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Abstract : Human placental ecto-ATP diphosphohydrolase (ATPDase, a 82 kDa
single-chain glycoprotein with a pI of 5.6-6.2) was highly purified by a specific murine
monoclonal antibody (mAb) MK 33 (IgG,-») with a high yield of protein (305-451 xg from
one placenta) and specific activity (15-20 units/mg/min for ATP-/ADP hydrolysis), and
characterized structurally and functionally. After endoglycosidase-F treatment, the 82 kDa
-enzyme turned to a 62 kDa-protein with a significant loss of activity. Structurally, the N
-terminal unambiguous 30 residue sequence of MKGTKDLTSQQKESNVKTFxSKNILAIL-
GF was determined (where x was unidentified). The first 11-residue sequence was quite
unique and not homologous to any other protein, but the following 19-residue sequence was
almost identical to that of residues 5-23 of human CD 39 lymphoid cell activation antigen
deduced by cDNA sequencing. This purified enzyme immunoreacted with an anti-CD 39
mAb, indicating that these two proteins are closely related, but different molecules.
Functionally, MK 33 mAb-purified enzyme at a final concentration of 2 xg/ml totally
inhibited the secondary aggregation of platelets induced by platelet agonists. Most interest-
ingly, this enzyme blocked low shear stress-induced platelet aggregation in a dose-depen-
dent manner and completely at a final concentraion of 0.5 xg/ml. Whereas under high shear
stress this protein mediated the disaggregation in the later phase of aggregation without
affecting the initial aggregation. Further, the purified enzyme at a final concentraion of 1
wg/ml also totally inhibited both fibrinogen and von Willebrand factor (vWF) binding to
activated platelet glycoprotein (GP) IIb/Illa, but did not affect vWF binding to GPIb in the
presence of ristocetin. Immunohistochemical analysis of this enzyme using mAb MK 33 has
localized to the syncytiotrophoblasts of placental microvilli and umbilical vein, but much
less intense in umbilical arteries. These results taken together suggest that placental ecto
-ATPDase, via its ADP-scavenging effect, functions as a potent inhibitor on platelet
aggregation in feto-maternal circulation.
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ecto-ATP diphosphohydrolase (ATPDase) i {ifafE
rtieh-T, ATP, ADP KGR T HBERTH 5.
ecto-ATPDase i3 oD BELH 523, v EEH
%k ecto-ATPDase i3 % OBERE RO FH I, Ca®* %
Mg* Ol 1 4 v 2 SBEL L, o F-, P-, V-2 1
70D ATPase [HEHBE W IIEEZEN 2 &b, E-
type ATPDase CHEIh 5. $ETicb e UAD
WD E-type ATPDase 1330S BEBEI X T
BY, 20T I/ BES—XEELDNA 7 r—=v 7
L OHALMACERTVB?2. LaL, & FHEERD ecto
-ATPDase %, ik EAREXR DS FE 75 kDa
Db D%, FREHKDOLSFES2kDa Db DY 0 _FEH
2, —AREHEEAL L BRI TVW50HRTHS. %
fo, ThHREREO N KD 7 3 7 BEFIX 2 _REL
NTELT, FLIhLAA—DSDTHENENLR
BHTHB. \WTho ecto-ATPDase b HKIEHER T,
5 AMP-Sepharose 4B # 5 AR FRHL T\52, Z0O
% Z A% ATPDase B AL 2358\ 7= 0 28 [ & o R
KHEL, ZOFETHEINCELEIBERNT LT
SIEMELRTH EF L DR,

1996 % & Wang & Guidotti® 43, 1997 4F i &
Marcus® 523, & b CD39 U v S BRIFEHALH IR &
potato apyrase® & D cDNA 7 v — = v 7 BH#E X
nie7 3 BEFICESRIHERER R LIS & &Rl
% L. %7:Kaczmarek 53, Bz Christoforidis
57 #5" AMP-Sepharose TH# L7 e + A H R
ecto-ATPDase ¥ i\~ T, —HHREL T 7 3 7
BEFIAR CD3 D rhbm W HRAERD B &, Sbic
CD 39 B & T & # % 3A A 72 COS #i iz = CHO # i 2%
ATPDase {E###H > & #7~ L, CD39 % vascular
ecto-ATPDase TH % L HH® L 7. Lal, ZhiX
CD 39 BETF &M %A A 72 COS fifg=e CHO fifa 2 5
®D ATPDase DRI INTEDT, ThbomED
EFEIEAE Y A TIERETDCEH I T,

