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Fig., 1.

Ammonia CI mass spectra of fatty acid methyl esters.
A: Methyldocosanoate; B: Trideuteriomethyl docosano-
ate; C: Methyl hexacosanoate; D: Trideuteriomethyl

hexacosanoate.
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Fig. 2. Calibration curves for the determination of methyl

docosanoate and methyl hexacosanoate, -
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Fig. 3.

Mass fragmentograms of methyl hexacosanocate (m/z 428)

. and trideuteriomethyl hexacosanoate (m/z 431) in

erythrocyte membrane sphingomyelin from a normal

control and a patient with ALD.
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Table 1. €26:0/C22:0 in erythrocyte membrane

sphingonyelin
ALD 0.25 + 0,06 (N=13)
AMN 0.21 + 0.04" (N= 5)
Mother 0.18 + 0,05 (N= 9)
Control 0.10 + 0.02 (N=16)

values are mean + SEM

% different from control by p<0.001



C26:0/C22f0%fﬁ erythrocyte membrane

Table 2.

globoside:: =
ALD 0.33 + 0,07" (8¥=6)
AMN 0.20 + 0,04 (N=3)
Mother 0.20 + 0.04 (N=4)
Control: 0.14 + 0.02 (N=8)

values are mean + SEM

% different from control by p<0:001

#% different from control-by p<0.01
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Table 3. Fatty acid composition (%) in phospholipids of
erythrocyte membrane.
P.E. P.S. P.C.
Control ALD Control ALD Control ALD

C14:0 0.540.2 0.9+0.6 0.4+0.4 0.6+0.4 0.4+0.1 0.4+0.1
c15:1 1.3+0.3 1.240.4 0 0.140.1 0.140.1 0.140.1
C16:0 20.4+2.6 21.4+3.3 4.0+1.4 4.142.2 40.2+1.9 41.6+2.0
Cl6:1 0.2+0.3 0.140.1 0.3+0.2 0.240.2 0.340.2 0.4+0.2
Cl6:2 0.4+0.6 0 0 0 0 0

Cl17:0 1.8+1.4 0.5+0.6 0.140.1 0.2+0.3 0.2+0.2 0.2+0.1
c18:0 8.3+1.1 8.9+1.9 51.5+5.3 46.5+8.6 12.6+1.7 12.6+2.6
Ccl18:1 22.1+2.7 21.0+2.0 7.2+%2.1 7.343.0 19.8+1.2 20.4+2.7
Ci8:2 6.0+0.8 6.3+1.4 2.6+1.3 2.9+1.5 17.0+1.7 15.5+2.5
c20:0 0 0 0.2+0.1 0.1+0.1 0.3+0.3 0.440.2
Cc20:1 0.5+0.1 1.0+1.4 0.7+0.2 0.6+0.1 0.2+0.2" 0.1+0.2
€20:3 1.540.5 2.9+0.9 1.6+0.3 2.2+0.5 1.30.4 1.440.4
c20:4 17.0+3.3 16.1+3.6 13.5+1.6 14.4+2.6 3.8+0.3 3.0+1.3
€20:5 2.6+1.6 1.240.9 0.9+0.5 “0.630.4 0.8+0.5 1.0+1.1
c21:1 0.540.2 1.040.9 0.240.0 0.3+0.2 0.2+0.0 0.2+0.1
c22:3 0.14+0.1 0 2.3+1.3 1.3+1.3 0.3+0.3 0.3+0.4
C22:4 3.7+1.1 3.6+1.3 2.8+1.3 2.240.9 0.2+0.1 0.2+40.0
C22:5 3.6+0.9 3.2+41.0 2.140.9 2.0+0.6 0.5+0.1 0.4+0.1
C22:6, 9.5+3.1 11.0+2.1 8.6+4.0 13.6+5.0 1.9+0.9 1.3+1.0

P.E.; Phosphatidylethanolamine,
P.C.; Phosphatidylcholine

P.S.; Phosphatidylserine

-— 9: Al

mean+SEM (N=4)
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Table 4, Sphingosine base composition in

erythrocyte membrane sphingomyelin

ALD (N=4) Control (N=4)
16:1 2,0+ 1.3% 1.6+ 1.0 %
18:1 96.9 + 1.2 97.5 + 0.6
18:0 1.1 + 0.3 0.9 + 0.3

values are mean + SEM

MBR7 4TI ) YR IBEBMERORTERSL Tableb KR, RORBIcH I3
EREBRIC, ALDTC26: 0/7C22: 0 DEMXHKO 6. 15 H¥EERL (p<0.001 ), AMN i
FOTH ALDEERICEHEEEZRL: (p<0.001 ) o ALD& AMN@FEEKHHEH%H%E&BH&_
Nofeo BRIZHVTIR, RO IS EHRE ALOHOPTHBEAERLAN, RBETHAERBE
FHROBTH - 2,




Table 5. €26:0/C22:0 in plasma sphingomyelin

*
0.0037 (¥= 8)

ALD 0.0263 +

AN 0.0232 + 0.0018"  (N= 4)
Mother 0.0132 + 0,0013 ©  (N= &)
Father 0.0051 + 0.0018  (N= 3)
Control 0.0043 + 0.0022 (N=16)

values are mean + SEM

* different from control by p<0.001
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Lane 6; authentic [18- C]-stearic acid.
. PE; phosphatidylethanolamlne, PS; phosphatldyl—
serine, PC; phosphatidylchollne, SPM, sphlngo—

myelin
|
FA ER
kSRS
e PE § ¢ % .
AT v < B
PS § ¥ 4 ¢
R SR T s :
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RICEY VRO "CTI X Wi BB BOMKRE, 594 F R0~ 757 4 —CHN
el A, Tablef —QIRT LI, BERNWIDLEVEBE~OHBREEENE, T Y Fo-—
o, ALD, AMN O#IHIE b, R 74T I Y YIFVTOIBHON, VY eu Y VIERTIR
REMI6~18D MM O 5 2B >hiz,
7YV 4o ) YEERIDOWOVTI, ALD, AMNIEBWVT, cR 7y F P02y /) —=nT73Iv, F27
yFINRY) Y, *RT7yF I vIZHBLT, YC-Cl18: 02, "C-Cl18: 1,
MC—Cl16: 0 P HRVERERLX,

2743 IYVIREOTIR, MK, ALD, AMNE HICHRIERIN G240 “CT3RA XN
reiEBEREDOoN, ALDRPFVTIR “C-C26: 0DARBEDONL, REBRISLIDEHOD
“c%a&»ént%m&n,ﬁi&%i&ﬂ&ﬁ&ﬁ@%%&h%(%bénz:&.&UK
BRHETBOERBILIINTHE I EIREAL, av o — 8L T ALDTIR VC —
C2: 0DEBRERLTWVAZE, RUEYC—-Cl6: 0 OEBMLUV I EMRE NI,

14C—labelled fatty acid of phosphatidyl-

Table 6. Composition (%) of
ethanolamine 7 days after the culture in the medium containing 140—

stearic acid.

