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Triflavin, an Arg-Gly-Asp-containing Peptide, Inhibits Tumor Cell-induced Platelet
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In this study, we examined the effect of triflavin, an Arg-Gly-Asp (RGD)-containing snake venom
peptide, on human cervical carcinoma (HeLa) cell- and B16-F10 mouse melanoma cell-induced
platelet aggregation (TCIPA) in heparinized platelet-rich plasma. TCIPA appears to play an impor-
tant role in the development of certain experimental tumor metastases. Two ADP-scavenging agents,
apyrase (10 U/ml) and creatine phosphate (CP) (5 mM)/creatine phosphokinase (CPK) (5 U/ml)
completely inhibited B16-F10 TCIPA, but hirudin (5 U/ml) had no effect. In conirast, apyrase and
CP/CPK did not inhibit HeLa TCIPA while hirudin completely inhibited it. Furthermore, HeLa cells
initially induced platelet aggregation and then blood coagulation at a later stage. In addition, HeLa
cells shortened, in a concentration-dependent manner, the recalcification time of normal as well as
factor VIII- and IX-deficient human plasma, but did not affect the recaleification time of factor
VII-deficient plasma. This suggests that HeLa TCIPA occurs via activation of the extrinsic pathway,
probably owing to tumor cell expression of tissue factor-like activity. HeLa cell-induced thrombin
generation was confirmed by detection of amidolytic activity towards a chromogenic substrate, §-2238
(H-D-FPhe-Pip-Arg-p-NA). Triflavin and GRGDS inhibited, in a dose-dependent manner, TCIPA
caused by either cell line. On a molar basis, triflavin was 10,006-30,000 times more potent than
GRGDS in this regard. Moreover, monoelonal antibodies raised against glycoprotein (GP) ITh/IIIa
complex (i.e., 7E; and AP;) and against GP Ib (i.e., AP;) compietely inhibited HeLa TCIPA. 7E; and
AP; inhibited B16-F10 TCIPA by up to 80% whercas AP; showed only 309% inhibition of B16-F10
TCIPA. In conclusion, the inhibitory effect of triflavin on Hel.a and B16-F10 TCIPA may be
mediated principally by the binding of triflavin to the fibrinogen receptor associated with GP ITh/IIla
complex on the platelet surface. However, GP Ib is also involved in HeLa TCIPA as thrombin
formation is the key factor in triggering platelet aggregation caused by HeLa cells,
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Aggregation of host platelets by tumor cells may play
an important role in the metastatic process."”? This inter-
action is proposed to facilitate tumor cell attachment to
endothelial cells and subendothelial matrix.>* Ultra-
structural studies have demonstrated tumor cell-platelet-
endothelial cell interactions in the microvasculature fol-
lowing the intravenous injection of tumor cells.>>% In
addition, platelets seem to secrete permeability factors™®
and tumor cell growth factors®!" which theoretically
should assist in tumor cell penetration of the vessel wall
and development of extravascular secondary tumor col-
onies. The role of platelets in tumor metastasis is also
supported by the following observations: (1} injection of

¥ To whot reprint requests should be addressed.

* Abbreviations: TCIPA, tumor cell-induced platelet aggrega-
tion; DMEM, Dulbecco’s modified Eagle’s medium; GRGDS,
Gly-Arg-Gly-Asp-Ser; GRGES, Gly-Arg-Gly-Glu-Ser; FCS,
fetal calf serum; GP, glycoprotein; PRP, platelet-rich plasma;
PPP, platelet-poor plasma; PBS, phosphate-buffered saline;
CP, creatine phosphate; CPK, creatine phosphokinase; CMF-
HBSS, Ca’", Mg**-free Hanks’ balanced salt solution.
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tumor cells with high metastatic potential causes a signifi-
cant decrease in platelet counts in vive'>'¥; (2) isolated
tumor cells can cause activation (adhesion, aggregation,
and release reaction) of platelets in vitro'>'¥; (3) aggre-
gability of platelets in response to specific tumor cell
types correlates with metastatic potential in viva'>'¥; (4)
drugs that interfere with platelet function or induce
thrombocytopenia can also interfere with metastasis, >

