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Glycosphingolipid-mediated apoptosis and tumor therapy:
a review

YIN Mengqi, YANG Jiajun, YU Hanjie, LI Zheng

Laboratory for Functional Glycomics, College of Life Sciences, Northwest University, Xi’an 710069, Shaanxi, China

Abstract: Glycosphingolipids (GSLs) are widely distributed in the phospholipid bilayer of various cell
membranes, which play an important role in maintaining cell membrane stability, and regulate various
cellular processes including adhesion, proliferation, apoptosis and recognition, as well as participate in
various cellular activities. In addition, GSLs are not only involved in the process of apoptosis, but also
regulate multiple signals in tumorigenesis and tumor development. The tumor-associated GSLs are
expected to be used as diagnostic markers and immunotherapeutic targets for malignant tumors. These
findings have important implications for the study of apoptosis and provide the new direction of tumor
therapy. This review summarized the latest research progress of GSLs-mediated apoptosis and its effect
on the genesis, development and metastasis of tumor cells. Moreover, we discussed the metabolic
pathway of GSLs-mediated apoptosis and its application in tumor therapy, as well as the development

prospect of targeted therapy strategies based on GSLs.
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W — AL AL, (A BB
PSEVESF, WERE TR LA 43 b RIS oS
K2 H oW RS MM B (glycosphingolipids,
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M RE, A BERR A X SO, M
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GSLs A=A AT P 5 90 B i s N et
22 TR AR L -4 G A FEAS AR IBE S 54 5 i it
W IE R 3-B — S 2, il A
A TR, VE G I A% GSLs P&
P BT AA o b 28 ok I 17 516 3 o 9 30 i i sl i 2
WEhs4 7 H (ceramide transfer protein, CERT)
m B RFEAR, SRS TE R A A 2 e
fiff (glucosylceramide synthase, GCS) AUk F¥f
] 2 AR e R L 2 - WY 3 0 B 22 I P )
VA, FEAL WA MR 2 (glucosylceramide,
GlcCer)., BE45H I FAPP2 4S5 i) GleCer
P AEZRAIR % 12 B[R] 4 A RS A S e AT, AEME ey
IRIEAR A A ETAT ] GleCer WSINFEIE, FAH
N A ML FLE (glucosyltransferase, GlcT)
FEF LB LA FL T (galactosyltransferase, GalT)
Ak, Bzt b B L R 2 GleCer B2
FUBE M WERe b, UEAT GSLs HFEE A 2E e,
F R GSLs MWL BN AR, FEAH D-#
. D-PELBE . L-AEENE . D-HEER . N-&
Mok 45 25 B ¢ (N-acetylglucosamine, GIcNAc) .,
N-Z W FUBiRE (N-acetylgalactosamine, GalNAc)
K MEWE R (sialic acid, SA) 2571,

