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ABSTRACT

As described previously (I. Kijima-Suda et a/., Cancer Res., 46:
858-862, 1986), a sialyltransferase inhibitor, 5-fluoro-2',3'-isopropyl-
idene-5'-0-(4-JV-acetyl-2,4-dideoxy-3,6,7,8-tetra-O-acetyl-l-methoxy-
carbonyl-D-glycero-a-D-galactooctapyranosyl)uridine (KI-8110), inhibits
pulmonary metastasis of murine colon adenocarcinoma 26 sublines of
high (M.-I7) and low (NL-44) metastatic potential. To investigate the
mechanism of this inhibition, the effect of KI-8110 on the metastatic
cascade, especially on the interaction between tumor cells and platelets
which may play a crucial role in tumor cell metastasis, was examined.

M -17 cells induced irreversible platelet aggregation in heparinized
human platelet-rich plasma in vitro. This activity was reduced by pre-
treatment of the tumor cells with KI-8110. Inhibition of aggregation was
also induced by the treatment of tumor cells with neuraminidase or Limax
flavus agglutinin, a lectin specific for sialic acid. Sialic acid, fucose,
sialyllactose, and bovine submaxillary mucin inhibited this tumor cell-
induced platelet aggregation, while galactose, mannose, lactose, ai-acid
glycoprotein, fetuin, and asialo-bovine submaxillary mucin did not.

KI-8110 also inhibited platelet-derived growth factor-dependent
growth of M -17 cells, but showed no effect on insulin or epidermal
growth factor-dependent growth of the tumor cells. Platelet-derived
growth factor-induced phosphorylation of membrane protein was reduced
by treatment of M -17 cells with KI-8110. The same result was obtained
in the neuraminidase-treated membrane fraction of NL-17 cells.

These results suggest that KI-8110 inhibits experimental tumor cell
metastasis by inhibiting the interaction between tumor cells and host
platelets in at least two pathways, and this may be due to a reduction of
sialic acid contents of the membrane surface of tumor cells.

INTRODUCTION

Recent studies have led to the accumulation of considerable
evidence suggesting the existence of differences in surface prop
erties between metastatic and nonmetastatic tumor cells. Some
of these findings show that sialic acid contents and sialyltrans
ferase activity on the tumor cell surface are closely correlated
with the metastatic potential of the cells (1-10). Consequently,
it may be possible to modify the metastatic profile of tumor
cells by altering sialic acid metabolism. Therefore, we examined
the effect of a dissacharide nucleoside, named KI-81 IO,3 which

has inhibiting activity against sialyltransferase (11), on the
formation of experimental pulmonary metastasis of tumor cells.
As previously reported (12), KI-8110 caused significant inhibi
tion of pulmonary metastasis of NL-17 and NL-44 cells. KI-
8110 itself had neither cytostatic nor cytotoxic effects on these
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tumor cells, yet it reduced the retention of tumor cells in the
lungs. These results suggest that KI-8110 may have some effects
on the events of the metastatic cascade, e.g., tumor cell lodg
ment, by altering the interaction between tumor cells and host
cells.

In this study, we investigated the effects of KI-8110 mainly
on tumor cell-platelet interaction which is known to play im
portant roles in the arrest and growth of tumor cells in the
metastatic cascade (12-15).

MATERIALS AND METHODS

Reagents. The sialic acid:nucleoside conjugate, named KI-8110, was
synthesized by the method of Kijima et al. (16). Neuraminidase (Ar-
throbacter ureafaciens) and NeuAc were purchased from Nakarai Chem
icals, Ltd. (Kyoto, Japan); trypsin (1:250) from Difco Laboratories
(Detroit, MI); heparin sodium from Novo (Denmark); and L-fucose, N-
acetylneuraminyl a(2 â€”>3) lactose (bovine colostrum), W-acetylneura-
minyl a(2 -Â»6) lactose (human milk), fetuin (type IV, fetal calf serum),
collagen type IV (type VI, human placenta), fibronectin (rat plasma),
laminin, and insulin (bovine pancreas) from Sigma Chemical Co. (St.
Louis, MO). LFA was purchased from E. Y. Laboratories (San Mateo,
CA); D-galactose, D-mannose, and lactose from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan); NCS from Amcrsham Corp. (Arlington
Heights, IL); and EGF from Biomedicai Technologies, Inc. (Cam
bridge, MA). Partially purified PDGF was kindly supplied by Dr. K.
Kaji (Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan),
and purified recombinant PDGF was purchased from Amersham Corp.
(Buckinghamshire, United Kingdom). ai-Acid glycoprotein was kindly
provided by Dr. K. Schmid (Boston University School of Medicine,
Boston, MA). BSM was given by Dr. T. Tsuji (University of Tokyo,
Faculty of Pharmaceutical Sciences, Tokyo, Japan). Desialylated gly-
coproteins were prepared by treatment with 0.05 M H2SO4 at 80'C for
1 h. [3H]dThd (15 Ci/mmol), sodium [51Cr]chromate (357.84 mCi/mg),
and [32P]ATP (3000 Ci/mmol) were purchased from New England
Nuclear (Boston, MA). '"I-PDGF (11,716 Ci/mmol) was obtained