Z D X 51 ecto-ATPDase D REE AT 23 R & 7o B fh
LT, D ZhbEHE ST AE LR
Z &, 2) BABERWHELT 5 O A EIEHFINLE L o
&, D) UL E KR L OBRB TEHBE OBERIEEOKE
NEEbhBZ LR ETHS.
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PAE@mMAD)MK 33 2 EFER L, Z oL EHELL
feh1 5 A THREHFE ecto-ATPDase O WRIE 70 =i E
DOREBFERHIL L. XL, CORBBEREDO NKT
IV BEYE 0 BEREL, SOEABEDPT T =R b
% %2 1M /)N #7 % 2£ (agonist - induced platelet aggrega-
tion) & X OV3° b Jin JJ 7 2 Uit /)N i ¥ £& (shear - induced
platelet aggregation : SIPA)IZ3 % FRELEF 0 E A
LEBERT 21T\, BB MK 33 mAb % F\ 7o i
BHRETHE  BRCRTIABRORELZHEL ML
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Ristocetin, Triton X-100, phenylmethylsulfonyl-
fluoride(PMSF), potato apyrase(gradeIV), bovine
serum albumin(BSA), ATP, ADP ¥ X 0" AMP %
Sigma Chemical Co. 2»5, DEAE-Sepharose CL-6 B,
AMP-Sepharose 4 B, Protein A-Sepharose CL-6 B,
CNBr - Sepharose 4 B #° /v 1 Pharmacia - LKB(Upp-
sala, Sweden) 7» 5, Iodo-Gen % Pierce(Rockford, IL)
2 b, collagen ¥ Hormon - Chemie(Munich, Ger-
many) 2%, Endoglycosidase-F(Endo-F) ik # # 5 <
A7 I A bEAL K. Fibrinogen, vWF, «-
thrombin(specific activity, 2700 NIH units/mg) X%
hZh Fujimura 5O FETHALL 2D £/ 7 0 —F
N IgG UANDEAE DEE X BSA 2% L L BCA
¥ v + (Pierce #£) CHIE L7z. #ie + CD 3¢ mAb(NU-
4A1:IgGDEFLe P CD3ImMABCAC2: IgG D& i
=9 v A (Tokyo, Japan) & Immunotech(Marseilles,
France) & :BEEA L7c. vWF & GPIb & Dfs& % FHE
T %541 GP Ib mAb(AP-1) & fibrinogen @ GP IIb/IIla
OfEE #HEET 5P GPIIb/Ila mAbLJ-CP8)ix
Scripps ##%2FT ® Drs. Zaverio M. Ruggeri & -Thomas
J. Kunichi X v EE I .

Laemmli'® © FEERK - T, SDSELETT7.5% K Y
77 VAT 3N ABERIKE)(SDS-7.5 % PAGE) %17
W, BB SRERRE L . SEAESIKENL 3.5-9.5
@ pH IE ® Ampholine PAG plate(Pharmacia-LKB)
TRV, KEVERRCERE L.



(420) e H

ATP-/ADPase &

ATP-/ADPase {E#: 1% LeBel 5 O FEERHE - THl
SEL, BEERTEME 1 BA013, 37°C T 1 4RI 1 wmol ok
BEPD 2SR T HOMBELHRELERE L.

faig M ER F&E /B (Brush border membrane
vesicles | BBMV) 2 o §#&

BBMV &, Smith 5'® 0 FEEZHE L 7= lioka
b OEETHE Lic. RFRETICHle-T, 7
EEERBCHIEEERNDOA VY 7+ —AaFavyey F 2T,
AERELFL. HEE, Sk 2BRLACE LA
BHED Io\ EERE 2Kk FicE &, I & BB
TEWERE LU, MEEREH 1 cm® CMETL, 4/
TEHLEB L. 0%, 0.25M sucrose, 1mM
EDTA, 1mM PMSF %4 A7 50 mM Tris-HCI &%
¥W(PH 7.5)% 250 ml A+, Polytron homogenizer
(Switzerland) ¢ 10,000 El#/4 15 & € 2 = 5 1
RL7. D, 4CT7,000g, 154MELL, NEY
wEREH, EBZFEI2 100,000 g, 60 4R, BELL, 7
) — 2kD BBMV g% 7%. = o BBMV XA %L
THETIOMM D<=V = —AIBE L, KEE10-
15 mg/ml & LT —80°C CHFERIE L 7.