FRPEHE S T, DK GSLs 20 B &% — Ak
B2 MW IR IR GSLs FIAN 2 MR g R H.AE
BRER L ik GSLs, BRYE GSLs X FR N4y
g, B Z 08— GSLs, MRHEIEEEZ .0
iR, GSLs F #4370 Gala-. Globo
(Gb)-. isoglobo (iGb)-. Ganglio (Gg)-. lacto
(Le)-. Neolacto (nLc)-. Arthro (Ar)-LL & Mollu
(MID)-Z5 250 GleCer 2 FUMAL A= 1% G LA #h
2k (lactosylceramides, LacCer), J&& WA
il GSLs RANMILRIFIA, BAIE R E G L
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) GSLs it A0 N BE ,  i2F A 40 A 5T 5 T8 B
IR, K75 250 f# Y GSLs 233l 2 830
PEA S B RO GSLs WHBE A K fif 5 22
5Pk GSLs S 2 1 P BB 1 i £ 47 . GleCer
FEVS AR rh QL AR i TT I8 % (glucocerebrosidase,
GBA) [ i il 22 e e FNA 2000, b 28 19 e )
2Dl IR R 22 T g T e Ry A 25 B 2 T
REWTTR , TP 22 8 22 I 28 2ok 1% A A P 2 i
MRS EAE R 1-BE MR 2 % (sphingosine
1-phosphate, S1P) 4 B I & AL S1P, S1P
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T Jhg S 3 S A G T R R B AN L T AN S AN
it 1A 53 A AR IR AR — |, Ak 2 43 L P 22 1
A SRR, XULH GBA2 SHiwENE G AL
i (sphingomyelin synthase, SMS) A {f 1fi
Az, JFH GBA2 50 % R o S BAT —E
o AR U2 A, FUBEEAR B 1 K A it
(lactace-phlorizinhydrolase, LPH) HE% /K fif 2%
WEph W . FLBEM A BERE . GleCer 55, {HZ
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IR RFEIR F-o, CD95/Fas . fbI7 24 Ak B .
GSLs 1R 25 52 w22 e G /KK, T A 22 I i M
HACE YT 2 2 5 90 A K 4l i Bl .
GCS Al LA i 22 Wt e il = AL T2 i GleCer,
GSLs W& M2 THAER 2B, Fit GCS &
¥ GSLs AW6 i B8 s, Wi g 4
it P9 e 2 B e BT, GCS Al S S AN
BEME 251155 5 1 o 28 T P R B2 DA T 42 S 5 ol e
MR A S, JF g GCS W MM R it
WM Kk, GCS 7E MR b7 i 25 i & A
HEERELMEMN. FH M GSLs EWE
SREBER R, W EHAGE A, AT
J T AR 2 AR R

P AEZE GSLs H AT 18110 240 B B3 52 {4
I RE H S MM A KA G, 2R R 2
TR GM1 HE R 200 & ZF I G s ph 8 AR K
[K-F (nerve growth factor, NGF) MIfEA, M4
TR GM1 5 NGF Z 44 TrkA #5F4 15 2 {4k
ThRE, Hammies KB, UL GMIL R —Fp
RSP P UEYE NGF Z AR DhRBHGE I+, X
SERESRAE ST T GMIL S Trk i BB R o
AT RN, GM1 5l /Mfi A A K H
(platelet derived growth factor, PDGF) HJAHH.{E
FHREAR T PDGF SZ AR BERR AL , Yl /b T 22 24535
Ak % 1 ¥4 # (mitogen-activated protein kinase
MAPK) (305 , AT S B0 i 3 g a2

EARPRZ TR GM3 SR LA KN 724k
AHEAE R H I RE AL v ATE AL (B B
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growth factor receptor, EGFR) i 2 TR R ) £
S M GM3 541 R AR K R
(epidermal growth factor, EGF) Z5&HT, 2K R
PRI BRLE PRI ARG 3 MOk & A A R E Y,
ML GM3 5 B ik A T B R R
M5 EGF 5 EGFR £5 &/, BAARI N E
3 A LT RS S N 55, R 2T g
MEAEHEZ A S EGFR 454527, T
DL EBFFEHED GM3 Xt EGFR ZELAF 2 A7 1 7
SR —J7 T GM3 FEARAE & i 42 15

T YN R MR 5 L, ff EGFR 7EMg#EH
B AL R 75 —TJ5 1, GM3 5 EGFR-N
WA B 455, el EGFR 7EJR#Eh i
H—2P K, RS SBEEMAS, Wi
FHIE T =Rk

GSLs ¥ R Z IR Re A — & M m .
22 H R GM3 B IE B2 1B 5 2 Ut i £ T
7, GM3 FEPR B 4 /0N UG B i 3R AUk,
I HAE R (Gauchers) & L & B
FHLHUI T, Hoh AR LB GM3
FURE ikl GSL & BunT LB TR IR 214
HBE TR 1) JER B 2 BB, 24 W 0 i 2 R e S T
R Tl 3 5 M8 5% 2R R L AR IE R /N R
[ ZH 48R GSLs Y 7 8 AT LAY 52 JiR I 28 B0k |
i 105 A BRI A 4 i S g 21