from Amersham International (Amersham, Bucks., United Kingdom).
NL-17 cells, the tumor cells used in this study, were a highly metastatic
(after i.v. inoculation) cell line established from colon adenocarcinoma
26 by Tsuruo et al. (17) and kindly provided by Dr. T. Yamori and Dr.
T. Tsuruo (Cancer Chemotherapy Center, Japanese Foundation for
Cancer Research, Tokyo, Japan). NL-17 cells were cultured in RPMI
1640 medium supplemented with 10% FCS (Whitlaker M. A. Bioprod-
ucts, Inc., Walkersville, MD), 2 HIML-glutamine, and Kanamycin (60
Â¿ig/ml;Meiji Seika Kaisha, Ltd., Tokyo, Japan) as the antibiotic and
20 HIM Ar-2-hydroxyethylpiperazine-Af'-2-ethanesulfonic acid (Wako

Pure Chemical).
Preparation of Tumor Cell Suspension. Cultured cells were harvested

by treatment with Ca2+/Mg2+-free HBSS containing 0.05% trypsin and
0.02% disodium EDTA (Wako Pure Chemical) at 37"C for 5 min.

RPMI 1640 medium containing 10% FCS was added to stop the
reaction, and then the cells were washed twice with RPMI 1640
medium. Cells were resuspended in the appropriate buffer at the appro
priate concentration.

Tumor Cell Attachment. Assay of tumor cell attachment was per
formed as described by Dennis et al. (18) with a minor modification.
Twenty-four-well culture plates (16 mm; Falcon, Oxnard, CA) were
coated with 500 Â¿tlof solution containing 2.5 mg/ml of collagen type
IV, l mg/ml of laminin, or 2.5 mg/ml of fibronectin in PBS (pH 7.4).
The plates were air dried at room temperature and then washed with
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PBS. NL-17 cells were radiolabeled with [3H]dThd for 20 h before

assay. The cells were washed with RPMI 1640 medium and suspended
at a concentration of 2 x 10* cells/ml in serum-free RPMI 1640
medium. Cell suspension (500 n\) was added to the protein-coated
culture plates which were incubated at 37Â°Cfor 2 h. To remove

unattached cells, the medium was discarded by gentle aspiration, and
the plates were rinsed with PBS. The attached cells were harvested by
treatment with HBSS containing 0.05% trypsin and 0.02% EDTA.
Cells were collected on glass filters, and the radioactivity was measured
with a liquid scintillation system.

Tumor Cell-induced Platelet Aggregation. Human PRP was obtained
from heparinized fresh blood by centrifugation at 230 x g for 10 min
at room temperature. PPP was obtained from the remaining blood by
centrifugation at 1200 x g for 10 min at room temperature. NL-17
cells were harvested as described above and then suspended in HBSS
at a concentration of 0.5 to 2 x IO7cells/ml.

