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BN 1 457 14C~20C 412 B 1 4
DL P M B 22 e £ i 2 T R PR R D AL 1, 1T 07
B 16C~26C ANGEE; Si4h, B2 I 1A
HREH DRI AR A7 A8 B AR R0 T Ak (1) A=
BRSO ZREEAT AR, B R BOR 5 0 25 5
2L /AN (SPE STBUR AR 7 ERUE 7N (BRI DR LY ]
JR) oy — AN LG5, BERE T LA Bl el 2 8,
HEG MBIt M FEERT A
D- #iZ& M D- LB L- AR, - HEE N
N- Z. It 7 %5 %% % (GIcNAC). N- 2, B =¥ 3L B i
(GalNAc) I M5 2 (sialic acid, SA)FFH.

AR FR B 1 0 P W 905 TR A R R A R B, i A
JIRAT J by A PR T AR P R PO 2R A T
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FRIEREIEIG . AR AL O A AN, A I X
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TR G5 1) fie A L AR ik N A B TS L s v
SR KHER 73 WA ) 1 40 MBS, TR T — R IR
s s, IR AR SR AR AR B BE
Haamohne, 5AMNEARIRKE . G, 24k
WINC A0 P T RS g AR i A PR 3 T vk M AR
F. DRk, B A I L 328 8 A B A 0 2 Al 7 —
AT TR, KT B G AE R AE S
WA E IR TR, Xt — 9
N T B IEWT SO0 T ELBh ) )G 8 N2 A= i fg R
HATHE KR X

2 HEEHEMSBEMSMEAR

BEBINR 2 B S ks S e R AR
AEWTFT, RN B A=) 27 D e Lk TRk 4
Rt FRARNSEIRR A K RITRARK
Fenbl. ARk, Rl DL RE #E G 2 B A AT
AP, B AR 1 4540 S DI RER LA T K
AL
2.1 ERE®if(thin-layer chromatography, TLC)

e Z T, R (ke 20 4
60 AR P ST A T 2 2T T8 525 40 D A
L TLC AW a i . B P BT, vl
DAASE T e YA R IR A4S JE b P b () S fn . T A

A HE RS i, I HLoT DR TR s e v 1)
R DL BRSBTS AT o B R R, B TR
AEHENE R ST, SEBURE A . Lk A
JEXT AWy BB AN BAL, BRI, SRR
4,3 92: (high performance thin-layer chromatography,
HPTLC) Wiz A4z, 5% M TLC AHEL, HPTLC it
A58 FH ROREABE IR R J5iT (— P Ay ek s ) e JR R A A B
ZINFRYRSUREL 1 A% A0 S 4 FRORE 2 29 5 . HPTLC SR H]
TREFZHWEIFHA, vk T DRI FIRORE /N 1fi 1é
JRHE RIS, B9 T AR S A B R S TR Rk
JE, AN mker R B 4, HPTLC AN
A S = RS FE R Ay B fie 0, I RFE RN
PLH. 3L 10 472K, BEAE AR TLC fE4i k70 2
IR P2 A R BORE . s> R ke
R FE LA R dr R N F YE [ &5 07 TTBFFE iR N, TLC
FOREUSG T E R, AH2 IO LA T e A I 1)
S IR 294 TLC ORI Z M. Bk,
LT # TLC/HPTLC 5 1% (mass spectrometry, MS)
SN RO S T RGP i BUIRE S SN ALY 1D TR 7N
(1) BB (TLC-MS), ASfg B i et — A (1) 4l
1k, RAENS A3 BB A WA AR 431 o ML 254
15 R,

LX) TLC-MS J5 kIR e, Park 251 ks
VRAH Fh 2 2R 10 2 BT £ K (liquid extraction surface
analysis, LESA™)fl TLC-MS Hi A&, 5HmiZ%
HLE) - QSTAR ki i DUZLIEAT - RATIN ) - i IEe
FH, TTSEB T 074 o 1 P W 2 T 1 P =G o, O
X TLC-MS (W4 S8 AT, 85 R E W], A
[F 2 F S50 R (1) TLC-MS 3 B A AT LUK A 15
A0 T PR IR LA AR T R0 24 o 1 A A 1 110
FAK BT, LT3 AT A A o ) e PR R I R A
WEAR I G 2. EaR B R S AN ] 248 ™
Y. 2K, ML AL ZURE A [ 23 Az, iy B
SINTHERE IR I R I T FEAR R TR SR> i
Koy ARE MR LSRERS 0 HT R HLE 99 FEAS IR IR
LFRe k.