GSLs 7 A 2 0 % 6t % % % (human
immunodeficiency virus, HIV) &L i) 32 A 1E
PR 5 22 B HIV 52 (gpl20) 1E
R LB B — A m i e = RIRE &,
gp120 FEFITE HIV H5 8 Af A\ BY B o 4 44
HARW EEMAIEH . GSL 454 M AT gpl20
) V3 N, 5 gpl20 4541 GSLs 4145 GM3 .
GD3 F1 Gb3. Lund ZCFIFH HIV 540,
K40 Gb3 KK I3 N T B HIV &) B R
BEAR . M40 Gb3 AITHAE T HIV 5B
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SR P LR T B 20 i Gb3 KT
Tl , EMFEAR HIV 2 8 ; P GCS {41 i
H Gb3 AKFREAR, BT R 2 TS HIV 58k,
FH Gb3 & i Yt CDA-HeLa 41 it o] et iy 14
i Gb3 FIFEARXT HIV [ 5 8, ik, Gb3 nf
REJE HIV S J8elk: i) f AU R 202

2 GSLs 54T

ANMORR RSB T, o —FoRG Bt R 4 ) 4 i
FETIEEC, X2 4R Y RS A R Ok R 2
KEL, T RMMIET B —FRRIE R, &
LT BN ML o B B B T A A, RO
T/IMA, RIS AT 1) A4 A R 58 4 A B e s, 3
HAL LAY 1k RAE RSB Al T )
RINAMMIE SRS, il . G O BESs
FAZHE R, M Tl R b, 20 N 2 W e
FL RS A BE A PR T /AR, I R R R
AR N (caspases) 1HPESIAEHY, AR
EAMAG 2 EN, PR T/ MY A 1
i N2 711V w77 B g o S
—RORLRLACGHE B, (WTERTR), J1—FPESET:
RIS OMERR) . LobiiRER
Bel-2 ZIGEM G fit AT, Bel-2 G5 ML 5L 4l
ARSNGB . AR AER o BRI LS
S22 e R B P T B B, 5 Bt i 10,
HPUEAE: S R AE T 38 K38 R AL T RAR AL T 7
RES G LA, FET-BCAA 32 g IR BE I -+
(tumor necrosis factor, TNF) K%, {4$h Fas it
k. TNF ZZUF0 TNF A5G0 135 S il 1
(NF-related apoptosis-inducing ligand, TRAIL),
T2 IR G55 S5 5E Fas HOCHET- 45 A0 0 iR
[1. caspase-8 AR HMILT FE G TR EHEK, N
MG AL caspase-3 & HAT 40 i P =001,

GSLs 7 21 i A= B 27 F g B A 32 7 2
D5 T ER A R R A, R TR XU
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TIZMEE Ry, IRV Z R RE, R
SEAE R A LR T 0 A DTS BT . GSLs 43l i
o 5 LR A LA FH A RIPK3 55 41 i )
ToB ARG . AL, P2 ot i T 75 PN J ) iz 38
AW, 2B BT 5 XL
YRR T AN, PRI R GD3 HHEE S
LRI AR ELAE T, 175 0 0 08 e K 0 5 4 A
(reactive oxygen species, ROS) HJ7=4: L A 41 fitd
& ¢ JHT-IE S H T (apoptosis inducing factor,
AIF) Fil caspase-9. b T -5 2 {4 AH B.AE F % 5|
XL AR A T2 B A, GD3 iR i SRR
NF-«B (A4 fFi 1 . GD3 fE R ZHUE #4241
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xKik, HEFSMEBMT-OERZ2Z R,
LR SEAE R ERME, MRS . T I
WOFN A W, AR e O S AR B T AR
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BT (B 2). GSLs 5Zkifk . 5K
TR Tt/ 36 A [) A4 B 85 P R EC A FHRT 5| % 24
T, g Nz R A TR AL R R
2.1 GSLs 5&hAFT

