527 ) #ERE
~HERREIZ & B F B A A A R D O R AL SRR,
ZOIRDNIFFHEG R & A L, FRAERRIR T oA I & B
HWEFRO L. DR 25% AN R B AN O RN
fbxtE5 9 (Fig. 2G).

ALXDRD D:&{=r045E

98% DIEBNZ 5\ T GFAP IR F AR © D5 . ThE
T 100 fEHHLL L GFAP SR FARMHE SN TwD. KRS
BPI A Y ZAERTH DN, 427 L — LHA/RELS,
BIET F BT L= 7 VERBLUOA TS 1 AZELR
DAL H D 0V I At v AL GFAP F X 1 ¥ D4
25349 575, rod domain @ 1A, 2A, 2B %HIS & tail domain
12% <, HFI2 CpG AP35 3% R79, R88, R239, R416 »%iE
a3 52 BTN early-onset ALXDRD O hot spot & & 41
%3 FH 513 late-onset ALXDRD T % S 1172 GFAP #1x
FEE I L, BVRFEEICIE DV REEFI Y — v
(PROVEAN) % FH\>TZ R 9l PR T & SE e A i oo B 1 %
Mgl L, “neutral” effect 13 “deleterious” effect #E & 1) & A
ICEETSE (58 M vs 39 /%) Tdh b I LARLIZ®. FFIIH
i FSIE © ALXDRD Tld GFAP #1n 1 DA BB i A 1 0
FAEDRIE S NG,

ALXDRD DFZHTE#E

Alexander DI WO A 54 50 42, ALXDRD i [/hJE
DORMEAVERER] & L CEISHALBEZ AR &3 5 R
FHEICIEEGORELEZ SN TW.

L22L, GFAP #InTZARIMEREFEKEET & LTl S
NCTLIRED 20 T [MERICREO T b O AEE] &
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Fig. 2 Variations in brain MRI findings of late-onset Alexander disease (ALXDRD).
The most frequent and specific MRI finding of late-onset ALXDRD is atrophy and/or abnormal signals of the medulla oblongata (MO) and

cervical spinal cord. Typical findings are marked atrophy of the MO and an upper cervical spinal cord with preservation of the pons, described as
a “tadpole appearance” (A)*¥. The sagittal diameter of the MO and the ratio of the sagittal diameter of MO to that of the pons (Po) can provide
useful information to differentially diagnose ALXDRD from other disorders associated with brain stem atrophy in adult patients; Po is defined
as the vertical distance from the midpoint of the superior and inferior borders of the anterior surface of the pons to the floor of the fourth
ventricle; MO is defined as the vertical distance from just above the posterior kink at the cervicomedullary junction to the anterior surface of
the MO (A’)*. In elderly patients or mild cases, abnormal signals of the pyramid of the MO, which are like “eye spots” of butterflies, can be
shown (B)*. In adolescent patients, nodular or mass abnormal signals of the MO may appear (C)*”. Involvement of the hilum of the dentate
nucleus (D) and midbrain periventricular rim (E) in FLAIR is also frequent *®. In terms of cerebral lesions, garland-like high-intensity signal
along the lateral ventricular wall is present on T,-weighted imaging, described as “ventricular garland” (white arrows). This lesion frequently

exhibits a contrast effect, in which Rosenthal fibers accumulate (F)?. Cyst formation can also be shown in white matter lesions (G)*.

