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We first examined the involvement of the complex sphingolipids in cell-substratum adhesion using GM-95, a
mutant cell line deficient in glycosphingolipids (GSLs) due to the lack of ceramide glucosyltransferase activity. We de-
termined the adhesion of the mutant cells and stable transfectants expressing GSLs, which were established by transfec-
tion of GIcT-1 cDNA into GM-95 cells under neutral sphingomyelinase (sm) treatment. We confirmed that complex
sphingolipids play critical roles in cell-substratum adhesion, and the presence of either GSLs or SM is sufficient for the
adhesion. We also investigated intracellular signaling (glycosignaling) mediated by endogenous GM,, involved in the
neuronal differentiation of PC12 cells using the cholera toxin B subunit (CTB) that specifically binds to ganglioside
GM|,. Treatment with CTB induced neuron-like differentiation of PC12 cells. Biochemical analyses demonstrated that
the tyrosine phosphorylation induced by CTB was responsible for neuron-like differentiation of PC12 cells and that the
MEK-ERK cascade is a part of the biological signals mediated by endogenous ganglioside GM,, on PC12 cells. We fur-
ther demonstrated that glycosignaling is mediated through a high-affinity ligand, PSGL~-1, for P-selectin on neutrophils.
In this case, engagement of PSGL-1 on the cell surface strongly induced tyrosine phosphorylation of several cellular
proteins including ERKs and activated a canonical MAP kinase pathway. Tyrosine phosphorylation induced by engage-
ment of PSGL~1 is responsible for the secretion of interleukin-8 from neutrophils, suggesting that PSGL-1-mediated
glycosignals are involved in the progression of the inflammatory response. In this review, we mainly discuss the biologi-
cal and pathological significance of glycoconjugates in relation to the above issues.
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Fig. 1. Characterization of a GSL—Deficient Cell Line, GM-95
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Table 1. Lipid Composition of Melanoma Cells
Lipid MEB-4 (parent) GM-95 (mutant)

pmol/nmol Chol. % pmol/nmol Chol. %
PE 1362 38.3 1336 42.4
PS/PI 252 7.1 268 8.5
PC 1750 49.2 1374 43.6
SM 107 3.0 172 5.5
GlcCer 50 1.4 0 0.0
GM3 38 1.0 0 0.0
Total 3559 100.0 3150 100.0

Chol.: choresterol, PE: phosphatidylethanolamine, PS: phosphatidylserine, PI: phos-
phatidylinositol, PC: phosphatidylcholine, SM: sphingomyelin, GlcCer: glucosylceramide.
Sphingolipids detected on TLC are shown in the blank column.
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Fig. 2. Effect of Neutral Sphingomyelinase on Cell Adhesion

to Extracellular Matrix (ECM)

MEB-4 and GM-95 cells were pre-cultured on 96-well plates coated
with ECM and then treated with or without neutral sphingomyelinase (1 unit
/ml medium) at 37°C for 1.5 h. Adhesion assay was performed as described
previously.?® Solid and blank columns represent MEB—4 and GM—95 cells,
respectively. The bars show standard deviation. Values are indicated as ratios
relative to data without neutral sphingomyelinase treatment.
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Fig. 3. Morphological Alterations of PC 12 Cells Induced
with CTB are Inhibited by Treatment with Tyrosine Kinase
Inhibitor, Genistein

PC 12 cells were pre-treated with or without genistein for 30 min at the
indicated concentrations and then cultured in the medium containing CTB or

NGF for 72 h.3V Control, not stimulated with either CTB or NGF.

HE S N D EMERD MR ERTEHICES T
METHDHZEERLIZ., SIHICHIEIEZ 7 ¢ >3
PENEE GMy, &7 U 7o fE R R S 7o B RE A 1 R
ERITIE, AT« > IREEE 25 DM O

RAA ZHNITHEET DRAIDY >IN E ) > bBE
RN EG L TSR EZ RINZ. INE TH
B, SUEREICKD, BEERADOR T ¢ Ok
BEDOERGIIR#E LD THo =M, Ihifibs
77O —FELTAT 1 > IWIEE KT D5 RK
REVAN T O—T ORGI2L D, MREEREET
DR OB, M2 BT E 2 hetkErvR S
nrz.

4. P-L IV F L OSHMMEMEH) > kRaF
PSGL-1 (P-Selectin Glycoprotein Ligand-1) %4}
L 7= BERIERDRIE R U DEYFHIBEEICE T
5%

PSGL-1 7)1, MEIC O BB HZ DL F >
147D T8 110kDa OEEHE T, #ifm
THRE2EMARE L THMmMER (EKIEK, BER, TH
flel, —&HB@ B #ifid) OXMICHEBESNTHD, M
ENEMED 2 Wi/ EICHEBREI N P-E2 L



No. 5 319
Activated endothelial cells Leukocytes
6.0 | H anti-ERK
;E' ' [ control IgG
2
S
S 40|
14
w
2
P-selectin PSGL-1 g 2.0
°
¢ o LI
Fig. 4. P-Selectin Expressed on the Activated Endothelial 0.0 :
Cells Interacts with a High Affinity Ligand, PSGL-1 on Leu- 0 7.5 15 30

kocytes

7F > OEMBEEME ) ST RTHO, P-2L Y
FLEDRERICED S TS (Fig. 4).323) Z D
A, MR T TOEMER—I/NME, B il ER—ifE N
AR OMEER 2SI L, RERIGZ Rt
THIENHLNIINTNS. 2D Pt L IF
(M N EMR, 1m/hR)-PSGL-1 (HIER) #&
3, M —M RS I OB DS TS DA S
T, 2020 TRIOHERRIMIC, BEROIMER
JEFEYE IR T DEZEN LR 2 &S HisEn
mEN, HIMEK LD PSGL-1 24T L 72 &5 E %
DHEENRBINGZ. W 22T, EEHESEIZO
TR IE T DRI E O DR W22 M RE O iR B 2 24
HJz. 3

HIEkz= P~ L 7 F>Na—hIn=EXmEI
HAEIEDEEEITENL AR A (143 BN) T,
P-t L 7 F > & PSGL-1 73 TR O & RAITH
MERNEAENF O > b3 nD 2 ENEIER
SNz 2o VB EFIZ, Fo U b
BERHERICHES N, 77 F EGEEET
HEOBEATIIHEI NN/, 2D &M
5, MiENEREOFOL U VB, TIF
DTOREEMNESIA T 2 LTINS MO
BB TN UG MIRER SRR D 2 ENRE
SN, FO Y URIEENSEHEFEDOET,
40—50kDa Oy FEZ/RLIZH DI, MAP 7 —
¥ (ERK1 & ERK2) THO, 5Dl
FOMEMEX, FOod U BBV —EHEIZ EF
L7- (Fig. 5). &5I2 MAP FF—tF OiEMALIZ S
fTLU TMEK (MAP ¥7F+—tF7F—1t) KU Ras
DI NERI N, o2 &S, AmERD
P-L L7 F U ICHAETHIEIZLD, PSGL-1 %

a-PSGL-1 ligation (min)

Fig. 5. Ligation of PSGL-1 on the Cell Surface Induces
MAP Kinase Activation of Neutrophils
Neutrophils were incubated with a-PSGL—-1 mAb for the indicated times
and then lysed. The cell lysates were subjected to the immunocomplex-kinase
assay of MAP kinases as described previously.34D Solid and blank columns
represent anti-ERK antibody and control IgG precipitations, respectively.
Values are indicated as ratios relative to data at time 0.
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