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Abnormal Lipids in the Brain of GM—gangliosidosis :
Infantile, Juvenile, and Chronic Type

Tooru KASAMA
Department of Biochemistry, Institute of Adapiation Medicine,
Shinshu University School of Medicine
(Director 1 Prof, Tamotsu TAKETOMI)

Cerebral lipids of patients with GM;-gangliosidosis of infantile, juvenile, and chronic types
were studied comparatively, The brain sample of a patient (a 4-year-2-month old female), who
had been clinically diagnosed as GM,-gangliosidosis infantile type before death due to low g-galac-
tosidase activity, contained a large amount of GM, and gangliotetraosylceramide, An amount of
free fatty acid and a small amount of glycosphingolipids including glucosylceramide, lactosyl-
ceramide, globotriacsylceramide, and neolactotetraosylceramide were also found. Cholesterol, phos-
pholipids, galactosylceramide, and galactosylceramidel-sulfate were greatly decreased in the
brain. The brain of a GM,-gangliosidosis juvenile type (a 5-year-5-month old male) showed a marked
increase in GM, and a significant amount of gangliotriaosylceramide, gangliotetraosylceramide,
and cholesterol ester. The finding of cholesterol ester as well as a small amount of cholesterol,
phospholipids, galactosylceramide, and galactosylceramidel®-sulfate suggested that slight myelina-
tion had occurred and was followed by demyelination. The brain of a male patient with no clinical
definitive diagnosis, who died at 54 years and 1 month, showed an accumulation of GM,; and
gangliotetraosylceramide in the caudate nucleus and putamen where the pathological examination
showed the storage of abnormal substances, In gray and white matter, which showed no patholog-
ical abnormality, GM,; was slightly increased and gangliotetraosylceramide was faintly detected.
These results indicated a localization of lesion in the brain of GM,-gangliosidosis chronic type.
Shinshu Med. J., 82 :69—77, 1984
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3,6-

2,3,4,6- 2,3,4,6- 2,4,6- 2,3,6- 2,3,6~ 4,6-
Gal Glc Gal - Gal Glc GalNAc GlcNAc

CMH 0.31 1
CDH 0.91 1
CTH 1,16 0.90 1
CQH 0.80 0.90 1 0.62
GAl 1,02 1.00 1 0.92
2,3,4,6-Gal : 2,3,4,6-tetra-0-methyl-1,5-di-0-acetylgalacitol
2,3,4,6-Glc : 2,3,4,6-tetra-0-methyl-1,5-di-0-acetylglucitol
2,4,6-Gal  : 2,4,6-tri-0-methyl-1,3,5-tri-0-acetylgalacitol
2,3,6-Gal 1 2,3,6-tri-0-methyl-1,4,5-tri-0-acetylgalacitol
2,3,6-Glc  : 2,3,6-tri-0-methyl-1,4,5-tri-0-acetylglucitol ]
4,6-GalNAc : 4,6-di-0-methyl-2-deoxy-(N-methyl) acetamide-1,3,5-tri-0-acetylgalacitol
3,6-GlcNAc : 3,6-di-0-methyl-2-deoxy-(N-methyl) acetamide-1,4,5-tri-0-acetylglucitol
#2 JEG 1 OREER (umoles/g w.w.) T 5 EHELOMZ, L ARETRD R, WTTh

Simple lipids

Free fatty acid 2,52
Cholesterol 6.84
Phospholipids 21.7
Sphingomyelin 2.8
Phosphatidylcholine 11,7
Phosphatidylserine 0.2
Ethanolamine plasmalogen 1.2
Phosphatidylethanolamine 5,8
Neutral glycosphingolipids
GalCer 0.12
GlcCer 0.31
LacCer 0.37
GbOseyCer 0.15
nLcOse,Cer 0.22
GgOse,Cer 1.67
Acidic glycosphingolipids
13-HSQ,-GalCer 0,02
Gangliosides 4,01
GM3 0.09
GM2 0,12
GX 0.58
GM1 2.85
GD3 0.14
GDla 0.10
GY 0.07
GDIlb 0,04
GT 0.02
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16:016:118:018:120:020:422:022:624:024:1
Simple lipid
Free fatty acid 30.3 6.8 13,1 32.3 10.6
Phospholipids
Sphingomyelin 10,4 61.5 2.5 3.7 3.1 16.0
Phosphatidylcholine 51.8 4.9 32,9 6.2
Phosphatidylserine 3.2 44,3 44.4 5.9
Ethanolamine plasmalogen
) alkenyl 19.8 33.0 19.2 28.1
acyl 3.5 7.5 26.5 45.0 15.3
Phosphatidylethanolamine 13.4 24.4 37.4 17.1 4.5
F4 SER L OIEE ORI (weight 2
16:018:020:022:022:123:024:024:125:025:1
Neutral
normal 50 14,3 1.9 31 1.1 1,8 7.8 83 49 11
GalCer
hydroxy 6.5 8,2 25,8 3.4 2.9
GlcCer 4,3 49.9 6,0 8.0 1.0 1.1 6.7 22,2
LacCer 3.5 69.1 6,9 5.0 7.3 7.3
GhOsegCer 3.7 49.6 3.9 1.2 7.7 5.7 28,2
nLcOse,Cer 3.1 50.2 5.8 8.9 4.4 5.7 21,2
GgOse,Cer 1.1 81.4 55 1.8 1.3 8.4
Gangliosides
GM3 9.8 71.8 7.8 3.8 2.1 3.7
GM2 6,7 76,7 6,6 3.6 1.3 4.4
GX 2.7 60,5 6,9 3.1 2.6 3.1 21,1
GM1 0.9 80.0 8.8 1.9 0.9 6.9
GD3 3.1 82.2 6,0 1.8 1.1 4.3
GDla 3.9 77.4 11.0 3.1 2.3 3.9
GY 2,4 77.4 9.0 3.2 1.6 5.8
GD1b 5.7 71.1 10.4 4.1 2,0 6.2
GT 4,8 81,4 8.1 1.9 0.8 1.7