SR AV % BB 3K ecto-ATPDase D¥55L

BiEE~v =t — VBB L RBTHEBREL TH S
BBMYV #%:b Christoforidis 5 ORI TREE L. B
b, WG Y I ARBRLL T~ Y = b —ABEREE,
B % 0.2 % TritinX -100, 0.5 M NaCl, 0.5 mM
PMSF %&%s Tris-HCl &K @H 7. )12 Ah, 4CT
—BBA% -7 —CTHERL, BHEZTHEMLLL. BH
4°C, 100,000 g, 60 @R LL, EE% DEAE-Se-
pharose CL-6 B, 5 AMP-Sepharose4dB 77 4 =5 4
— % 7 Jh T ecto-ATPDase &HEH L. SR
L AEAE X SDS-7.5 % PAGE TR F&ETH
BELEERMET % &, 82kDa @ major X v F & 62-75
kDa 04 FEHRTE 3 AD minor XV FARAR LK
7z. 5" AMP-Sepharose 4 B % v 3-4 BIOEEH T, B
FiEE D ATPDase SEEATRARE L 725 DT, B D 2 [E
D ERER CHRLERAE Y ~ ¥ A I mAD fERF O f &
&L TR

YA 3K ecto-ATPDase mAb DfER
b+ 5 # 3% ecto- ATPDase 12 %3 5 mADb 1375
TYER L. Bl®, fusion & subcloning D%, #Hifko—

= =

RAZY ==V 7B EIRTa T4 v 7 L6 R
Tv— AV, BREFUEETE 20OEKs v —v
FHRE L. ThZFhDz e — i3 20ml OEEEF = —
7T, TOBERRLEYEY, kA7) —=
v 7% & L T western blotting 1T\, BEERIEYE
L7677 r—v&Bk. CofhT, FEBETLTEHRMETS
kDad A~ v FEBIRIETH—2o0D7 v —v &4,
MK 33 &L LTc. COHMEDOHRES = 7Y v D sub-
class & idiotype 17 1 ¥ £#14 ¥ v 7 % » } (Dynatech
Lab Inc, VA)T IgGi-x LAE L. flilo7r v —viX
82kDa D~ v F LRI Inh - 1o,

MK 33 mAb(IgG@ MLy 5 2k B b FREHFE
ecto-ATPDase D554

T v o7 xR IDEKH B Protein A-Sepharose CL
6B# T & THHL5mg dMK33mAbJg®)®
1.5g ® CNBr-Sepharose 4 B # &~ iz B # {8, 1M
glycine-Tris(pH 8.5) TRRILER 7' » v 7 L, HUAHE
s 5 A RPER Lic. MK33%b v 7Y v 27 LicE—
A% 0.15 M NaCl, 1 mM PMSF, 0.2 % Triton X-100
w4 A72 50 mM Tris-HCI &% (pH 7.5) 10 & &,
P L. KIe—2Dfa#» BB B N8 300 ug D
R BBMV a2 1L, 4°CT100,000g, 60 2 RI@EE LD
L, =v =1 —nA%kEE, 1 %D Triton X-100 #4&1s
10 mM Tris-saline #Z#&¥# (TBS, pH 7.4)10 ml %0 %,
4CT—H, A& —7—CHELWHEIL TEbE,
BELL, TOEEY TBS THEFRLTI LI 6045
FMEELEM L, o EE#H5ml % MK 33-Sephar-
ose4B beads ¥ 5ml LIBAL, & bIEES A FiGiE
WM 2 T3 50ml & L, 4°CC—HWh rotary shaker ¢
BRLUHERE2 S VcBRE SR BAKE S A 5ml &
B 5 2EED, 0.2 % Triton X-100 % & T FEHEEK
VR 5ml/hr THE L, Fic0.5M o LiCl #& A A
B CIHRRRNEARAEXREREL, KVW(BE
BRIAREEIR CUE® Lic. MBS, BARAEEX0.2%
Triton X-100, 1 mM PMSF %#&%r 0.2 M glycine-HCl
PH3.OT2mIZEAHL, FHLALFEEELI1IM
Tris-HCl 2% ¥ (pH 8.0) THF1L, ATP-/ADPase &
HEEABEZRAIELL. BOhAEAE®0.05%
Triton X-100 Z&¥s TBS T&#HT L, glycerol % 50 %
LB X owing, —80C CHIERE L. KB DR
BREH T ATEVERL 7TEE CHERTETH - 7.

