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Studies on Platelet Aggregation Induced by Human
Cultured Carcinoma Cell Lines

Yoshihiro MOKI
Department of Internal Medicine (Section 4), Sapporo Medical College
(Chief : Prof. 1. Urushizaki)

In recent years, accumulating evidence has appeared suggestive of the fact that platelets are
deeply involved in the lodging of tumor cells during the process of blood-borne metastases. One of
the most significant observations inferring a role for platelets in the development of metastases is
that the ability of certain tumor cells to form metastases is related to their ability to promote
aggregation of host platelets.

However, the mechanism of this platelet aggregation and the properties of the platelet aggre-
gating materials of tumor cells have not been well elucidated. With regards to human cell lines in
particular, no investigations have yet been made; most previouély reported data having been based
on animal experiments.

Thus, in the present paper, attempts were made to clarify the mechanism of platelet aggrega-
tion and to characterize the platelet aggregating material employing established human cancer cell
lines. The following results were obtained :

1) Eleven out of the nineteen human cancer cell lines investigated showed platelet aggregating
activity, with the aggregation being particularly evident in M 7609 (colon cancer), HMV-1 (mela-
noma), PC-10 (lung cancer) and HelLa (uterine cancer). )

2) The platelet aggregation pattern induced by these tumor cells was that of typical secondary
aggregation with irreversibility.

3) The degree of platelet aggregation by HMV-1 tumor cells increased as the cell count in-
creased and reached a plateau at a cell count above 5x105/m/PRP. The lag time of aggregatioﬁ, on
the other hand, decreased as the tumor cell count increased. The degree of aggregation also-in-
creased as the platelet count increased.

4) The existence of divalent cation was requiréd for the platelet aggregation induced by HMV
-1 tumor cells.

5) The platelet aggregations induced by tumor cells (HMV-1. PC-10, 3LL) were not suppressed
by specific thrombin inhibitor (MD-805).

6) The platelet aggregating activities of tumor cells (HMV-1. M 7609) were diminished by
treatments with trypsin but not with collagenase or neuraminidase. Aggregating activity was pre-
served with a preparation of membrane from these tumor cells, although it was abolished by heating

Abbreviations : PPP Platelet-poor plasma
FCS : Fetal calf serum PMSF Phenylmethylsulfonylfiuoride
PBS - : Phosphate buffered saline SDS PAGE Sodium dodecyl sulfate polyacrylamide
PRP : Platelet-rich plasma

slab gel electrophoresis
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(100°C 15 min) or sonication.
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7) HGC-25 cells which did not possess aggregating activity attained the ability to aggregate
the platelet by fusing with cell membrane from HMV-1 (platelet aggregating cell).

8) By SDS PAGE (autoradiography), membrane proteins with MW of 20,000 daltons which
specifically bound to platelets were commonly found in cells with platelet aggregating activity (HMV
-1, M 7609), but were absent in platelet non-aggregating cells (HGC-25).

It was, therefore, concluded that platelet aggregation induced by human tumor cells does not

require the coexistence of thrombin, but is evoked by direct interaction of platelets with aggregating

proteins (MW 20,000 daltons) on the cell membrane.

(Received January 17, 1983 and accepted March 22, 1983)
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Table 1 Platelet aggregating activity of various human tumor cell lines.
Platelet aggregation

Tumor Origin Histology Cell

Lag (min) %
M 76092 colon poorly diff. adenoca. 4.8%10° 1.5 57
S 7512® rectum carinoma simplex 1.2x10° - 0
K 76102 lung adenoca. 4.0%x10° 1.0 27
PC-1¢ lung squamous cell ca. 2.0%X10° 2.0 13
PC-9® lung well diff. adenoca. 1.0%x10° — 0
PC-10° lung squamous cell ca. 2.0x10° 2.0 50
PC-159 lung ca. 1.0x10° - 0
KATO-III® stomach signet ring cell ca. 2.2X10°8 - 0
OKAJIMA® stomach poorly diff. adenoca. 4.0X10° 0.7 5
MKN-72 stomach well diff. adenoca. 1.6x10° - 0
MKN-28> stomach well diff. adenoca. 4.0%x108 0.5 14
KPK-13% kidney renal cell ca. 4.2%x10° - 0
HMV-1? melanoma 1.0x10° 2.0 55
RPMI 4788% colon adenoca. 5.0Xx10° 2.5 32
IMR® nerve neuroblastoma 3.0%10° 1.5 35
Raji” Burkitt lymphoma 3.5%X10° 4.0 28
K 5629 CML (blast) 5.0X10° 1.0 20
HGC-25% pancreas poorly diff. adenoca. 2.0x10° - 0
Hela® uterus ca. 2.9%x10° 3.5 50
CLC" liver Chang liver cell 3.8%10° — 0
3LL™ lung Lewis lung ca. 2.4%10° 2.0 30