TEh, AEIE GERUAE S A ARSI T, HPTLC
AN BEE X I3 B S 7 G5 22 0], 38 W] LR AN
[\ F¥) B U B 45 #) . Torretta 45 U1 F] ImagePrep
(Bruker Daltonics) % % R 4t, #3577 FJH] HPLTC
5 5L 0 B O i W L S T (matrix-assisted laser
desorption ionization-MS, MALDI-MS) BX H ) =1 43
PR RGE, IR GE AR A AN R T 107 5 285 40 PR 0 24
JERE AT B HERR B 2O . SR
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RBUR AR I IR AN R Z A AT, TV AT IX 43
B IEAN R AR R A . REARIIRE. 17 V2o TS B
KREMMEA . 5 TN HPTLC iR A,
WS T TR e B I A A | B2 IRAS B
fe [RERIK R T, HERE T AT IE A R W S R 1)
WA E R

22 SXMKMEEIE (high performance
chromatography, HPLC)

% b SCHTIR ) TLC/HPTLC $ RSk, ki A
35 (HPLC) 1 % R 3L 5 ool 5 AR 1R 16 FH Al ok
L SN T Rk A o RIS Y

Ito S5USM Y vy CBUAH (i - P 25 P i DU i 25
T B €A A - 5% (HPLC-electrospray ionization-
quadrupole ion trap-Time of flight-MS, HPLC-ESI-
QIT-TOF-MS) k& % 2 £ I Jit 1% (MS™) 22 ekt A 2141
Jfob i 5 4 F b vk OBE 85 I (LacCer.  Gb3Cer.
Gb4Cer. IV3aGalNAc-Gb4Cer) 3k 47 T #F 5T 43 #7 »
SRMREE T % . ZHIRIEIE. S
KB TEE. Hr, e A% HPLC-MS HiA
DLBH B A5 2 [M+Na]* A1 B B 5455 [M-H] 460
IR 4 MRS AE S IR A TR, )
T (MS?) F = 253 (MSS) Rl _E 34 4 Ffoll 5 g 1)
FHEFA. R, ik E e R R AT
LacCer )& 5387 T Gb4Cer, X 5561 BrifiE i1y
16N Z140 il Gb4Cer 75 5K T~ LacCer #5555 AH
KU, ] T AE HPLC-MS () 5 i 75 b 7 22 5
FoE M FA #ARC N 2. 5 Kushi ZEPF AL H]
(P RAHFEAN], %5 v At IR 1 ) 5 A AN AE
FRERE SR 7T B 0.1 nmol F4 % 0.01 nmol, i fg
% 5y AN HH B B 445 K LA AR (R A 28 Wt b 38 4 5 A
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ASE IS w3y (1) 43 B, s ] K 4 43 A s )
Moyano & P HT kv 200 AH €03 R K 22 g% il
(UHPLC-MS/IMS)i:, % MY A= R (W) 1 5 7 it
P22 55 T ok 212 (AS A-KO) /) Bl o 412 P i 1 1
ITTEESN. 4 REW, UHPLC-MS/MS %
7F 5~1 000 nmo/L A1 10~ 1 000 nmo/L 1] £& 7k ¥
FEI P4 23 5310 %F i i BR &5 4 4 C18 2 0, C24 @ 0 LA K
C16: 0, C24: 1 Mg A R & iR e Fn ik
. HAE ASA-KO 2 Hfs il 1) 7 B 5 1 i 1) 4%
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W IR DG % LA S E R IUBEE T A
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MHTSC 2.0 F 2.2 HPASHER H, A8 X R i 1
WF 5% ik f2 b, i s TLC/HPTLC i& /& HPLC/
UHPLC iR, #EATT S BB AR KA. G5k
by IER B RARAEMT AR R A K M v
T TLC/HPTLC 5 HPLC/UHPLC A () 3 1 .
TN, BEEESE R i B S TR BT AR AR [
SR AR FIRI 503 06T 5 53 BT B8 ) S v J2 10 ) Sk P,
A 15 0 U B AR A B A I PR A 9 v AR A B i A T ER
B, BB BOG T 40 B Bl 4L ZURE A b (B R i i 4
T B CA A3 BB RN T R BRI R . I
PRKIE, A5 A RREAS Hh S8 SRR I 7 IO A 5T
L B S RO 9 M K3
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FEFFHEAT LC-ESI-MSIMS Z M P 46315, 1E Al (43
FE LC-ESI-MS/MS V11 S HURH S IR R il I 754 1
M B A E— s el s . HlRE . 7K, BE—
SE LB EE . Ot K EA TR 7 R O
NEZE, FRAESSIREREE N HEAT A0 R DA B 25 H b
JER 4 A s e, A S0 . R REEK Foleh
ESEHAr BRI R, BRI 3R 4T LC-ESI-MS/MS #ilf
5%, T AR A A LC-ESI-MS/IMS T 5% 34
2, U5 A 7 b3 5 AT 1 A 60 T 2R B Ve
(diethylaminoethyl dextran gel, DEAE-dextran gel) ¥
o2 atith, T SO L 4 LC-ESI-MS/MS Jf:
b Bl st i% 2 & Bl I B2 R (multiple reaction
monitoring, MRM) LA Sz i Bl 85 5 1) & 46 WF 9% .
Ikeda %5 @RI FH 1 7 32 e D s AR E 9 T /I SO A o
FEHLIAEETT - RV DL 1

