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Increased Activation of Platelet Glycoprotein IIb/IIla in Hypercholesterolemic Patients

Seung-Jae Joo, MD', Jac Woo Lee, MD' and Yang Saeng Park, PhD’
'Department of Internal Medicine, *Physiology, Kosin Medical College, Pusan, Korea

ABSTRACT

Background[] Platelet function is directly influenced by lipoproteins, and platelets from hypercholesterolemic
patients display increased reactivity which is related to initiation, progression, and development of thromboe-
mbolic complications in atherosclerosis. But the exact mechanism of this effect is unclear. MethodsU In this
study, total and activated numbers of platelet glycoprotein (Gp) IIb/Illa were evaluated in twenty patients (7
men[] age, 55.4% 8.7 years) with hypercholesterolemia (plasma total cholesterol level over 240 mg/dL and
normal triglyceride level) and twenty one subjects (8 mend 51.1% 13.7 years) with normal plasma cholesterol
and triglyceride levels. Flow cytometry was used to detect the binding of fluorescein isothiocyanate (FITC)-
conjugated anti-CD41 or PAC1 to platelet Gp IIb / IIla in whole blood. When whole blood was incubated with
PACI, platelets were also activated with adenosine diphosphate (ADP) or thrombin. Results(] PAC1 was more
bound to unstimulated platelets from patients with hypercholesterolemia (p<0.005), and binding of PAC1 cor-
related significantly with plasma total cholesteol (=0.48, p=0.002) and LDL-cholesterol (+=0.47, p=0.002)
levels. Binding of PAC1 to unstimulated platelets increased as binding of anti-CD41 increased =0.40, p=0.01).
On multivariate linear regression analysis, plasma total cholesterol level and binding of anti-CD41 were inde-
pendent variables that determined binding of PAC1. After ADP- or thrombin-stimulation, binding of PAC1 to
platelets and percentage of antibody positive cells were also greater in patients with hypercholesterolemia (p<0.05).
There was a significant positive correlation between mean platelet volume and binding of anti-CD41 to unsti-
mulated platelets (r=0.46, p<0.005), but the latter was not different between hypercholesterolemia and control
groups. Conclusion[] Unstimulated platelets from patients with hypercholesterolemia had similar total number
of Gp IIb/Illa to those from control subjects, but had more activated Gp IIb/Illa. After ADP- or thrombin-sti-
mulation, platelet Gp IIb/Illa was also more activated under hypercholesterolemia. (Korean Circulation J
1998528(12):2030-2041)

KEY WORDS] Platelet glycoprotein IIb/Illa - Hypercholesterolemia - Flow cytometry.
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00 30 yg/mL), ADP OO thrombin 5 p L, isotonic
HEPES buffer 25 p LO 00 OO polystyrene tubel

Korean Circulation J 1998;28(12):2030-2041



god. AbPO 20 mMO OO0 OO DOOOO0O,
00 000 oobo 0o ood 005 M, 01 p M,
05uM, 1uM 20pMI OO0 DOOOO. Thro—
mbind 10 U/mLO 000 OO OOOOOO, 00 O
00 0000 0g 0o 20 mu/mL, 50 mu/mL, 100
mU/mLO OO0 00000, 000 00dd FITC-
conjugated PAC100 OO0 OOOO OOO ADPO
thrombin 000 PGl 5y L(OO 00 1 p MO O
00.000 oo ooo oooo is00 oo oo 4,
isotonic HEPES buffer 500 y LO OO OOOOCO O
00 OOOoo, 000 1% paraformaldehyded O
00 0ooooo, 0oo bboooo 4000 oo oo
0O00. ThrombinO OO fibrin polymerizationO OO
000 OO0 004 thrombinOd OO0 OO0 GPRP
(00 00 25mwm)0 0DOOOO >3