AARLRRR TERE R AR PR 2R, &
TEF T MIAE T (AT EIRGE) T R HEAE
oAb, SobiiARTE M 2 WA S A 4 M g8 T
R EEAE M. AR C YRS 5T
SRS AL T, R T A0 M N AR
T 80 240 L T S AR O A R . PR I
SRR LR e A M AR, JFESS
JERUT L ISR AN L AR USRS [ e 4 L
WFEAPE TR E BOCE S MMEN . LORR N
FE R E AR TR GMT B9 0 o L
WH Ca KRR AT T B Rl ok, 7E A
B AT AR /N BB rp R B, RRZE T H R GMI
TEZARLAAH IR & & BE R B U 4 th AR
5 =B ILEE (inositol triphosphate, 1P3) 5%
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potential, MMP) 748 1 L A 1A i T 38 [ 1) %
TEEO BTG GD3 A4S RN B R T
Fas IR 28 Mt i 75 3 1) 0 1215 5 1 i e o2
WA B Lk A 2T A A B RN
AfErh GD3 MR, AT LLEE R AN 32
Fas KM TF S B mWL BT 5200k
P A ELAE R AT 75 3 0 26 44 B 2 0E A O T i 42
41, GD3 BT NF-xB 2Lk, Ml
PRI 2R L T VA o X SR 4 SR A R
IR 22795 1 i GD3 78 A Wat A 5 fig B A8 il
TR VE T, 30 HEAE A RO T b A 22 ¢
HEW

AR, TEM MR T BB, 3
SRS A0 I BE J 20 L T A A N iR AR
B TIRAMGE . BR T B U™ LE P2 Bk A1
4 g id AT LL3E L #5#E A  (sphingomyelin, SM)

IR A TG . TRV 2 A7 TS B 1
P BTSN BE TR, AR PETE SMases 3K
28 Tt g A o7 s PR T R B R, I T2
FEE (RS, o, phamtiicd nligfbE e
Wl C (protein kinase C, PKC), HiHfkrl /-5
AKT il #n INK W4k, 7 S 400 0d =B
RART T2l Bel-2 A FA G AT
(03 Bel-2 AT LLSE S TS [R) 41 i 288 78 fry £ r
T RERELL K BN L, 32 Bk ek i
MR EER o BRI A FEHST R TR .
Bel-2 KGR B Bax 2 515 A0 T-6,
TR MO e B AL BN AR | o A S
A ME NG o Bax OB E S5 T A\ A 2k
RIS AL R T, (HAE R M —Rssib
Martinou 2R H T M BE A S B9 AN AE TS
WA RBRUL, ZIR A T Bax, Zhiihs
Y S R B T Bak/bax MM A M A K ¢ RE
o SRATEAEFR NI RE RS S ARURAR DG, 26
PRI T i85 Bel-2 FKIEE ML, Fralid

3 S1P
_ Gorsssnnnnnnnneensasaanee «—| C d —_—
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Figure 2 Overview of the main pathways of cell apoptosis induced by GSLs[**!.
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Bax Ml Bak, ‘B fIT45 i % Lok A S i i 1
(mitochondrial outer membrane permeabilization,
MOMP)., AR ¢ BRI,

B A 1 R T Bax/Bak 0 30IE 7R LR T
PRI T R OGS FHY, i Wk i o A 1Y
IR AR SR 228 T Mg kA A ol 22 T Mg 25 T 1k 3
B, AR v S I A 2 I e R 1L 3
S1P.SIP M7\ MilE 53 %15 Bak I Bax 57k
A1, %S MOMP FZHHIJH T .
2.2 GSLs 5SRREMEE

R TR TEAN I T g O AR R,
20 i A T 0 A2 ) 20 i 2 52 2 - RE ELAE T R
HIU . PR (endoplasmic reticulum, ER) 7E
A B NERRASIRE, FEEHIE DR
R0 A ML LA B B538 o P95 I A BRI BE 1) 1
N O O AN | WS N T < - = A
(unfolded protein response, UPR), H =% H ) /&
PRI VRN UPR 1 43 F-HLI 445 3 4~ i Ca®™
A F L1 (glucose-regulating protein 78/binding
immunoglobulin protein, GRP78/Bip) 45 i {#
SFigfR, fERHIE UPR i, RIrEmMEN
fif GRP78/Bip M ER W ¥4+ 7025, SR,
DAL BT 1Y) ot B8 R s ) ) b T8 2 YR e s R T
(C/EBP-homologous protein, CHOP) HI caspasel2
SRR Hh R R S R A I T T R A
LIRS 23 GM1 LR, dkmg| i
GRP78 #1 CHOP 1% _F 3, Dk f2 INK2 il caspase-12
A , 2R BUN RN 2T FE TP