B EF2 GEERD

4 iBlgE o =%kt TLC #5/ Lz, Y VIEED
FREFENRRDOHRDBIED, B L TRE-E VRS L
i otc CMH & CSE Ay b LK
HEhr, BHIERIL = v AT = - A OBE) Y
FTHARy PABD, ZRIEPO—%kITE TLC CHHT
FrLavaFre—A(Ch) LaVAFr—L=AT
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1 : il 2 DIEIFE
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2 CEEfI2 DAV 7Y A K DRREEKIEY
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et o 7 VAR VR
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GM 2
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GT

1
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#5 fiEfl2 OlFHER (pmoles/g w.w.)

Smple lin'ds Phoespholipids 32,7
Cholesterol 29.6 Sphingomyelin 5.2
Cholesterol ester 17.5 Phosphatidylcholine 13.7
Free fatty acid trace Phosphatidylserine 3.3

Ethanolamine plasmalogen 4,9
Phosphatidylethanolamine 5.6

Neutral glycosphingolipids Acidic glycosphingolipids
GalCer 4,71 I3.HSO,-GalCer 8.35
GlcCer 2.14 L.

LacCer 1.78 Gangliosides 6.21
GgOseyCer 1.10 GM3 0.44
GgOsesCer 4,27 GM2 0.25
GM1 4,87
GDla 0.39
GDl1b 0.17
GT 0.88

=6 GEH2 ORMIEEL Y vIREOIREME (weight %)

16:016:118:018:118:220:020:422:624:024:1
Simple lipid
Cholesterol ester 25,3 10,6 5,7 53,3
Phospholipids
Sphingomyelin 11,9 63.9 2,9 4,0 12,6
Phosphatidylcholine 54,5 10,4 28,7 1.5
Phosphatidylserine 10.9 50.8 25.0 4,0 2.8
Ethanolamine plasmalogen
alkenyl 15,1 18,8 23,4 26.2 16.1
acyl 5.9 14,2 17.4 31.2 22,4
Phosphatidylethanolamine 10.9 40,5 17.0 17.2 10,1

LacCer, GgOseyCer, GgOse,Cer, 12445 -1v
F CMH, CDH, GA., GA,, 2’"thZFhitahi,
RO DGR, GMH 13 Gal : Gle=2.2:1,
CDH % Gal : Gle=1:1,GA,{% Gal : Glc : GalNAc
=1:1:1, GA, |t Gal:Glc:GalNAc=2:1:1
TH otz ZNEHOFEEDSL, CMH 1 GalCer &
GlcCer M bR b, CDH 1 LacCer, GA; 1% GgOsey-
Cer, GA, |1 GgOse,Cer rFIELT:,
H7icibhaXsic, vyt P GM,
DEECS <, RRBORHE LRI T2, ¥

70

Toy €27 RFEYIYAL FLHINL TV,

ZhZEhnFE SR CEEOERER X OEHR T2
fTol, BEERYIES T, BEEE Y vIgED 8
WAERERL R 3 6 10, YENEE OB L 71, £
NERFLI,

fEF 1 & AR, GM, & GgOse,Cer 23ZERIZIM N
LAEBOMMEY L <E LT3, F, GgOseler
RS & LTIEE T E A SRl S ey dik g
BrFESh, ShHOIRIEEKENY Cleo 2 EKE
Ly #v 2 0ok FORRIIRENC X < BITwvic,
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RT 2 OWIREONRIEEREL (weight %)