000 oo

Becton Dickinson 00 FACStar 00 0000 O
Oo0o0d. Argon laserl 000 488 nmO, OO0 200
mwWO 00000, FACStarl] 2 p m CaliBRI-TE be—
ads(Cat. No. 34952, Becton Dickinson Co., San Jose,
CA, USA), OO0 00O 00, FITC—conjugated 1gG1
00 000 OO OO0 0000 O0 ooooo. oo
0O 00O 4000~500000 OO0 70 ypmOd nozzleO O
0o0OonO laser beamd OOOOO. GainO logarit—
hmic scalel OO0OO000, 000 (light scatter)d O
000 00 O, 000 Hewlett—Packard Consort 30
H—P 217 computer(Palo Alto, CA, USA)O OO0
00.0000 ODDOOO forward scatter(FSC)O side
scatter(SCC) profilel OO OO0, OO0, OO OO
(debris), machine noise’ 00O 00000 (Fig. 1).
000 000 gatingD 0000, 000 OOOO OO
0O PAC1O0O anti—CD410 OO0OO OO0, 100000
0000 000 FAITC OO0 O0O0O00. 00 ooo
000 00 oooFIOmean fluorescence inten—
sity)00 00000 (Fig. 2), ADPO thrombinO O O
00 O00O0 00 00 00do ggd(percentage
of antibody—positive platelets)C0 00 00000, O
0O 00 0DOO0gd1upMPGLO OO0 OO0 OOO
000 99~99.2%0 O0O0O0 D000 0000 OO
000(Fg. 3). 00 OO O0O(BIObinding index)D

00 0000 00 00 0000 oooo cooo o
000 {BIOMFIx (percentage of antibody—positive
platelets)/100}.

A 24

00 0000 000 00 Oooo ooooo. oo
00000000 Uooo 000 o0 oobo ooo
O Student’s t—testd, OO0 OO0 OOOO chi—
square testl] 000. FITC—conjugated anti—CD41
00 OO0 O 000 MFIO 000 00 OO Oog

Log side scatter

Platelet gate

Fig. 1. Scatter profile of whole blood. The platelets could
be separated from RBCs and WBCs on the basis of their fo-
rward- and side-light scatter, and a narrow gate was pla-
ced around the platelets for analysis. For each sample the
cytometer analyzed 10000 cells within the platelet gate.
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Fig. 2. Flow cytometric analysis of resting platelets. Whole
blood was incubated with either FITC-conjugated anti-
CD41 or control ATC-conjugated IgGi. A histogram of FITC
(“green™) fluorescence of these cells are shown. Mean flu-
orescence intensity was measured.
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Fig. 3. Flow cytometric analysis of activated platelets. Whole blood was incubated with FITC-conjugated PACT and either
with PGl or ADP (@), or PGz or thrombin (b). Histograms of FITC (“green™) fluorescence of these cells are shown. Mean
fluorescence intensity and the percentage of platelets positive for anfibody were measured. Antibody-positive cells
were defined as those platelets with a fluorescence intensity 99.0% to 99.2% of unstimulated platelets that had been

prepared in the presence of 1y M of PGla.

Table 1. Baseline characteristics of study groups

Control group (n=21) Hypercholesterolemia group (n=20) p value

Age (yr) 51.1 £ 13.7 554 + 87 NS
Male 8 (38%) 7 (35%) NS
BMI (kg/m2) 21.63+ 3.10 23.29+ 2.72 0.078
Smoker 7 (33%) 6 (30%) NS
Platelet count (x 103/mm3) 248.7 + 74.9 252.1 + 49.9 NS
Mean platelet volume (fL) 8.18+ 0.98 8.26x 0.61 NS
Plasma lipid profile

Total cholesterol (mg/dL) 134.6 £ 21.4 275.7 £ 31.4 <0.001

Triglyceride (mg/dL) 95.6 + 46.6 121.3 £ 46.5 NS

HDL-cholesterol (mg/dL) 416+ 7.2 46.1 +13.8 NS

LDL-cholesterol (mg/dL) 73.9 £ 228 205.3 = 33.7 <0.001

Values are mean and SD.