Control 1 Control 2 ALD AMN
Cl6:0 4.3 7.0 3.6 3.7
Cl7:0 3.7 2.8 5.4 3.5
Cl18:0 60.4 57.9 63.3 78.7
Cl18:1 17.0 13.0 9.6 5.0
X1 14.6 19.3 18.0 9.1




Table 7.

after 7 days culture in the medium containing

Composition (%) of

14

C-labelled fatty acid of phosphatidylserine

14C-stearic acid.

Control 1 Control 2 ALD AMN"
16:0 4,0 3.5 2.2 3.1
17:0 2.5 2,2 2.3 2.8
18:0 87.4 89.2 93.9 91.3
18:1 6.1 5.1 1.6 2.8
Table 8., Composition (%) of 14C—labelled fatty acid of phosphatidylcholine

. . A= ]
after 7 days culture in the medium containlng

4 : .
C-stearic acid.

Control 1 Control 2 ALD AMN
16:0 21.9 25.5 13.6 17.8
17:0 2.7 3.2 4.3 3.6
18:0 54.3 47 .4 70.1 65.1
18:1 19.7 21.4 9.8 13.5
X1 0.0 2.3 0.0

1.4




14

Table 9. Composition (%) of ~ 'C-labelled fatty acid of sphingomyelin after 7

dyas culture in the medium containing 14C—stearic acid,

Control 1 Control 2 : ALD AMN

16:0 16.6 14.5 | 6.1 7.7
17:0 9.2 9.0 10.8 10.6
1810 30.7 29.3 28.1 28.1
18:1 0.0 0.0 | 0.5 0.0
X1 0.0 0.0 1.7 0.0
19:0 0.0 0.0 1.9 0.0
20:0 4.3 6.1 2.4 3.0
22:0 22.0 21.5 18.3 20.2
23:0 0.4 0.0 1.0 0.0
24:0 15.1 17.4 27.4 28.7
24:1 1.8 2.1 1.1 1.8
26:0 0.0 0.0 0.9 0.0
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BE—RETHOOMICL-BEARBROMMR, LOrS>UKBRRBOREICIIRETH S
O, HWEEBEHBRHROARRICALT, RAMEIFHBICETS "C-2x7T7 Y V@
(C18: 0) ofR#ERN L, COERBRIFBRI T, RIBWIDIEHOBYIBR~ONE
HERR 743 1x) b0 TRBoN, BHAOKIRERLECBEDOh, FRMOMN
BRBROSHKIBBCOINTHEIEHOHMRERIE, Murad & (31) KEEL T3 2 —carbon
elongationiC kB2 bDEZX oh s, £/, C24: 0, C26: 0 DEHKEATOARICDONTIE,
YYFRBHBICOVTOWRERH S (32) ,

ALD , AMNE W% 5 &, '27 4TI xY D MC-C2: 00&EBRINBOYW
1.7 S &EBERL, 012 ALDTIRC26: 00K bLED SN, ALD, AMN I TC24: 0,
C26: 0DEMMNERLTNAEIENREINI, COFER, C24: 0, C26: 00RO E
KE200, ERZEOHBONAELTHEIHILLZDD, $B2VRRT74 Tz ) YOlBKR
HMRERDZAA=XLDORBICIZDOIEDOVT, SHOERERIORBT I L RTEN
Wat, BRE SinghSic kb, ALDEMEMFMMET (1-°C) —C24: 0, (1-“C) —C26: 0%
50 "0, OERPETLTVALOHMENDD (33) ., PRAOBRELELET I HRENTER
ENTND, KERRT, IOKMELEDBITIX, pulse-chaseick b, ThZhoPED
DiBtDturn over 2RFTILEMNIZEEION B, _

—7, Kishimoto5id (26) , ALDEMIBEFIKEARTI <A LA C26:0-d, %2850, %
t&mEﬁ:uzin—WIXiWéﬁﬁbtgﬁ,C%:mmﬂ:vzin~»zzi»m&
HRAEINTHY, KRB 2BEHKROMN,, ATHROBEMRIBROERICX S
OTREBONMEDORBFERL, COBENS Brownd iz (27) , A =a—%T kL,
C2: 00&EEBEW 1 /1R, XEBOATMELHA 0, HWEKMHCD, OWEho
C2: 0DEBIHL2HERBDOSONSLLBELTVE, IRLSEOERERHL S, HER
ALD, AMNOMITEIRI & DI, ERAKBEREETIZAFT) VELIOBEHEIBROARLTD
f. ALD BT, C2: 0, C26: OMHBID bSBEARSNS C EAREN L, HED
B> o, ADKBU2@EMEVROMMI, AAEROBEXRYBRARNEELRS L 5D
T3 EEZXoh3,



== Adrenoleukodystrophy BEUOEOHE
IKDOWTOHBKESZHRY

Wk ALDOHREZLH RARPERICL > TOAAELE -2, ALDOZHNEKET, ALDOD
BHELEEEROPAERDLEL -/, £CT, B—RTHYLLELNZFLHEKICI D RODKRE
P2V IRNBER7 4 YTV EVFOBRABMMBEH RO LR LB 20KARUAD ALDRVZOH
KERIZOWT, ¥&LUT, BRH¥OE, BKRERK DX, HIRELTNRLY, ALETRITS
KRABKBOERIN TV AXBRBEFAICODOOVTORILMZ 2,
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5 Tk

HHNE: ADSAVREZOBEKEROLEALFENLHIZ, B-RTBELFEKICLD, KRltR
FLROEOR 74 TV EN (FofyF, X743 ) V) DC2%: 0/C22: 0%K
», AROHMOBD SN bDE LI,

CUPPES L, 2HERG, ERA3 -URBKROERAT, HWER SHITCREILXD,
ERB[OFHERCRBALTORERE, ANBREFLRIET -0

BHEMT (34, 12 (35) . 13 (36) . 14 (37) , 15 (37) , 17 (38) ., 19 (39) . 22 (40) .
23 (41) , 24 (37) RehZhFEMSEARERLIN TN S,