Platelet aggregation was measured photometrically by an aggrego-
meter (NKK HEM A TRACER 1; Niko Bio-science, Tokyo, Japan).
The absorbancy was standardized to 0% and 100% using PRP and
PPP, respectively. PRP (180 pi) was placed in a cuvet and kept at 37Â°C

for 5 min in the aggregometer. The tumor cell suspension (20 pi, 1 to
4 x 10s cells) was added to PRP, and changes in absorbance were

monitored for 10 min.
Extraction of Platelet Aggregating Material. Platelet aggregating

material was extracted from NL-17 cells according to the method of
Mohanty and Hilgard (19) with a minor modification. NL-17 cells were
harvested by treatment with HBSS containing 0.02% EDTA, washed
twice with HBSS, and suspended in HBSS containing 10 mM diisopro-
pyl fluorophosphate and 10 mM MgCl2 at a concentration of IO7cells/
ml. The cell suspension was sonicated in an ice-cold sonic bath (Model
B-3; Branson Ultrasonic Corp., Danbury, CT) 4 times for a total of
120 s, 30 s each time. The homogenate was centrifuged at 1500 x g for
30 min at 4Â°C.The supernatant was utilized for platelet aggregation

studies.
Growth Factor-dependent Growth of Cells. NL-17 cells harvested as

described above were suspended in 10% FCS-RPMI 1640 medium at a
concentration of 10* cells/ml. The cell suspension (500 pi/well) was

added to 24-well culture plates (16 mm; Coster, Cambridge, MA) and
incubated for 24 h at 37Â°C.The culture medium was removed by gentle

aspiration, and then 500 pi of 0.05% FCS-RPMI 1640 medium con
taining various concentrations of PDGF, insulin, or EGF were added
to each well. Cells were cultured at 37Â°Cin a 5% CO2 atmosphere. At

each time, growth of cells was estimated by direct counting of the cell
number. Cells were removed from the culture plate by the treatment
with HBSS containing 0.05% trypsin and 0.02% EDTA and suspended
in an appropriate volume of culture medium. The number of viable
cells was counted microscopically by the trypan blue dye exclusion test.

PDGF-induced Phosphorylation of Membrane Fraction. NL-17 cells
were harvested by treatment with HBSS containing 0.02% EDTA and
washed twice with RPMI 1640 medium. Cells were suspended in 10
mM Tris-HCl buffer (pH 7.4) containing 0.1 mM phenylmethylsulfonyl
fluoride and 1 HIMMgCh. Cells were disrupted by sonication in a sonic
bath at 4Â°C4 times for 120 s, 30 s each time. The homogenate was
centrifuged at 700 x g for 10 min at 4Â°C.The supernatant was
centrifuged at 100,000 x g for 30 min at 4Â°C.The precipitate obtained

was resuspended with 10 mM Tris-HCl buffer (pH 7.4) containing 20
mM MgCl2. The concentration of protein was assayed by the method
of Lowry et al. (20).

The membrane phosphorylation reaction was performed according
to the method of Nishimura et al. (21) with a minor modification. The
reaction mixture contained the NL-17 cell membrane fraction (100 pg
of protein), PDGF (4 units), and bovine serum albumin (20 pg) in a
final volume of 140 pi. The reaction mixture was preincubated for 30
min at 4Â°C.The reaction was initiated by the addition of [32P]ATP (500
pCi/ml) to the reaction mixture at 4Â°C,and the incubation was contin

ued for 1 h. The reaction was terminated by the addition of 150 pi of
ice-cold 10% trichloroacetic acid. The mixed solution was centrifuged
at 16,000 x g for 5 min. The precipitate obtained was washed twice
with ice-cold 5% trichloroacetic acid, and solubilized in 60 mM Tris-
HCl buffer (pH 6.8) containing 1% sodium dodecyl sulfate, 1 mM

EDTA, 5% glycerol, and 0.00125% bromophenol blue at 100Â°Cfor 2

min.
Electrophoresis was performed in 10% polyacrylamide gels with

0.1% sodium dodecyl sulfate according to the method of Laemmli (22).
The gels were washed with distilled water, then frozen at â€”20Â°C,and

cut into 1.0 mm slices. Each slice was placed in a counting vial and
incubated with 0.5 ml of NCS containing 10% of water at 50"C for 3

h. The radioactivity was measured with a liquid scintillation system.
PDGF-binding Study. Before the binding assay, NL-17 cells were

cultured with or without IO"4 M KI-8110 at 37Â°Cfor 24 h, and then

cell numbers were counted. Binding reactions were carried out as
follows. The medium was removed from each culture (1 x IO6 cells/
culture), and then 0.3 ml of 1% bovine serum albumin-RPMI 1640
medium were added to the cultures. To correct nonspecific binding to
the cells, unlabeled PDGF was added to control cultures treated with
or without 10~*M KI-8110. The doses of the unlabeled PDGF added
were 200 times those of '"I-PDGF. After incubation at 4Â°Cfor 60 min,
various concentrations of I25I-PDGF (5 to 50 fmol) were added to the
cultures, and then the cultures were further incubated at 4Â°Cfor 5 h.