B X B S 0 23 PO 9, M A T
L] KRS IIE 23 1 b0 B SR ER IRRRE . DRSS 2
(PRI ST, W] LAYsD 2540 52 % T 22 A0 1 o 20 1 e
S PR L S AR B AR A, T
W2 BE NG 7+ BB Rk, B B B rh A H
BT PRI 2 BN VIEF(EC 3.2.1.123), Xl AR
S8 [0 MEZ R 20 BT Hh 4 H ) Wl 2o 2] LT 7 i 42
PRSI 2200 2 ) (R RE T8, RETSORERE. b7 ik
AL BE A SR BE LG A, nT DLHEBR R BE T
P, AT PR BENHS > HEAT g L4 2o Ay
TV DU i A A e S AR A A 3, BNk AL 1)
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e R A A VR T LT T 2 2 1) C=C B, ARJa
FH AL BEVEBEAT B T B S 23, AT S B 22 0 (1)
BB BT B T BRSO Ak 2 A 1 B K AR A
6T HSEHL T 6 & C=C Ml 5 A bl 4 1 AR 45 o 1k
BB TR IR T KT S A A I AV R RGE
Song S5EAFF K T AT Rk 22 b BORE TEORE #5 Ti
BERER T, TR Rl 1~ 10 g/L HRE
B A — & Lol B S5 1 VR A b 22 0 R4 Ak
B, AR S NG (pH 6.0~ 8.0) HEAT 4li4L
Aab B R ] S BB A A AR S A P ) R 2%
PRI R A IR 3. Tris. BRIREL UL K 4 1R
B IXRROTIEANCRE G T AL P GRAL B N 7 A 3
AR i QIR TRat 7/ RS - N I vk %I E
RN oL P = SN i i TR R i) 2 TR AN
7RSI AL

24 HEMER

JRAEAE HPLC &t Z R MR AT BILL B o i 45
B I T OC T RE AL A S ARGE , HE X T4
JH L A 2R B RO AL S8 AR AT AR AR A

YIS RAE R — R AR F B, ik
AR R R, Wk TR B IREE)
ST EEFE, A B, Mk,
HEN AL, RO = TR0, B 1k
HAEPE 28, LR PR 2 Fobl B DL 1)
J7 e 3R, AR AR RS &
(carbohydrate-binding proteins, GBPs)[{J#R%Er, @it
FIAE B B 65 AN R GBPs 145 5 5 BE R 15
AP RN RS, DA REE G 3EnE, BRTE MR T
LBk, X BT OB AR AT SO B A
W9,

