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Establishment of Reference Values for Platelet Activation Markers by Flow Cytometry
Sin Won Kim. M.D. and Young Ae Lim. M.D.

Department of Laboratory Medicine, Ajou University School of Medicine, Suwon, Korea

Background : This study was purposed to establish reference values for platelet activation markers
and leukocyte-platelet aggregates in the evaluation of the platelet function tests using flow cytometry.

Methods : Whole blood samples were obtained from 30 volunteers of healthy adults. Diluted blood
samples, either in the resting state or in activated state by the addition of agonist, 20 uM ADP or
100 uM TRAP, were stained with fluorescent conjugated monoclonal antibody of PAC1 or CD62P.
Then, the percentages of expression for each marker were analyzed by flow cytometry. For leuko-
cyte-platelet aggregates, monoclonal antibodies of CD41a, CD14 and CD45 were added simulte-
neously to undiluted whole blood.

Results : Reference values for the percentages of the expression of PAC1 and CD62P, respec-
tively, were 0.1-12.5% and 0.0-4.7% at the resting state, 65.3-92.4% and 39.0-75.7% with the addi-
tion of 20 uM ADP, and 68.1-93.1% and 60.5-91.2% with the addition of 100 uM TRAP. Reference
values for leukocyte-platelet aggregates, granulocyte-platelet aggregates, and lymphocyte-platelets
aggregates were 2.8-23.6%, 5.3-34.2%, and 4.9-21.6%, respectively.

Conclusions : The platelet activation markers at the resting or an activated state with agonists and
leukocyte-platelet aggregates could be analyzed using flow cytometry. These reference values should
be helpful in interpreting platelet function tests by flow cytometry. (Korean J Lab Med 2006;26:323-8)

Key Words : Platelet activation, Reference values, Flow cytometry, Leukocyte-platelet

M E W 2w 715e S5 P 5 e AREE 2au8s
Are B2 A o] Ry, dARIAS s HS
Bagt 7l5PAkE 28 A9 79 oldlE Paw B Faw 5 AN Ao G etk gile] ok W 44
SH(platelet activation) ¢} HEAALE SAxjolA AT}l A EEA7IE o &s Faw 75 AAks A7t Avtelw, Aloke
ol BIEWA[L] o]9] H7He AiME o &= et 11 HIAY SElE AR Zositke dlo] o e dan
715 vl wste] Hag o] S A ¢how, v
| 120069 7€ 13Y HLHS 1 KJLM1968 2o Ao 2w Z2A J1=dly, HaT R} 2|9 B4 A
SHEHS 200683 99 4% L 1o N & BAAlL O ZAlEl A o)Ll
Amsel 1 2006 99 172 9 vl dads 243 A F Ssee SAY F sl
LA A ol 2" o] 9lT] wil 22 YAz FAFe] vk gx|aE oF
_;442_749 A% 594 JET ADE A 5 FHo] jv\ H:?] —:—1_0 T e—j—'ﬂ"e J3te] Tizhel AR &
oFhekaL o) et Ao st A e T-dad S ST 5 3] 2y of =
Sk 91219 5786, [ 03172195778 Hele 28 3 94w 245 W12 9] fRAZRY/E o
E-mail : limyoung @ajou.ac.kr o ; ) o ' A7
3 & Ay =AA B A=Y olylsk A Ao

*o] e FHSENTA TN A A3 20051 | v 39S A AL &% Ba% Jieand fa ELL A P el

A(E00129) AFH| R Fa) ¥ %L FAZE7 I A 4% o] ZdEEE gl

323



324

s}
A 2

22
'}1: Atk &49she hHactivated platelets) & &334
B Lg*lf’% B adile BHEHA %= P-
selectin (CD62P)& HHFITH4]. &g ot S50 Hofshs
GPIIb-1lla2] gejsty wWalr} doju} PACL A9 ]'%6}
fibrinogen-binding site?] MZ-& ¢E A|Lst=d], ©
B9l Y Bulsshs o] = AOE HojgiTs], nek
ﬂﬂ¢¥ﬁﬂaﬂﬁ&@@@ﬂﬁﬁi%ﬂ%Li&~C%ﬁ
9 PAC-1 S A2 7% 348 Ao n
E-H](secretion) 9 27 (aggregation) 7152 .
B AolNE SATEAIS olsd Bamls 243 g