The cultures were washed 5 times with ice-cold 1% bovine serum
albumin-RPMI 1640 medium. The cells were solubilized with 0.5 N
KOH, and the amount of bound 125Iwas determined in an Aloka

autogamma counter. Competitive binding (specific binding) was esti
mated by the subtraction of nonspecific binding in the presence of a
large excess of unlabeled PDGF from gross binding. The data obtained
were plotted according to the method of Steck and Wallach (23).

RESULTS

Effect of KI-8110 on the Adhesive Activity of Tumor Cells.
KI-8110 showed no effect on the attachment of NL-17 cells to
collagen type IV-coated dishes and a slight inhibitory effect on
the attachment to laminin-coated dishes and fibronectin-coated
dishes. [3H]dThd labeling of cells was not influenced by KI-

8110 at all.
Effect of KI-8110 on Tumor Cell-induced Platelet Aggregation.

NL-17 cells induced irreversible platelet aggregation in hepa
rinized human PRP in vitro. This activity was reduced by the
treatment of NL-17 cells with 10~4 M KI-8110 for 24 h prior

to the assay. Inhibition of aggregation was also found when
NL-17 cells were treated with neuroaminidase (0.02 units) at
37Â°Cfor 60 min or with 50 pg/ml of LFA, a sialic acid-specific

lectin, at room temperature for 30 min (Table 1). These treat
ments had no effect on the viability of NL-17 cells. LFA caused
no aggregation of NL-17 cells at the concentration used here.
Since KI-8110 and neuraminidase induce decreases in cell sur
face sialic acid and LFA binds cell surface sialic acid, these
results suggest that sialic acid on the membrane surface is
essential for platelet aggregating activity of NL-17 cells. To
examine this hypothesis further, the effects of various sugars
and glycoproteins on tumor cell-induced platelet aggregation
were tested. Sugars and glycoproteins were added to PRP 1

Table 1 Effect of various treatments on platelet aggregating activity ofNL-17
cells

Treatment
Platelet aggregation

(% of control)
Control"
KI-8
Neuraminidase (0.02 units/ml)1'
LFA (50 jig/ml)'

100
39.4 Â±12.1Â°

10.7 Â±7.2
44.4 Â±8.6

"Average transmittance in the presence of NL-17 cells on which all the

calculations were based was 57%.* NL-17 cells were treated with 10~*M KI-8110 at ÃŒTCfor 24 h.
c Mean Â±SD of three different experiments.
Ã©NL-17 cells were treated with 0.02 units/ml of neuraminidase at 37'C for 1

h.
' NL-17 cells were treated with 50 pg/ml of LFA at room temperature for 30
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min before addition of tumor cells. Each kind of sugar was
added at a final concentration of 25 HIMexcept for sialylluctose
(JV-acetylneuraminyl al â€”Â»3 lactose) at 12.5 HIM and each
glycoprotein at a final concentration of 100 ng/ml. As shown
in Table 2, NeuAc reduced the tumor cell-induced platelet
aggregation, while the other monosaccharides except L-fucose
had no effect. Sialyllactose also reduced tumor cell-induced
platelet aggregation but lactose did not. To test the linkage
specificity in the inhibiting activity of sialyllactose, NeuAc
a2 â€”Â»3 lactose was compared with NeuAc a2 â€”*6 lactose. As
shown in Table 3, the inhibiting activity of NeuAc a2 â€”Â»6
lactose on tumor cell-induced platelet aggregation was very
weak compared to that of NeuAc a2 â€”Â»3 lactose. BSM was
found to inhibit tumor cell-induced platelet aggregation, while
other glycoproteins had no effect, but this effect of BSM was
diminished by desialylation. On the other hand, NeuAc, sialyl
lactose, and BSM did not inhibit ADP or collagen-induced
platelet aggregation at the concentrations used here (Table 2).