Song ZEPLEE AN . 2 R BN AR B REAS HR A I
FEent AL AL FE Y GSLs 5 —Fh & A i1 A4k 2-
G T I e ik (41 1) e U5 ) e 5 kAT 24
i, T2 eI EORN HEAT & B ERE A
BRI 8, B F R T MRS IR 54685 (GSL
shotgun microarrays). 1 Ji AT 326 F AL FH 5500 5 A B
BEREUO R IR A G TN aE 28 . PUREUBEE 555
AT IR RN, R RT 4G H B 0B A T %) B k1]
T IR HAT SR K MR RS 23 7 1) IR
SRR . 534, R BT, A
P By S A3 200 N- BiEE sl O- Wi Bk 12E AT Bl
Y 2RI TR

B G RT LAE A BIF 5 0RE S sloll - 2 11 o s N I AT
TR Liu S5 BUE T 408 i (neoglycolipid, NGL)

BRIFR T —BRRIIBE S R R G, xR G
K DB B 11 7P 43 B N T 8 S0 5 IR 28 kAT
i i AT P B B I I 1T T2 RS I o 22 1) S
e, WSS G E AR R RS

3 HEEHRREIEAEF RS T REMFER MR

G AT G A1 2 R AR R AE R % 15 4l Jfa 4
INEERAT HAEHME, R 2 i, A
BT e SRR (PR TE R, e L A0 I A R
W TEBUOC R ARREESIESE. FRELE s N2R
A BRI dme R 950, AR e 77 T PR 0t 9 =2 B
M —.

3.1 PEHEEEEPHMRER
31 A ERERAG R e T R T R R
HLEL %

KSR LLAS i (R SR B LT NS
HOA: B BRI AR FE I R BE AT
b, RELOE LA SR A IR R AR R T MR (AR 2
PERGL s e e )y, X R SRR N AT AT
WYUIRER. fE2 FomaEre g, 3 o A7 Sk i ig
i BARRRE, WE. 4 EE. BRI
KBEVE %45, GM2. LacCer. Globo-H 1 GD2
SEORH A T 1) e B Ak 2 TP b e A0 B 1 R B R4S
S, IR 4 IS B e )RR 28 00 R 1
SRS Sf U 9 3K L IR KB e A Bl R K
Vit P 9 A R 0 2 Sk 2 5 o e R A i 1) A2 B, R
B T — SO0 SRR Ve TR (H TR
B I I P 52 2 AR B A8 g P AR DG TR
Bz, LSRR A 58 rh At 22 b PR DR 35 1) 4
A%, ATAFIERE R AR AR BRI IR A2 HME LU 1.

Zhu Z5:6eR i ESI-LTQ-MS £ A Hil LC/ESI-MS/
MS HAXS LG T 78 N FL IR g 4 2R R FLRC R e 55 4 2R
R R BRI IR ik . A5 R,  ANFLIE A
ZRrh e R B RS S T LacCer (m/z 1010.8,
1122.8). Globo-H(m/z 1838.1, 1950.5). Fuc-LacCer
(mlz 1184.8, 1296.6), * % N 117 GlcCer (m/z
806.7, 918.8)A1 Gb3 (m/z 1214.9, 1326.9). iHil %
2 M 0 L 2R g At LR 40 L 2R S A )
B NE AT E, &I Fuc-LacCer Sy 3Ll s r i 5=
PEFH RIB R IR a5 . A T 3 S
(FIRIRHLEE, EZAE SIRNA T4 sh bl L B il 1
(fucosyltransferase, FUT1)# ik 7K J i 3 e g 41
Jfl %2 MDA-MB-453 & 9 2] 7 0] & & i 1
Globo-H F1 Fuc-LacCer 254, Ktk FUTL #fiA k2
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5245 i Globo-H F1 Fuc-LacCer 1) <8R . Holst
251950 if MALDI-TOF-MS 0K, 76 A 45 EH s 41
ZUP ORI T A SR A A I A O, T SRk
MR G RIS T, S AP, Zhu
SR R AL 2R P R I T R e v R A I R
SEAGHER . b AT 7 Pl IR B I OR o A
Fucal-2Gal- &5#4). JCH & Globo-H, I AE A i
P2 bREY).  HATEARILIET Globo-H 5
4 75 11 (alpha fetoprotein, AFP)/E b T I A 12
FrBEYI PR 2 X, (H Wu SEB) bE T X e
WA - - FUME Ak - 20 4 B BE 1 i (disialosyl-
galactosyl-globoside, DSGG). Gb2. ‘¥ B %k 1k,
GML H1 AFP 15 412 Wb 25 W 5 e i R A A v 1)
Rl R, R BLAT = B AFP A 43.98% ~
90.01% ) R BB SE T, IX VL] T E 8 R A D 8 A
TR I AR 2 W br 25 20 1 B 3 Fm] et