Cells were kindly provided by

a) Dr. S. Machida. Dept. Surg., Hirosaki University

b) Dr. K. Tanaka. Dept. Path.,

Kyushu University
c¢) The Mochida. Pharmaceutical Co., Institute

d) Dr. K. Kikuchi. Dept. Path., Sapporo Medical College
e) The Fujisawa Pharmaceutical Co., Central Institute
f) The Dainippon Pharmaceutical Co., Tissue Culture Center

g) Dr. K. Fyjinaga. Dept. Can. Res. Inst.,
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% o ¥ ¥ phoshate buffered saline (PBS, pH7.4)
< 3 EPEEE, 1X109/mi e L. kT 1X10°
BoMBRLEEKO SmM ZnCl, 5ml &% L,
Dounce homogenizer T 50 ED v R b v 3EBhic X » #
faZiEEL, 1000Xg, I5HEL LA vy F120.5
mM ZnCl, 5ml/ #fn %, B Dounce homogenizer
T100 [Eo e R b viEE R 3 2 7oy, 1000 X g, 15 B
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Sapporo Medical College
h) The Daiichi Pharmaceutical Co., Institute

2.3 M/RBREREDAIE.

~-2 Y v10unit/m! iz - EEAME Y EE T
160xg, 105 f&E L L T % o k& % Platelet-rich
plasma (PRP) & L PRP# k- 7B h DMk & Hic
2000xg, 104 & O L 7= k& % platelet—poor
plasma (PPP) & U7z, PRP \3fu/ Wi 3~4x10Y/
mm?® & 7% L 5 iz PPP cF# L.
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NKK HEMATRACER 1(=¥% <1 =vaxticx b
HWE L. T, T+~ vimPRP & PPP %
0.2mlFoF =y M2k, 0% & 100%FBE DAL
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1B.HMV-1 (1x108%cells)

k——0.5mM ZnCI, 5m!

1000xg 15sec

=3
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Dounce Homogenizer (tight) 50 strokes

supernatant
pellet
k—0.5mM ZnCl, 5ml

1000xg 15sec

Dounce Homogenizer 100 strokes

pellet

supernatant
1000xg 15sec

peliet supernatant

HGC-25 (6x10° cells)

2100xg 10min

pellet }»Membrane Fragment

«——40% PEG-6000-RPMI1640 (50¢g/ml PHA-P) 0.2ml
37°C, bmin

«——PRMI1640 10ml

37°C, 15min

—20% FCS-RPMI1640 40ml

37°C, 30min

1000xg 15sec several times

membrane fragment

Fig. 1 Scheme of the methodological steps for the fusion of membrane
fragments from HMV-1 cells with HGC-25 cells.

BEME Lo, PRP % 37CT5 oEmMEL,
CAFEARTCEE XS, BEMRFER
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HMV-1 3 X 0" M7609 #EfQiFH 2 X 10°/10 pl% 1+
y 7w (DIFCO #) 1 mg/m! & pH 8.5 T 37°C, 60
SiEizas»+—+ (BEC3. 4. 24. 3, specific
activity 1415 unit/mg protein ; purified from
Clostridium histoliticum Type VII, Sigma #) 1400
unit/m! & pH 7.0 T 37C, 24 KR8, iz /15 ¢
= ® —+ (specific activity, 0.85 unit/mg protein ;
purified from clostridium perfrigens Type V,
Sigma #) 50 unit/m/ & pH5.0 T 37C, 2RKM%h
FhAvFa—-t L, PBS tHRHSEEL TRIE
wELL.
2.5 EEMEREROMEL U ICBERLE