WBDOHK : Schaumburg SQ@OMWME L, PRWICHREL, RELUNICHBRKE, BREHE
ERBICKRZARL 1) /NRE (childhood ) ALD O, FKBRARATEHLMBERER
THEROFAELMONT VS, ThoOF T, Griffin & (14) KX THES O, HE
PR R (42) KBROFMEREET S 2) adrenomyeloneuropathy ( AMN) R& < HS
hTnad, 2hlAK, SERNRAROEREETIRAALDBENSHSh TS (8,
9, 14, 8B, M) ., -T, KBRXTR, RARAEZSOIK2DOOERICHF, 2) myelopathy
type ( AMN) , 3) leukodystrophy type & UTHE L7, &5IC, heterozygote EZZXLoh
PEBTEEORENKESOMBEREZETIARAMSOTE Y, Cht Moser SONM

(45) Ictév, 4) symptomatic heterozygote & LT, DlEDABRIC DWW TH,HEESE2T -7,




A R

L &%E(%HMMd)MD:hMeNKH?%NW@i&b%ﬁTo%%W%E@Eénk

DRIKXAT, >L2KARBEARRBENSD, 2RRARIBHOA FPaREORENR S O,
BERETBRTCEAARKBOREZFRED OO H o7, BAORAMNTOEYERIT
13.3F (7 -247F) , REEWIIFY 9.1F (5-15F) <, RAEWLTL2BEEDRT, £
BB .28 TH - 720

MEEROVIRERIBHETHSH (38%) , BITRESZORYEBR2 48 (31%) .,
BEELSZVCIIAEET®46 (31%) tBEECED ORI, TOHMOMABRERE LT,
2B (15%) KEAHET, 1#H (.8%) KHEERE, 1M (8%) KFVhARENRES R,
KHEMERE IO T, MERYEENES 2 BNEERICIDRELRD ML 2 H |
(15%) TH -7, WKEBI, HBHEFOROANS | -3 THKEKE, RERRE,
E{EEBRBOTERLOREIR - TV 3,

RIFRRBEICELTIR, i), IParnsF Y — A REHEERL, 2504 MO REREE
BEEULERRIA (23%) T, S5 2RMEZRORILD 3811z Addison WO RE
NBHSNT D, ii) IIIIUP:I1»9"/'—-)l«GiIE#TACTHﬁ'JﬁﬁRfEU%EZEﬂﬁE{E'Fb*EtBé
NIERAKIFBD SN, i), ii) PUNATERBREREOSER IO ERAN 3B (23%)
BHoshi,

XHEREIICIE,  Schaumburg SO¥E (3) Tit, RIEERIEHT 8 F (3-12%) <, #
SELTAPECHIAOFHBHBIMIE 304 (1158 — 94) ThHo-7c, VIRERE LTI,
MEEET, HEEL THRELRTANE 1A (59%) w@dohi, BHETERU
BliZ 581 (29%) , BTBRELRLULMIZAMA (24%) CEEDORBEREIDDPPLIL VM
MERLUR. BIBBEICDOTIR, 6RGYMBTRLERERL, SDSL 2 PNMEIER
ODUBR 3 - AFRL>TR7F 04 FOREREEZI T B, 2O 4 PIAE B glE
BERBEBETHXRB ST, HorORERAMEBETLADLEMZALI0 (59%)

TH -t
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9. B Afmyelopathy type (AMN ) : Table 11 KR¥, 5HARGCHANRBIN, 2EA

i, F¥icnyelopathy type (AMN ) OEMMNBED SO, (M4, 1SRTIT) o TR
M16TIx, BAHREBIC/ARE (childhood ) ALD OERAMNR SN/, HEAU-19RLTHFT
H5h, EFL, 150881, BEOHARMIKERL, synptonatic heterozygoteZ X 5
h, EEFI24& LT Table 13 iZRL 7,

6D FERIZ29.8F (19—40F) , REFBHIIFEH23.3F (17-39F) , 2ARERR
chERNT, BERNMIREY 6.5 (1 —18%4) C, EMAISOISIKBBFELERMICDLLEAY
Ritahr,

W&ﬁﬁ@?ﬂ%ﬁﬂlté%@&ﬂﬁﬁl:&6iﬁﬁﬂ%'t°zbaf:° fhomEERELTR, W
SHOMBRBELESHMNSH (83%) , O35 38 (50%) &, FRHBOMA L~ %R
DIMERELB L, BERHKWOHUAMMEERLELALARLC, SBHER, fHER
WHEEONETHREORELAD L LON2H (33%) , BHRELHES SO 45 (67%)
Th -,

BSERBEETIKOVTE, IhardFy —ABEEERL, X7/ VORMARLER
B ERMM 2B (33%) , MbharFy—niFERT ACTH RIBARTRIEOBETEZD A
ROB (33%) TH5H, FRBATRECRELZDLVHAS 2H (33%) Bbonio,

XEIICit, BY Budka 5&b (46) , WAROEREZEE Y, Addison EREMNS EH
HEEELE T2 ALD ORAFRNEET S LaMEXN, RWT Griffin, Schaumbug 5
izX b (14, 47) Adrenomyeloneuropathy (AMN ) & &% &h, ALD OHEM L LTORBHRR
NEZL XN, Griffin S>OME (14) 2&», BEiTnyelopathy type (AMN ) &£ EX S
h, RECEABKEOERINL TV A14H (4, 48-55) KOV TRNTH B L, Table 11
RS, RESBIIEN.5F (17-33F) T, RURAR AT, RACEFEMORER
BRI 5.64 (2 —21%E) Thoteo 72, RUPMORKHMUMBENEN 25, 1IFETH
nte REANRRECESON L LORIUPARIIAT, TON2EENIK/ARE (childhood ) ALD
ORENBDONI, MBEROVRERILASTRETSY, 2ACHEKBURIBDS
h, ﬁéb\@ﬁﬂ]ﬁ:ﬂ%bﬂl% (719%) k@ oh, 035 T7TH (50%) KHFHEOCHME L~
AEESHERENBDON, BERHICHSHBEXRBEERSBOONALLORIA (2]
%) IKBERVN, HHEN AEEESHEESIVIMEERTRELXEDLOORIIHA (19

5



(79%) T &7,

BIRRRBEETIEOVTE, iharFdF - AN E@ERL, BERAKWLSILITGRS
CHEREBLAADS B (36%) , ACTH OBES 5012 ACTH MIBRRCBEETARD LA
5B (36%) T, @bHTNRNUOMNHOIrORNFHREETHBD >N,
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3. B AW leukodystrophy type : Table 12 KR7im<, 4RR4AANEH I, FRAR

