£k, (J. Nara Med. Ass.) 40, 411~420, 1 (411)

Flow cytometry iZ & % [FIfEEB L OF
HOPLE M MNRPURD it
1. BRLEERS Rk A= Y vEIEI/MEE BT D

PUARIE S DBEFR
LREVERN AR 2 ARYHE

x oK KR F

DETECTION OF ALLO AND AUTO ANTI-PLATELET
ANTIBODIES BY FLOW CYTOMETRY

I. DEVELOPMENT OF THE METHOD FOR DETECTION OF
ANTI-PLATELET ANTIBODIES USING ACID TREATED
AND FORMALIN FIXED PLATELETS

YASUKO MIZUMOTO
The 2nd Department of Internal Medicine, Nara Medical University
Received May 31, 1989

Summary . Flow cytometry (FCM) has recently been used to determine the epitopes
of mouse monoclonal antibodies against platelets glycoproteins (GP). However, the
utilization of this technique to detect the autologous anti-platelet antibody has been limited,
because a high frequency of non-specific reaction has been observed in serum from healthy
individuals. One reason for this has been thought to be related to the surface bound HLA
antigens. To overcome this problem I have used acid treatment of platelets. The platelet
pellets prepared by albumin density gradient separation were first treated with 0.123 M
citric acid-Na,HPO,, pH 3.0 for 10 min. at 0°C followed by formalin fixation. Using these
platelets, the percentage of fluorescence positive cells (%FPC) for HLA-A, B, C antigens
markedly decreased from 97.0 to 21.3, whereas that for platelet surface IgG slightly
decreased from 40.4 to 28.8. On the other hand, %FPCs of platelet GPIb and GPIIb/IIIa
complex remained almost unchanged, suggesting that the respective epitopes remain intact.
The level of platelet bound IgG (PBIgG) of healthy adults and the multi transfused patients
were determined. For healthy adults (n=10), the %FPC was 46.5+10.7 (mean+SD) before
treatment, and 10.3+2.9 after treatment. Thus the %FPC after acid treatment were
significantly decreased. In multi transfused patients (n=5), the %FPCs were almost
unchanged before and after acid treatment, from 86.6+21.3 to 84.3+£25.6.

The average %FPC value in 50 healthy adults (25 males and 25 females) was 12.6+6. .
6 and the cut off value was 20.0.

These results clearly indicate that acid treatment of platelets increases the availability
and specificity for the detection of allo and autologous anti-platelet antibodies.
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& f/MRIERE O 186G 0BT ERE Lie. Bicz D
ERALER I /MK & flow-cytometric analysis & &#F\~5 &
Lk b, ui/REUE, #i PBIgG ¥ X v HENIC
BT 5 HELRERE L0 THRET 5.
MHRBLUHE

1. fMROSHE, BAES X OBEE | TROEFT
Tt

D fiRoSE: OBBEEABKE104XL D acd
citrate dextrose (ACD, pH 4.5) & &lx& 41 !
5 DEI&TERIML, Hi\T 2,300 EEs (1,000 g) T 40 #
O L EE R L 7. AEkoELEEI 2 Bl D&
L platelet rich plasma (PRP) % % 7. #EtL 7= PRP
% Walsh 507 47 3 vEEEOER THE L. A
b, FERRETE LY 290~320 mOsm K L
frmE 7~ 7 3 VIEE (bovine serum albumin
(BSA), Fraction V, Calbiochem, La Jolla, CA) 0.3
ml, Ca-free Tyrode’s buffer (pH 6.5) 12T 2 fEFERL
72 BSA0.3ml, BXO3EFRLA BSA0.3ml ¥E
BL, bo2Be#rc@iLi. 2o LickBgES5U/
ml & 7% Apylase (Sigma Chem, St. Mo) %#¥inL 7z
PRP #&2cERB L, 2,300 [@E (1,000 g) 15 4O
U EE#EBRELUMIMIEE 28 7. B\t bhiaih
Wik Ca-free Tyrode’s buffer (pH 6.5) THIEE L
BEE1U/ml 75 X 51 Apylase iRMML LS &
AR OFR BT VI IMIITE 287, Ficfd o hicfh
W% E O Ca-free Tyrode’s buffer (pH 6.5) &i#
WL, KEE(0.2U/ml L7cb X 51 Apylase 0%,
PR DR DR F 2R D B Lic X b g i/ MRIE %
z 7t