The material extracted from NL-17 cells as described above
had platelet aggregating activity, but the materials extracted
from NL-17 cells treated with 10~4 M KI-8110 for 24 h prior

to extraction had only weak platelet aggregating activity com
pared to that of untreated NL-17 cells with the same protein
content. The platelet aggregating activity of extracted material
was reduced by treatment with trypsin (100 >j.g/m\)at 37Â°Cfor
30 min or neuraminidase (8 units/ml) at 37Â°Cfor l h (Table

4).
Effect of KI-8110 on Growth Factor-dependent Growth of

Tumor Cells. Figs. 1 and 2 show the growth of NL-17 cells in
the presence of PDGF or insulin. KJ-8110 had no effect on the
cell growth under growth factor-free conditions, but PDGF-

Table 2 Effects of sugars and glycoproteins on platelet aggregating activity of
NL-17 cells

Platelet aggregation
(% ofcontrol)"AdditionsGalactose'Mannose'Fucose'NeuAc'Lactose'Sialyllactose'

(NeuAc alâ€”Â»31actose)Â«i-Acid

glycoprotein*Asialo-at-acid
glycoprotein*Fetuin*Asialo-fetuin*BSM*Asialo-BSM*NL-17*987529339057105112104913595ADPCND7ND10487ND81NDNDNDND80NDCollagen''NDND107104ND79NDNDNDND93ND

" Mean of three different experiments. The average transmitÃante in the
presence of NL-1 7 cells on which all the calculations were based was 50%.

' Cells (0.5 to 2 x 10')/ml.
' Ten UM.

' Twenty-five mM.
/ND, not done.
* Twelve and one-half mM.
* One hundred MRnil.

Table 3 Different effects of NeuAc a2â€”Â»3lactose and NeuAc a2â€”*6lactose on
platelet aggregation

Additions
Platelet aggregation

(% of control)0

None*
NeuAc o2->3 lactose'
NeuAc alâ€”Â»6lactose'

100
17.0
89.4

" Mean of three different experiments.
*The average transmittance in the presence of NL-17 cells on which all the

calculations were based was 52%.
f Each sugar was added to PRP 1 min before addition of NL-17 cells (2 x IO7

cells/ml) at a final concentration of 25 mM.

dependent cell growth was almost completely inhibited by KI-
8110 (Fig. 1). The inhibiting effect of NL-17 cells pretreated
only with IO"4 M KI-8110 for 24 h was found to be weak (data

Table 4 Effects of various treatments on platelet aggregating activity of NL-17
cell extracts

TreatmentsNone*

KI-81 10 (lO-'M)'
Trypsin (100 Mg/ml)'
Neuraminidase (8 units/ml)'Platelet

aggregation
(% ofcontrol)"100

50.5
28.615.2

" Mean of three different experiments.
*The average transmit tante in the prsence of NL-17 cells on which all the

calculations were based was 48%.
c Extracts from NL-17 cells treated with 10- M KI-8110 at 37'C for 24 h.
4 Extracts from NL-17 cells were treated with 100 Â»ig/mlof trypsin at 37'C

for 30 min. Trypsin solution (100 eg/ml) did not affect the platelet aggregating
activity of NL-17 cell extracts.

' Extracts from NL-17 cells were treated with 8 units/ml of neuraminidase at
37'C for 1 h. Neuraminidase solution (8 units/ml) did not affect the platelet
aggregating activity of NL-17 cell extracts.

8 r 48h 72h

0.2 0.4 0.8 0 0.2 0.4

Concentration of PDGF (unit/ml)

0.8

Fig. 1. Effect of KI-8110 on PDGF-dependent growth of NL-17 cells. Control
NL-17 cells (10' cells/ml) were preincubated in 10% FCS-RPMI 1640 medium
at 37'C for 24 h and further incubated in 0.05% FCS-RPMI 1640 medium
containing PDGF at 37'C for 48 h or 72 h (O). To investigate the effect of KI-
81 10, NL-17 cells were preincubated in 10% FCS-RPMI 1640 medium containing
IO-1 M KI-8110 at 37'C for 24 h and further incubated in 0.05% FCS-RPMI
1640 medium containing IO"1 M KI-8110 and PDGF at 37'C for 48 h or 72 h

(â€¢).Points, mean of triplicate cultures; bars, SD.

not shown). KI-8110 exerted only a slight inhibitory effect on
insulin-dependent growth of NL-17 cells (Fig. 2). EGF had no
effect on the growth of NL-17 cells, and KI-8110 did not exert
any effect in this system (data not shown).