ERNC, SAMBATS 7. BERLTEFCEBRTELAL 0T (28-54F) , REX
BIREEI.3F (22-52F) , 2PEEPMCRRMMITEY 3.8% (2—6%) Thoi, M
EEROVRERHEYT, SARE, KR IVEAA BIRSNEAZRIATOLES
i, BOMEERE LT, HM0TR, EKBEE, ARAE BRREEETHD, &
Wo2THL, MEBBE, T —+¥, WO dysesthesia, WAGIEMEEEBEE T
T, OTFROBTH (1 2%+ v T, B MELROERERD, 49 -7 - & - MRERE
SONHIMRERECENULABREER L, M2 TRA — 5 ERREOMMER Tk
L. EABHBAETCREL, OMKATSE, HABMNE AHEUTORENEOET
B U7, BENEH A BANBEERESE LAMREC, MEETEER3MTHESN
<5, 1PAOLBEOETEED .,

BERRBEE TR, Mbans /- E@ERL, Addison EREMLG, 2
FOA4FOMARELZI AN LA GEM2) BBohis, <OMTR Addison ERO
BMEERMEEROME LD WAEETLT R, CORMBAOIMR, Mhans sy —nL
SARERTH B HAH ACTH RIBRRIEHT 5 FSHAET LT,

XERIICIZ, BABITleukodystrophy type ¢ B TE, HIREHEKBOLBINTV S
PeUTSPEMTCENTES (8, 9, 14, 43, 44) . REEBITFHL 1T (12-427)
FU M6 POFHERMMR T.7% (2 —165%) . MEEROVRERZ, HHBEFRASEH
BEH DA BU (50%) . BMAETAN3M (38%) . MREL, MEETFH2HA (25%) . Fon
ABPED 2 B (25%) . SR LB (13%) KR Shi. BAFICEShAERS O RFR
X, RN 6 B (15%) . FORARIENS B (63%) , EAMERS P (63%) , EHKM
23 F (38%) CIBERTOEM, AREXESEREKE,ALT LSHR TR, HEEKA
PR E BB Wb, BEBBEREH (15%) TEBBORTV S, KMUERE
Eon T3P (25%) CRBOATHD, | PCHBEEEEEOET, 1 ATHBERTH
BEBOREEIEMINT 3. BERRMEIOOTI, 2704 FOREREEREL L
FPIBEE (15%) . O35 2ARBMERLOMIAN, HEEROBALD EFTLTLS,
cofic, ACTH MBRRRTREEOETALEDALON I ABDON, SbETTH (88%
) I 50 D BT R B E T 2E® 50,

—
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4, symptomatic heterozygote : Table 13 iCsysmptomatic heterozygote ¢ Z X o 3 FEM24

OWMELRT, TOEMIL, myelopathy type (AMN ) EHRBULIEMIL, 15088 TH 5,
NFOLETHTOHLIOEENSD, 0FLIOBRLICSTRENHBAL L, HEFHICIIHE
humtike, ROBEBERLL, BIFNBREBICRARLEDUI - 1,

XERHICI, ALD OXRAR KB TEZOEBENKRESOMBERERIALEREIATL
5HO0BREINDH (53, 54-56) , +HREROBZb0RDEV, 0'Neill SOHE
(53) OHTHAINTV L TATRREFBIIA 41T EHSOENAEL, BEHENEEC
LEBITRENEIERT, IATRFHBOMBE L ALV LR DABERELERL TS, Kt
PEEFEEOBETHIATCRHERINTSD, DFBERLSTERTH -/,
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AEMHEBELETF - ABIKBFZ/ARE ( childhood) ALDOHWKBEHEWNT 2 LKOX
315, S5—-15TOBRIREL, BHET, BRELSZVRARET, BTREFT
REL, BEOBBTHERE, RERRETLCEABORBOTELVREICHS., KN
BREELESPRBELL, BUCIHEERBEBETEEDIR, X704 FORMRREEL
BT LBARSNON (23%) ZOBKRIE, HEFRLERMMEEROBEA LD RLOHEL

ZW,
BlEDWEEK® % Schaunburg & (3) O LLBRHETE L, ARATIE, 1) BEODD
@bébfm%&ﬁﬁﬁﬁT%%?%ﬁw%ab¢wtwo2)&%%@#¥@42¢?.L
PECNORATEEATHY, PIKSELULEERLTHAANIARD O, HREDOT
NAXDEERMAAECHARE Y FOARPOLHRKL T, THODORERYE, REFR,
MEER, BKEAS, RIXEXIOSOHEEL - KTHLDOTH %,

nyelopathy type (AMN ) EABUAARBOCAOHEKBEENTHLUTOXS KL S,
I&LT%RT%ELE%E&@%T@E%%&K&6%ﬁﬂ%?&60éém%%%@ﬁ
Fic@obO TFTHOMBBELREYD, WHBOEMIR - D LAFHBORB L~ %D
MEBRENAHBET S, WINKOEAT, HHER, NEERHEORRELBD LN, WIIXD
ERICEBREELRD S, BIGHEREETIZ, HARE (childhood) ALD &33REIICKITO%
rERcAD RN, MhanF sy —ARERERLATF oA VOREREELELTHD
BB ITABE LN,

XERB & HBLTHTH, subclinical LHOAEDTKBMERTOGHENPPEVA
LRI, REEK, BRUME BEER HKES BEFRL204KHBFREIEARTH L.

= ® myelopathy type (AMN ) I3, BRIRAERSRBEEEIRRRE (42) DEREPUTEHR
K.ﬁmmmmﬁﬁmﬁﬂﬁﬁﬁmm01<6OMHﬁnBuxvrﬁﬁménfwaﬁ(M)p
1) AN TRORTHBEDABICERMMEL, 2) AERILESHANEL (80%) , BF
B HHBEOMBL A ARD S, 3) BENICHOOANARNERELZET S bORPEL
B, HPBN, AEEIEEOBREORBLBYLAANZL SOANENLEETH S, &
k. Wiz, BIBERAERCEDPUVAD, BRBRROITHRONEERERDIVALIN

—99—



BROHELEREET B,

BRABI leukodystrophy type & 2B LAAPIDERRROESDTH 2,

myelopathy type (AMN ) & H#L T, RIENPPELW~50RTHD, WEERO VIR 1
REET, BE, BHKSE, @ﬁkiﬁ%@ﬁéﬁ@ﬁ%l:&é&%i SNBERERET 550
Hitsn/, koM@ ER e L, HERBBRRIL2ACBOO Y, MERELE LB
MREMEE S BEUOER ED SN 3, KRNECEEROETHA—FMic@Boh, Horo
RIRERBEET 2B NS,

