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Purpose : A simple, rapid, and highly sensitive analytical method for Gb3 in plasma was developed
without labor—extensive pre-treatment by electrospray ionization MS/MS (ESI-M S/MS). M easurement
of globotriaosylceramide (Gb3, ceramide trihexoside) in plasma has clinical importance for monitoring
after enzyme replacement therapy in Fabry disease patients. The disease is an X -inked lipid storage
disorder that results from a deficiency of the enzyme a —galactosidase A (« —-Gal A). T he lack of @ —Gal
A causes an intracellular accumulation of glycosphingolipids, mainly Gb3.

Methods : Only simple 50-fold dilution of plasma is necessary for the extraction and isolation of Gb3
in plasma. Gb3 in diluted plasma was dissolved in dioxane containing C17:0 Gb3 as an internal standard.
After centrifugation it was directly injected and analyzed through guard column by in combination with
multiple reaction monitoring mode of ESI-MS/MS.

Results : Eight isoforms of Gb3 were completely resolved from plasma matrix. C16:0 Gb3 occupied 50
% of total Gb3 as a major component in plasma. Linear relationship for Gb3 isoforms was found in the
range of 0.001-1.0 yg/mL. The limit of detection (S/N=3) was 0.001 g/mL and limit of quantification
was 0.01 yg/mL for C16:0 Gb3 with acceptable precision and accuracy. Correlation coefficient of cali-
bration curves for 8 Gb3 isoforms ranged from 0.9678 to 0.9982.

Conclusion : T his quantitative method developed could be useful for rapid and sensitive 1st line Fabry
disease screening, monitoring and/or diagnostic tool for Fabry disease.

Key Words : Globotriaosylceramide (Gb3), MS/MS, Fabry disease, Quantification, diagnosis
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Fig. 1. Structure of globotriaosylceramide (Gb3).



HOjAZ 0|23 A = Gb32l SX I WE2|H(Fabry) ZEt 47

SERT
1. AleF 3 7171

Ceramide trihexosides (globotriaosylceramide, Gb3)+
MatreyarHPA, USA)ZH-E T8t AFE3ITE vH-3
TN C17:0-Gb3+= GenzymeAHMA, USA)O A A58t
< AR&Slith HPLCH Aol &vlf 2 o] &<l mig
BEREE, oME, dEUFOMHCIEE SigmarHMO
USA) ¥ Tedia’HOH, USA)lA] 435t AL&-sFaiTh =
4 SH9© Millipore MilliQTM system®] ¥+ AA|S4
A Al2=5H(MA, USA)E ol -&3te] AAlE 18 M@cem®] 5
FTE ARSIt olEde &gt e
Millipore membrane filter A28 %3] WhatmanAHMaid-
stone, U.K.)¢] nylon membrane filter (0.2 ym)= 73+
1013F &7]8ke] Ab&sksith Cs guard cartridge -2
PhenomenexAHCA, USA)ZFE Y3}tk

g A A4l AR8-E ESI-MS/MS®+= Applied Bio-
systemsAF (MA, USA)2] API 4000 triple quadrupole =2
AHEEEdom HPLC ¥ HEZ & Agilent 1100 212 ©]
npo]A R HE(CA, USA) 2a3} g7 CTC Analytics
AGAHZwingen, Switzerland)9] HTS PAL autosamplers
Ab&3lth dlolE= Analyst (version 14.2)5 ©]-&3}¢]
A 2] &k ot

,“40 N m

ull

1r

T)“IT'T“ =

o\ o

2. 2% AA2l A

2 7AA}e} DNA S22 B8 E35)0] glegy ix=z
o] EAXaE AZsls A2 garoRele] AR
] 9

3}
of A3k Fo) A FARAS g8 Yol ALY wol)
=
5
%

o

2mLA AAT T BA A7 T0TAA W

) 2&d

=<
BN
"