Cheng 559 2 Globo-H 7£ - 57 41 jfa v ] LA
SY TR iR Caz (M DL A4 A .
H.455 Globo-H FHXJ = BE AR IR FL e 4 23 LL iR
i, Globo-H AHX = A i AL IR A 2R B T
S R SUM R AL A AR R . A, BN Y
I TE 4l i S AH EE, Globo-H 45 4 E 22 B Lz v i
P R RE 40 B 3R P R AT B AL Ay
18, Globo-H 5 Fuc-LacCer 3 Fiobi i 15 525 45 A i
J Fucal-2Gal- FIBERESS#. DAL, 5 R 2 Ab 1)
KRN R FRE ) — A IR B b ay I,
HEREALIY Globo-H AN AE 2 Rl o HAT Bk i
Jo AR R 9 Ty, IR LA AR T T R T
YEH.

FHHRIED, 7 NOD/SCID /AR A H siRNA
] FUTL A1 FUT2 (204 DL AIG A S8 15 Ry 72 Fr
Bt R i Bt 5L 3 (stage-specific embryonic antigen-3,
SSEA-3) I -1, 2- 14, MM FHLAS Globo-H )&
B, I OSBRI FUTL R FUT2 5k2g T 5L
T AR A, S34h, T Globo-H. SEEA3.
SEEA-4 A BEBR IR g A 22 B AR B 4R i e o0, A itk
Globo-H & A BEAR (R AEAS I / ¥6 97 XU e AR .
A DUR) IR G0 g i 1R A S LI A S 30 12 Wi g
AT RN ST
3.2 Z AU R A0 R e gk I A R

MEERAERIBEE . KEREMITER i
(R AL 20 30 7 A IS 52 A i R 2 AN T
D IR AN RO G N I AR R = T
WIS 5 R A B IR ARG T 2R fth— 48

LEPR 0 b, VSRS FR A 0T B I s
AT 7T AL 57 P 24 s obof T e 9 ) A AR A A Al L T
(). IfL & A B2 A2 K K (vascular endothelial growth
factor, VEGF) & — P T 1L P Bz 4i i 2 A7 1R i
R A R R, EAERN B I A K
DL EAE R, A i A o i A e 21 1
B U A R L Y o D R O S
rasIMAPK {55 5 1 % {3 2 18 5 4 i VEGF 1¥] mRNA
FIKI, A My 20 AN A Rz A0 e 2 T H N
I8 A B (tumor microenvironment, TME) f¥) VEGF
5302 4 W B AR K F %2 4k 2 (vascular
endothelial growth factor receptor 2, VEGF2) 45 £+,
WOrE T N 4l PISK. FAK. Erk1/2 25 £ 15
FAERE, A R ML AT A R R IR TR
X Ay AL A P R A T AR g A i F A Rt 1t T i
IR, B2 BT A R b Rg 40 i 1) KR TR R AR N
— SO AR T 1 e 3 i B R R I A e A
ECR) THEEAE. MR 40 R B VA R T
N A AE MR R T, DR A R S R 4 s
EJi AL P AR 2 1 1 IR & S AT SR T L X
W JJ5E 7 P 28 7 IR R A G e (2 2 I A B
(), NATT B ARED. 5% T HARPLIR R AT Py e
(Kl 1la~c). —2IAAEE AL, BERNE
5 VEGF Z 4K B -1 LA SR I PR -1 L L3504 4%
H sz, 58 M BRI Sk Fih 2 5 7 g AE I B8
PIFAES 5 RN R MR 1, AR R 3L 32 ARk
Y2 oA SIS At A= A PRS2 A4 TR
LRSS — R, R AR e B b 2 ik A
HARA MY diamBR T E5ETES
A, 5B S, RIS R S i 44 A B
fisl (glycosynapse). #5215 G ST 45 A S AE 4 4
PR PE AR A2 T BB BOR IR IX ) (3% 1).
B 5 ik L oo A A1 AR ) A A 0075 i 5 4 i 1
B A5 5 SARHEAR O A is 8l AT BN I
BT X PR AT R R S fih 45 R AR X
I3 R e B A IR AR T R A e, ALk
“ Bl I =L (GSL patch) ” WG AZ T BUBLR T, OB
JIREE” FR PP 2E IBE IV 8 40 4l NI 0L o) 1 )2 b, L
VP A 5 A [ 4% (transducer, TD) TDa & TDb.
PL 5 i PY 25 11 28 I 44 (PL tetraspanin, PLtsp) B %
KA -¥- 52 44 (growth factor receptor, GFR)ZH £ ik
HRES Sk, T A RE R b, DU R
5 o MR 2 AW FE 1) & 2 52 14 (integrin
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Fig. 1 Hypothetical schematic of GSLs induce/inhibit angiogenesis in TME
B 1 HEEHARTE AVERERE R BB M £ E R R T EE
SR O TR T AR v S e i B 2 B AR P R LRI B () B M A LB SR AR “ BRI 7, JF 5 tsp, GFR, TDa, TDb 41pk
RS, AR A SAEN . () WA AR AN MR 1 SR A O “BERIAR R, LEER R LITR, tsp, TD 4L “BEFML7, %G R
N- FEELERS S Sl B R 2R L. (c) BERINR S GRR AE 0 B R 7 ML 2 AR AE B 5 sl i 40 Mg L (g db s A2 i fE . (d) GMIB Tl FH 4%
ALK IR 7 5 A2 pk i 4 A R B BT A AL B/ . (e) GMIB 7E B (¥ 43 A1 BELAY GFR (¥ 2R AL B B AL, AT A2 3 70 5 2 Fle )
TEH.