XEEm (8, 9, 14, 43, 44) LHEBLTHS B &, REFRIZIZIZARTH 3, wE
EROMRERRIEBEEDY, BHET, FohAiRME, MR, MEET, BigE,
WURENRHBEN 3, Xﬁﬁ&ﬁ%@éﬁ#%ti)‘(ﬁﬂ‘t‘b%( BLBHBTH -7, BIRRLOD
éﬁ?iﬂi)%%&liliﬁﬁl:%&i:%ﬂbénfwéo

symptomatic heterozygote R4BEOHETIR I1PHOAE» SN, XBMETHOREZED
WG I3B®H TL <, heterozygote PHTORERIEBIBEOEZIONS, ZOBES I
ELLUTHEDBICBEORE S KECRE L, OMEERISE DAY ET, BTRER
T, MABFICS S50 3 nyelopathy type (AMN ) & Hig LTHRBEMNES L, BIBBEID
RELBDI,

UED4DDBEKEDOFE & ¥ %Talbe 14IcRT,
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ALD DBKEOHMICOVTHE, BED Moser S>OHE (45) KXz, BHR, 450
ERIZHT 1) neonatal ALD, 2) childhood ALD 3) AMN  4) symptomatic hetero
zygote EWDIB|MEL TN 3,

neonatal ALDIE, Ulrich (57) i, Manz (58) , Benke (59) , Jaffe (60) SO#MEND
50, 4HEORETIH, neonatal ALD RAHTCREMINT, SHORI»S1IIT LI,

SEORETHONE N 5 X, /NRE (childhood ) ALD, symptomatic heterozygote

K2WTR, REOXBMALEBELT, BREAKREZEITIOD, RAFIKOOTR, Fic
HUEREZET Smyelopathy type (AN ) &, WEAROER%ZEHER &7 % leukodystrophy
type BELEL, RARD ALD%E, CO2O0HRREAFTLI &4, BRESETH L &0
SHRTH %,

3 H B, leukodystrophy type OKHME LT, 1) MEEROREIZEYIT.3F & nyels
pathy type (AMN ) XD b, SHKHEBOREENZ NI E 2) HEEROVRERLZ
ERRARDERETZ L, nyelopathy type (AMN ) OX S KBBNKETRET 32 & 13D
<o ERZ0, 220&5E, £ ~-7 B - PIREBECEUTIEMNOELET S 3) BITR
2O EH R nyelopathy type (AMN ) CEBRLZ VLU LICBERTHE  4) HARE (child-
hood) ALDEZ B UL TEBECOEBRAELIPANTVEDOREBET LI ENTE 5,

BEREANSRTDH, myelopathy type (AMN ) 12, HHER, AMABERTERETZ
&% <, leukodystrophy type & MDoverlap LWV EE I o h, RAFLEROOSEDT
T % AMN (myelopathy type ) &b 3 —DDFHEH & L Tleukodystrophy type AT 3
ENBENICRTHERATHSREEL S50 3,

b5AA, ML 19% Marsden SOHWMEH (44) OXSCREEBMNIIRT, MRE
(childhood ) ALD & overlapd 2EMbBH SN, GriffinSDAMN & LTOHERO I,
BENKRETRIEL, RI/DREAAPHROUBALZALEALSONBEORBNEMNOELET
5, i, A—KANIK/NRE ( childhood) ALD, adult leukodystrophy type, myelopathy

typeDREFBH SN B &0 o, BEMNNEAHISRT, CHoRA—OHEHLEECE
SPTLAEELGN, CCTHRLTYZEKEONEN, BENICHESAS 60T
WOLWEOERIZLY, SFDIKBELSBPHRRLT I CLREURAL VW ERDN 3 2,
RkmBAIhI LoD UD 7, RAPT myelopathy type (AMN ) TR <, REABOER
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% XHERE T 5 EHEleukodystrophy typyE WS BMATHRT B LREBETHE LB,
ALD OB RIICBAd 2E5HE LTIE, 0'Neilloizk b, adrenoleukomyeloneuropathy (ALMN)
VS BAMRBBEINA (53) , UNeillobDIRFIC X B &, ALD & AN OBRBORKEZ &
LT ALMN GV ERBRERBLAEDTH-T, ol ALMN EW0S3 FHE, TCTEENER
$5& 5D leukodystrophy type KHATIHEEELTHWALDOTRE L, 2, £0
BDAM VI EXEE, BER, #FH, KNAEREZORELADOERODBIKRB L LT
Marsden SARAWVTH D, TLHOHAEIRRIANMR OGNS, TOXINHEHLS, AN &0
IEBODVFEFVWNUKRBARBIEINSLEDNS, BRATRETIABEHERHAINRY
REODOICHBLT, 2 RUEIZEREZEL, LrbRREHGEMBERBR LI TS KR
&ﬁﬁmﬁm@%iiégﬁﬁﬁﬁﬁénvﬂééo9zr:7.ﬂ—*VVVLXA%§¢
5 M HvyryFyrF-—vx (61, 62) , Friedreich’ ICEMT S M2 v )3 v r—
& (63) , Ramsey Hunt EBRBEETETYF—rX (64) ENRESTHOH, ALDIHL
Td, KEUEUDBEICHMT %5 nyelopathy type (AMN ) OFEZENR B X, Probst
S5, REBEBRTHICO02DOT, RHENNL =2 — 0 YORBEVULHELIALRT S
& iz U, pseudosystematic involvement & W I EBERHOTWV B (50),
RECBEHBE S, ALD OFNEhOBKERNNBENIKRTRA—ORBEME I e
IRMHEELKE S, KRBEDL S, nyelopathy type (AMN ) OEFICORFZRIT/HRE
(childhood ) ALD ORENR o, XEBMHICRTDH, myelopathy type (AMN ) ORFRAIIC
/NRE (childhood ) ALD ORENRR SN DO 2KHK (49, 50) B ADleukodystrophy
type OD—KRIKS/MRE (childhood ) ALD ORENRON, BEMNLEISGRIOZHIR
PO, A-ORENLERBICESC(RBLEEIATIVEIICEDLDN S, RMKB, MK
ZR74YTVEFORFKREFOTH, ZEFAROBEANEOSN TS,
heterozygote EZXONAZLMUT, BEORUAUNKEORDONIANEAL, TOLS
1L#% Moser 5 idsymptomatic heterozygote &MA TS (45) o THRBE-—RTHAB/L
fedBy, KB EXREEKR, FHLBRBERBIC at randon IKAEBRIL IO (24)
R, ﬁﬁﬁ]%@k%iﬁﬂl:%?ﬁﬂl@&. BHAROXEXBAPCHF>HABPOEY A 7iIC
2 TV3EEION, COAI, BELSKOREENIHBATIHOLEDLR S,
BRRRBEETICO VTR, XAMOMI CIR/ANRE ( childhood) ALD 46%, BRAH
- 36—




myelopathy type (AMN ) 70%, EZ A#leukodystrophy type 100 B ELHRAPTHRICEAD S
had, T hoFsdd, IharF V- BRE#EERL, 2704 FORERIELXET
PHIT LALIEL, ACTH HIXRERTYVD THEBEETRENINLIFANZ O ECERT~E
THd, £, RAATCEER20GHNZ VI &R, XBRNIKOIABRTH N, kK
APDOZL VEIBTRLEFERODICRBRINTH S ENE L, EBICR, BIBAR20488 L
oL, SORKEZCRBINATEBELZEION, ELEZEWOREICH S BE, BIFER
2OEMICEODLNSE LN, ARBOWHBEZI I LNBETHELEISN D,
ZOMORDWREEL LT, BT AMNT, testosterone DEM, LH OB, hypo-
gonadismiCHHX T AMBAMBEREINTVEY, SAORHETTANUFT —INBohEh B
KEELL, |
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Wi
pef