16:0 18:0 20:0 22:0 24:0 24:1 24h:024h:1 H-FA*
Neutral
GalCer 2.3 8.0 1.1 3.7 12,5 6,4 48.3 6.2 58,1
GlcCer 14.4 61,6 5.7 8.0 5.5 0
LacCer 2.6 72,5 7.5 4,6 4,8 6.4 0
GgOsegCer 4,8 76,9 8.0 10.7 0
GgOse,Cer 0.8 90.3 7.7 1,2 0
Acidic
I3-HSO;-GalCer 5.4 13,8 2.1 3.7 19,0 9.7 8.4 6.0 21.5
Gangliosides
GM3 4,3 79.1 7.6 7.7 1.3 0
GM2 2,8 77.4 11.5 8.3 0
GM1 1.1 84,7 12.0 2.2 0
GDla 1.1 82,7 11.6 4,6 0
GDI1b 2,4 83.6 9.4 4,6 0
GT 16.0 53,7 .2 23.2 0
® L IR B g N e oo sy
£8 JEFIBOHEMUDF Y F Y F o FHEEK (mole %)
Gray matter White matter Caudate nucleus Putamen
GM4 2.2 15,2
GM3 4,6 12,1 12,7 14,4
GM2 3.8 2.6 5.6 6.8
GM1 34,9 31,1 49,4 52.5
GD3 5.4 5.0 3.6 3.2
GDla 18.5 13.0 10,7 10.2
GD1b 14,1 9.8 9.9 6.0
GD2 3.9 2.1 1,6 1.6
GT 10.3 6.6 5.3 4,2
GQ 2.2 2.4 1.4 1.1
R 8% 7 vy ba—x—THEL,
Y7V Ay NTik GM OERAINDRA, EBTRBEEND,
SYTRIAVIVF Y FRHML T 525 RIS C fEFI3 (18D
UL Cigo k& LTz, B 8T, BRI A IEM S BN, Wi s,

L &, GM, 4 kot GgOse,Cer DR EHEShLKEE AEL VLR 7 4 v )5
HREREEME, 2 vaFe—n, 1 V]§E, GalCer, BOHPTLC #iRL 7, EREAMCE, BRE,
CSE i LTz, LvL, FOMEEe 1 &8 Bogrcir GM, 23EiginlL, X5k GgOse,Cer
TS, 2VAT e~ L= AT ALHEE LD & OHFELBEDENL, 20 HPTLCRF vy | 4 —
by KIEFACEETD I = U wTREBE A Ut o #—CIRE Lo Re R 8 IR LIC, BN, W
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GM3
GgOse 4 Cer

GM1
GD 3
GD la
GD 1b
GT
GO

1 2 3 4 5 6
K8 JEFISDEMMON V7YV 4 FOEMEEEEBs/ r< 275 A
A7 4V IRBEERERLIC
1: KA 280 H 3 Bk
4 0 tF 5 :fiEfl2 6 I IEWRAMD 7 v 27 ) 4~ F
B, R XK3EFU

- *’ F.ald
F.ald -
. plasPE I PE
{ PC, '
‘4’%
SM.
Origin
@ -
oM ; ; o
CSE - CSE . Fad

| plasPE {’ - Pl asPEd” ’ PE

PC' & PC. P

sm &

tOrigin - - Origin __
Ko GEMFS OBMMUOMITED _KILHE s v <+ 77 A
A JKBEE B: B H
C: BRIk (AHM#kE &) D : gk (AL &)
Bh, R :R1ELMAL
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EO EGI 3 DEMMDONEE F R (pmoles/g w.w.)

s _| Caudate :
Gray matter | White matter nucleus* | Putamen®
Simple lipids
Cholesterol 32,00 78.30 44,82 39,28
Cholesterol ester n.d, n.d, trace trace
Phospholipids 48, 00 75,04 48,86 53.54
Sphingomyelin 5.21 13.12 7.89 8.40
Phosphatidylcholine 19,32 17.97 15,16 20.20
Phosphatidylserine 4,50 10, 36 7.21 6.70
Ethanolamine plasmalogen 11.91 27.15 12,94 12,30
Phosphatidylethanolamine 7,06 6,43 4,88 5.94
Neutral glycosphingolipids
GalCer 5.18 37.01 18,84 16.79
GlcCer 0,02 0. 06 0.02 0.05
LacCer 0.22 0,69 0.45 0,40
GDbOse,Cer 0.02 0.05 0.04 0.02
nLcOse Cer 0,01 0,02 0,04 0.02
GgOse,Cer 0.01 0,04 0.31 0.27
Acidic glycosphingolipids
I8.HS0;-GalCer 2.39 6.30 5.17 5.70
Gangliosides 2,40 0,89 1.80 2,46
GM4 0,09 0,14 0.02 trace
GM3 0.21 0.14 0.27 0.37
GM2 0.17 0.03 0.13 0.13
GM1 1,15 0.36 1,05 1.49
GD3 0.19 0.02 0.05 0. 06
GDla 0.32 0.08 0.11 0.15
GD1b 0.19 0,07 0.10 0.15
GT 0.07 0.04 0. 05 0.08
GQ 0.01 0.01 0.02 0.03