Effect of KI-8110 on PDGF-induced Phosphorylation of Mem
brane Fraction. As shown in Fig. 3, membrane protein from
NL-17 cells was phosphorylated in the presence of PDGF. The
major phosphorylated protein migrated to a position with an
approximate molecular weight of 180,000. The phosphoryla-
tion of this membrane protein was reduced when NL-17 cells
were pretreated with KI-8110 before membrane preparation. A
decrease in protein phosphorylation was also observed in the
membrane fraction of NL-17 cells treated with neuraminidase
(Fig. 3).

Effect of KI-8110 Treatment on the Binding of 125I-PDGF to
NL-17 Cells. To examine the effect of KI-8110 on the binding
of PDGF to NL-17 cells, the binding studies of I25I-PDGF to
NL-17 cells treated with or without 10~4 M KI-8110 were

performed, and the data were plotted according to the method
of Steck and Wallach as shown in Fig. 4. The apparent disso
ciation constant (Ka) and the number of receptor sites per cell
(n) for the PDGF binding to the KI-8110-treated cells were
completely the same as those for the binding to untreated cells.
KA and n were calculated to be 1.6 x 10~" M and 1.1 x IO4,

respectively.
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0.2 0.4 O 0.2 04

Concentration of insulin (unit/ml)

Fig. 2. Effect of KJ-8110 on insulin-dependent growth of NL-17 cells. Control
NL-17 cells (10s cells/ml) were preincubated in 10% FCS-RPMI 1640 medium
at 37'C for 24 h and further incubated in 0.05% FCS-RPMI 1640 medium
containing insulin at 37'C for 48 h or 72 h (O). To investigate the effect of KI
ND O,M.-17 cells were preincubated in 10% FCS-RPMI 1640 medium containing
IO-1 M KI-8110 at 37'C for 24 h and further incubated in 0.05% FCS-RPMI
1640 medium containing 10 4 M KI HI I(I and insulin at 37'C for 48 h or 72 h

(â€¢).Points, mean of triplicate cultures; burs. SD.

DISCUSSION

Recent studies show that the sialic acid content and sialyl-
transferase activity on the tumor cell surface are positively
related to the metastatic potential of the tumor cell (1-10).
Therefore, we have tried to modify tumor cell metastasis by
altering the sialic acid metabolism of the cells. A sialic acid-
nucleoside conjugate, named KJ-8110, which has sialyItrunsfer
ase-inhibit ing activity (11), reduced the sialic acid content of
NL-17 or NL-44 cells and inhibited the experimental pulmo
nary metastasis of these tumor cells ( 12).

To analyze the mechanism of the inhibition of tumor metas
tasis by KI-8110, we first examined the effect of KI-8110 on
the adhesive activity of NL-17 cells. However, KI-8110 was
found to have no significant effect on the adhesion of NL-17

BPB

Fig. 3. Effects of KI-8110 and neuraminidase on PDGF-induced phosphoryl-
ation of NL-17 cell membrane protein. Membrane fractions were prepared from
NL-17 cells untreated (O) and treated with IO'4 MjCI-8110 at 37'C for 24 h (â€¢).

To investigate the effect of neuraminidase treatment, the membrane fraction from
NL-17 cells was treated with 8 units/ml of neuraminidase at 37*C for 1 h (A).

BPB, bromphenol blue.

Q
Eâ€” 2

[PDGF freej

Fig. 4. Effect of KI-8110 treatment on the binding of '"I-PDGF to NL-17
cells. Before binding assay, NL-17 cells were treated with (â€¢)or without (O) 10~4
M KJ-8110 at 37'C for 24 h. The binding reactions were performed as described

in the text. Points, mean of triplicate experiments.

cells to laminin-, collagen-, or fibronectin-coated plates.
During tumor cell circulation, they may interact with immu-

nologically competent cells of the host, such as NK cells or
cytotoxic T-cells. Yogeeswaran et al. (24) reported that the
susceptibility of tumor cells to NK cells was dependent on the
sialic acid content of the tumor cell surface, and tumor cells
with highly sialylated membranes were resistant to the lytic
activity of NK cells. Therefore, we tested the effect of KI-8110
on the susceptibility of NL-17 cells to NK cells or the induction
of cytotoxic T-cells to NL-17 cells, but no effect was observed
(data not shown).