Although the role of platelets in hematogenous metas-
tasis of tumor cells is clear, details of the mechanisms of
TCIPA® are still unclear. Several investigators have
reported different mechanisms through which tumor cells
activate platelets. For example, some tumor cells are
procoagulant and generate thrombin, as shown by inter-
ference with their TCIPA by thrombin inhibitors such as
hirudin.> ' Some tumor cells release cathepsin B or ADP
as documented by inhibition of TCIPA, respectively, by
cysteine proteinase inhibitors or ADP scavengers (such
as apyrase).'™'® Platelet membrane surface components
may be involved in TCIPA, but their roles have not been
elucidated. Although the mechanisms are still unclear,



platelet surface glycoproteins have been shown to play an
important role in aggregation, adhesion and surface con-
tact interaction.!*2

Recently, many trigramin-like antiplatelet peptides (or
disintegrins) have been reported.”>?® Trigramin, an
RGD-containing peptide purified from snake venom, is a
specific fibrinogen receptor antagonist.”’»?* Their physi-
cochemical properties, amino acid sequences, and anti-
thrombotic effect have been reported. These peptides all
contain the RGD sequence, are rich in cysteine, and bind
with high affinity to the surface of platelets. Triflavin, a
trigramin-like peptide purified from Trimeresurus flavo-
viridis snake venom,” ¥ is three times more potent than
trigramin in inhibiting platelet aggregation. Its primary
structure of 70 amino acid residues includes 12 cysteines.
It contains the RGD sequence at positions 49-51.
Triflavin directly interferes with the interaction of fibrin-
ogen with its receptor associated with the GP IIb/IITa
complex.’32

In this study, we show that human cervical carcinoma
(HeLa) cells as well as B16-F10 mouse melanoma cells
induce aggregation in human heparinized PRP. How-
ever, HeLa cell-induced platelet aggregation occurred via
thrombin formation associated with tissue factor-like
activity, whereas B16-F10 mouse melanoma cells in-
duced platelet aggregation via ADP release. Further-
more, we examined the effect of triflavin on HeLa cell- or
B16-F10 mouse melanoma cell-induced platelet aggrega-
tion of human heparinized PRP, and compared its action
with that of the synthetic peptide GRGDS and mono-
clonal antibodies against either GP IIb/Il1a complex or
GP Ib.

MATERIALS AND METHODS

Materials 7. flavoviridis venom was purchased from
LATOXAN, France and stored at —20°C. GRGDS was
purchased from Peninsula Laboratories, USA. GRGES
was synthesized by the Biochemical Institute, College of
Medicine, National Taiwan University. Apyrase (grade
III); heparin; hirudin (grade IV from leeches); CP and
CPK (type I from rabbit muscle); neuraminidase (type
X from Clostridium perfringens); phospholipase A, (from
Laticanda semifasciata);, collagenase (type VII from
Clostridium histolyticum) and thrombin (from human
plasma) were obtained from Sigma Chem. Co., USA.
Aprotinin (Trasylol, from bovine lung) was obtained
from Boehringer, Germany. Tissue thromboplastin re-
agent {Simplastin® Excel standard) was purchased from
Organon Teknika, Boxtel, NL. Coagulation factor-
deficient human plasmas (deficient in factor V11, VIII, or
IX) were obtained from Sigma Chem. Co. Monoclonal
antibody 7E3 was kindly donated by Dr. Barry Coller,
State University of New York, USA. Antibodies AP,
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AP, and AP; were the gift of Drs. P. Newman and T.
Kunicki, Milwaukee Blood Center, USA. 7E3 and AP
were raised against GP IIb/IIla complex,*3" AP,
against GP Ib* and AP; against GP I11a.** Cell culture
reagents, including fetal calf serum, were from GIBCO.
Purification of triflavin Triflavin was purified from 7,
Aavoviridis venom as previously described.” The proce-
dure consisted of Fractogel TSK MW-50 gel filtration,
CM-Sephadex C-50 column chromatography and gel fil-
tration on Sephadex G-75 and G-50 column. The last step
of purification was accomplished on a reverse-phase
HPLC CI18 column. The purified peptide migrates as a
single band on SDS-PAGE, and its molecular mass was
estimated to be 7,500 daltons. Its N-terminal sequence
was shown to be Gly-Glu-Glu-Cys-Asp+-:-+- , and it has
the Arg-Gly-Asp sequence at residues 49-51 in the
carboxy-terminal domain.*”