3 GSLs e Brl iy F A X IR

3.1 GSLs 5SMENAE LR

2 0 TR i OO 1 P 52 mT LA 2ok 9 |
Bz - 18] Jii ¥ 1k, (epithelial-mesenchymal transition,
EMT) 3o F2 i #6 K 09 AN [R5 5 3 i of 52 i) 444 i
KB RBIRIE S5, NS5 g i &
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EFERCY . KEOF TR, MR kR v & A
FEFePE GSLs SAH G 1) S5 2R3k 5 g i
A F0OW M e AL B VI A OG B dn Ak b 1A i
microRNAs (miRNAs) 2515 AE i F Jig Fil
SR, T AN IAA 3 W 1) o 8 Bk i 32 A58 W LA S i)
At DO )

v T 1% 98 A R AN AN 2 i T e A= B2 P
JBE (B . NE P FNESAR) , 1 Hb s ZEAR e
RS G IRY) (CBEEE ) 855 sk
5. GSLs 5 LR AEPA ¢, JLHAERAE
FHLE TR, FLI . R . s A0 R 55
FoAE 2N B B A 3% S 2 O o AN [R) A A L AN
ZUFRIXAIRIY GSLs, i GSLs 7K -4 2R iy T2k
ARt RO R, BB U 2 S B 1 K A
KIE (3R 1)o GSLs MR Rk M RO
e g R o 0 ) — UL, R R
ik K GSLs, X257k P GSLs i 3
B BN AR o I SO v A R Y
Uit GSLs M TS R AR RETT .

A /0N 240 i Bl 98 A1 /0N 240 i At 8% (small cell
lung cancers, SCLCs) == %53 ik #4815 11 I
GM2 il GM1, i A7 SCLCs #ik b R4 #14
WY R, W GD2, GDIb Al GTlb, £
SCLCs i R A9 GD3 A BEFEN iR ph ey
T GM2 Z 541U I A% # , 78 SCID /R
BRI, 3Rik GM2 19 SCLCs #iffi R =24 E
R, S EH MR WG —, H
R ZAR Tl AL, Hhge GSLs M H:
G TESS B vh i Rk . N4 B Al
KHUE GAT733 W AR b Bz 4 M % Fft o+
(epithelial cell adhesion molecule, EpCAM), 7E
NGB h ik Bk Rk, &1l GDla
I GM1 BRI KRS T H1 EpCAM HLog FEdt
PRAE N 25 1 BT SW620 2 Jifd rh il o8 1 FH O
PR TR AT R W R R, o R R A
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KFET- NBIE 73%P7 ., GD2 il GD3 78 A2k
BEZHAL P Eie SRS, HRE 5900
g . R RSN EREA G . GD2 A1 GD3
S 5B MG R G, ERAEE S BN S
EFEAAM T, GD2 Bk EIACY, Buah, M
ReFpEEPrEnBAEEABED GM3
R EE AR, R OBk GM3
(d-GM3) TERRrERAaRFEH LB, d-GM3 7]
Wi uPAR/HE A ZE A p38 MAPK &AL HE A0,
RN, AR REE RO R R
P R & B,

#z1 TRFEEDS GSL HEHBIEMNRLE
Table 1

3.2 GSLs 5H&&Tr

T4 T GSLs 7896 240 M B AR R b 194
A28, BRAHSE GSLs ALAT Ay Jieg
e, T H R EERIX . IR A R
5 S IEEs T, IR AHE GSLs 8k
FEAE A e 968 512 Wb 75 ) RN B B8 36 97 A5
Ml A T 14 F P00 45 5 st oY i) BH 95 e AH
X GSLs 551 1A B AE 0 4 B 2% 1 5
BEYBIE BRI A0 A5 L . R E
& GSLs M HAH GBS F A B 56
Yy, IR TR PR IR, T