Endo-F EFRALE
ik U 7= B #8 Fi 3k ecto-ATPDase 200 ug % Tris-
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HCI #ZE¥% (pH 8.0) TEMNTEE, ATPDase 1 ug H7=h 1
mU @ Endo-F #Mnxz, 0.05% Triton X-100 &4 F,
R T BRERAE L.

N K#7 3 2 BESISHT

EHEOT I /BRI, RERED 7 A TRHRRELL
Jif # Sk ecto- ATPDase # FE & J& F 1 SDS-7.5%
PAGE ©TEHB %48 L 7-#%, polyvinylidene difluoride
(PVDP)Kiz blot L, PE Applied Biosystems Precise
Protein Sequencer % F\~THT - 7212,

AN 20

3.8% 7 = Na INEE e b &I b % I/
(platelet rich plasma : PRP) %48, fi/Mi# % 300 X 108
/mliz 5% L, agonist & & Il /N ¥ & £ % NKK
Hematracer-1(SSR Engineering, Tokyo) i THIE L
to. ZORERTHEE L agonist DK EE X ADP 2
rg/ml, collagen 2 ug/ml, ristocetin1.25mg/ml, a-
thrombin 0.1 U/ml CH -7z, %7 b G HERL/IME
BWEIFEVHAED s — v Fr— 24 7OEEYAL,
PRP D% 300X 108/ ml 3% L, 6-108 dyes/cm?
OF Y IEHAR, RO—ET YIS FICEE L8,

Binding assay

%9, 1.8mM © CaCl, % & A 72 Tyrode buffer
(PH7.3) %A, EFEt b % PRP 2 bIERL
L 7z. agonist iIZ X h & X 1 5 *I-fibrinogen % 7=
13 P1-vyWF o i/ ME~D#EE 1%, Fujimura 5'2, De
Marco 5 OFEIC X -7z, KBFFETIE, 7 v A BT
B2 DEE D ecto-ATPDase & Mi/Mi % ZEE <5 4 H
JBEL, #07% agonist & I CEH LIV FVF &%
BA, 5H125 ] & LCHIE L. EEROBEI ST
- T, »I-fibrinogen(15 pg/ml, f.c) & 7o X %]~
vWFQ pg/ml, f. c.) &EHALL 7 GP IIb/Illa it & &
® B DI, ecto-ATPDase THME L /oIl /MR % a -
thrombin(0.1 U/ml, f.c)%MM% 5 5HBE L5, 20
fEED e v EM L thrombin HE#EZEFR L. —
7, #I-vWF @ GPIb ~DO#E4&13%, EEL & Mk, ecto-
ATPDase TIRE L 7=t D Ifi/MRIZ ristocetin ##KEE
1mg/ml TEHIL, & 0% BI-vWF &in % 7. iz iz

WD) FY PRI vV=h v vy 2 —CHELL

Fie, FERAEAGRIESRL Wit B Y v
FEETCOMMEINOREAREL L, &EEENDIFE
REGEYELFWERHANKEEELL, 100%
TERRLI.

RE YA

B o bR B o B ¥ A (6 xm 8 (X chromalum-
gelatin® 2 — P LAERTA ¥ AT A2 HWTERL
70, 4 %S HEALATATE FCEE LR, BREL,
0.3 %:BELKERETc A £ 7 — A CHEE~LVF F
¥ —EiEREREIEIe. —XPifkE LT MK 33mAb
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Fig. 1. Purification of human placental ecto-ATP-
Dase on a mAb MK33 affinity column. Panel
A: The MK33 (IgG)-coupled Sepharose 4B
gel equilibrated with 50 mM Tris-HCI buffer
(pH 7.5) containing 0.15 M NaCl, 1 mM
PMSF (TBS-P), and 0.2% Triton X-100, was
used. 2 ml-fractions were collected, and
immediately neutralized by the addition of 1
M Tris-HCI buffer (pH 8.0). Protein concen-
tration and ATP or ADPase activity were
then determined. Panel B: SDS-7.5% PAGE
analysis of the purified enzyme, visualized by
a silver staining, only shows a 82 kDa-band
under non-reducing (N) or reducing (R) con-
ditions, where the lane L indicates the proteins
of low molecular mass weight marker (Bio
-Rad), and the lanes 5-9 are fraction number
(See Experimental Procedures for details).
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%, ZRPMEELTH <Y R 1gG ¥ B\, Vectastain
ABC # v + (Burlingame, CA)IZC, avidin-biotin im-
munoperoxidase B THRH L. ok, HKit~< + F o
Y v CHfE L.