Cell culture HelLa cells were obtained from the Institute
of Bacteriology, College of Medicine, National Taiwan
University. B16-F10 mouse melanoma cells were ob-
tained from the Institute of Preventive Medicine,
Taiwan. Both cell lines were grown in DMEM contain-
ing 10% FCS and 19 r-glutamine. Cells were passed and
harvested for experiments before reaching confluence.
Cells viability was determined by trypan blue exclusion
and was usually greater than 90%. Cell-free supernatant
was prepared from tumor cell suspension by centrifuga-
tion at 120g for 5 min.

Aggregation studies Human blood was anticoagulated
with heparin (final concentration, 2.5 U/ml), and PRP
was prepared by centrifugation at 120g for 10 min at
room temperature. PPP was prepared from the remain-
ing blood by additional centrifugation at 500g for 10 min.
PRP was adjusted with PPP to contain about 3.0< 10%
platelets per ml. HeLa cells and B16-F10 mouse mela-
noma cells were detached with EDTA (1 mM)/trypsin
(0.25%, w/v) and washed thoroughly with CMF-HBSS
to remove residual FCS, Cells finally were resuspended in
CMF-HBSS. Platelet aggregation of PRP was measured
turbidimetrically by a Lumi-aggregometer (Chrono-log).
PRP (400 i) was pre-warmed at 37°C for 2 min in a
silicone-treated glass cuvette. Triflavin, monoclonal anti-
body or peptide was added 1 min before addition of
30 ul of HeLa cells or B16-F10 mouse melanoma cell
(1.0x 108 cells/m], final concentration). The reaction was
allowed to proceed for at least 10 min and extent of
aggregation was expressed as a percentage of the control
(tumor cells only}. The degree of aggregation was ex-
pressed as changes in light transmission {AT).
Measurement of amidolytic activity Four hundred ul of
PRP or PPP (containing 0.38% sodium citrate) supple-
mented with 2 mM CaCl, was prewarmed at 37°C for 2
min, then triflavin (1 £g/ml) or normal saline was added
1 min before the addition of 50 #1 of HeLa cells (5 X 10°
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cells/ml, final concentration). At various times (0, 2 and
6 min), this aggegation reaction was terminated by
adding 50 1 of 50 mM EDTA in 50 mM sodium citrate
{pH 7.5). In some experiments, addition of HBSS buffer
in equal volume (instead of HeLa cell suspension) was
also performed as the control. The reaction mixtures
were centrifuged (1,000g) for 10 min at 4°C. The sedi-
ments obtained were washed twice with 150 mM Tris-
HCI buffer (pH 8.4) containing aprotinin (2 pg/ml, final
concentration}. The sediments finally were resuspended
in 500 u1 of the same buffer and stored at 4°C before the
amidolytic assay.

The chromogenic substrate, H-D-Phe-Pip-Arg-p-NA
(5-2238, Kabi Diagnostica, Sweden), which is usually
used as a thrombin substrate, was dissolved in distilled
water at a concentration of 1 mM. The test sample (500
#ly or thrombin (0.01-1 U/ml) was incubated with
chromogenic substrate solution (500 ¢l) for 20 min at
37°C. This reaction was terminated by adding 0.2 ml
of 50% acetic acid and the mixture was centrifuged at
1,000g¢ for 10 min. The p-nitroanilide formation due to
hydrolysis of Arg-ester (8-2238) by thrombin was moni-
tored at 405 nm using a spectrophotometer (U3200,
Hitachi Ltd., Tokyo). The activity of test samples was
expressed in thrombin units.

Measurement of procoagulant activity Procoagulant ac-
tivity of the tumor cells was measured in terms of plasma
recalcification time.”® PPP was prepared from whole
blood, collected from healthy human volunteers and
mixed with 3.8% (w/v) sodium citrate (9:1, v/v). In
brief, one hundred gl of fresh mormal citrated PPP or
human plasmas deficient in factors VII, VIII or IX was
incubated with 100 w1l of cell suspension with various

numbers of tumor cells for 2 min at 37°C, and then 100
il of prewarmed 25 mM CaCl, was added, and the
plasma clotting time recorded. Tissue thromboplastin
was used in this system as a positive control for activating
the extrinsic coagulation pathway.