BMI=body mass indexO HDL=high density lipoproteind LDL=low density lipoproteind NS=not significant
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wise) 00O OO OO OO0 O0OO.00 00 o
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Table 2. Flow cytometric analysis of unstimulated platelets

Hypercho-
Control group lesterolemia value
(n=21) group P
(n=20)

Unloaded platelets  15.4+ 1.2 154+ 0.8 NS
Control IgG 34.0+ 34 343+ 3.8 NS
Anti-CD41 bound  582.9+ 134.1  609.7+ 1432 NS
PAC1 bound 31.4+ 42 363+ 60  <0.005

Values are mean fluorescence intensity(arbitrary unitd
mean and SD) after incubating with fluorescein isothiocy-
anate(FITC)-conjugated IgG1, PACT or anti-CD41
NS=nof significant
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Fig. 4. Correlation between mean platelet volume and bi-
nding of anti-CD41 to unstimulated platelets. Anti-CD41
bound to platelets was estimated by mean fluorescence
intensity (arbitrary unit) after incubating with FITC-conjug-
ated anti-CD41.
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0 00(@00.46, p<0005)0 000, 000 000 O
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(Fig. 4). 000,00 0 0000000 anti-CD41 O
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0 MFID 00000000000 0000 000(@<
0.005), ADPO thrombin 00 0000 000 OO0
00 000 PACIO OO 0OOOC 000 0O0O0.0
00000000 00 0000000 00 00000
000 PACL OO0 000 OO0 000 0000,0 O
00 00 0000 00000 00 00000000
PAC1 00 000 00O OO0 OO0 000048, pd
0002)0 OO0 00 00000000 00000 O

Table 3. Univariate relations of PAC1 bound to unstimul-
ated platelets with plasma lipids and binding of anti-CD41

Correlation

coefficients PRI
Total cholesterol 0.48 0.002
LDL-cholesterol 0.47 0.002
Triglyceride 0.17 0.28
HDL-cholesterol 0.07 0.66
Anti-CD41 bound 0.40 0.01

Binding of anti-CD41 or PAC1 fo platelets was estimated
by flow cytometry. Mean fluorescence intensity was mea-
sured after incubating with fluorescein isothiocyanate (FITC)-
conjugated anti-CD41 or PAC1 respectively.

HDL=high density lipoproteinT LDL=low density lipoprotein
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Fig. 5. Correlation between plasma total cholesterol level
and binding of PAC1 to unstimulated platelets. PAC1 bo-
und to platelets was estimated by mean fluorescence
intensity (arbitrary unit) after incubating with FICT-conjug-
ated PACI.

Table 4. Multivariate linear relations of PAC1 bound fo uns-
timulated platelets with plasma lipids and binding of anti-
CD41

Independent Beta Partial R2

. - p value
variables coefficient value
Total cholesterol 0.033 0.23 0.0016
Anti-CD41 bound 0.015 0.16 0.0098
Intercept 18.241 <0.001

Overall R=0.595(R2=0.35), p=0.0002

Binding of anti-CD41 or PAC1 fo platelets was estimated
by flow cytometry. Mean fluorescence intensity was mea-
sured after incubating with fluorescein isothiocyanate
(FITC)-conjugated anti-CD41 or PAC1 respectively.

00 OO0 0000 Gp H/llad OO0 000 (Fig. 5).
0000 anti—-CD41 000 00 000 PACL 000
00000 (Table 3). 000 000 0000 000 O
0 00 00000 00 00000000 anti—-CD41
0 00 000 PAC1 000 000 000 000 O
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Fig. 6. Flow cytometric analysis of ADP-stimulated platelets.
Whole blood was incubated with FITC-conjugated PACI
and either with 1 p M of PGl (—) or with ADP (=). The more
the concentrations of ADP increased ((a) 0.05 p M (b)
0.05 p M and (c) 20 p M), the more platelets glycopro-
tein lIb/llla were activated.

