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The Expression of P-Selectin and GP53 is Dependent on
Stent Length: A Flow Cytometric Evaluation of Stainless
Steel Stent-Induced Platelet Activation in an In-Vitro

Model :

Die Expression von P-Selektin und GP53 ist abhangig von der Stentlange.
Eine durchfluBzytometrische Analyse einer durch Edelstahlstents induzierten

Platichenaktivierung in einem in-vitro-Modell

C. Beythien'2, K. Gutensohn?, Juliane Bau3, C.W. Hamm', T. Meinertz!, W. Terres!, P. Kiihnl®

Summary: Activated platelets are involved in the pro-
cess of acute and subacute thrombotic occlusion and
restenosis after placement of stents in coronary arte-
ries. In an in vitro model of stent thrombosis we inve-
stigated the influence of stent length on the expression
of platelet glycoproteins by flow cytometry, and on the
time until thrombotic occlusion of stents. Stainless
steel stents (each n=7) were placed in parallel silicon
tubes with circulating citrated platelet rich plasma
(PRP). After recalcification, aliquots of PRP were
taken every two minutes. Monoclonal antibodies
against CD41a (GP IIb-Illa), CD42b (GP Ib-V-IX),
CD62p (P-selectin) and CD63 (GP 53) were used for
flow cytometric analysis. Within 2 min after start of
circulation, mean channel fluorescence intensity of
CD62p and CD63 increased in the tubing system with
the stents, and over 10 min platelet activation notably

increased. Significant differences could be detected-

between 9 mm and 18 mm stents (p<0.005). CD41a
and CD42b did not show significant changes. Time
until stent thrombosis was also dependent on stent
length: 18 mm stents thrombosed earlier than 9 mm
stents (p<0.01). o

Keywords: Stents/adverse effects; Thrombosis; Plate-
let Activation; Glycoproteins; Flow Cytometry.

Zusammenfassung: Aktivierte Blutplittchen sind an
akuten und subakuten thrombotischen Verschliissen
sowie an Restenosen von Stents in Koronarien betei-
ligt. In einem in vitro Thrombosemodell untersuchten
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wir mittels der Durchfluzytometrie die Expression
von Plittchenglykoproteinen und die Zeit bis zur
Stentthrombose. Edelstahlstents (jeweils n=7) wurden
in parallele Silikonschlduche mit zirkulierendem plitt-
chen-reichen Zitratplasma (PRP) implantiert. Nach der
Rekalzifizierung wurden alle zwei Minuten PRP-Pro-
ben entnommen. Zur durchfluBzytometrischen Unter-
suchung wurden die monoklonalen Antikdrper gegen
CD41a (GP Ilb-IIIa), CD42b (GP 1b-V-IX), CD62p (P-
Selectin) und CD63 (GP 53) verwendet. Zwei Minuten
nach Start der Zirkulation nahm die ,,Mean Channel
Fluorescence Intensity* von CD62p und CD63 in den
Schlauchsystemen mit den Stents zu und stieg iiber
zehn Minuten deutlich an. Zwischen 9 mm und 18 mm
langen Stents konnten dabei signifikante Unterschiede
nachgewiesen werden (p<0,005). Bei CD4la und
CD42b zeigten sich keine signifikanten Unterschiede.
Die Zeit bis zur Stentthrombose war ebenfalls von der
Stentldnge abhingig; 18 mm Stents thrombosierten
frither als 9 mm Stents (p<0,01).

Schliisselwérter: Stents/Unerwiinschte Wirkungen;
Thrombose;  Plittchenaktivierung; ~ Glykoproteine;
Durchflufizytometrie.

he implantation of stents is meanwhile a well ap-

proved method to treat acute or threatening occlu-
sion and restenosis after percutaneous balloon angio-
plasty of coronary arteries (PTCA) [1-3]. However,
this technique is limited by the risk of intra-stent
thrombotic occlusion [4-6]. Activated platelets are in-
volved in this pathophysiological process [7-9]. The
foreign surface, mechanical alteration or flow distur-
bances in stents may cause activation of platelets. To
further evaluate the impact of stents on platelets we in-
vestigated different stent lengths by determining the
expression of glycoproteins on platelets by flow cyto-
metry. In addition, to study the influence on coagulati-
on, the time until thrombotic occlusion of stents was
measured.
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Methods Platelets were primary distinguished on the basis of

A previously described in vitro model was used [7,8]
to study changes of platelet antigens induced by stain-
less steel coronary stents (each n=7). In each test, three
parallel systems were used. two with different stent
lengths (9 and 18 mm), and one tubing without stents
(control). .

At 2,4, 6,-8 and 10 min, aliquots of platelet rich
plasma were taken via a three-way tag. 100 1 of PRP
were removed with a pipette and immediately trans-
ferred into polystyrene tubes containing a stabilization
solution with glyoxal 40% (Merck, Darmstadt, FRG),
paraformaldehyde 10% (Serva, Heidelberg, FRG) and
phosphate buffer 0.15 mol/l (Merck). After incubation
for 10 min, the samples were diluted 1:10 with phos-
phate buffer containing 0.2% w/v of glycine (Serva)
and then stored at 4 °C [10]. Each sample was labeled
with monoclonal antibodies for 30 min at room tem-
perature in the dark. Subsequently, samples were was-
hed once with PBS, resuspended in 1000 x1 PBS and
stored for flow cytometric analysis.

For flow cytometric analysis monoclonal antibodies
CD41a (GP Ilb-IIla), CD42b (GP Ib-V-IX), CD62p (P-
selectin) and CD63 (GP 53) were used in direct assays.
Antibodies were directly conjugated with fluorescein-
isothiocyanate (FITC) or phycoerythrin (PE). IgG was
used as isotype control (all monoclonal antibodies
from Beckman-Coulter, Fullerton, USA.