RESULTS

Platelet aggregation induced by tumor cells Hel.a cells
and B16-F10 mouse melanoma cells induced platelet
aggregation of heparinized human PRP in a concen-
tration-dependent manner (Fig. 1). Both HeLa cells and
B16-F10 cells at concentrations of more than 5> 10°
cells/ml caused aggregation, The tracings of aggregation
induced by HeLa cells (at 25x10° cells/ml) were
interrupted by delayed fibrin clot formation (Fig. la),
which is macroscopic. In contrast, B16-F10 cells did not
induce fibrin clot formation even at a concentration of
13X 107 cells/ml. However, at 1 10° cells/ml HeLa cells
induced only aggregation without concomitant coagula-
tion of PRP 15 min after the addition of cells (Fig. 1a).
Effect of ADP-scavenging agents and hirudin on TCIPA
Both cell types were used for all subseguent platelet
aggregation studies at a concentration of 1 X 10° cells/ml.
B16-F10 cells at this concentration induced near-
maximal platelet aggregation (AT, 60%) (Fig. 1b). Pre-
treatment with the ADP-scavenging agents apyrase (10
U/ml, final concentration) or CP/CPK (5 mM/5 U/ml)
in PRP did not inhibit HeLa TCIPA but completely
inhibited B16-F10 TCIPA (Fig. 2b, ¢). This indicates
that ADP is essential for platelet aggregation caused
by B16-F10 cells but is not essential for that caused by
Hela cells, Incubation of PRP with hirudin (5 U/ml), a
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Fig. 1.

Concentration-effect relationship of platelet aggregation induced by (a) HeLa cells (b) B16-F10 cells in human

heparinized PRP. The arrow indicates the addition of tumor cells. Various numbers of tumor cells were added to heparinized
PRP to trigger platelet aggregation, and the degree of aggregation was expressed as changes in light transmission (AT).
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= 40 B16~F10 cell Fig. 2. Effect of apyrase, CP/CPK and
o L Ble-FL0 cell hirudin on TCIPA. Heparinized human PRP
2 ol R I (400 u1) was preincubated with (a) saline, con-
n - trol; (b) apyrase (10 U/ml); (¢) CP (5 mM)/
a CPK (5 U/ml); (d) hirudin (5 U/ml) at 37°C
E 80 | Helaoel | ’ Hela cell for 2 min, then 30 gl of tumor cells was added
%) —— (1< 10° cells/m], | ) to induce platelet aggrega-
o i tion. Platelet aggregation was monitored turbi-
2 40 f BLE=F10 cell dimetrically and expressed as changes in light
B - B16-F10 cell transmission (AT). For details of the experimen-

gL T tal procedure see “Materials and Methods,”
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thrombin inhibitor, completely inhibited the aggregation 0875 PRP 5 PP
response caused by HeLa cells, but did not affect that —
caused by B16-F10 cells (Fig. 2d). Increasing the con- —Ei 0.6 - T I:TJ
centration of heparin in PRP from 2 U/ml to 4 U/ml ~Z E Y
markedly prolonged the lag time and resulted in loss P 54 * /
of apgregation response in studies with HeLa cells, in- : T
dicating that HeLa TCIPA is thrombin-dependent. To 3 0.2 1
determine the source of thrombin and ADP generated in g /é //g
mixture of platelets and either HeLa cells or B16-F10 S 00. m-—0 o f—0———0
cells, we prepared cell-free supernatant and found that ﬁ
either type of supernatant added in equivalent volume , i . . . .
(30 pl) to platelets failed to induce aggregation; this 0 2 4 8 0 2 4 8
suggests that neither thrombin required for Hela Time (min)
TCIPA nor ADP required for B16-F10 TCIPA was
directly derived from the tumor cells. In addition, pre-  Fig. 3. Effect of triflavin on thrombin generation induced by

