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Abstract

The association of acute myocardial infarction with
thrombus formation, frequently occurring subsequent
to plaque rupture, has made early thrombolytic thera-
py the standard of care for patients. P-selectin-medi-
ated platelet-leukocyte interactions have been report-
ed in unstable angina, after myocardial ischemia and
in coronary angioplasty, among other pathophysiolog-
ical situations. Development of P-selectin antagonists
as adjunctive therapies would be useful for enhancing
the thrombolytic effect of currently available agents,
without the risk of bleeding and thrombocytopenia.
rPSGL-lg is a P-selectin inhibitor which may have
potential in the prevention of restenosis, enhancing
the effect of thrombolytic therapy by preventing
platelet-leukocyte interactions in the injured vessel
wall.

Description and Production

P-Selectin Glycoprotein Ligand-1 (PSGL-1) is a
mucin-like, homodimeric, disulfide-bonded glycoprotein
(1). A recombinant, soluble and chimeric form of PSGL-1,
rPSGL-lg, has been developed as an antagonist to
P-selectin to prevent recurrence of thrombotic events. It
enhances thrombolysis without the risk of bleeding and
decreases inflammation. It is produced in Chinese hams-
ter ovary (CHO) cells engineered to coexpress the critical
carbohydrate modifying enzymes fucosyltransferase VII
and core2 GlcNAc transferase (2). It comprises the first
47 amino acids from the N-terminal end of the extracellu-
lar domain of mature PSGL-1 fused at the hinge region of
human IgG,. Two hinge proximal amino acids at positions
234 and 237 within the IgG Fc portion are mutated to ala-
nine to reduce both complement activation and Fc recep-
tor binding (3).

Introduction

Targeting of circulating leukocytes to specific areas of
tissue injury or microbial invasion is critical for wound
repair and host defense. P-selectin and PSGL-1 are two
molecules essential for the precise development of these

events. These receptors mediate the migration of certain
leukocyte subclasses from the bloodstream to the site of
damage. If this process occurs in an uncontrolled manner
it may lead to the accumulation of leukocytes resulting in
inflammatory tissue damage (4).

The selectin family of adhesion molecules mediates
the initial attachment of leukocytes to endothelial cells (5).
This initial attachment is followed by firm adhesion and
diapedesis at the site of tissue injury and inflammation.
P-selectin is one member of the selectin family that is
constitutively expressed in platelet a-granules and in the
Weibel-Palade bodies of endothelial cells (6, 7). It is
mobilized to the cell surface after exposure of platelets or
endothelial cells to activating agents or inflammatory
cytokines. P-selectin is an extended protein with a mem-
brane-distal C-type lectin domain, which binds to its high-
affinity receptor, PSGL-1 or CD162, an extended mucin
expressed on leukocytes. Interaction of P-selectin with
PSGL-1 initiates tethering and rolling adhesion of leuko-
cytes on inflamed endothelial cells or adherent activated
platelets (Fig. 1), and enables platelets or platelet
microparticles to form bridges between leukocytes (8, 9).

The events described have been reported to occur
after coronary angioplasty in a proportion that depends
on the degree of injury, and have been correlated with
restenosis (10-12). The acute response to arterial injury
induced by angioplasty involves the adhesion of platelets
and leukocytes. Adherent platelets release the content of
their granules and readily express P-selectin (13). Further
activated platelets promote mural thrombus formation
and vasoconstriction. Both processes can be upregulated
by activated neutrophils. These reactions are also accom-
panied by monocyte/macrophage accumulation that aug-
ment the inflammatory reactions, leading to the progres-
sion of restenosis. This acute response, which involves
thrombotic and inflammatory responses, is followed by
chronic and adaptive modifications in the vascular struc-
ture. Neointimal hyperplasia, derived from medial cell pro-
liferation and migration toward the intima with eventual
reduction in vascular lumen or restenosis are likely to
occur after repeated injury (14). In the long term, these
changes are bound to induce alterations in the hemody-
namic conditions.
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Fig. 1. The selectin family of adhesion molecules mediates the initial attachment of leukocytes to endothelial cells. P-selectin is mobi-
lized to the cell surface after exposure of platelets or endothelial cells to activating agents or inflammatory cytokines. Interaction of
P-selectin with PSGL-1, expressed on leukocytes, initiates tethering and rolling adhesion of leukocytes on inflamed endothelial cells or
adherent activated platelets, and enables platelets or platelet microparticles to form bridges between leukocytes. Selectins contribute to
both inflammation and thrombosis. Recombinant PSGL-Ig acts as an antagonist of these processes.