70CAM Y& BAd Gh3 F=FS W /FEa2vxE
2:1, v/v)ol 59 %2 Gb3E 1 mg/mLE A8+ stock
EFg98 WY B8kl Stock EFE9S WES R 3

Aate] FEE Gh3EA 10 ug/mL=E ZA|5te] working &

ColA Ws B2ag C17:0-

2 CI7:0-Gb32A 5 ug/mL= ZA 3] stock LH E%%Cﬂ
o2 3o ¥y nasrh x8AY EETEAL 2
A AR 20T olskE e BT

2) AP A

EFNQ0 pg/mL)S> FEG F TjSAto R 345k
TEY 1 mL T Gh39 s=7F 47+ 0, 1, 2, 10, 20, 2 50
pg/mL °] HEE AR WE-EFAG ug/mL)S H7t

sto] HiFde] &S AT A= e 6709 Gb3 &

il o7

: uLE (G ug/mL)<= 74staL

< 7tete] HEH-IE 1 mLE 33Tt o

s i%ﬁri =

Al 23 58 7F DA EE] (10,000 rpm) 3ol autosampler-£

5uLE HHuj2=2 F9] s}giﬂ Cs

guard cartrige Z9-S

o714 4 WF-EFEEA Az ﬂﬁi Gb3«] 41
HAH S 7HA 2 A7 S A sk

3) ESI-MS/MS 24 =7
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oA EAEA o5 AT 2 mM ammonium acetate}
0.1 % formic acid& X33he ol SHTE AHERAL,
°]57¢ B¥ 2 mM ammonium acetate®} 0.1% formic acid&
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9 < Table 13 ZowH o] F o2& 4
glglo] A =Felitt. Gb3 isoform 418 $Igh
4 9] MS/M Z71& declustering potential (DP)©] 80 V,
entrance potential (EP)¢] 10 V, collision energy (CE)7} 22
V, collision cell exit potential (CXP)¢] 12 V, deflector (DF)
7} -200 V, channel electron multiplier (CEM)7} 2100 V,
collision activated dissociation gas (CAD)”} 6 psi, curtain
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Table 1. Selected parent and daughter ion masses for the
quantification of globotriaosylceramide (Gb3) standard

Gb3 isoform Parent ion” Daughter ion® Formula

C16:0-Gb3 1046.64 884.64 C52H97NO18Na
C18:0-Gb3 1074.65 912.65 C54HT0TNO18Na
C20:0-Gb3 1102.68 940.68 CH56HT05NO18Na
C22:1-Gb3 1128.68 966.68 C58H107NO18Na
C22:0-Gb3 1130.68 968.68 CH58HT09NO18Na
C24:1-Gb3 1156.71 994.71 C60HT1INO18Na
C24:0-Gb3 1158.71 996.71 C60HT13NO18Na
C24:0H-Gb3 1174.95 1012.95 C60HT13NO19Na
C17:0-Gb3 (1.8.)"  1060.64 898.64 C53HI9NO18Na

*selected ion presented as m/z (mass to charge ratio)
"1.S: internal standard

gas (CUR)7} 12 psi, nebulizer gas (NG)7} 50 psi, auxiliary
gas (AG)7} 40 psi, ionspray voltage (ISV)7} 5500 V 18]
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ESI-MS/MS& Gbh3 isoform= #4243l ¥ Fig. 2A%F &
= 2 Ede] 22ads Atk B Gb3 isoformE©] &
HEY oA BF S5k 2 87t HAHFig. 2A). 8
F Yell= 8F72 total Gb3 isofrom % C16:0 Gb37F 50%
1’4E& AA ko] 7 B2 ARHE EAES o 7 A3
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2, X