* 0 BLOMEE e
n.d. g R o D LR R

b GM, 2350% % 5o, [REE, BETL30% M %
HoCws o EAERZRI,

2F, BRE HEROLTEELRBERYNS
hizdipufed, FIMME SR ((BRED,

() &329) %, Chi oW TREM TR 1T > 12,
Rowrn it TLC #FL1, KEHE (A,

BE (B), (BRE) (C)s (##) (D) ovFhi
REEZLIH BRI & i) ChEI 1 (B 1)

No, 1, 1984

EREGI2 (4D DAF » FXEHEYTE LBbR A
ARy PRDTHRED DR BENE, HEEREYC
v A KA Eic kL Ethanolamine plasma-
logen (plasPE)2\ Phosphatidylethanolamine(PE)
X hdunz Lyl Zhiz,

H10we ) CHopEEIEE S TLC 4R, %
B0 CMHA BRSNS, 13202 -3 FaMeH
Shy BHCT~TOHO CDH, (RREL 4 X 0% (%
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GlcCer CMH

GalCer
= €D

LacCer H
GbOse 3 Cer

CTH

nLcOse 4 Cer CQH

GgOse 4 Cer GA1

H10 R 3 DEIMALOFHUEREIREOWE 2 = < + 7“7 A
1 SER 1 O HERERE 2 KEE B
4 B CABMASE ST 5 ¢ s (R E%&#%U)
BEBHs e K2 ERLT

Glc-Cer
glucosylceramide
(GlcCer)

I

Gal(1- 4)Ga1(1 -4)Glc- Cer‘—Gal(l =4)Glc- Cer‘*Gal(l -4)Glc-Cer
globotriaosy lceramide

lactosylceramlde NANA
(GbOse 5Cer) (LacCer) 3
1 r I ,NeuAc-LacCer [GM3]
5 # g ] GalNAc(1%4)Ga1(1%4)G1c-C
G1cNAc(1-3)Gal(1-4)Glc-Cer  GalNAc(1%4)Gal(124)Glc-Cer Ga c a c-Cer
lactotriaosylceramide gangliotriaosylceramide INANA
(LcOse3Cer) (GgOse3Cer) 3
‘f ]IaNeuAc~GgOse3Cer [GM2]
B B B 8 l -f_
Gal(1-4)G1lcNAc(1-3)Gal(1-4)Glc-Cer i Gal(1- 3)Ga1NAc(1 -4)Gal(1- 4)G1c -Cer
neolactotetraosylceramide |
(nLcOse ,Cer) Gal(l 3)G31NAC(1 4)Ga1(1 -4)Glc-Cer NANA
4 gangliotetraosylceramide 3
r (GgOse4Cer) T NeuAc-GgOse ,Cer (GM,]

g B
Gal(1—ﬂ4)GlcNAc(1—3)Ga1(1-4)G1c—Cer
I

NANA <}— < blocked in GMl—gangliosidosis

|V3NeuAc~nLcOse4Cer
a

K11 GM -4 v 270 % F— v ACTHHE S hiolBigE o (Rt
Ak TUPACDIZ X%, [ ] i3 Svennerholm D#&I0K I 5,
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®] €D GA; MBS bhic, CMH LB
D GleCer H&ATWED, 1T LA FILIEERED
GalCer T oo IO, FEM 1 2 BE BRI
FEEIEE & OBEED iz s CDH 1k LacCer,
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OV RAE T L, [ERCIEEET B HEICD
Wik AV YA FRERE, HEDEEARET
wobi?, GleCer LTI CIIIZE A FifH
NP RSB OF RS 0 GM, DRk ik &
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KEE, AEIEEO DA HID X 3 st d
b b, AFIIREECAY T 2 BREG BT,
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2EIREN I, EEZ DR,

ZORERP Gy FEIRRE, PR LT
505 FBEFHCERE ShRAE, BBICLET
DRERHDC ENFE IR,

N # 2

EHEREORBa vAFr—, ) VBl L5
=) VIEEO VI ev F, AL7 I KBRS &,
EA LT Ehbridied GBL), 7, V VEED
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