A AHAZo 2 EA D]—D]—Bﬂ;fj_] ol Ao| 9]

glycoprotein (GP)Ib, GPIIb-Illa¢] & 33l ©E&E
L 23

o vl L =

) [¢]

mEL ot

e
ZHH Aol & thAto 2 HE 23]
32% sodium citratedl] 23 AY
o] 9914 EAstE WAE] 945‘04

=] /(—]]ZJ ‘:,] nE JAS xgakg}

é@% ADVIA 120 (Bayer Corporatlon, Tarrytown,
AFHFEA7)E o] &3lTh

2384 353942 phycoerythrin conjugated CD62P (PE-CD-
62P, PharMingen Becton Dickinson[BD], Biosciences, CA,
USA) %} o]9] 2AUZZE PE conjugated 1gG; (PE-IgG,
PharMingen BD), fluorescein isothiocyanate conjugated PAC1
(FITC-PAC1, Becton Dickinson) ¥}, PAC19] SAHZE ¢35}
o] PAC19 HAAlol Arg-Gly-Asp-Ser (RGDS, Sigma, ST
Louis, M, USA)9 AZE%7} 1 mM7} & Arlsiauct &
2% BJskE st AHE FAE A FE 20 pM9 ade-

nosine 5 -diphosphate sodium (ADP, Sigma) 9} AE%E% 100
uM2] Thrombin Receptor Activator Peptide-6 (TRAP, Sig-

ma) {th 43 EFH O E phosphate buffered saline (PBS,
Sigma, 25°ColA pH 7.4)& AH&3F3th

3
St 7|1 A de) ] Fas SdspPddl S FYsH Aldsts
7}2 ADP 200 uM E& TRAP 1,000 uM< 747k 2 uLA 4
AL, EFFA D HFELA o NSAIE 7R SA S et
N E 20222 311tk ADP 200 uM$¢t TRAP 1,000 uM<

FHU
ogt

g N2 FFste] PRI s Foll= ADPE 3%

TRAPE Qo] Wauabslel AHele] F3A1e] Ao

w2 Yihy A3t HIlE wiAlst A Ty 1% parafor-

maldehydeE B3 WA 3087F 748 & SA XL
Hateint

3) FMEEAMT| 2M

FACS CELLQuest (BD) ZZI:S ARE-&te] forward light
scatter (FSC)$} side light scatter (SSC)ZE log amplification
3}t FSC threshold S 20022 %% F 4 50007 )42
[7, 8] 4TS acquisitiondFITE FSCF SSC spH A PAd
Aol Gk H-9E gating dto] BA59ET, ol £ AL
A9l thE ATolA[8] CDblS AHEate] FATO R Fold 7Y
4th FITC-PAC1S 2 918 432 FL1, PE-D62P+ FL2
ol A 7—?4 o]5] A X o] set-markerg AT F F
AE(%)S 7319 tHFig. 1). Set marker AAAI= SAUZ &
23] 99% oldol Ao XFEHEE stk T8 CD62P9)
SAHES] PE-IgG19] A& Fig. 1BollA] BXo] thitojA]

o
H|E0]4¢ tail S Kol PE-CD62PS] YA E A= 24
hZE 439 999 o)Ato] A ] E8tE= set marker M27}
ol set marker M1& #43}% PE-1gG19] M1 $AES Wl &
ek

T3 2 =574 20 uM ADP 9 100 uM TRAP7} Hx2
15 ERA Fof o) PYES FHAYL WO} o5
Ae 712 E oA SR04 B F Fagte] @skE £ e T
P2 ZA Fol Fo] FEAA TR FIEHY A=