treatment of either cell type with either trypsin (1 mg/ml,
final concentration), neuraminidase (1 U/ml, final con-
centration), collagenase (1 mg/ml, final concentration)
or phospholipase A, (25 pg/ml, final concentration)
was performed at 37°C for 30 min. We found that
only phospholipase A, pretreatment almost completely
blocked platelet aggregation caused by Hel.a cells {(data
not shown), suggesting that phospholipid is involved in
this reaction. On the other hand, preincubation of B16-
F10 cells with trypsin (100 g#g/ml) reduced TCIPA by
90% (data not shown). Furthermore, pretreatment of
B16-F10 cells with apyrase (10 U/ml) at 37°C for 1 min
followed by washing did not inhibit B16-F10 TCIPA
(data not shown), suggesting that ADP involved in
B16-F10 TCIPA is most likely secreted from platelets
and that the secretion process may be related to the
trypsin-sensitive membrane proteins on B16-F10 cells.

Effect of triflavin on thrombin formation induced by
Hel.a cells in PRP and PPP D-Phe-Pip-Arg-p-NA (8-
2238) is widely used to measure thrombin activity. Fig. 3

HeLa cells. PRP or PPP (400 pl, containing 0.38% sodium
citrate} supplemented with 2 mM CaCl, was prewarmed at
37°C for 2 min, then triflavin (1 gg/ml, A} or normal saline
(U) was added 1 min before adding 50 u1 of HeLa cells (5 <
10° cells/ml). At various incubation time periods, the reac-
tion was stopped by adding 50 #1 of 50 mM EDTA in 50 mM
citrate solution. Samples for thrombin assay were prepared at
various time periods by amidolytic assay and the quantity of
thrombin generated in each incubation period was measured
by using a chromogenic substrate (S8-2238). In the control
experiment (), saline (instead of triflavin) was added to
PRP or PPP 1 min before adding HBSS buffer (instead of
HeLa cells). The ordinate represents the concentration of
thrombin generated. Data are presented as mean==SE (n=3),

shows the thrombin activity generated after the addition
of HeLa cells (5% 10° cells/ml) in PRP or PPP. Throm-
bin generation induced by HeLa cells was not signifi-
cantly affected by triflavin (1 zg/ml) in PRP (Fig. 3a).
In the absence of platelets (PPP), Hela cells also in-
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duced thrombin formation to a similar extent to that in
PRP (Fig. 3b). No significant thrombin generation was
detected either in PRP or in PPP to which HBSS was
added instead of Hel.a cells (Fig. 3a, b). Triflavin thus
did not interfere with thrombin generation induced by
HelLa cells.

Effect of tumor cells on the recalcification time For the
purpose of determining the basis of thrombin generation
in HeLa TCIPA, we measured the effect of Hel.a cells on
plasma recalcification time. As shown in Table I, HeLa
cells clearly shortened the recalcification time of normal
human citrated PPP in a concentration-dependent
manner. Furthermore, HeLa cells equally shortened the
recalcification time of mormal, factor VIII- and factor
IX-deficient plasmas. In contrast, these cells did not
shorten the recalcification time of factor VII-deficient
plasma, These data indicate that the procoagulant ac-
tivity of HeLa cells was through the activation of factor
VII in the extrinsic coagulation pathway, and that the

cells thus probably have a tissue factor-like activity which
1s ultimately responsible for inducing platelet aggrega-
tion.

Effect of monoclonal antibodies on TCIPA When hepa-
rinized human PRP was preincubated with monoclonal
antibody against GP IIb/IIIa complex, 7E; (Fig. 4b),
AP, (Fig. 4¢c) for 2 min at 37°C, all aggregation re-
sponses induced by B16-F10 cells were inhibited in a
dose-dependent manner {Fig. 5a). These two monoclonal
antibodies did not completely inhibit B16-F10 TCIPA,
even at concentrations of up to 100 ¢g/ml. The maximal
inhibitions of B16-F10 TCIPA by AP, and 7E; were 83%
and B80%, respectively. These findings imply that, in
addition to platelet membrane GP Iib/Illa complex,
there are other platelet surface components involved in
TCIPA. Therefore, we used monoclonal antibody against
platelet membrane GP Ib (AP;). However, AP; only
slightly inhibited B16-F10 TCIPA (Fig. 4d and Fig. 5a);
maximal inhibition was only about 309 even at 100