2) /MBS X OBEE | kg, DcB
B Be M/ MR 0.236 M citric acid & 1%
BSA #€ A7 0.123M Na,HPO,#&BwR& L ”
= VY VEAREW (pH3.0) 1ml #EAL, 1045
RYZRFVVFARAER—FTAERy TP Y L
L, 0% 0.1M citrate buffer (pH6.4) 12ml %
MzBRO pH % 6.4 it EF R LDk, ROWTHKEE 1
%ERBIOANTY VEIML 3TC30 4  incuba-
tion % 4 Cle C—HRFEE L. BH, 0.02% NaN,
%4 A7 phosphate buffered saline (PBS) 1T 3 [E¥E
B, RO CHEEI BNV ET4C
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&M GPIb, IIb/Illa complex OPE : LEEHE: AL
B, A~V VERELCI/ME, X O0OBAEReT
A=) VEZE LM ZhZh 1088 & HLA-A,
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E& B, Z OI/MIIEE I 2 kifkE LT 20 SFRL
7z FITC Ez#i~ v & IgG(TAGO, Burlingame, CA)
ZERIZT 30 S RHKIG &2z, LEE & BT 3 @k
Bk, B5hii/MIEEE 500 11 © PBS KB,
FITC #XB# = (% of Fluorescence Positive
Cells: % FPC) % FACScan (Becton Dickinson,
Mountain View, CA) i THIE L. %FPC okt
HEoHMTs. <%, HLAA, B, C kIO
GPIb, GP IIb/Ila complex DHEE X %FPC & LT
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Fig. 1. The measurement of %FPC of HLA-A, B, C antigens, GPIb,
GPIIb/IIla complex and PBIgG.
(a) (@); Dot blots of platelets stained with FITC-conjugated
anti-mouse IgG (a) or anti-human IgG (a") with FSC indicated
on the x-axis. A rectangular gate was setted. (b) (b"); The

histogram of the gated platelets.

The relative fluorescence

intensity (FL1) is indicated on the x-axis and cell number on
the y-axis. A marker (straight line) was setted. (c) (¢’); The
histogram of the platelets stained with FITC-conjugated anti-
mouse IgG (c) or anti-human IgG (¢’) after incubation with a

monoclonal antibody (c) or tested serum (c’).

%FPC was

measured as 9% of cells that had higher fluorescence intensity

than the setted marker.
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Bz, BEABM 254, «tf 25 ZoMFicowC@
IR R = ) VEE LI/ R VT PBIgG &3l
EL .
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2 FEIL L » 7. _

D HEREHAEOBE | fUMIEE O HLA-A,
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B, C 7t®» 0%z GPIb, GPIIb/Ila complex DHFEE ¥
X O PBIgG fE% %3 %FPC OB HEIIK O
THB. FY, 2%k THB FITC B~ v % IgG
G & R e /MR 104Bizo T Fig. 1@ IRT L 5
7z dot blot ##i &, A EF B bh 5 M/IMURERR O
ETHeHbh s/ deblis 4 LROM < M
WERIC gate ZEEL, O gate WO IM/IMTE RN
. Ffkic FITC E#bie b 1gG oAx B RIEX
itz MRZ 2T Fig. 1(@) o< dot blot #Hi\~T
gate WD IM/IMEZ BT L. gate WO I/MRIZDWT
Fig. 1(b) (0D FET X 5 it B 5 & Bl 1 FITC
HICTRE R B CFE Lz histogram #ER L, B X
DD BFPC 234 ~5 Liab & AIC marker & BRE
L. Fig. 1)) THMEDEH E LTHRb Lo, W
T, /7w —F APk X OHEBRILE % KIG XD
BT 2 WA T G &2 1 f/R 1042\ T b R
I gate ®EREH, gate AOI/MRIZoWT Fig. 1(c)
(R LI & 5 7¢ histogram #ER L. Z @ histo-
gram &3\~ T Fig. 1(b) (0") THRE & i marker X b
B ERTHRO%EE % %FPC & L. Fig. 1(a)
) i/ MERESE E GPIb i X 5 1fi/MR dot blot,
K Ohistogram # Fig. 1(a) (") ()X flow cytometry
CCME R oM /IMEIE R EERE R LED %
FPC #%#iH L 7B /MK dot blot B.O* histogram %
EflE LTRLEK.
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Fig. 2. The measurement of %FPC of platelet surface IgG.