ﬁi ng

e b A#ERK ecto-ATPDase mAb MK 33
Western blotting Iz T MK 33 mAb(IgG,- )11 I =
JG P, SDS-7.5% PAGE THEEI hi-BaBHEEN

BD5bH, M—82kDa DEH & D ARBERIEE R L.

LAL, o MK 33mAb 3BT MH T %82 kDa @
BEALRIRIG U d o Te. iz, fifb Uiz MK 33 IgG 1%
100 pg/ml OEEE T H ATPase/ADPase O &M % FH
Eliehote.

MK 33mAb i X hf#fifb T h i v + B8 H3K ecto-
ATPDase Dk

MK 33 mAb(g@ EHMtH 5 2T, H5FE82kDa D
R HE ecto-ATPDase b 2 Al c—BRE <
BRI D ENTE. 15 BAOERERND, fhl—E
Hrcy, 1ENCHEE S h 5 EEE X 305451 ug TH -
7z. SDS-7.5 % PAGE # D Rgf TiL, BHELE O S
FEIIETHHE THIL82kDa Th- = (Fig. 1). =D
i1t ecto- ATPDase 1%, ADPase & # 1% 15-20 units /

Table 1. Effect of inhibitors on placental ecto-ATP-
Dase

In each incubation mixture, the mAb-purified placental
ecto-ATPDase (0.05 pg/ml, f.c.) and 1 mM ATP or ADP
as a substrate were mixed in the presence or absence of
inhibitors for 15 min at 37°C. After incubation, the liberat-
ed inorganic phosphate (Pi) was determined by the
method of LeBel et al. (15). 100% indicates the amount of
the liberated Pi in the absence of inhibitors, and 0% is
determined in the absence of ATP or ADP. The results are
averages of duplicate measurements.

Concentration Relative Activity (%) with

Inhibitor

(mM) ATP ADP
None — 100 100
EDTA 0 1 v
NN, 10 5 &
owan 0 mw
Na-vanadate lé gg gg

% H

mg/min, ATPase ¥ 1% 17-20 units/mg/min ® nzk
DIEEEEEL T

#E B4R % ecto- ATPDase @ B i #1210 mM o
EDTA & TiZiF5EL£ I &RIE L, 1mM o Na-vanadate
X 10mM © NaN,; TS HICEE E hic?, ouabain
TRIOmM OBETH £ HE I hich - 72(Table
D.

Silver MK 3 v

Fig. 2. Western blotting analysis of the mAb-pur-
ified placental ecto-ATPDase. Panel A : The
mAb-purified placental ecto-ATPDase with
a molecular mass of 82 kDa was separated by
SDS 7.5% PAGE under non-reducing condi-
tions, then western blotting (WB) studies
using anti-CD34 mAb, MK33, and anti-CD39
mAb. The immunoreactive proteins were
visualized by autoradiography using 251
-labeled anti-mouse IgG rabbit serum. Silver
indicates silver-stained gels. Panel B: The
molecular mass (82 kDa) of the purified
enzyme tumed to 62 kDa after endo-F diges-
tion by SDS-7.5% PAGE analysis under non
-reducing conditions. The Asn-linked carbo-
hydrate-depleted 62 kDa-protein was also
immunoreactive with MK33 on WB analysis.
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SFERESKE CRUBERIDI5.66.2 DIEDK
AV FELTRD b, ¥, ZOEHEL, western
blotting T3] CD 34 mAb & 134 { UG L 72 hs » #2205,
$LCD 39 mADb & 1358 < KIG L= (Fig. 2 A). Zo&EH
E% Endo-FAET5 L, 62kDa D—AEEHLE & /v
b, i, MK 33mAb & DRIGHE S F#EF L T\ 7o (Fig.
2B). L2 L, Endo-F ALE# D 62 kDa BHE 1T, AE
B 82 kDa ZEEE D ATP ko BIER: & i35 &,
Z DEEFRIGEHEL 6919 BFA L Tt