In addition, many models support a role for P-selectin
in augmenting coagulation and thrombosis in vivo. Fibrin
deposition in thrombi has been found to be P-selectin-
dependent (15). A proposed hypothesis is that P-selectin
promotes the recruitment of leukocytes or leukocyte
microparticles that express tissue factor. These tissue
factor-rich microparticles may accumulate on adherent
activated platelets through P-selectin-PSGL-1 interac-
tions in sufficient quantities to augment fibrin formation
(16). A related hypothesis is that adhesion of monocytes
and platelets via P-selectin may cause tissue factor
release from monocytes (17), triggering coagulation and
final fibrin formation. The interaction of platelets and neu-
trophils leads to the release of cathepsin G from neu-
trophils (18), which may result in endothelial damage with
exposure of the subendothelial matrix and further activa-
tion of circulating platelets. Therefore, P-selectin antago-
nism either directly by specific antibodies or indirectly by
blocking its counterreceptor in leukocytes, PSGL-1, may
be a promising therapeutic strategy to prevent inflamma-
tion, thrombosis and procoagulant activity.

Pharmacological Actions
Inhibition of platelet/leukocyte binding with anti-P-

selectin or the recombinant soluble form of PSGL-1 has
been shown to accelerate pharmacological thrombolysis

not only in primate and porcine models of arterial throm-
bosis but also in animal models of deep-vein thrombosis,
myocardial and hepatic ischemia-reperfusion and intimal
hyperplasia after angioplasty.

In an early study by Kumar et al. (19), rPSGL-Ig was
administered in conjunction with the thrombolytic agent
tissue plasminogen activator (tPA) in a porcine model of
copper coil-induced thrombosis. An occlusive thrombus
was formed in an internal iliac artery of Yorkshire pigs.
The animals received heparin and, 15 min later, either
vehicle or rPSGL-Ig (250 or 500 pg/kg) followed by infu-
sion with 25 mg tPA. Lysis of the thrombus was signifi-
cantly accelerated in pigs treated with rPSGL-lg, and
reocclusion was not observed in these animals. The
results suggested that rPSGL-lg enhances thrombolysis
most likely by inhibiting the continuing adhesion of
platelets to leukocytes, an interaction that leads to fibrin
accretion. rPSGL-Ig appears to act locally at the throm-
bus site, since no differences in systemic coagulation/fib-
rinolytic parameters were detected.

Bienvenue et al. (20) demonstrated that administra-
tion of rPSGL-Ilg inhibited platelet-leukocyte interactions
at the sites of injury and reduced restenosis in a porcine
model involving double arterial angioplasty. A further
study by the same group (21) indicated that rPSGL-Ig
inhibits circulating activated platelet binding to neutrophils
induced by damaged arterial surfaces.
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Using a porcine model of coronary artery balloon
injury, Wang et al. (22) studied the effect of rPSGL-Ig on
intimal hyperplasia. Balloon injury was induced in the left
anterior descending and right coronary arteries of 16
pigs. Either 1 mg/ml of rPSGL-Ig or saline was adminis-
tered 15 min before injury as an i.v. bolus. Results
revealed an increased luminal area in the rPSGL-Ig-
treated group. Additional immunohistochemistry and
histological evaluation showed a significant decrease in
the presence of tumor necrosis factor-a (TNFa), IL-13
and infiltration of macrophages in the injured vessel seg-
ments in the treated animals. It was concluded that
rPSGL-Ig decreases neointimal hyperplasia following bal-
loon injury by inhibiting the inflammatory and thrombotic
responses at the site of balloon injury.

The effect of rPSGL-Ig on venous thrombosis has
been investigated in baboons. Myers et al. demonstrated
a dose-dependent inhibition of venous thrombosis and an
increase in spontaneous recanalization at rPSGL-Ig
concentrations ranging from 500 pg/kg to 4 mg/kg (23). In
a more recent work (24), the same group investigated the
effect of rPSGL-Ig on established venous thrombosis
(VT) in baboons. The animals underwent 6 h of
iliofemoral venous stasis to produce an occlusive VT and,
2 days later, they were treated for 14 days with 4 mg/kg
of rPSGL-lg, LMWH or saline. Treatment continued
weekly (rPSGL-Ig) or daily (LMWH, saline). Findings from
this study indicated that rPSGL-lg is as effective as
LMWH in treating established VT without anticoagulation,
thrombocytopenia or wound complications.