FMBBR 743z y Y, Zofyy, MR 74 /TI2YVYOERT4 7TV EFD |
EBEREF Y EI V-S4 HR20° bS5 4 b BAF VL= RTSTAV LTS5
4—ICXDODRMMEL, ALD, AMN BET, C26: 0/C22: 00FEIL LA LED, EHiLFEHNLH
O ENBATEH Lo $HR 74 vTITYYORT7 4 YTy VEBHRRU V20 ) v
HOBBBEARICRERTRBDOONIED 572, heterozygote EEX SN IBBRICH VT,
C2:0/7C22: 00#M ALDEa Y o —LOFOEERL, ThiX, Lyon ORBITHEL
BEBkoX ki RXBPhRo X femikdtat randon IKAFLLINILRRTESZLELZEI SN0,

%&&m&#%ﬂmmswé,QC—ZiTUV&#B@EE%%M&«@%&%%N,ﬁm
BOYPELEIIEIIC 2 —carbon elongation Tiibh, RERWLELOBRHBRRIRXR 7 4 v 1 x |
pric@EBohss e, R ADIRINT “C—-C24: 0, "C—-C20: 02BETHL L%
Pohic L, CORRENDBAORMEICLLION, BRERZDOLONAEL THHONI
DNTHRERTEF U, LHOLENXNS, CORBRKRE, AFTOC2: 0HMLTH,
MEPDOC26: 0 OBIONRSNUD LV IHELXEDETEITADE, ALDKF IS
E#EhBROoBMICIZ, NERDOC2: 0 DARNEELRBALLED TS EEX SN,

LEOEMLFHNZHEICID, KO AL VREOBRERUMNOLIHELITEL, 0o
OERMOBMKERNRIA LT 7. TORR, RAREHAOHIZ, BERBERIKTSL220FH
DEEL, 1 2RERIDIWSNTWVS nyelopathy type (AMN ) TH 22, o, 20—50
ROBFIKREL, ZELNMAROEREET S H5D% leukodystrophy typed LTH UL HE
RO ENEETHLEEZEL o0,




AMREBRTUERBXEZILDHICHND, HEFORBLO AN ST LAHERAZERZRH
RAFREERE, FEAFHAEBERELAE, FRBEKESRATENMTHEREXE £, Bk
Wk, OFEESHCLIAOERBOREERLT T,

TARBRCERBERDL TOAL ST LR RBEREZREHANTH (HEEY) KDK,
BREDFRICESE#HEFL LTFT 4,

EiZ, MARECEBHIN AT L, BYMRMEZRRE S, ABEETEE, BYK
ABBEHBPAXSE, FB BELE, LBEEAZRAEAREIBELAE, WNAEMEARE
T OR%E, BA BEL, EILEEFNRRREIE BEL, HEAMTFEE, KRDMRGLRE
fers - EBRBERE, BRBREBRZABFIL Bxd, slEBResE, HFEREE, &
KMBENEANEETEELE, ZHEBARE-ANBRWE E, K8 FxE, RIEAXFEHM
ENHEEAREE, ARRKREE, NRF-MESE, BDMIREBZABMRARESRSE, RHE
Brk, HEAZEBEEARLARBEFRE, FERXERAHEANIERREE, R¥F "%%E,
BERFE_ANSHEEREOHEEESICRERL LI FE T,




10.

REFERENCES

Siemerling, E., und Creutzfeldt, H.G. :Bronzenkrankheit und sklerosierende
Encephalomyelitis. Arch. Psychiatr. Nervenkr. 68 : 217-244,1923

Schaumburg, H.H., Richardson, E.P., Johnson, P.C., Cohen,R.B., Powers, J.M.and
Raine,C.S. : Schilder’s disease. Sex-linked recessive transmission with specific
adrenal changes. Arch. Neurol. 27 : 458-460,1972

Schaumburg, H.H., Powers, J.M., Raine, C.S., Suzuki, K., and Richardson, E.P. :
Adrenoleukodystrphy. A chinipa] and pathological study of 17 cases. Arch. Neurol.
32 : 577-591,1975

Igarashi, M.; Schaumburg, H.H., Powers, J., Kishimoto, Y., Kolodny, E. and Suzuki,
K. : Fatty acid abnormality in adrenoleukodystrophy. J.Neurochem.26 : 851-860,1976
lgarashi, M., Belchis, B. and Suzuki, K. : Brain gangliosides in adrenoleukodystrophy.
J.Neurochem. 27, 327-328,1976

Kawamura, N., Moser, A.B., Moser, H.W., Ogino, T., Suzuki, K., Schaumburg, H.,
Milunsky, A., Murphy, J. and Kishimoto, Y. : High concentration of hexacosanoate in
cultured skin fibroblast lipids from adrenoleukodystrophy patients. Biochen.
Biophys. Res. Commun. 82 :114-120,1978

Moser, H.W., Moser, A.B, Kawamura, N., Murphy, J., Suzuki, K., Schaumburg, H. and
Kishimoto, Y. : Adrenoleukodystrophy : Elevated €26 fatty acid in cultured skin
fibroblasts. Ann. Neurol. 7 :542-549,1980

Case records of the Massachusetts General Hospital : Case 18-1979. New Engl. J.Med.
300 : 1037-1045, 1979

Weiss, G.M., Nelson, R.L., 0'Neill, B.P., Carney, J.A. and Edis, A.J. : Use of
adrenal biopsy diagnosing adrenoleukomyeloneuropathy. Arch. Neurol. 37 :634-636,
1980 |

Martin, J.J., Ceuterick, C., Martin, L. and Libert, J. : Skin and conjunctival bio-
psies in adrenoleukodystrophy. Acta Neuropathol. 38 : 247-250,1977




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Martin, J:J., Ceuterick,é. and Libert, J. :Skin and conjunctival nerve biopsies in
adrenoleukodystrophy and its variants. Ann. Neurol. 8:291-295,1980