Fa# 3k ecto-ATPDase D N K7 3 VB 7 = »
783 TELY, AELELNEEDO NEKH7 s /B
BC 71 vk MKGTKDLTSQQKESNVKTFxSKNILAIL-
GFTthsr D173 /VBEEIMOEHE -
sequence homology %37t <, %< 19 F&#ix e + CD 39
)V AERIEMALGURY O N K7 § VER5-23 8B & i3
EFERCESITH S Fig. 3). T, /Ly =—FEX L2y
* X 3 (Rattus norvegicus - R. n.)® CD 39 H{F?0 & 3
=\ homology 7R L CT\ie. 2 & b, FAEEHSE ecto
~ATPDase iZ & + CD 39 HiR & R U 4T T\ 23,
sequence homology &\ D& 7 B3, mAb DHEL
EZUEPDLIBDTCEVWGTEELLRS.

t b fa# K ecto-ATPDase DI/ MRIEELEIER

ADP = collagen, a -thrombin, ristocetin 7& & ®
agonist THR I 1 5 M/MRO—REEICH L, HBHL
7oBa B H3R ecto-ATPDase 1312 & A FRREER 23 <,
CRBREN U CRBEEREEICHE L, KRE 2 ug/

Placental ecto-ATPDase 1
Human CD39-antigen 1
R.n. ecto-apyrase 1

Table 2. The N-terminal amino acid analysis of the
purified placental ecto-ATPDase

Cycle PTH amino acid  Yield (pmol)
1 Met 2.60
2 Lys 3.06
3 Gly 2.73
4 Thr 1.66
5 Lys 2.64
6 Asp 2.28
7 Leu 3.07
8 Thr 1.43
9 Ser 0.92
10 GIn 2.72
11 Gln 3.14
12 Lys 1.90
13 Glu 1.62
14 Ser 0.72
15 Asn 1.24
16 Val 1.65
17 Lys 1.63
18 Thr 0.88
19 Phe 1.47
20 x* —
21 Ser 0.45
22 Lys 1.07
23 Asn 0.58
24 Ile 1.28
25 Leu 1.79
26 Ala 0.96
27 Ile 1.34
28 Leu 1.82
29 Gly 1.12
30 Phe 1.13
31 X X

The reduced and S-carboxyamidomethylated enzyme
was analysed.
x* denotes the unidentified amino acid residue.

KNILAILGF| 30
SKNILAILGF| 23

RNILE ELGF 23

Fig. 3. Comparison of the N-terminal amino acid sequences of the mAb-purified
placental ecto-ATPDase, human CD39 lymphoid cell activation antigen, and
Rattus norvegicus ecto-apyrase. The N-terminal 30 residue sequence of the
mAb-purified placental ecto-ATPDase was determined as described in Exper-
imental Procedures. A high degree of homology is seen with the respective
sequences for human CD39 lymphoid cell activation antigen (9), and Rattus
norvegicus (R.n.) ecto-apyrase (20), but they are not identical each other.
Gaps (—) are inserted to obtain the maximum homology. X denotes the
undetermined residue, and the identical residues are enclosed.
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ml TREFFELEEE L (Fig. 4.

TS ERMNMOREE T, COoBEEIL6-108
dynes/cm? O3 h HEL T T/ MMORE 2 BEKFEC
PHE L7 (Fig. 5 A). Ebie, HxDFTHIEHTTOE
B2 T3, 12 dynes/cm? D—EDET W JEI T W CE
EREEOHEFERLADR, HBE 0.5 xg/ml TES
RHEE AR B i (Fig. 5 B). —7, 108 dynes/cm? o —
FEOET VLA T TR OBAE XIEIRRE X HE ST,
BIRE P BREREHEICHEEL, #BE 0.5 xg/mlicT
BIETEL IORE O RE L 4 b h iz (Fig. 5 C).

v b i HSE ecto-ATPDase ® vWF/Fibrinogen &
I/ & DfEEBREER

B % - THEEIM/ MR % ecto-ATPDase & &, a-
thrombin THRIB L, EMAL L 7/ K GP IIb/IIla ~
@ *]-fibrinogen & & WI-vWF &2 HIET 5 &,