The mechanisms by which rPSGL-Ig reduces throm-
bosis remain to be determined. One possible explanation
is that rPSGL-Ig reduces adhesion of leukocytes or leuko-
cyte microparticles at the sites of injury, attenuating the
recruitment of procoagulant and proinflammatory media-
tors that increase thrombosis and tissue injury (9). Thus,
P-selectin antagonism could favor the action of fibrinolyt-
ic agents via this mechanism.

Pharmacokinetics

The pharmacokinetics of rPSGL-Ig were determined
using mice, rats, monkeys and pigs (25). The parameters
estimated included C_,, (maximum concentration), CL
(clearance), V. (volume of distribution), V_  (volume of
distribution at steady state), V, (volume of distribution
associated with terminal phase) and t,, (terminal phase
half-life). Allometric and pharmacokinetic/pharmacody-
namic modeling was used to select doses for human clin-
ical trials. According to Khor et al. (25), pharmacokinetic
parameters of rPSGL-lg such as CL, V_ and t,, across
animal species are well described by power functions
with body weight (W) as an independent variable. The
power functions for CL, V_, and t,, are as follows:
CL = 0.37 WO ml/h [r2= 0.94); V= 45.0 W08 m| [r2 =
0.988); t,,, = 190 WO1%9 h [r? = 0.75) and allow the predic-
tion of rPSGL-lg pharmacokinetics in humans. The doses
that may provide potential effects in humans range from
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0.13-4.7 mg/kg, which produce concentrations above
those associated with efficacy in animal disease models
and maintain concentrations above the EC,, of in vitro
binding between rPSGL-Ig and stimulated human
platelets.

The pharmacokinetics and tolerability of rPSGL-Ig
have been assessed in healthy young and elderly volun-
teers in a double-blind, randomized, placebo-controlled
trial that examined single ascending i.v. doses ranging
from 0.035-7.0 mg/kg. The compound was well tolerated
and no adverse effects were observed on bleeding time,
platelet aggregation or the immune system. The disposi-
tion of rPSGL-Ig was multicompartmental, with an initial
disposition phase of 1-2 weeks and a t,, of 12.5-21.9
days. Mean C__ and AUC values increased with increas-
ing dose, although the elderly showed reduced drug
exposure. Mean CL and V_  were 10 ml/h and 4 |, respec-
tively. It was concluded that rPSGL-lg disposition in
humans is multicompartmental, with a low volume of dis-
tribution and a long elimination half-life. Dose proportion-
ality was suggested across cohorts (26).

Clinical Studies

A multicenter, randomized, double-blind, placebo-con-
trolled, dose ranging, safety and efficacy trial of rPSGL-Ig
for use with thrombolytic therapy in patients with acute
myocardial infarction (RAPSODY) has just recently been
completed. During the preparation of this monograph,
Wyeth Pharmaceuticals, who sponsored the trial,
informed Neose Technologies of its intention to discontin-
ue development of rPSGL-Ig for myocardial infarction due
to disappointing results. Development for other indica-
tions may continue (27).

Source

Developed by Genetics Institute (Wyeth Pharma-
ceuticals). Neose Technologies, Inc. entered into a
research, development and license agreement with
Wyeth Pharmaceuticals in 2001 to apply Glyco-
Advance™, a protein glycosylation technology, in the pro-
duction of rPSGL-Ig.

References

1. Moore, K.L. Structure and function of P-selectin glycoprotein
ligand-1. Leuk Lymphoma 1998, 29: 1-15.

2. Kumar, R., Camphausen, R.T., Sullivan, F.X., Cumming, D.A.
Core2 [-1,6-N-acetylglucosaminyltransferase enzyme activity is
critical for P-selectin glycoprotein ligand-1 binding to P-selectin.
Blood 1996, 88: 3872-9.

3. Canfield, S.M., Morrison, S.L. The binding affinity of human
IgG for its high affinity Fc receptor is determined by multiple
amino acids in the CH2 domain and is modulated by the hinge
region. J Exp Med 1991, 173: 1483-91.



Drugs Fut 2002, 27(4)

4. Zimmerman, G.A. Two by two: The pairings of P-selectin and
P-selectin glycoprotein ligand 1. Proc Natl Acad Sci USA 2001,
98: 10023-4.

5. Albelda, S.M., Buck, C.A. Integrins and other cell adhesion
molecules. FASEB J 1990, 4: 2868-80.

6. Hsu-Lin, S., Berman, C.L., Furie, B.C., August, D., Furie, B. A
platelet membrane protein expressed during platelet activation
and secretion. Studies using a monoclonal antibody specific for
thrombin-activated platelets. J Biol Chem 1984, 259: 9121-6.