Flow cytometric analysis was performed on ‘a
FACScan cytometer (Becton Dickinson, Mountain
View, USA). In a log forward angle light scatter (FSC)
and log 90° side scatter (SSC) the appropriate thres-

hold was set to exclude debris and electronic noise.

Non standard abbreviations: CD, cluster designation; FITC, flu-
orescein isothiocyanate; FSC, forward scatter; GP, glycoprotein;
PE, phycoerythrin; PRP, platelet-rich plasma; PTCA, percuta-
neous, transluminal coronary angioplasty; SSC, side scatter.
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their FSC/SSC profile. In each sample 50,000 events
were analyzed. Results were expressed as mean chan-
nel fluorescence intensity (MCFI). Antibody positive
cells were defined as cells with a fluorescence higher
than the isotype control.

Results

After recalcification and start of circulation, expressi-
on of activation dependent antigens CD62p and CD63
increased within 2 min in the tubings with stents. Over
10 min platelet activation increased. CD62p or CD63
positive peaks showed an increasing right shift on the
histogram x-axis, demonstrating progressive cell ac-
tivation.

Fluorescence intensity of CD41a and CD42b did
not show significant changes in all systems applied.

Longer stents led to significantly more platelet ac-
tivation than shorter stents; 9 mm vs. 18 mm, p<0.005.
After 10 min mean channel fluorescence intensity for
CD62p was 41.6 + 9.7 and 52.1 + 11.5, and for CD63
35.7 +7.8 and 44.9 + 9.9 respectively. Control tubings
without stents showed significantly less activation.
After 10 min mean channel fluorescence intensity was
34.2 + 8.3 for CD62p and 29.6 + 6.6 for CD63; con-

trol versus 9 mm stents p<0.01, versus 18 mm stents

p<0. 001 (Fig.1). Antigens CD41a and CD42b did not
show significant changes. Time until stent thrombosis
was also dependent on stent length. Eighteen mm stent
thrombosed earlier than 9 mm stents; 13.5 + 4.2 vs
16.9 + 3.7 min (p<0.01, Figure 2).

Discussion

Coronary stents appear to be a promising approach in
the therapy of restenosis and acute closure after PTCA
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[1]. Unfortunately, stents are thrombogenic and the ap-
plication of this device is restricted by acute and sub-
acute thrombotic closure [2-4]. Since activated plate-

- lets are basically involved in this process [5-7], we in-

vestigated the expression of platelet antigens and as-
sessed the time until thrombotic stent occlusion in an
in vitro model of stent thrombosis.

With the development of monoclonal antibodies
against platelet membrane glycoproteins, investigati-
ons of cell surface antigens have been facilitated. For
their detection the technique of flow cytometry can be
used [11]. This method allows the examination of
large numbers of single cells as well as the detection
and quantification of changes in surface antigen ex-
pression in activated subpopulations.

During activation, P-selectin is cleared from inter-
nal a-granules that fuse with the plasma membrane.
This neoantigen was first described by McEver et al.
[12] and is only expressed on the surface of activated
platelets. Glycoprotein 53 is another protein, localized

in lysosomal granules. It gets excréted via the platelet -

canalicular system onto the cell membrane upon sti-
mulation. It is a 53- kD glycoprotein that has been
identified by Nieuwenhuis et al. [13] and is also used
as a marker of platelet activation.

Previous studies have demonstrated that damage of
the coronary arterial wall induces platelet activation
and may be associated with a higher predisposition to
restenosis [14]. The application of artificial devices
into coronary arteries implicates an additional throm-
bogenic potential. Clinical investigations showed an
increased P-selectin degranulation in patients with
subacute stent thrombosis [15]. The metallic mesh and
shear forces contribute to further activation of plate-
lets. Thereby, the probability of thrombotic occlusion
may be amplified {5]. T

CD41a and CD42b did not show significant chan-
ges in MCFI.. CD41a used in this study detects the
allb-chain of glycoprotein IIb-IIla. IIb-Illa complexes
are already highly expressed with 50,000 to 80,000 co-
pies on unstimulated platelet surfaces. They are main-
ly involved in aggregation. Ib-V-IX complexes, as de-
tected by CD42b, mediate platelet adhesion via von
Willebrand factor. About 25,000 antigen complexes

are located on cytoplasmatic membranes of resting
platelets [16]. The observation time of 10 min is pro-
bably too short and the activating impact is not po-
werful enough to induce significant changes in these
parameters [17]. In addition, minor changes of anti-
gens CD41a and 42b may also be difficult to identify
by relative expression with MCFI due to the high den-
sity of these antigens on the cytoplasmatic surface of
platelets.

~ Clinical observations of multiple stent implantation
[18] and multivessel] stenting [19] demonstrated a hig-
her incidence of in-stent restenosis. In our in vitro
model stent length was associated with an increased
expression of platelet antigens. An enhanced platelet
activation may be one reason for this observed pheno-
menon in vivo. Time until stent thrombosis was de-
pendent on stent length as well. Longer stents throm-
bosed earlier demonstrating that platelets are only one
part involved in the process of stent closure and in-
stent restenosis.

-Changes in stent composition and design may be
advantageous. Since randomized trials comparing dif-
ferent sizes and designs do not exist, this in vitro
model in combination with flow cytometry may provi-
de a sensitive diagnostic system for analyzing activati-
on dependent alterations in platelets and may attribute
to further improvement of stent design and biocompa-
tibility.
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