Table 1. Recalcification Clotting Times of Normal and Coagulation Factor-deficient Plasmas in the

Presence of Tumor Cells

Plasma recalcification time (s)

Factor IX Factor VIII Factor VII
Normal deficient deficient deficient
HBSS buffer 365+41 > 600 > 600 310+23
Thromboplastin 13£2 20+4 11t4 3n+17
HelLa cells
5107 cells/ml 82+15 91%9 87113 325+26
1X10% cells/ml 50X 11 5318 61+6 316122
5% 10° cells/ml 27+5 22+6 25%5 30828
Data are presented as means £ SE (n=5-7).
BO r E:g JINY 1eLa con b
© lE o/ |
. B i ela cel
Fig. 4. Effect of anti-GP IIb/Illa monoclonal ~ ~~ 40| | 0 el T el
antibody, 7E;, AP, and anti-GP Ib monoclonal a - B16-F10 cell
antibody AP, on TCIPA. Heparinized human ,.O_, oL . e
PRP (400 u1) was preincubated with (a) saline, %
control; (b) 7E; (HeLa cells, 20 zg/ml; B16- | c a
F10 cells, 100 pg/mi); (c) AP, (HeLa cells, E 80 ‘
30 ]lg/ml, B16-F10 CCHS, 100 ug/ml); (d) AP, n L ; AR, o srr——s—r—  Hela cell
(HelLa cells, 30 gg/ml; B16-F10 cells, 100 ng/ g —— o
ml) at 37°C for 2 min, followed by addition of o 40T 1l
tumor ceils (1.0>10° cells/ml, |) to induce = - *
platelet aggregation. ol " siori0 esl -
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pg/ml (Fig. 5a). As described above, HeLa cells induce
platelet aggregation via a mechanism involving thrombin
formation. Thrombin is known to stimulate platelets via
binding to GP Ib on the platelet surface.” Platelet
aggregation induced by HeLa cells was completely in-
hibited by preincubation with 7E; (20 ug/ml), AP; and
AP; (both at 30 #g/ml) (Figs. 4, 5b), but the monoclonal
antibody against GP IIla, AP; (50 pg/ml), showed no
inhibitory effect on HeLa or B16-F10 TCIPA.

Effect of triflavin on TCIPA The binding of fibrinogen
to its specific receptor is mainly through the RGD se-
quence within the fibrinogen molecule.!® Triflavin, an
RGD-containing antiplatelet peptide, was thus antici-

120
& BI6-Fl0cell . | D Helacel
100 |
S s
~ B0 @
g T / 1
-g 60 -7t
] O
S ow] Tk
£ I g *
= 20 o L
0 T T T T T T
25 50 100 10 20 30
Monoclenal antibodies {ug/ml)
Fig. 5. Effect of various concentrations of anti-GP IIb/IIla

complex monoclenal antibody 7E; (©O), AP; (24) and anti-
GP Ib monoclonal antibody AP; (C1) on platelet aggregation
induced by (a) B16-F10 cells, (b) HeLa cells. The data are
presented as mean :SE (n=4). Experimental proceduces: sec
the legend to Fig. 2.
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pated to inhibit TCIPA. Figs. 6 and 7 show that aggre-
gation responses induced by B16-F10 cells or Hela cells
were inhibited in a dose-dependent fashion by trifiavin
(0.1-1.2 pg/ml; 13-160 nM) or GRGDS (0.1-1.0 mg/
ml; 0.2-2.0 mM). GRGES (4 mM), however, had no
significant effect (Fig. 6d). Pretreatment of platelets with
triflavin (0.4 gg/ml; 53 nM) or GRGDS (0.6 mg/ml; 1.2
mM) completely inhibited HeLa TCIPA (Figs. 6b, ¢ and
7). Maximal inhibition of B16-F10 TCIPA was about
80% by triflavin or GRGDS (Fig. 7). On a molar basis,
triflavin (ICs;, 80 ndd} is 10,000-fold more potent than
GRGDS (ICs, 0.81 mM) on B16-F10 TCIPA and about
30,000-fold more potent than GRGDS (ICs, 8 nM vs.
0.31 mM) on HeLa TCIPA.