Miyatake, T., Ariga, T., Atsumi, T. and Komiya, Y. : Biochemical study on myelin in
adrenoleukodystrophy. Adv. Exptl. Med. Biol. 100 : 585-599, 1978

Ramesey, R.B., Banik, N.L., Scott,T. and Davison, ‘A.N. : Neurochemical findings in
adrenoleukodystrophy. J. Neurol. Sci. 29:277-294,1976

Griffin, J.W., Goren, E., Schaumburg, H., Engel, W.K. and Loriaux, L.
Adrenomyeloneuropathy : A probable variant of adrenoleukodystrophy. 1. Clinical and
endocrinologic aspects. Neurol. 27 :1107-1113,1977

Tsuji, S., Suzuki, M., Ariga; T., Sekine, M., Kuriyama, M. and Miyatake, T.
Abnormality of long-chain fatty acids in erythrocyte membrane sphingomyelin from
patients with adrenoleukodystrophy. J. Neurochem. 36 : 1046-1049 , 1981

Dodge, J.T., Mitchell, C. and Hanahan, D.J. : The preparation and chemical charac-
teristics of hemoglobin-free ghosts of human erythrocytes. Arch. Biochem. Biophys.

100 :119-130,1963

Tsuji, S., Suzuki, M., Sano, T., Ariga, T. and Miyatake, T. : Abnormality of very
long-chain fatty acids in erythrocyte membrane and plama, and increased synthesis

of these fatty acids by cultured skin fibroblasts in adrenoleukodystrophy and
adrenomyeloneuropathy. International symposium on leucodystrophy and allied diseases.
pp 247-253,1981

Bligh, E.G. and Dyer, W.J. : A rapid method of total lipid extraction and purification.
Can. J. Biochem. Physiol. 37:911-917,1959

Van den Berg, P.M.J. and Cox, T.P.H. : An all-glass solid sampling device for open
tubular columns in gas chromatography. Chromatographia 5: 301-305, 1972

Carter, H.E . and Gaver, R.C. : Improved reagent for trimethylsilylation of sphingo-
lipid bases. J. Lipid Res. 8 :391-395,1967

Askanas, V., MclLaughlin, J., Engel, W.K. and Adornato, B.T. : Abnormality in cultured
muscle and peripheral nerve of a patient with adrenomyeloneuropathy. New Engl. J. Med.

— 41—



22.

23.

24.

23.

26.

27.

28.

29

30.

301 : 588-590, 1979

Moser, H.W., Moser, A.B., Frayer,

K.K., Chen, W., Schulman, J.D., 0°Neill, B.P. and

Kishimoto, Y. : Adrenoleukodystrophy : Increased plasma content of saturated very

long chain fatty acids. Neurology

31 :1241-1249,1981

Molzer, B., Bernheimer, H., Heller, R., Toifl, K. ‘and Vetterlein, M, : Detection of

adrenoleukodystrophy by increased
Chim. Acta. 125 :299-305,1982
Lyon, M.F., Sex chromatin and gene
Genet.14 : 135-148, 1962

Migeon, B. R., Moser. H.W., Moser,

€26 : 0 fatty acid levels in leukocytes. Clin.

action in the mammalian X chromosome. Am. J. Hum.

A.B., Axelman, J., Sillence, D. and Norum, R.A.

: Adrenoleukodystrophy : Evidence for X linkage, inactivation, and selection favoring

the mutant allele in heterozygous cells. Proc. Natl. Acad. Sci. 78 : 5066-5070, 1981

Kishimoto, Y., Moser, H.W., Kawamura, N., Platt, M., Pallante, S.L. and Fenselau,

€. : Adrenoleukodystrophy : Evidence

that abnormal very long chain fatty acids of

brain cholesterol esters are of exogenous origin. Biochem. Biophys. Res. Commun.

96 : 69-76,1980
Brown I, F.R., Van Duyn, M.A.S.,

R.D., Murphy, J.V., Kamoshita, S.,

trophy : Effects of dietary restriction of very long chain fatty acids and of adminis-

Moser, A.B., Schulman, J.D., Rizzo, W.B., Snyder,

Migeon, C.J. and Moser, H.W. : Adrenoleukodys-

tration of carnitine and clofibrate on clinical status and plasma fatty acids. Johns

Hopins Med. J. 151 :164-172,1982

0gino, T., Schaumburg, H.H., Suzuki, K., Kishimoto, Y. and Moser, A.B. :Metabolic

studises of adrenoleukodystrophy. Adv. Exp. Med. Biol. 100:,601-619,1978

Randerath, K. : An evaluation of film detection methods for week B -emitters,

particularty tritium. Anal. Biochem. 34 : 188-2035,1970

Tsuji, S.. Sano, T., Ariga, T. and

Miyatake, T. : Increased synthesis of hexacosanoic

acid ( C26:0 ) by cultured skin fibroblasts from patients with adrenoleukodystrophy

( ALD) and adrenomyeloneuropathy

( AMN) . J. Biochem. 90 : 1233-1236,1981
— 42—




31.

32.

33.

34.

3.

36.

37.

38.

39.

40.

41.

42.

Murad, S. and Kishimoto, V. : Chain elongation of fatty acid in brain: A comparison
of mitochondrial and microsomal enzyme activities. Arch. Biochen. Biophys. 185 : 300
~306,1978

Cassagne, C., Darriet, D. and Bourre, J. M. :Biosynthesis of very long chain fatty
acids by the sciatic nerve of the rabbit. FEBS Lett. 90 : 336-340, 1978

Singh, I., Moser, H. W., Moser, A. B. and kishimoto, .V. : Adrenoleukodystrophy : Impair-
ed oxidation of long chain fatty acids in cultured ckin fibroblasts and adrenal corex.
Biochem. Biophys. Res. Commun. 102 :1223-1229, 1981

FEABT, MEEX, JIER, B FK : AdrenoleukodystrophyE Bbh 3 —flic o T,
EEMBREE M 2 £ 47-51,1981

LH&E, PHEE, EH L : Adrenoleukodystrophyic 35 3 2 i riv ¥ B 5 L5 86 4 4 . g
WE 9 : 492-494, 1978

HMIESR, FEB%E, SLEE, Wi, FHEEEL : Adrenoleukodystrophy DR, W4
BERHFUR —— HEORM () & MhACTHE &, TR AR & 8 R 5 B e
BT &M 5 2cAdrenoleukodystrophy® — ) ———. BEEE P& 22 ¢ 112-119, 1982

K&, REEE, HRITEM, BB, %K : Adrenoleukodystrophy

— FR2EMLERENRELEELABBRIEOVCORY —
PR 222 ¢ 980-985, 1982
ROEEERE, MkOREE, REAK, HHNE—, HHKE: Adrenonyeloneuropathy (Adrenoleuko-
dystrophy variant ) O R¥H. BEEKME2] : 872-878, 1981
SBAUE, @RIT, BWEH, HRTEM : FER Adrenoleukodystrophy D18, K
MER22 : 2429, 1982
THEX, AHE, BRER HEREB, SRE: 4 ) -7BIREBEOBEERE & -
7o adrenoleukodystrophy ( ALD) ®—@, BERE®#& (FIRIth)
HHDE, NMFEE, BLED, BAR, BRXE: BHEE, KBEsa.-—vaF—, g

ﬂﬁ%&Uﬁﬂg%%Iﬁ& U7 adrenoleukomyeloneuropthy (ALMN) © — & #, Bl B g%
22 : 343-350, 1982
Behan W.M.H.and Maia, M. : Strumpell’s familial spastic paraplegia : genetics and




43.