Summary of the characteristics associated with GSLs in different cancers

Tumor GSLs Summary of the characteristics associated References
Breast cancer Gb5 Promotes cell proliferation and tumor growth [60]
GM3 Inhibits cell migration [61]
GM2 GM2 is associated with stemness of cancer cells [62]
GD1b Induces apoptosis in vitro [63]
GD2 Expresses highly in breast cancer stem cells [64]
GD3 Upregulated in breast cancer cells [65]
Lung cancer GM2 Promotes metastasis and tumorigenicity in vivo [55]
GD2 Promotes proliferation and invasion [66]
Colorectal cancer Gb4 Induces the extracellular signal-regulated kinase (ERK) pathway [67]
Gb5 Promotes cell proliferation in vivo [68]
GM1 Induces apoptosis [56]
Ovarian cancer Gb3 Promotes cell migration, chemotherapy resistance [69]
GM3 Ovarian cancer cells have higher GM3 levels [70]
GD3 Inhibits antitumor NKT cell responses [71]
Leukemia GM3 Promotes leukemia cell line differentiation [72]
Sarcoma GD2 Enhances malignant properties [73-74]
Stomach cancer Gb3 Gb3 is expressed in gastric adenocarcinoma [75]
Glioma GM3 Exogenous GM3 inhibits proliferation/migration [76]
Prostate cancer GDla GD1a is abundant in highly metastatic cancer cells [77]
Bladder cancer GM3 Exogenous GM3 inhibits cell proliferation and adhesion [78]
Melanoma GD2 Enhances the malignant properties of cells [79]
GD3 GD3 induces adhesion in melanoma [80]
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HIEFRAEMSE GSLs (T EeFIfE FRE X 8
R, BRI IR 2T EE,
3.2.1 GSLs 5SMBRETE

T % GSLs #YIH) s>+ 45H 2 5 Mgk
¥ it — 2 ek GSLs 93RY7 N A . GSLs L 21R
A A B REERIT L, KO EATAT I RR
g ) PSR EA s AN (= = BN N ]
T YMIIR%5] GSLs FREUA FEIRAE 50 B ke
S0 LA A L DR, L R YA T R R R R
PRI ) — Rl A o MR g iR T Rl 2
SONRE) A B fegie RGE, T i I O b g 240 i,
H AT LR I8 TR 7 AH DG S0k Hp e R A 1Y
— BT BT 7 . GSLs A S8 238 J2 0 A I b
LIS IR B R A e M4 T R GD2
1 GD3 B Sk 2 e A 22 A IR 2 e VR 1 s
Y1, T focusyl-GM1 FEAR/DEOE # Al 4UH Kk,
HAE A PR AE i B 308, X SE R 22 W T IR 7E
REBOEE W RNHLUPER, eI
G 32 IR 2 PR OGER I B AR, X F GM2.
GD2 FIHAh GSLs MIHTIATE B (0 55 8 3 A9 I
BRI R X — B G, HATE A B
() 7 A S Pl R R P RE A e S N B AR Y, i
SEMAERE SR, FE2MIREN, EWA
FUEEIE JBE M PR AR S IR B R A
K, HELEATUIEAE BB R N PR & T IE
WA B, M H S GSLs [ [ KGR i
5 4™, HRE Pt GD3 /N 1gG3 TefE
R24 7EEVERR A ZR B Y T IG R o
Fisga iR . T 4ifiGfk . ADCC #1 CDC i,
R24 mAb C&7E—RINEBERAREEEN
I RIS AT TN, e R ETPIER T
RV, HEEME, —HifHiH R24 FE4i
-2 (IR0 A A AR T R I B
Bridi/R GEE) BRIy T
4 FORTFE M GSLs™, £ B 1 55— )& GD2,
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HErEh —fbpiik Gl 8 8hn) cHFs
BE 20 AR TIUD i R , I Ak G 0 i 52 AR
BOTIFTE T g had ik, DA madRik GD2
PR BE MR s N — A& —Fhbt GD3 Hifkzy
YIBEXY) (PF-06688992) 1EFEHEAT T I ARt
5, FHFIIAS VI a2 R E D, A
HeAb GM1 2 B am il iy i AR ET o Bepi ik g 5
br, BRZIRIT/NAIEIEE B, AR ENR
JG—~ GSLs J/& GM3, 1Z ¥ {4 1E7E i Morphotek
AT I R AT A 72