It has been demonstrated by other workers that a lot of
metastatic tumor cells have platelet aggregating activity, and
this activity is positively correlated in vitro with the metastatic
potential of tumor cells (13-15). We examined the effect of KI-
8110 on tumor cell-induced irreversible platelet aggregation in
vitro and found that this activity was inhibited by treatment of
NL-17 cells with KI-8110. Furthermore, it was found that the
treatment of NL-17 cells with neuraminidase or LFA also
reduced the platelet aggregating activity. These results suggest
that the sialic acid exposed on the membrane surface is essential
for platelet aggregating activity of NL-17 cells and that KI-
8110 inhibits the activity of NL-17 cells by reducing the sialic
acid content of the membrane surface of NL-17 cells.

A number of researchers have tried to isolate platelet aggre
gating material from tumor cells (19, 24-27), but it has still
not been purified. However, in various tumor cells, platelet
aggregating material was suggested to be a glycoprotein-like
substance containing sialic acids, the same as shown here in
NL-17 cells (Table 4).

When the effects of various monosaccharides or glycopro-
teins on tumor cell-induced platelet aggregation were examined,
NeuAc and L-fucose inhibited tumor cell-induced platelet ag
gregation, but the other monosaccharides used here did not.
The significance of the inhibiting effect of L-fucose is not
understood. Sialyllactose (NeuAc oil â€”Â»3 lactose) inhibited
tumor cell-induced platelet aggregation, but a different type of
sialyllactose (NeuAc al â€”Â»6 lactose) had only a weak effect in
this system. BSM significantly inhibited the aggregation, but
other glycopro teins, ai-acid glycoprotein or fetuin, did not.
This inhibiting activity of BSM was abolished by treatment
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with neuraminidase. These inhibiting activities of NeuAc, L-
fucose, sialyllactose, and BSM were not observed when ADP
and collagen were used as inducers of platelet aggregation.
These findings indicate that NL-17 cells interact with platelets
via mucin-type glycoprotein, including the sugar sequence like
NeuAc al -Â»3 lactose, on their membrane surfaces. This is
consistent with the result that KI-8110 inhibits the NL-17 cell-
induced platelet aggregating reaction, because Kl K110 specifi
cally inhibits the transfer of sialic acid to C-3 of a terminal
galactose residue of a mucin-type sugar chain (11).

Another role of platelets in metastatic processes of tumor
cells is that of a supplier of growth factor to tumor cells. When
NL-17 cells were pretreated with KI-8110 before addition of
PDGF and cultured with KI-8110, PDGF-dependent growth of
NL-17 cells was almost completely inhibited. Without the
addition of KI-8110 to the culture (pretreatment only), growth
inhibition by KI-8110 decreased as time passed. This may be
due to the recovery of sialic acid in the membrane surface. On
the other hand, KI-8110 had no effect on insulin or EGF-
dependent growth of NL-17 cells.

The initial event in PDGF-dependent cell growth is phospho-
rylation of the PDGF receptor after binding of PDGF to the
receptor of the cell membrane. When the crude membrane
fraction prepared from NL-17 cells was incubated with PDGF,
a protein with an approximate molecular weight of 180,000
was mainly phosphorylated. This protein appeared to be the
PDGF receptor because of its molecular weight (28, 29). On
the other hand, when the membrane fraction from NL-17 cells
pretreated with KI-8110 was incubated with PDGF, only weak
phosphorylation was observed. A decrease in phosphorylation
was also observed in the membrane fraction of NL-17 cells
treated with neuraminidase. These findings indicate that sialic
acids on the membrane surface of NL-17 cells play important
roles in the interaction with PDGF and that KI-8110 reduced
the susceptibility of NL-17 cells to PDGF by modification of
the sialic acid content on the membrane surface. However,
treatment ofNL-17cellswithKI-8110didnot affect the binding
of PDGF to the cells (Fig. 4). It is still unclear why KI-8110
inhibits receptor phosphorylation after binding of PDGF to the
receptor and the PDGF-induced proliferation of NL-17 cells.
Further studies are needed.

Tsuruo er al. (30) indicated that the platelet aggregating
activity of the tumor cells and the susceptibility of the tumor
cells to growth factors were important factors to determine the
metastatic potential of tumor cells. So, potent inhibition of the
experimental pulmonary metastasis of NL-17 cells by treatment
of the tumor cells with KI-8110 (12) may be explained by the
fact that KI-8110 inhibits both tumor cell-induced platelet
aggregation and PDGF-dependent growth of the tumor cells.
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