44.

45.

46.

47.

48.

49.

50.

51,

92.

neuropathology. J. Neurol. Neurosurg. Psychiatr. 37:8-20, 1974

Powers, J.M. and Schaumburg,H.H. : A fatal cause of sexual inadequacy in men :
Adrenoleukodystrophy. J. Urol. 124 : 583-585,1980

Marsden, C.D., Obeso, J.A. and Lang, A.E. : Adrenoleukodystrophy presenting as
spinocerebellar degeneration. Neurol. 32:1031-1032, 1982

Moser, H.W., Moser, A.B., Kawamura, N., Migeon, B., 0'Neill, B.P.,Fenselau, C.

and Kishimoto, Y. : Adrenoleukodystrophy : Studies of the phenotype, genetics and
biochemistry. Johns Hopkins Med. J. 147 :217-224, 1980

Budka, H., Sluga, E. Heiss, W.D. : Spastic paraplegia associated with Addison’s
disease :Adult variant of adreno-leukodystrophy. J. Neurol. 213 : 237-250, 1976
Schaumburg, H.H., Powers, J.M., Raine, C.S.,Spencer, P.S., Griffin, J.W., Prineas,
J.W. and Boehme, D.M. : Adrenomyeloneuropathy :A probable variant of adrenoleuko-
dystrophy. Il. General pathologic, neuropathologic, and biochemical aspects. Neurol.
27 : 1114-1119,1977

Davis, L.E., Snyder, R.D., Orth, D.N., Nicholson, W.E., Kornfeld, M. and Seelinger,
D.F. : Adrenoleukodystrophy and adrenomyloneuropathy associated with partial adrenal
insufficiency in three generations of a kindred. Am. J. Med. 66 : 342-347, 1979
Martin, J.J., Dompas, B., Ceuterick, C. and Jacobs, K. : Adrenomyloneuropathy and
adrenoleukodystrophy in two brothers. Eur. Neurol. 19: 281-287, 1980

Probst, A., Ulrich, J., Heitz, Ph., U. and Herschkowitz, N. : Adrenomyeloneuropathy.
A protracted, pseudosystematic variant of adrenoleukodystrophy. Acta Neuropathol.
49 : 105-115, 1980

Molzer, B., Bernheimer,:H., Budka, H., Pilz, P. and Toifl, K. : Accumulation of
very long chain fatty acids is common to 3 variants of adrenoleukodystrophy ( ALD) .
“Classical *ALD, atypical ALD (female patient) and adrenomyeloneuropathy. J.
Neurol. Sci. 51 : 301-310, 1981

Julien, J., Vallat, J.M., Vital, C., Lagueny, A., Ferrer, X. and Darriet, D. :
Adrenomyeloneuropathy : Demonstration of inclusions at the level of the peripheral



53.

54.

99.

6.

57.

58.

9.

60.

61.

62.

nerve. Bur.- Neurol. 20 : 367-373, 1981

0°Neill, B.P., Marmion, L.C. and -Feringa, E.R. : The adrenoleukomyeloneurcopathy
complex : Expression in four generations. Neurology 31 :151-156, 1981

0'Neill, B.P., Moser, H.W. and Marmion, L.C. : Adrenoleukodystrophy : Elevated (26
fatty acid in cultured skin fibroblasts and correlation with disease expression in
three generations of a kindred. Neurol. 32 :540-542, 1982

Martin, J.J., Lowenthal, A., Ceuterick, C. and Gacoms, H. : Adrenomyeloneuropathy.

A report of two families. J. Neurol. 226 : 221-232,1982

0’ Neill, B.P., Moser, H.H. and Saxena, K.M. :Familial X-linked Addison disease as
an expression of adrenoleukodystrophy ( ALD) :Elevated C26 Fatty acid in cultured
skin fibroblasts. Neurol. 32:543-547, 1982

Ulrich, J., Herschkowitz, N., Heitz, Ph., Sigrist, Th. and Baerlocher.P. : Adreno-
leukodystrophy. Preliminary report of a connatal case. Light- and electrlon micro-
scopical, immunohistochemical and biochemical findings. Acta Neuropathol. 43 : 77-83,
1978

Manz, H. J., Schuelein, M., McCullough, D.C., Kishimoto, Y. and Eiben, R.M. : New
phenotypic variant of adrenoleukodystrophy. Pathologic, ultrastructural, and
biochemical study in two brothers. J. Neurol. Sci. 45:245-260, 1980

Benke, P. J., Reyes, P.F. and Parker, Jr, J.C. : New form of adrenoleukodystrophy.
Hum. Genet. 58 : 204-208, 1981

Jaffe, R., Crumrine, P., Hashida, Y. and Moser, H.W. : Neonatal adrenoleukodystrophy.
Clinical, pathologic, and biochemical delineation of a syndrome affecting both males
and females. Am. J. Pathol. 108 :100-111, 1982

Goldman, J.E., Katz, D., Rapin, I., Purpura, D.P. and Suzuki, K. : Chronic Gy,
gangliosidosis presenting as dystonia : 1. Clinical and pathological features. Ann.
Neurol. 9 :465-475, 1981

AKHETF, 8%, BxEE, KHFXEH, ERE: type I (KAE) Gy, ¥ 7V FVF
—YARKBATIEKLE O CICEAFENNE, BKME2S : 191-198, 1983



63.

64.

Rapin, 1. Suzuki, K., Suzuki, K. and Valsamis, M.P. :Adult (chronic ) Gy, gang-
liosidosis. Atypical spinocerebellar degeneration in a Jewish sibship. Arch.
Neurol. 33 :120-130, 1976

Miyatake, T., Atsumi,T., Obayashi, T., Mizuno, Y., Ando, S., Ariga, T.,
Matsui-Nakamura, K. and Yamada, T. : Adult type neuronal storage disease with

neuraminidase deficiency. Ann. Neurol. 6:232-244, 1979