LCORBEEIND LI, EFAOFERE &Ik 2l
PRIRIIAGR S N C & 72, 1 ETd ALXDRD % #&B# L 7z Jfihl
FENFHELC & o Tld 2 ORI 2 BT A 5 R OEE L 72
BOBRIEES b Lt was, FREIZa v & v 4 2055
LNTWHZWEREDNZR , ST 2 oA &
N IRII D FRFE R B 2 L 1349 T ALXDRD O B35 1288
L7 e L {22 8bNs. ELLIIEETE
BRI B & (GBS EORIT R S2E) [E =N
BB OBW - R - WIgE Y AT 2 O] BE (2015 4E7%)
W ZCREWEREZER L7z % (Table 1). Z OFBMrAkdEZ250)
72 HRIEIR O 1.~3.8 £ " MRI AF i@ 1.~5.1% early-onset
ALXDRD 12, FEIERD 4.~10.8 X O MRIFT R 5.& 6.1
late-onset ALXDRD (ZH#H % O & W AT LT & % . “definite”
ALXDRD |3 GFAP #A5-FHArdn 5 IR EAE I 1 2 TR
L7zl S NS, BIEFHRAICL 23 7 >~ b O
EHROHEIL, American College of Medical Genetics and
Genomics & Association for Molecular Pathology & [/ 4
T4 EBHFIATONGL. —Ji, KFBTIL GFAP {51

PR T 1 7 { ERibERE D RO N T 5 2 & LR
RANZARTZH S L CIEBEN TRV L2, BEICHE
L 7-miiEdk & MRI BT ROl A 7z L, MRS S n7c il
I A C & 7o inid, B TS X ORI
%R T & 7 { T b “probable” ALXDRD & L 7z. Probable
ALXDRD (35 5 O }i7% T GFAP {5 T-#fs % Jk L 72 78
B (GFAP Z25Lb5 1k 28 1, GFAP ZE Sl 50 1) % v 7z
FRAFIC T 57.1%, THFEE 94.0% T o 72 5.

BBh)IZ

22 5% GFAP O SE BN 2 BB & L 72 J65E0igE, &Y
DU Gfap BT #EML72T v FH Y AF TR LA F
FEHWIZET IV~ 7 ADOEERTIIEMNNZ: Glap DiEE B &
ORFRIHRI RSO N D & &b, WHERFR— L~ —2
T bHH—LX & VIO, IHHEL7 A tad A b~ —
H—OIEFEAL, REOREAFRD S N7z, BBEERITHE
TEMERGZSAE 950 ICRE SN D L) ICTTIZFL SR TH
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Table 1 Diagnostic criteria for Alexander disease®.

A IR

1 JwhA
2. RHHIE
3. AEHEE) S
4. VUBGEBIEE © BT, BRI, MM EB) ST, 5 5RE)
5. ERFRILD 5 WIXUBCHEERFRAL © WE T RS, WiEkes, JEemEE
6. EVEUIERE ORI, BRI R, IR R
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8. SUS VRN
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1. BB O KN R o 5
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3. JEEE EBURDEE T2 MBI G TaE s 2 ) IR X 7213m - B 2 0 i
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Pelizaeus-Merzbacher 3% % 1% U & 3 2 Je RPE KN B K AN 454, megalencephalicleukoencephalopathy with subcortical cysts, Fll% H
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Abstract
Clinical characteristics and diagnostic criteria on Alexander disease

Tomokatsu Yoshida, M.D., Ph.D.V

D Department of Neurology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine

Alexander disease (ALXDRD) is a primary astrocyte disease caused by glial fibrillary acidic protein (GFAP) gene
mutation. ALXDRD had been clinically regarded as a cerebral white matter disease that affects only children for about 50
years since the initial report in 1949; however, in the early part of the 21st century, case reports of adult-onset ALXDRD
with medulla and spinal cord lesions increased. Basic research on therapies to reduce abnormal GFAP accumulation,
such as drug-repositioning and antisense oligonucleotide suppression, has recently been published. The accumulation of
clinical data to advance understanding of natural history is essential for clinical trials expected in the future. In this
review, I classified ALXDRD into two subtypes: early-onset and late-onset, and detail the clinical symptoms, imaging
findings, and genetic characteristics as well as the epidemiology and historical changes in the clinical classification
described in the literature. The diagnostic criteria based on Japanese ALXDRD patients that are useful in daily clinical
practice are also mentioned.

(Rinsho Shinkeigaku (Clin Neurol) 2020;60:581-588)
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