22 OHEI L » CTFEL L7« HMV-~1 % 3 0" M 7609
OB T 920 wg/mli, 240 pg/ml %75
ARBEZE ) W 1mD KBEPKCT100CI5 5, %
721356 C30 L OMBMIE L s = e - fo. MY
Falcon tube(Falcon#, 2063 & » SONIKATOR
MODEL W 225 RCFAIBFE) T30 v » +, 15HEF
BALER L 7.
2:6 Lzt sMlABEEROER

Hubbard and Cohn'oJ5#ic Lihi H,0; DFFE
T -¢ lactoperoxidase iz & % fifaEEE O O] By
BIfeot, WeE LM, mBRSEYET
%5 HMV-1, M 7609 t fi/MRig&ERE R e~ HGC
25TH 5. HEOEMKLFig 2R LR 3
HMV-1, M 7609 % X 0" HGC-254f9 2.4 X 103E % 5
mM o glucose % 4 3 PBS 2ml 1z %% X ¥,
lactoperoxidase (Sigma #) 20 xg/m! & glucose
oxidase (Sigma &) 0.1lunit/m! #%HL, I HKC
Na®l(B—5 o474V b — 7H%) 1mCl 2z
TERML, EETW0SMEAvF2~<— Lk RWT
Znbofifa% 2 mM ophenylmethylsulfonylfluoride
(PMSF) (Sigma #) % & A 72 PBI (Nal20.5g,
KCl0.2g, Na,HPO,-12H,0 2.9g, KH,PO, 0.2
g, H,O0 1000m/) c3E%E&EL, ERRIGE2ELL
fo.
2.7 MHBREERRAEE

M/ MRERERE % E T 5 HMV-1 #ifanfE i % Poste
and Nicolson?DJFEIC L fzh3 s, M/ MUIEERENS D
HGC-25 #ifawgia U7 (Figl), 351 cE# 1L
1x10*@E o HMV-1 #ifax HEEC L ch » CRIRREB
L, HGC-25 Ml 6 X 10°@ & & $12 40% 4 Y =F v
v 754 a -1 6000, *5{tE) & PHA-P(DIFCO
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#) 50 gg/ml % 4 A 72 RPMI-1640 medium 0,2m/
TR, <A reEy FCHSRFILCE, 37T,
5% CO; 1 v a—2 -5 FHBEL,. Zhi
37°CriniR L7z RPMI 1640 2 v~ +C 1§35 10
m! iz, 37C, 5% CO, 1 vFa—x—-HIC15 5
RIEHE L7c. &KIC 37CIiniB L7z 20% FCS & A
RPMI 1640 40m! % fnx, O 37C5% COA v % =
~— & — Pz 30 FREEE L. &#ic RPMI 1640 40
ml T1000Xx g, 15 BELEREC DERL, vy &5
m/ o RPMI 1640 12338 U TR RS LM 215

7.
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& -37125] jER | 7-HRRa(HMV-1, M7609, HGC-25)
% 1% Triton X-100 & 2 mM o RMSF % 4 ¥y PBS
2ml wiZ¥ X, SONICATOR MODEL W 225 R
T4 7y b, LHHBEEERL.. ZOBRY
100,000 X g, 90 & fElx= L L, &z Bio-Beads SM-2
(20-50 mesh, Bio Rad) 3.3g #Mnx, 4CT 12 FH
23 <3 A LT Triton X-100 #EERE L. EFR1
mli=47eevy vy (26G%X1/2, 0.45X13mm,
TERUMO) 1= & b, T h #PBSTHEW L o,
Immersible CX-10(Milipore #) ¢ 1.2 m/iZE# L,
e REY 17 vHEEETHS TEL 5178(FFA)0.1
ug/ml % in 2 e LAIRERL S & LA (Fig. 2).