S Gb32 EMY HS

C16:0 Gb3, C18:0 Gb3, C20:0 Gb3, C22:0 Gb3, C24:1 Gb3,
C16:0 Gh3, C16:0 OH Gh3, ¥ WF-x C17:0 Gb37} &
Mz A st s 7zl gz RE & BEH
25 <4 5 AATH(Fig. 24). AT ol (A Aol-24) 2 A
12Al o]’dhel & Ghb3 ¥ UWFEZEZ2 C17:0 Gh3E
A7ke @45 2 B4 wEl ESI-MS/MSE 451
Ao ~HEHS Fig. 2 CollA HodX= A3 o] A4 o
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% ug/mL)+0.1927 (R*=0.9987) 0. & wlj-$-
YERN A tH(Fig. 3). A#AE R RS T8 34
sto] A4S dERlE HAE T8l A3 0.001-1.0 ug/
mL #9 el AN, Gb3 isoformE2] H @ ES R2S
0.9678-0.9982 W eloll &atith. AdAS dehdle= »9 W
oM Az of FFHI(S/N B)7E37F 2 v 4L &% T Gb3
isoform®] 7% 371(LOD, limit of detection)= 0.001 ug/mL
RaL, A= 5% oAl ALFIAOQ, limit of
quantification)© 0.01 pg/mLeIATE A4 HHE e
U= HlelA ?‘513?‘%% 7317 $138+210.02, 0.2, 1.0 ug/mL
FEO Gb3E Aol 7hate] Ao WA Wiy s
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Fig. 2. ESI-MS/MS multiple reaction monitoring spectrum for (A) standard Gb3, (B) Fabry disease

afftected male plasma, and (C) healthy plasma.
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Fig. 3. Calibration curve for major Gb3 component in plasma,
C16:0-Gb3.
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F1(n=57)9] 4% 0.01-0.90 ug/mL, ¥.S1AH heterozygote)
3l A (n=3)¢] 49 0.01-0.70 ug/mL, NEHH A1 &
(n=8)e] A$-E 290-1510 pg/mLe] Wl 77+ Lo}
Ao 2 YEelWtHFig. 4, Table 3).

fr o

Table 2. Reproducibility of plasma Gb3 quantification

Amount added Amount found Accuracy SD Precision,

(ug/mL) (ug/mL) (%) (%) CV (%)
Intraday 0.020 0.028 108.33 36 33
(n=3) 0.200 0.190 9826 08 0.8
1.000 0.870 8792 59 6.7
Interday 0.020 0.030 11042 36 3.3
(n=3) 0.200 0.189 9%.14 8.3 8.7
1.000 0.854 86.46 105 122

C.V.(coefficient of variation, RSD) =(S.D./Mean)x100

20 r

GL3 (ua/mL)
5]

5
TN ] LNT]
0 )
A Mean+$8D; 3.77+1.27 Meant$SD; 6.331+5.54
20 -
15

GL3 (ua/mL)
o

0 )

B Mean+$SD; 5.80+1.92 Mean+SD; 14.261+2.55

Fig. 4. Reference range of plasma Gb3 concentration; (A) total
Gb3 and (B) C16:0-Gb3 for healthy control(left of A and B) and
Fabry disease affected male (right of A and B).
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Table 3. Plasma Gb3 concentration measured in normal con-
trols, carrier females, Fabry disease males (Seoul, Korea)

Classification Plasma (pg/mL)

0.01-0.90 (0.17%0.20)
0.01-0.70 (0.38+0.27)
2.90-15.10 (7.38+4.15)

‘concentration presented as mean=SD

Normal controls (n=>57)
Carrier females (n=3)
Fabry disease males (n=8)

o0 | < normal
O fabry o
— A carrier
E 15 1 ©
g © o) @]
- e
S °
g 107 © o o
S o 0 o
S % o X0 IS o
O ® o o
9 <><> > <& 2% <><><> o <><><5><> S
5 ;>A PN +% S s O
0
0 10 20 30 40 50 60

Fig. 5. Distributaion of Gb3 concentration in plasma with fabry
disease-affected males.
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