DISCUSSION

It is well known that some tumor cells induce platelet
aggregation in vitro and that various mechanisms are
involved in this phenomenon.'® These aggregation reac-
tions may be involved in hematogenous metastatic pro-
cesses.'® Gasic et /' and Kohga et ¢/*” have reported
that inhibition of platelet aggregation induced by tumor
cells and suppression of pulmonary metastasis induced by
intravenous injection of tumor cells are closely related.
Moreover, Kinjo*" observed by electron microscopy that
most of the AH130 cell emboli in lung were closely
associated with platelet clumps. Furthermore, platelet
aggregation inhibitors such as aspirin'? or dipyrida-
mole’® have been used to prevent experimental blood-
borne metastasis. In this study, HeLa cells produced a
delayed TCIPA following a lag phase which, in turn, was
dependent upon the concentration of tumor cells added.
HeLa cells also induced clot formation at final cell con-
centrations over 5X10° cells/ml (Fig. la). This effect

80 r ah{ GO Hele cell b ‘
&“‘ Ig biaainn, WUUNURINIONIUNISBIES . % FHT5 | |
~ 40r |} T a-r10 cel
Blg-TF ce
o B16-F10 cell Fig. 6. Effect of ftriflavin, GRGDS and
9 0 - m GRGES on TCIPA. Heparinized human PRP
% T (400 z1) was preincubated with (a) saline, con-
B c d trol; (b) triflavin (HeLa cells, 0.4 pgg/ml,
£ 80 Hela cell 0.052 £ M; B16-F10 cells, 1.0 ug/ml; 0.13 M),
] ‘ {c) GRGDS (HeLa cells, 0.6 mg/mi, 1.2 md;
g e ———-—— B16-F10 cells, 1.0 mg/mi, 2 mM); (d)
e 40 BL6-F10 cell GRGES (4 mM) at 37°C for 2 min, followed by
= - addition of tumor cells (1.0X10° cell/ml, })

K,.,_mn-'- B18—F10 cell
Y, SN

X 1 1 L 1

2 4 6 8 10

Time (min)

to induce platelet aggregation.
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Fig. 7. Effect of various concentrations of triflavin and
GRGDS on Hela cell (@), and B16-F10 cell (A) TCIPA.
The data are presented as mean =SE (n=4). For experimen-
tal procedure, see the legend to Fig. 6.

always followed the initial phase of aggregation, since
platelet aggregation requires less thrombin than does
fibrin formation. In contrast, B16-F10 cells at final con-
centrations greater than 5> 10° cells/ml caused platelet
aggregation that was not followed by clot formation
(Fig. 1b). Hela cells were generally a more potent
inducer of platelet aggregation in optimally heparinized
PRP (2.5 U/ml), although heparin at higher concentra-
tion (5 U/ml) completely inhibited HeLa TCIPA.

We used selective inhibitors to investigate the mecha-
nisms of B16-F10 cells and HeLa TCIPA and also ex-
amined the inhibitory effects of the antiplatelet peptide
triflavin and synthetic peptide GRGDS. Our studies
show that B16-F10 TCIPA is ADP-dependent and that
thrombin is probably not involved. B16-F10 TCIPA
was abolished by treatment of tumor cells with trypsin.
B16-F10 cells thus probably activate platelets by a direct
interaction between platelets and a trypsin-sensitive pro-
tein domain on the surface of B16-F10 cells. However,
this needs confirmation.