w, EEAMK20m! X hEf L7 PRP iz, TEI
5178 0.1 ug/ml #jnz, 2100Xg, 10 ZfE&EOL, =
vy FEEV0.1xg/ml o TEI 5178 #4%; PBS T 3
EZEE L TSk m/ MR 2 B, S OBEm/RE, |l
ROTECAER S BRCEE IR TP - h 15
Bd < iFA LI, 37C5% CO, 1 vF 2 =% —AKC
30 SEEE L. RBICRBEY 2100Xg, 10 5H:E
LU, vy +%0.1ug/ml o TEL 5178 #4¢r PBS
T 3 [EH#E U CEEMRER S O /M~ O RERIT
BRT L.
2.9 SDS-gradient polyacrylamide slab gel =

[UKENE

SDS gradient slab gel & &) (SDS PAGE) i
KB O'Farrell®o 5 #k 1w € - 72, 5-22.5% gradient
acrylamide gel i two—chambered gradient mixer

(FOE 5 L) % B\, dense solution: 1.5M Tris

-HCI (pH 8.8) 5ml, 30% acrylamide 0.8% Bis
-7.5% glycerol £ & ¥ 15 m!, 10% TEMED 0.1
ml, 20% SDS 0.1m!/, 10% ammonium per-
sulfate 0.04 m/, 3120 m/, less dense solution: 1.5
M Tris-HCl (pHS.S) 5m/, 10% TEMED(.1m/,
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LTurnor cells (2.4 x10%)

k—>5mM Glucose in PBS (2ml)
~——Lactoperoxidase (final concentration 20 xg/ml)
e—Glucose oxidase (final concentration 0.1U/ml)
—Na *] (1mCi)

r.t. 10min (with gentle stirring)

washed with 2mM PMSF in PBI (3 times)

125].labelled cell

«—19% Triton 2ml
Sonication

10°xg, 90min

Sup

«———Bio-Beads (to remove Triton)
Dialysis (PBS)

Condensation (Immersible)

Cell membrane solution (1.2ml)

PRP (from 20ml of human blood)

—TEI-5178 (0.1xg/ml)
(Inhibition of platelet

aggregation)
2,100xg, 10min
——TEI-5178 Pellet
(final concentration; 0.1xg/ml) washed 3 times with

TEI-5178 (0.1xg/ml) PBS

Concentrated platelet

incubation (37°C, 30min)
2100xg, 10min

Pellet

washed 3 times with
TEI-5178 (0.1xg/ml) -PBS
Cell membrane treated with platelet
«—1% Triton 100
SDS-polyacrylamide gel

electrophoresis

Trans-blotting
Autoradiography

Fig. 2 Summary of the procedure used for identification of platelet aggregating

substance on tumor cell membrane.
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20% SDS 0.1 m!/, 10% ammonium persulfate 0.035
ml, ZZREEKk15ml, 520ml X » 13X13X0.1cm ®
slab gel plate § T{LFE S L{FE L /=. gradient
gel NEH L #-1%, spacer gel *E4H L, [ gel i
coomb THKEE A FE L 7=. spacer gel DM K13,
0.5M Tris—-HCl-buffer (pH6.8) 2.5m/, 30%
acrylamide-0.8% BisiB &% 1.5m/, 10% TEMED
0.1mi, 20% SDS 0.05m!, 10% ammonium per-
sulfate 0.03m/, F‘EK6ml »{LFESL .

Hphir, Pl cER L oM (HMV-1, M7609,
HGC-25) 35 X 0* 2-8 D IE T o v MRIZ R (B #
BERS ZHEAF LTS EBbh 5 /MR % 2100 X
g0 RO L THE-~vy i, 1% Triton ¥ 100
wl EME BTS2 X O ER L. Chb ok
HHiEEY —E (1X10%cpm) i L THEAH buffer (10%
glycerol, 1.5% ~mercaptoethanol, 2.3% SDS,
0.0625 M Tris-HCl (pH6.8)) L EBREE L,
100CC5 5 EmEL L 7. P8 A buffer 120.0256 M
Trisma base, (.192 M glycine, 0.1% SDS & %
(pH 8.4) # M\, Slab gel EXRXEIEE (FEHEmE
212 T, brome phenol blue % marker dye & LT,
BB 200 V THkE 2 BEfA, marker dye A5 gel 226
HC 30 SR kBN 2 EIE U e,