(a); Dot blot unstained platelets.

A rectangular gate was

setted. (b); The histogram of gated unstained platelets. A
marker was setted on the point that was the highest autofluor-

escence of platelets.

(c); The histogram of the platelets
stained with FITC-conjugated anti-human IgG.

%FPC was

measured as % of cells that had higher fluorescence intensity

than the setted marker.
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10*EI>WC 5. D ERGERT Fig. 200)1AR L7zl
/ML histogram #1ER L, £ D autofluorescence (H
FEI) & marker XRE L. DWW, Fig. 2R
L7z FITC B e + 1gG 2G4 M/MR histo-
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hEWER AR THa0EI &R %FPC & L. 7ok,
BE L student t test &V 7.
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OFMERERA L DER L LAOHEES L <) VE
FBLMMRaE HLA-A, B, C €/ 7 » —F A ¥tk
@ clone W6/32, &\ ~C FITC B~ v 2 IgG &K
5%, FACScan %A\ 7 flow cytometric analysis ©

FITC BB (%FPC) #HE L7z & & A% D histogram
1% Fig. 3@ min © %FPC tk®»1z- HLA-A, B, C
1297.0 THo .

—7, Lths = VBARRT AL~ ) VEELL
I/ MRieowTo HLA-A, B, C#HJE®D histogram 1%
Fig. 3() o Ewef@hr L %FPC 1121.3 TH -1

O ABK 10 ZIe oW COFBRME KL <) v
B/ iz & 5 HLA-A, B, C @ FITC #XtEH=R

(%FPC) 1%96.5+8.7 (mean*SD) TH» 7. —H,
BB A A~ ) VEER/IMEEZ BV TRD I $FPC
1£20.2+3.5 L ERRFED B R LD,

(a)

A %FPC : 97.0

10° 10' 10* 10®  10*
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Fig. 4@ IR LB k1~ Y vEEMNEO
GPIb » %FPC 1%99.0 T, —J, Fig. 4R ici
MBS A< ) VEEMMPNE T GPIb © %FPC 11
98.3 LERBYRDIchote. E Tz, Fig 4R LI
BRAERES R = ) VEET/MES O GPIIb/Ila com-
plex ® %FPC 1298.5 ¢, —J%, Fig. 4@ wRL7,
ERALERES R v = ) VEIEI/ MO GPIIb/Ila complex
D %FPC 13.98.7 L 25D Ih - 7.

2. BRAE X %ISR 1eG &

OZUEE AFH 10 B OFBAE &V~ ) v EE M/
Wiz s 5 /R [gG B% FITC Efifie + 1gG
T flow cytometry T %FPC 2X»ic b b
38.4+10.4 TH - fo. BBLEE R~ ) VEE LI/
WEHAVTRD L [gG B1125.845.6 LBEIEAL
7z. ZoIi/MR histogram % Fig. 5(a) (D) IR Lichs
(b)® histogram %(a) ™ histogram It L& 2z 24
~RAZ L 7.

3. B X % MU/MR~DIE 1gG OFEAHRE

E# A X b o platelet rich plasma #¥EEHIC KL=
Y VEE L IFEBRAE MR v 7 A IEEA L0 4 &
DERER U fc S 200 L, 37°C 30 4GB I /NiR - BE e
L, FITC Z#¥iv b 1gG % 30 X ine L, M
NS IgG (PBIgG) &% flow cytometry THEIE L
7z. Z® PBIgG fE1%39.4 25 50.7 (46.5+10.7) &&
fE&R LI, —J7, BALEE <Y VEE LM
#RAVWTR D7 PBIgG EIZ 7.8 225 16.0 (10.3+2.9)

(b)

%FPC : 21.3
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Fig. 3. The change of platelet surface HLA-A, B, C antigens by

acid-treatment.