0 0000 (Table 4).
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Fig. 7. Dose-response curve of PACT binding fo glycoprot-
ein lib/llla in response to stimulation with ADP. Mean fluor-
escence intensity (arbitrary unit) (a), percentage of anti-
body-positive platelets (b), and binding index (arbitrary
unit) (c) were depicted (mean and SD). Each value was
higher in hypercholesterolemia group (*p<0.05).
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Fig. 8. Dose-response curve of PAC1 binding to glycoprot-
ein lb/llla in response to stimulation with thrombin. Mean
fluorescence intensity (arbitrary unit) (a), percentage of
antibody-positive platelets (b), and binding index (arbitr-
ary unit) (c) were depicted (mean and SD). Each value
was higher in hypercholesterolemia group (*p<0.05).
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000 OO0 000 00000 000000 0000
00 D0000 000 OO0 00000 000 000
oooo.

000 0000 0000 anti—-CD410 00 000
0000000 OO0 OO0 000 000,000 O
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000 0000 Gp ib/llad OO0 O 000 OO0
0000 00 000.000, anti-CD410 000
000 000 000 0000,000 0000 00
O Gplib/llad 00 0OOO0 OO0 0000,

000 0000 00 PACIO OO0 OOO0ODOO
00000 0000 00O ADPO thrombinO O O
000 D00 000 00 00 00000 00 Gp iy
IlaD OO0 0O 0OO0. 00 0000000,000 O
0000 00000 D000 Gp liv/illal 00 00
000. PACIO 000 anti-CD410 0000 OO
0 00 000 000,000 00 00 O Gp lb/llla
0 00 0000 00000 00 Gp b/ilal 00 O
00.PAC1 000 OO0 000 DOOO OO0 O
0000 00 00000000 O Gp b/lllad 00
Gplib/lllal 0O00 000 000 00 0000.

ADPO thrombinD 0 OO O O0OOO Gp Hb/llla
0O 00 00 00 0000 D000 00000000
000 000.ADPO OO0 OO0 0000 0000
0000 0000 000. 00 000 pMOOO
PAC1 000 000 DO0O,1uMO00 0000
0 DO0O0D0D000D0O00 O 00 00 PACLO O
000 DO00O0O0. ThrombinDO 00000 OO0
000 0000, 00 00 0000 0000 50 mu/
mLO 100 mU/mLO 0000 00 0000, PACL
0 000 50 mu/mL0 OO0 OO0 0000000
0000 O 0000 oOoO0.

DiMinno 0?0 00D DOOOOOOO OOOO O
0000, 000 Gp b/llad 00 00 000 00
0 B79.70 D000 0000 OO0 000000, thr—
omboxane A; mimetic 00 0O OO0 OO0 OO, 0O
000 OO0 00000 B79.70 O OO 0O0OO
0000 000 D00 000 O Gp Nb/llal 00 O
0 00 000 0000000000 0000 000
000 000 000 000 000. 000, B79.70
000 000 0000 00 Gp ibillad 0000,
000 0000 00000000 OO0 0000 00
00 0000 000 O 000 thromboxane Az mi—
metic00 00000 O OO0 00O O 00000
000 00 OO0 00 000, 0 00000 O
0 0000 Gp liblaD 0 00000 0000 PACL
0 0000 000000000 0000 0000, O
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000 000 Gp ik/lllal 000 00 000 OO0
0 0O oO.

Gp lIb/llla 0000 000 0DO00O0O0O000OO O
00 0000 0000 00 000000000
00.000, 000000000 0000 Gp lb/lla
0 00 0000 000 00000.00000 00
000 000000 0O000 0000 000 000
000 00000 0000 0000000000 O
00 OO0 000000, 00000/000 00 00
og PO oo goo 00 000 000
000 0000 000 000 0022 000 oo
00000 000 000 000 0000 (membrane
fluidity)D 000 000, 00000 00000, O
000 000 00000 000 000 00 00
phospholipase A0 0000 0O0O,* 0000 O
000 0000 O 00.00 00000 000 00
0 00 OO0 0000 000 0000 00 0 00

oo oodg booob 000 oo 0 oo ooo.

000 O 0000 000 000000000 000
O Gp lib/llaD 000 00000 000 000 O
0 0000 00.000, 00000000 00000
000 O0000 00 0 00 00 thromboxaneld
0000 00 DO0OO00,” 000 000 000 00
00 0000 Gplib/llaD 00000 0000 OO.