2:10 Trans-blot electrophoretic blotting

Trans-blotting (3 Towbin et al® ©FHEICEL T
WfF LT T 7035 SDS-gradient slab gel &S558
®, bz gel B L DE) HL, Bio Rad #%4
Trans-blotting apparatus iZfEE L, transfer buffer
1.7 0.025 M Sodium phoshate buffer, pH 6.5 %
FAus, 12V, 0.2mA T 24 BERIKEI L, gel ADEH
% blotting paper » Nitrocellulose & (Bio Rad #)
~NEE LT
2:11 F—=pPpF2HFTF77 14—

Trans-blotting ##& 7 #, Dblotting paper #3 » 7
74 AT, Kodak NS-5T c®B&E &%, —
70°C deep freezer ¢ 2 BREIRGE X ¥/, BRI TL
7- blotting paper (343> Y —3R ¥ (+V 7 v AHEEEE
6g, Hvv—3R0.8g, H,0100m)) iz 10 pE&EL
THEL, RCT2%EBTREL, e

3 #& R

3-1 b MESBEMAROMNMRESELE
HEEEBEEMR, 21 Eoil /M REEEY Table

1R L. 2D 5y, BLhf MORERE YD

v MBI ELR I BBEHRRM 7609, RPMI

e MEMRAERC X 5 mMRESR BT 5 5T 301

4788, FfifE B3k K 7610, PC-1, PC-10, ' #& 1 3%
MKN-28, B&EEfsk HMV-1, @32 RaiE f ok
IMR, AmmAiEdsk K562, Burkitt v vo<@EH¥E
Raji, +EEBE¥ Hela st 11 B8 CThH -7 ThbHD
BERIILThLh, 57%, 32%, 21%, 13%, 50%,
14%, 55%, 35%, 20%, 28%, 50% TH-tc. =D
FTHRUEOBCBERY R LD, M 7609,
PC-10, HMV-1, HelLa fifaTh 7. LHLEBRE
B3k S 7512, Bfij% bk PC-9, PC-15, B B %
KATO-III, OKAJIMA, MKN-7, & # i 3 KPK
-13, BesEdsk HGC-25 /o ¥ 8 o v M iEMass ik
ZRIMAMRBERE LR bhish- 1. BEBHEE L
LTHabh s < v Ao Lewis lung carcinoma % %18

ELTERLICEZA, M/MRIBERIZI%TH - 7o
% 1-IEE M EE ML o Chang liver cell ¢t/ Mg
FRIFED Dhich o k.

— i /MRS 0B R I L E sz, PRP
0.2ml fr TI~5X10°E T, BEOHHE ¥ Tz
05~450F5 724 2 %E L. D5 bREM
HMV-1 + M 7609 o i/ Mi#EE < 2 — v % Fig. 3R
Liz. WThd 1.56~25D7 7 #41 A5|EDIE,
REE R A 12 & A E D T\ 2 RIBE D HBLA % e
3.2 EEMIAC & 5 MMEREOREOBRE

3.2.1 M/IMEBEIZE T 2 EEMBREL SUc5S

24 408K

Fig. 4 FrzEaE bRkl HMV-1 12 X % /Mg
ERIMBARELOT 7 24 A LOBBRYER LD
DTH%5. HEEREMT5ORVEERLIBL,
1x10%/0.2m! PRPLAETIZ7S b =—itZE LA —
FZ 72 A 2 3MBENEINT AL S eVERTS
ErAi4L bt 3X10%/0.2ml PRP L ETitrs r—ic
ZL. :

3.2-2 M/ RERSERE > PRP doy /)52 & 4808

MR & RER L oBIRE HMV-1#ilas A\ T
BE L (Fig. 4 £). iy f/MRE I 5c L
TePVEBRERS E Ay, MM 25X 104/mmPLl E
TR BB DOBRERTT 5 + —ILFE L1