The histogram of NATFFP (Not Acid Treated, Formalin
Fixed Platelet)(a) and ATFFP (Acid Treated, Formalin
Fixed Platelet) (b) stained with FITC-conjugated anti-mouse
IgG after incubation with W6/32. .

The histogram of ATFFP was markedly shifted to left and %
FPC was decreased from 97.0 to 21.3.
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Fig. 4. The change of platelet surface GPIb and GPIIb/IIla complex
by acid-treatment.
Green fluorescence histograms display of NATFFP or ATFFP
incubated with Ibl and CP8. (a); NATFFP incubated with Ib1.
(b); ATFFP incubated with Ibl. (¢); NATFFP incubated with
CP8. (d); ATFFP incubated with CP8. %FPC of GPIb and
GPIIb/Illa complex remained almost no changed.

(b)
%FPC : 40.4
. %FPC : 28.8

10'

10* 102
FLI FLI
Fig. 5. The change of platelet surface IgG by acid-treatment.
The histogram of NATFFP (a) and ATFFP (b) stained with
FITC-conjugaed anti-human IgG. The histogram of ATFFP
was slightly shifted to left and %FPC of IgG was slightly
decreased after acid-treatment.

10° 10° 104

10'

104 10°
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Fig. 6. The change of PBIgG by acid-treatment.

Green fluorescence histograms of NATFFP or ATFFP in-
cubated with tested serum of a healthy adult or of a patient
with several transfused of platelets. (a)(b): NATFFP (a) and
ATFFP (b) incubated with tested serum of a healthy adult.
(©)(d); NATFFP (¢) and ATFFP (d) incubated with tested
serum of a patient. %FPC of PBIgG in healthy adults were
decreased after acid-treatment.

LI % Ui\ IR VIR L LB RO &
H& iz (p<0.0D). ZoHAFEF T 1F% Fig. 6(a) ()
s L. v

LaL, JEEOMNMIERIIES S ) lymphocytotox-
ity test (LCT) #»%\ i mixed passive haemag-
gulutination (MPHA) BE#: clit/MREGIEIR O 4 b
WM BBE 5 KIeoWTlit, %o PBIgG A,
BRI I X OBAMEIMMIMED EB B EAVTH £DT
b, FHZh 98.5 2% 69.5(86.6+21.3), £7-98.7 &>
H59.8 (84.3+25.6) LEXRZ LD T

Z DB 1 f% Fig. 6(c)(icmLi.

T, BEALL, R0 MEEBES 1LIo\WT,
BRALER S v~ ) v BB /M & VT 5 RO B 2EE
BErRELcE A, ThLin 10.211.2, 96.3+£5.4 &
BIFcBEM LS & D,

4. fEEBAD PBIgG &

BABEH v <Y VEERMIERA W EREOWL
flow cytometry TR®D7EE R ABM: 25 4, &M 254
©OPBIgG fEix Fig. 7R LM THh, BHIZ7.2
25 13.6 OEIIEH b, FH T 10.2+1.7, LtETix 8.6
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Fig. 7. %FPC of PBIgG in 25 males and 25
females.
The %FPC in 50 healthy adults were deter-
mined using ATFFP.
The mean+SD was 10.2+1.7 for male, and
13.8+3:.4 for female. The %FPC of female
was significantly higher than that of male.
The average value was 12.0+6.6. Thus,
the cut off value was 20.0.

25 19.5 OfERRL, FHTIX13.813.4 THote. ¥
Tz, &HED PBIgG fERBHIIELEED LA YL LD
72 (<0.01). ZhBEHE A 504D PBIgG fEIX12.0+
3.3 Th ot #HA50 40 PBIgG EDF#H+2SD &
¥k 25 %0 ERRERE 2 b 20 & cut off fHERE
L.
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A, HREoBRVWHEEY AVl EEEREL,
flow cytometry ZEBIZ X h MIFEZRTE O PR BT 23 Hilg
BB S B oREICAT 25 X 5 it oo, MUMRIRERE
DR epitope, EHRHEBROMEN S £/ 7 v —F 1 HiE
i flow cytometry THED b T 5.