0000 00 0 000 000 000 0000 O
00 00 000 000 000 0000 000 00
0 000 00 0000 ADPO thrombinOd O O
0 O aggregometer] OO0 OO0 0000 OO
000 000, 0000 00 00 00 0ooo oo™
000 OO0 00 000 0O 000 00 B —throm—
bulinDO 0000 OO 00O 0000 0Doo00o.%
00 00 000000 0000 000 anti-CD410
000 000 Gp W/llaD 00 0000 oo,
0 0000 000 000 Gp lik/illa 000 000

Ut 0odo oog oooo ooob oo ooooo.

Gp lIb/lla 0000 000 00 000 00 000
0000 000 000 00 0000 0000, 00
0,00 00 000, 0000 00 0000 0000
Gp lib/llla 000 OO0 0OO0O. 00 Gp la O
oog pPré 000 (polymorphism)d OO OOO O
000 0000 0oooooo,® P2 goooo Gp

lib/llla OO0OO OO0 OO0 OO0 00O oood.

o (o] 4
i =

A

O0ooooooob 00O oogo oooo oo
0,0 000 000 00. IntegrinD OOO0O OOO
glycoprotein(Gp) lib/lllad OOO0OO OOO0O OO
0 000 0000 000 000 ooooo. oogo
000000000 000 Gp lb/llal 00 ooo
0O 000 000 oogoo.

4 9

00 00000000 240 mg/dL OO0OO OO O
000 000 200(@ 70000 OO 554+ 870)
0 000ooO0oo 000 0o oogoooeo o
0 0000 000 210@@ 80000 OO 511+ 13.7
0)O 0000 0000 ooooo.0ooo ooo o
000 000 00 0000 00 cep ib/ed 0000
fluorescein isothiocyanate(FITC)—conjugated anti—
CD4100 0000 Gp Nb/lladd O0O00 FITC—
conjugated PAC100 0O0O0O0O OO0 O OOO O
0O 00O DODOO 000 00d(flow cytometry)Od 00O
00 00000 00 Oooogo. oo FTC—con—
jugated PAC10 OO0O0O OO0 OO OO0 aden—
osine diphosphate(ADP)O thrombinOO OOO0O O
OO0 0O 0000 Gplib/llla0 OOOO0O.

2

000 0000 000 PACIO OO OOOOOO
00000 0000 000(p<0.005), ADPO throm—
binDO OOOO OO0 OO0 OO0 0000 oGp lib/
IMal OO0 0000 000 O00.00 0o ooo
00000 PACL OO OO0 OO0 OO0 OO0 OO0
0048, p00.002)0 OO0O. OUOODO OoO oo
00 PAC1 00O U000 OOO OO OO oO@o
047, p0o0.002)0 O0O0OO, 0000 anti—-CD41 O
00 00 000 PACL OO0 O0OOOO@Do040, pOo
0.01). 00O OO0 0000 OO0 0o oo oo
000 OO0 00000000 anti-CD410 OO O
00 PAC1 OO0 OO0 OO0 OO0 OO ooo
O. ADPO thrombinOO 0000 OO0 O Gp b/
IMald 00O PAC1O U0 OO OO OOOO OO
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00 00000000000 0000 0000 000
(p<0.05). Anti—CD410 OO0 OO0 00 00 OO
0 000 00 00 0O0(@rD00.46, p<0.005)0 000
0, 0000000000 000 000 0000 00
0 anti—-CD41 00 000 0OO.

A E:

000000000 Gp b/llal 0000 000 O
00 00 00000000 000 000 000 00
0 0000 00 0000 Gp lib/illad OO 000,
ADPL thrombinDO OO0 O 00000 Gp Ho/llla
0 0000 00O0.000, 000 Gp lib/llad OO
000 000 000.

ZM Bo{0000 glycoprotein lib/llla- 00000
000- 000 O0.

m ZARE
0 000 199500 00000 OO0 00,00 00 0o
00 oo 000 oooo oooo.
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