B o) R R B i A YR B 928 T g T R
SERRBR IR A B2, SR, REFE AR S
WIRIGIT S I Z RN R MRS 2 2%, fdsm
R I TR e D T R B2 g 287 HE AN B S o
Jee I S5 T AR FH A 5 X0 I Ies A DG e It 1) B 8 S
FERAETUMEE N . TERE 22/ 20 Ay, JRhEsE
B B ST ik O g DR BT OR I OGHE,
JUAP BPE AH e i KAk E i i (tumor-associated
carbohydrate antigens, TACAs) TEVFZ [ 5 bR
iR, TEIEHAL R RINGR, fEHSCN
it RIEIRYT A A RV HEAR . Globo H J2—Ffr
7S M (Fucal-2Galp1-3GalNAcPB1-3Galal-4Galp1-
4Gle) T FShfsEiayT PR 1 TACA®,
Globo H ZJIr LAl DIE S S8 16 97 i BRARSE AR
2 R Ay LR e 1 At A i) 2R 3K e S M RN AE A
8 R AAE p51 L B 0 B0 o TP

PEFE4%R GSLs 877 A GSLs HUJF AT,
DAIFS S R85 X g aok BE SRR 1 GSLs P4 S
N, AR SR, IR AL Y3 i K
alifb KA G, X 2B B 4 Y
R 1gM 0, A KR B 4iiEidie .
R T AR Pk, AT LR S AT A i gl Ak ok
W EWEA BUER GG A Re% 5 S CD4A™ T 41
ML AR . B TRRoK AL GRS B R
GG ARMERE S, P TE AR 5 4 B 5 1 o
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3.2.2 GSLs S5FMTE

BURGBHG T 10 B %) S A 8 g8 4 it H A
HRAUAM (NN K dr i, /AR e IR e
FIE RS 3o 78 v o 06 55 A K AL & 0 JE B A B
VEF o B8 Jie T2 200 b ) 2 o R 4 2% 2 v ik e 24
Jf 5 B e B R AL L N R AR L iR
ST ML P R B 5 RS A, BEL DRI s ol 86 B T LA
BRI A R AR 28 R T GM3, &
0 958 A M e B8 0 R e T GM3 1KF, DA
K GM3 M F 1004 TN Bz 4Bt A Gg3Cer FIFL
BEA 2 WERE RSB . 83 GM3 5% Gg3 Mgtk
ToUES I R A A, LA KA SRR s A AR TR e
DK S X SRR A, By Rl i Ble SR
s RN, VR Z IR A G GSLs #EIA A 2 Rk
o1, IR AIRSE . KL, FHIET GSLs #Y
A AT RE SN X e FE . Radin A1 Inokuchil®
H— R HNBFFE W, D-threo-PDMP J&—Fi p B
FE A 1 P 8 T B R, AT AT AR R A Y
GSLs, il ibf i 25 K R

EEXF IR . o T IR YT ROCR B A U
HAn, Br T A LIS GSLs M 41 il
AV FE AL, i w] LUF 259 190 T B8 GSLs
. BRI A T 25 4 i T 1 28 I e e
R GSLs WG FE R R HEMEH, W& H
SN pf 2 TE Fre B, R 2 A 2 T T S i il
] )1 T 22 T P A R A A FH AR = 2R A 41 ol
GSLs B4 Bk 2G99 B P,

4 REHRZE

GSLs fE R ELME S50, 1EAE R
A B R IEE T IZ E R . GSLs I 58 &k B
BLUESE 5 ZFUB e A G, Bk, B
GSLs FESASE TP 0 525 A8k, A3 BT 2l g 4n
ff g B b S E B4y . HRGERS GSLs MI1EH
PLEITF 7S A4 A i 28, (A 77 7E IR 2 GSLs B
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e e T Bk — 2 A% . T GSLs M il %l
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WFSE IMEREAE T I D) Re 2Rk L 4540 S a1k S b
FAE SR ARBANTE GSLs 22 8] HAR ;4 i 5 e
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W12 WT . R 10 & RR D LA R K SR 1 Xt 1k
MITRYT 7 AR AT B2 . GSLs fE b ThfgtE
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