i, MMRERBCEESL V248888 (o
munoglobulins, Igs) &2\~ T % flow cytometryic X %
BRI T 509, g d, s~ Y vEE
EFEMMEE AV, ZhicEaT 28055V IEREER
MM R R T % L Bbh s BEmMEFO IgG By,
Platelet bound IgG (PBIgG) % flow cytometry “Cill
ET DI ERRL. Lal, FHENBRECERLE
HRAVCIEEE P EBEE YR T L RBE L.
ChimEES IR/ MUERE RS R\ L
BETHILRLIBLEE 2D, MBFROHM/IREER
FEoBHEhicn, Z0X 5 RlEFEAOIERLY
B Te b O3 Clre i MR R I FER R g S h
TWBHE, H3VWIREHOEEYRET S I/
WSRO LB R OBE ANE L Bbhie.

MMREREC RS, BEREE KT 52846
B b o#EOEEN (GPla, Ib, IIb/Illa com-
plex, IV 7 EDPREERS & LTHEELTW52, M/
WEERE, BCHER X OCAMmERFEcH 5 HLA-A,
B, CEdHELELTWA. HRBMA987) X cytotoxic
T v vk (CTL) % Natural Killer (NK) flifa7s &
DOBEERRRE RS BINTY v AR BAET 5 L,
ZhbfifaEmo HLA-A, B, C IR 5 EBREL S
BT ERHE L, FEUM/MER OIERNRED
E®»5W3ZEAYKREL, BCHLVEBREAEE LY
BREMCRETAZEEAREL, VMR 7 =VRY
VBB CABBE A A< ) VCREEL, 0Nl
WERE Lo RAEFNGOE R & is5 HLA-A, B, CHL
B, M/MREEZE A GPIb, GPIIb/Illa complex ¥ & O°
M/MERZER [gG oW THRE L. BAEE AL <Y
v B M/ MEER 2P HLA-A, B, C €/ 7 v —7
AR R BOGE, —k$ifE o FITC Efdi~ v & [gG T
Rise Lo, FITC BHXBHER (YFPO % flow
cytometry CHIE L, HLA-A, B, CHES & L TXE
Lz, OBl ABM 10 Bie o\ TOFEBAE AL = Y
VEEM/IMID %FPC 1%96.5+8.7 TH - T BRI
B <y VEEMMETE20.243.5 LELSFHL
fo. Thicwl, Mm/MRIERER OB THS GPIb B X
' GPIIb/Illa complex HLRDERMIEIC & 5HELHL
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GPIb &/ 7 » —F AHifE T b OeHi GPIIb/Illa com-
plex €/ 7 v —F AHifEE F\, flow cytometry 12 X
% %FPC Z#E Ui & & AFFERALIE 7o b O RALEE D
A<y VERMMEERDO %FPC IfE & el
TlrBRDAr o, ChIXBALE TS ADP,
collagen, ristocetin 1z & 5 Ifi/MRERE I 1ZEAL B R
Dot 1988 FEORHELODHE L —5%T 5
bDOTHB. Eio, FERAED B\ IERLE /MM
FITC @i b [gG 2RI I e EHEELHEE
X b ffi/MRER LD 1gG &% BFPC TRDI-E Z 5,
BRALEE /Mt T IgG BEIXFEBRAUEMmM/IMITO Zh X
DIRERAT S ERRD . T O IIEBRALER /]
RICHERMCES LT Ig6 DBERI 230
I hi. Thboff B2 bIEE /MREREEA O
BEEABIBABC L » THEY 5 I, KERE
o HLA-A, B, C & X OEIFLI/MEFE TR
THEBERENEE LW LEA L 1gG 0%  IRERME
THREEIRBIDEE ORI, o TMEFEFRAEL K
Pl MREUEDRIEIC i b, BRI /MR 13 IR R ALER
/MR L TR O RRE ORER L ) 4
%<, 2o, MEFOHEMTM/IMIIIEORE, e
NI VEDLR S HAREEIBEI .