>

F3t} Bhstn



FMEEAY|E 0|25 EAT 23t B} ZIR| LY 325

3. WEI-EA N SW &Y CD4la (WZFAAE t4l FITC-1gG1) 5 L, PE-CD14 2 Per-
CP-CD453HIE 747} 3 ulA Ao ¥ o] A&oA 20
1) Al 74 8ke A7l & 1% paraformaldehydeS ¥ WA A 30
FAZ £4E 9 B -daua) ZX3 HFESA Al B 743 & fAEEN72 BT
2 FITC-CD41a$} |9 thzgA o2 A3 FITC-IgG, PE-
CD14 AJ9F& X% PharMingen BDARS] A E-& AFE-31%] 7, Pe- 3) SMEEAMT| 2
ridinin-chlorophyll-protein conjugated CD45 (PerCP-CD45)+< FACS CELLQuest (BD) T2 AME3lo] PerCP459}
BDAF AFE& ARSI T FSC stHdl|A] PerCP7} $/doWA FSC7t 2 #918(R1) 9
Y75 7F6193[9], PE-CD14} PerCP-CD45 3PH0|A gat-
2) ZA} g ingdte] R2+ W& (leukocytes), R3v= ¢ F(granulocytes),
Aol daEelE AN o2 Li 9] S ot W R4 Y ZF(lymphocytes) 9 R5& @ (monocytes) 2 % <5}
o, W 843 843t AR AR SYEE, label- TH10]. o]l 9] FITC-CD4la®] WE(%)E FL1YA &4
ing FEA FXA A71glo] 3714 S EIAE FAI dM sk thzol BHof set-markers AT & F3l%{tH(Fig. 2). Set-
3TEM S AAEITE 5. g4skA B AE 20 pLol FITC- marker AAE SAHZ 239 99% o)Ao] Ao Loty
%0 20 1M ADP %0 20 1M ADP
10 40 | 40 |
L3} £30
é 20 é 20

N
<
T

10

100 10! 10 10° 10 10° 10t 10 10° 10

Right angle scatter
S

FITCPAC-1 83.1% PECD62P 80.7% (29.2%)
% 100 u4M TRAP %0 100 4M TRAP
10t + 40 | 40 |
L3} L3t M2
' 3 3
10° ‘ ‘ ‘ 02 O20F
10° 10t 102 10° 10¢ 10 w0k .
Forword scatter 0 0 ;
1 100 1¢ 100 106 100 100 1¢ 10 10°
(A) FITCPAC-1 89.1% PECD62P 83.4% (68.3%) @)

Fig. 1. Dots plot (A) and histograms (B) for FITC-PAC1 and PE-CD62P platelets after stimulation by 20 uM ADP or 100 M TRAP. Gated
R8 was defined as platelets by forward and side scatter characteristics. Histograms (B) are overlayed with isotype control, and the percent-
ages of PAC1 expressing platelets after stimulation by 20 uM ADP and 100 M TRAP were 83.1% and 89.1% (M1), and those of CD62P
were 80.7% and 83.4% (M1), 29.2% and 68.3 (M2).
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Fig. 2. Flow cytometric analysis of leukocyte-platelet aggregates using 3 color labeling (FITC-CD41a, PE-CD14, PerCP-CD45) in whole blood.
The leukocyte populations are defined by their size (forward side scatter, FSC) and anti-CD45 densities (R1). Anti-CD45 and anti-CD14
were used to distinguish neutrophils (R3), lymphocyte (R4), monocytes (R5) and total leukocytes (R2). The histogram represents neutrophil-
platelet aggregates as the percentages of CD41a expressed platelets (M1) in neutrophils (R3).
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Table 1. Reference values (central 95 percentile) for percent-
ages of expression and delta expression ( A) of platelets label-
ing FITC-PAC1 or PE-CD62P in the resting state or in an acti-
vated state with stimulation by 20 M ADP or 100 uM TRAP

Activated state /A between resting state

Resting with stimulation by with stimulation by
state 204M 100 M 20 uM 100 uM
ADP TRAP ADP TRAP

PACAH 0.3-12.5
CDe2P  0.0-4.7

65.3-924 68.1-93.1 64.2-89.7 636916
39.0-75.7* 60.5-91.2 37.6-73.3 59.4-90.7

Delta expression (A) means a difference in percentage expression bet-
ween platelets labeling FITC-PAC1 or PE-CD62P in resting state and
activated state with stimulation by 20 M ADP or 100 uM TRAP.

* P< 0.01 versus stimulation by 100 M TRAP.
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