— ‘ ADP ‘ Collagen
2.0
\/ S 2.0
” 1.0 "‘\/’-
0.4 -~ 1.0
) 0.6
5]
§ 0.08 'j
E ) 0.4
2
E ——ﬁl
= |
.20
- 0.2
®
0.05
0
0
Time (min) Time (min)
012345¢6 0123456¢6
N TN T N I I Y T T P

5 =

ecto-ATPDase BEKFHIC - OFEREEL, KEE
lug/mlTHYFY FOREAEYBERLSCHEEL =
(Fig. 6 A). L& L, AR OBRCTHREL TR\
Ifi/MiZ % ristocetin THIE L 7=B& D, ZI-vWF D7)
] GPIb ~D#E& 1%, ecto-ATPDase D& EE 10 ug/
ml T%, &<HEIhs - (Fig. 6 B).

mAb MK 33 DB HBEYEMAIC X % ecto-ATPDase
DRt

FARERRE R BB AR & o Se e g Tk, MK 33
mAb IREREE S RERER Y B .
— VI3 CD 39 mAb % R ic = o #k o | UE
RrEREHLH, FiCD3M4mAb ZEMEKEREYRL -
(Fig. 7 A). B&#IRic>WTIt MK 33, #1CD 39 % X
V'CD34mAb 3fih & —Bo AN EME L WL 7
(Fig. 7B). L& L, EkbdsZ &I EINRPA M
oW T CD 34 mAb TE$R I 52, MK 33 H#

=2 N =

‘ a-Thrombin ; Ristocetin
2.0
N 2.0
1.0 f—\m—-"
\*‘W “
0.5
| \ 1.0
03
0.6
0.1
- 0.2
0 0
Time (min) Time (min)
012345¢6 012345¢67
| N T T . | N N N I I B |

Fig. 4. Effects of the mAb-purified placental ecto-ATPDase onto agonist-induced
platelet aggregation. The normal citrated PRPs, pre-incubated with various
concentrations of the purified placental ecto-ATPDase at 37°C for 5 min, were
used for this study. Final concentrations (ug/ml) of this enzyme in the
mixture are shown in each figure right. The platelet agonists were then added
to this incubation mixture at the final concentrations of ADP (2 uxg/ml),
collagen (2 pg/ml), a-thrombin (0.1 U/ml), and ristocetin (1.25 mg/ml),

from left to right.
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Fig. 5. Effects of the mAb-purified placental ecto-ATPDase onto shear stress-in-
duced platelet aggregation. The citrated PRPs from normal individuals were
used in this study. Panel A: Purified placental ecto-ATPDase inhibited
platelet aggregation under gradient shear stress (6-108 dynes/cm?: G-SIPA)
in a dose-dependent manner. Panel B: Under a constant low shear stress (12
dynes/cm?: L-SIPA), the purified enzyme also clearly inhibited platelet
aggregation in a dose-dependent manner, and showing total inhibition at a f.
c. of 0.5 gg/ml. Anti-GPIIb/Illa mAb LJ-CP8 (10 xg/ml, final) was used to
show a complete inhibition of L-SIPA under this circumstance. Panel C:
However, under a constant high shear stress (108 dynes/cm?: H-SIPA), the
enzyme did not inhibit the initial phase of platelet aggregation, but rather
induced the disaggregation of platelets in the later phase in a dose-dependent
manner, and showing almost total disaggregation at a f.c. of 0.5 ug/ml. Anti
-GPIb mAb AP-1 (10 xg/ml, final) was used to show a complete inhibition of
H-SIPA under this circumstance.
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Effects of the mAb-purified placental ecto
-ATPDase on vWF or fibrinogen binding
to platelets. For '*I-fibrinogen or vWF
binding to GPIIb/Illa, washed platelets
were pre-incubated with various concen-
trations of the purified placental ecto
-ATPDase, then stimulated with a-throm-
bin for 5 min followed by neutralization
with hirudin. '*I-labeled ligands were then
added to the mixture, and the bound radio-
activity was measured (Fig. 6A). For %]
-vWF binding to GPIb, washed platelets
pre-incubated with various concentrations
of the enzyme were mixed with »*I-vWF in
the presence of ristocetin (Fig. 6B). In
both instances, nonspecific binding was
measured in the presence of a 50-fold
excess of unlabeled ligand, and the specific
binding was subtracted from the total.
Residual binding of 100% indicates specific
binding in the presence of buffer alone.
The results indicate the mean+1 S.D. of
three different experiments. (See Experi-
mental Procedures for details.)
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