Furthermore, our studies show that HeLa TCIPA is a
thrombin-dependent reaction (Fig. 2). As reported previ-
ously, some TCIPASs occur via generation of thrombin by
activation of the blood-coagulation system.?* ¥ %) For
example, NCG human neuroblastoma cells,*”’ human
carcinoma lines Colo 205 and Colo 397*® depend upon
thrombin generated via the expression of tissue factor-
like activity. During the lag period of platelet aggregation
the accumulation of sufficient thrombin is required to
trigger aggregation. This is consistent with the observa-
tion that thrombin inhibitors prolonged the lag period
in dose-dependent manner, but did not reduce the maxi-
mal response of aggregation once platelets began to
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aggregate.’>*? The shortening of recalcification time by
Hela cells disclosed the procoagulant activity of HeLa
cells (Table1). In general, at least three different types of
tumor cells procoagulants have been described: (a) a
factor VII-dependent tissue factor-like substance’® 442,
(b) proteinases activating factor X to Xa"; and (c) a
phospholipid surface for prothrombinase complex forma-
tion.” OQur studies of HeLa cells using coagulation
factor-deficient plasma revealed procoagulant activity de-
pendent upon the presence of factor VII but not factor
VIIT or IX. In this regard, tissue thromboplastin behaves
very much like HeLa cells. This result suggests that HeLa
TCIPA is mediated by thrombin generated through the
tissue factor-like activity expressed on the tumor cell
surface.*"’ We found that HeLa TCIPA was inhibited by
phospholipase A, pretreatment. This may imply that
phospholipids are required for the expression of tissue
factor-like activity. We have also demonstrated that the
amount of thrombin generated in PPP following addition
of HeLa cells was almost equal to that in PRP, indicating
that thrombin generation by HeLa cells was independent
of the presence of platelets.

We studied the effects of monoclonal antibodies, the
anti-GP Ib antibody AP, and the anti-GP IIb/IlIa com-
plex antibodies AP, and 7E;, to clarify the involvement
of platelet surface glycoproteins in TCIPA.**? It is still
unknown how platelet membrane glycoproteins are in-
volved in the TCIPA. We found that both AP, and 7E;
or AP; completely inhibited HeLa TCIPA. These results
are also consistent with the observation by Kitagawa
et al?’ that colon adenocarcinoma (M7609) TCIPA
through thrombin generation is completely inhibited
by anti-GP Ib (TM60) and anti-GP I1Ib/Illa complex
(TMB83) antibodies. Nevertheless, 7E; and AP, did not
completely inhibit B16-F10 TCIPA (residual aggregation,
20%) and AP, showed less inhibition. The combination
of two types of antibodies (i.e.,, AP, and AP,) was shown
to inhibit B16-F10 TCIPA almost completely, Therefore,
both GP Ib and GP IIb/Illa complex may be involved
in the thrombin-dependent (HeLa cells) and thrombin-
independent (B16-F10 cells) interaction between plate-
lets and tumor cells. As described above, HeLa TCIPA
occurs via a mechanism involving thrombin generation,
so that its mechanism is similar to thrombin-induced
platelet aggregation, whereas GP Ib is the receptor for
thrombin and the GP ITb/IIla complex is the binding site
for fibrinogen after platelet activation by thrombin.’®
Therefore, it is reasonable that monoclonal antibodies
against either GP Ib and GP IIb/Illa complex are capa-
ble of inhibiting HeLa TCIPA completely. However, the
mechanism by which ADP is released in the interaction
between platelets and tumor cells is not clear. We found
that trypsin-sensitive protein(s) on the B16-F10 cell sur-
face may play a crucial role in mediating TCIPA. The



component on the platelet surface which interacts with
the trypsin-sensitive protein is unknown.

It is well established that the platelet receptor recogni-
tion site on human fibrinogen involves the RGD se-
quence.®® RGD is also present in two other proteins
which mediate platelet-adhesive reactions, ie., fibro-
nectin and von Willebrand factor (vWF).*"*” Therefore,
peptides containing the RGD sequence can partially or
fully inhibit fibrinogen binding to its specific receptor
associated with GP I1Ib/I11a complex. As expected, both
triflavin and GRGDS completely inhibited Hela
TCIPA. However, neither triflavin nor GRGDS com-
pletely inhibited B16-F10 TCIPA (residual aggregation,
20%) (Figs. 6 and 7). 7E; and AP; also showed similar
results with B16-F10 TCIPA. When comparing the ICs
values on a molar basis, triflavin is 10,000-30,000-fold
more potent than GRGDS in inhibiting TCIPA. In con-
trast, no significant inhibition of platelet aggregation was
observed with the control peptide GRGES. These results
suggest similar inhibitory mechanisms on TCIPA be-
tween triflavin and anti-GP IIb/IIla monoclonal anti-
body, through the blockade of fibrinogen binding to its
receptor on platelet surface membrane. Triflavin did not
interfere with thrombin generation induced by HelLa
cells in PRP or PPP (Fig. 3). In addition, triflavin did
not affect the shortening of clotting time in normal PPP
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