% ZCEE, B ABYE 10 £ & HE O /)N i R
D » 5 MIKEFEBEE 5 Lieo\TIHERALE R X ORI
B <y vEEMNMEAVWCTZh b0 PBIgG & #l
FEL %FPC L LTHEblLick A, BESHTIHER
AU /N e PR e B AT 86.6121.3, F Ao, ERALERIM
IR FCTEA L 84.3125.6 LIREAEZDER
Hedlgmote. —75, BEAWNBCECTIED %
FPC 13 2hFh 46.5+10.7 35 X 0810.3+2.9 L BB
M/ & TR DT %FPC 1 XIEBRALER I /N & F >
TRDIS DI LEL A Uie. BRALE /MK % F
WHZ kX b %YFPC 2B LicZ LIe oW TRELT
DZEBEzLNRD. 1) BB XY /Mg E HLA-
A, B, CHURENEL WA L, 2)M/rEIgG &
BEA Lie. 3) M/ ECHRZ 5 IEERN I RmERIG
PAHEI L, mETHB. BABEMNMEEAVEC LT
X Y E¥EAD PBIgG EXEA R —HeB\WT,
BRIt (Eo PBIgG ) w3 b iR L dioh
otz kX b  flowcytometric analysis &7
PBIgG DRIEIC I\ THRME R v~ ) v [EE /MR
BN EBC RV ELEEZDRAH L VAR ZE.
T DR A~ ) v EEM/AMUE TR A S
25 %, ik 25 4D PBIgG ERXHIE Lick &5, KM
B L EBEDO LR YR LD, TR BHELE
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BoLRRLR EDRERRILOWTE, 1) ERERD S,
2) MEF IgG ERBHIELE, RERELLID
2, SEOBE CIERED KV ZEERRICL TS
TedEF1) WBETES. ¥k, A—ORBEEHVT
g IgG EXREIE L E & ABHTIR1617.9+189.5
mg/dl, T 1502.7+453.1 mg/dl THREITEITL
LdbhT2) BOWTHELLbIT, BEDLE AL
M X hE PBIgG fEx & & D7 L OREIIARHET
HY, SBROBNIDETHB EE LS.

i

IR ERAE 21T\, & OERLERYE O I /IMRIC K IE
TEEL L tm/KERDO HLA-A, B, C #ilR,
GPIb, GPIIb/Illa complex #5 X % IgG BEDZE{Lic>
WTERR L e,

Bz, BAEE V<Y YEEIER & b If/ME Ay
TD flow cytometry I X 5 MiEHORED S \VIZEHE
e b fiMMESTE OB AEEZRBL, UTo/BREYE
fo. .
1) BAEZ{TIRo fcli/MiEm Lo HLA-A, B, C
FUREZER L .

2) BAER{TIiRo ThM/MIOEEREREES GPIb
¥ X O GPIIb/IIla complex (3ZE(LL 7edro 7.

3) BB R - eli/MiRE Lo g6 BIBRE
B L. .

O BABEBEAAL <Y VEEL MR WT
PBIgG #HIE Lic & & A, JAEIM/MTEIED B 5 MK
EBAERE 5 BRI oW TR A v~ ) v EE /)
WRERWIRIIZEEL, 20 %BFPC 3L L 7eh o fo iy,
AR 10 Z1icks\ Ty, 0 %FPC ER L.

5 BEH AL~ VERELMUE RV TRD IR
HA 504D PBIgG {EIZF#H 12.04£3.3 THote. i
LEMIR10.2+1.7, Lix13.8+3.4 L MR ERIC
BEZRLE (0<0.01). #€- T, 50 4D mean+2SD
8L OO ERERE 2 HbeEE APBIgGED cut
off fE% 20.0 ERE L=

BlEX b, BRAVER U feifn/NI kI i3 H O FEEF R TR
ERECOBERILLLD B LEBES A, flow
cytometry % FI\» T OHLI/INGTHL A 0 B H i A P e
HThreELLRE. Bk, FheBuT/HAD
PBIgG fE®D cut off fEXBRETHZ ENTE .

M, AEXOEE X 11 [\ H Ak s Es B
F634E 12 A, BF) WTHRLL.

BERZBEHIch, HEE, HEEEERGE2R
PEHERAEREE, HEMEZE - N EER

ol
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