Table 1 Contrasting properties between lipid
raft and ''glycosynapse"
F1 PEES “HERML” AYREHERTEE
Jlg#E B i
HARZ2R 10~ 100 nm 424174 500~ 1000 nm

B WUB AR, EEAR&IE)M
AATHTF 1% Triton X-100 AT 1% Triton X-100
AN A DY AR A A v FEE AR L% S DU 2 1 A B
NS 5540 fu K Rk

IR S Rl AR TR B ZE 7 R BUEA I B
EIIRE AR ZE .

receptor, ITR), LA A5 5 DU 2 19 A2 6 A4 1 [ 2
BE A (R T R g 2 AR AR SR 5 fl

ITR AR5 DY £ 11 AS A4 F ) N- BEHEXS o5- T B1-
WA s A E e, LR ITR 5 5 1 DY 2 1
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Advances in Analysis of Glycosphingolipids and Related Diseases”

DU Hao-Qi, YU Han-lJie, JIA Li-Yuan, LI Zheng™
(Laboratory for Functional Glycomics, College of Life Sciences, Northwest University, Xi'an 710069, China)

Abstract  Glycosphingolipids are ubiquitous cell membrane and act significantly in many bioprocesses such as
cell adhesion, embryonic development, signal transduction and carcinogenesis. The advances of structural analysis
of glycosphingolipids using modern analytical instruments, the separation and identification of glycosphingolipids,
as well as the biological functions of glycosphingolipids in the progress of diseases were thoroughly discussed in
this review. The analysis of glycosphingolipid has made spectacular progress due to the rapid development of
modern analytical technology, especially mass spectrometry and the tandem application of chromatography-mass
spectrometry. Presently, the use of mass spectrometry in discovering aberrant levels of multiple glycosphingolipids
in various malignancies has indicated that the fucosylated glycosphingolipids elevated in the tumor tissues of
hepatocellular carcinoma, colorectal cancer, breast cancer and so on. This phenomenon made fucosylated
glycosphingolipid a potentially novel cancer marker for early diagnosis. Furthermore, phenotypic and functional
research on glycosphingolipids is becoming a popular aspect of glycolipid study, particularly in the relevancy
between glycosphingolipids and angiogenesis. For instance, glycosphingolipids shed from the surface of tumor
cells act positively on angiogenesis, nevertheless, GM3, a simple ganglioside, acts reversely as a proangiogenesic
factor in the tumor microenvironment. This review summarized several cellular hypothesis of the phenomenon
above, illustrated the explorations in glycosphingolipid-targeted therapy against malignancies to provide further
visions on glycosphingolipid research.
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