3-2.3 MMRBEMERCK T 214> B8

HMV-1##ka% Ay, m/MRgEER e+ 2% 2 1
1A v DEELRRH~I. Fig. 3Rz HMV-1
11 ~-¢Y v 10 unit/m/ %43y PRP 2 F\ 5 & f/ME
BEAFDLOE L, Fig.b wm+X5120.38%7
=VEEF Y v A% PRP T3, BEYSRDK
ot FZT0.38%7=vBFt+ Y vy 2amMPRP 2
Ca** (Fig.5 &) ¥ 7-1x Mg®* (Fig.5F) &« D
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BT BEREPBE L2 5, CaCl, BE 10 mM,
MgClL, & 20 mM cHREREEXEIR L. fisu 10
B¢ L THEPRPCaCl, 10mM * - i3 MgCl, 20 2
mM 2HEML o d O TIHEBEITR L iLkd - T
3.2.4 M/ RBEERAICHETS bRrErDBES
£EEME (HMV-1, PC-10, 3LL) o/ MRigsE
At v EvoRERRRL®IT, tevye
v ORRIRERTH S MD 805 o/ MrEgEEIRIES %
IETHRyBE L7(Fig. 6). PRP & & @RED MD 100
-805 #FEML, =iuc HMV-1, PC-10 % 7133LL %
FRER 4X10°/10 pl, 2X10°/10 pef, 2.4X10%/10 pl Fig. 3 Typical platelet aggregation pattern induced

v, Transmission

° 5 ° Timelmin)

z M/MRBERRYRA~NIL 25, WThoBEIZE by human tumor cells
THBEOMEIIED St -t —F, WBREL A: HMV-1
THMEIEED MD-805 % ¥fn L1 PRPic b mv ey 20 B: M 7609
60 - -
50 - - <
s 40 £
pet I r [
o E
[ -
» 30+ o
2 s
© 20! L
* 0
e 10+ L 6
0 25 50 1x10* 5 1x10° 5
platelet count x10% cell count /200ul PRP
Flg. 4 Effects of concentration of platelet (left) or
tumor cells (right) on platelet aggregation.
Ca™ Mg**
100 100+
10mM /’u‘—- 20mM
=4
2
3
° 50-& > 50 A L >
o -3 [= >
g ox =T
R e e
5 mM
e W [ my
0 5 10 min 0 5 10  min

Platelet Rich Plasma (PRP) : containing 0.38% sodium citrate

Fig. 5 Effect of divalent cations on platelet aggreg-
ation induced by HMV-1 cells.



52 (3) 1983

unit/m/ Nz ic koA, 5X10M T e v EVEE
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Table 2 Physicochmical properties of platelet aggreg-
ating material of tumor cells.

Platelet aggregation (%)

Treatment
HMV-1 M-T7609

No treatment 47 60
Trypsin (1 mg/ml) 0 0
Collagenase (1400 U/ml) 45 56
Neuraminidase (50 U/m/) 46 57
Membrane fragment* 42 37
Heat 56°C 30 min 41 28

100°C 15 min 0 0
Sonication** 0 0

* Membrane fragments were obtained by homogeni-
zing the cell suspension (in hypotonic solution)
with Dounce homogenizer and subsequent cen-
trifugation.

** Sonication of membrane fragments was per-
formed in water by W-225 R Sonicator (Heat
System-Ultrasonics, Inc.) for 1 min with a
power of 30W.
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Fig. 6 Effect of specfic thrombin inhibitor (MD
-805) on platelet aggregation induced by
tumor cells (HMV-1, PC-10, 3LL).
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Fig. 7 Appearance of HGC-25 cells fused with HMV-1 cell membrane
fragments revealed by phase-contrast micrography. X400.
a: HGC-25 with platelets
b: HGC-25 fused with HMV-1 cell membrane fragments
c: b+platelets
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Fig. 8 Platelet aggregation induced by HGC-25
cells fused with HMV-1 membrane
fragments and HGC-25 cells.

A: HGC-25 cells fused with HMV-1
membrane fragments
B: HGC-25 cells
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Fig. 9 Autoradiogram of SDS-PAGE of platelet
aggregating substances
1, 2, 3: .Cell membrane proteins
4, 5, 6: Cell membrane proteins specifically
bound to platelets
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