7. McEver, R.P., Beckstead, J.H., Moore, K.L., Marshall-Carlson,
L., Bainton, D.F. GMP-140, a platelet a-granule membrane pro-
tein, is also synthesized by vascular endothelial cells and is
localized in Weibel-Palade bodies. J Clin Invest 1989, 84: 92-9.

8. Ramachandran, V., Yago, T., Epperson, T.K., Kobzdej, M.M.,
Nollert, M.U., Cummings, R.D., Zhu, C., McEver, R.P.
Dimerization of a selectin and its ligand stabilizes cell rolling and
enhances tether strength in shear flow. Proc Natl Acad Sci USA
2001, 98: 10166-71.

9. McEver, R.P. P-selectin and PSGL-1: Exploiting connections
between inflammation and venous thrombosis. Thromb Haemost
2002, 87: 364-5.

10. Steele, P.M., Chesebro, J.H., Stanson, A.W., Holmes, D.R.
Jr., Dewanjee, M.K., Badimon, L., Fuster, V. Balloon angioplasty.
Natural history of the pathophysiological response to injury in a
pig model. Circ Res 1985, 57: 105-12.

11. Merhi, Y., Lacoste, L.L., Lam, J.Y. Neutrophil implications in
platelet deposition and vasoconstriction after deep arterial injury
by angioplasty in pigs. Circulation 1994, 90: 997-1002.

12. Fuster, V., Falk, E., Fallon, J.T., Badimon, L., Chesebro, J.H.,
Badimon, J.J. The three processes leading to post PTCA
restenosis: Dependence on the lesion substrate. Thromb
Haemost 1995, 74: 552-9.

13. Escolar, G., Rao, G.H., Nieuwenhuis, H.K., White, J.G.
Ultrastructural expression of P-selectin on surface activated
platelets. Platelets 1996, 7: 297-301.

14. Harker, L.A. The role of platelets in the early and late vascu-
lar responses initiated by mechanical vascular injury. Fibrinol
Proteol 1997, 11: 97-1083.

15. Palabrica, T., Lobb, R., Furie, B.C., Aronovitz, M., Benjamin,
C., Hsu, Y.M., Sajer, S.A., Furie, B. Leukocyte accumulation pro-
moting fibrin deposition is mediated in vivo by P-selectin on
adherent platelets. Nature 1992, 359: 848-51.

16. Rauch, U., Bonderman, D., Bohrmann, B., Badimon, J.J.,
Himber, J., Riederer, M.A., Nemerson, Y. Transfer of tissue fac-
tor from leukocytes to platelets is mediated by CD15 and tissue
factor. Blood 2000, 96: 170-5.

349

17. Celi, A., Pellegrini, G., Lorenzet, R., De Blasi, A., Ready, N.,
Furie, B.C., Furie, B. P-Selectin induces the expression of tissue
factor on monocytes. Proc Natl Acad Sci USA 1994, 91: 8767-71.

18. Bazzoni, G., Dejana, E., Del Maschio, A. Platelet-neutrophil
interactions. Possible relevance in the pathogenesis of thrombo-
sis and inflammation. Haematologica 1991, 76: 491-9.

19. Kumar, A., Villani, M.P., Patel, U.K., Keith, J.C. Jr., Schaub,
R.G. Recombinant soluble form of PSGL-1 accelerates throm-
bolysis and prevents reocclusion in a porcine model. Circulation
1999, 99: 1363-9.

20. Bienvenu, J.G., Tanguay, J.F., Theoret, J.F., Kumar, A,
Schaub, R.G., Merhi, Y. Recombinant soluble P-selectin glyco-
protein ligand-1-lg reduces restenosis through inhibition of
platelet-neutrophil adhesion after double angioplasty in swine.
Circulation 2001, 103: 1128-34.

21. Théorét, J.-F., Bienvenu, J.G., Kumar, A., Merhi, Y. P-
Selectin antagonism with recombinant P-selectin glycoprotein
ligand-1 (rPSGL-Ig) inhibits circulating activated platelet binding
to neutrophils induced by damaged arterial surfaces. J
Pharmacol Exp Ther 2001, 298: 658-64.

22. Wang, K., Zhou, Z., Zhou, X., Tarakji, K., Topol, E.J., Lincoff,
A.M. Prevention of intimal hyperplasia with recombinant soluble
P-selectin glycoprotein ligand-immunoglobulin in the porcine
coronary artery balloon injury model. J Am Coll Cardiol 2001, 38:
577-82.

23. Myers, D.D. Jr., Schaub, R., Wrobleski, S.K., Londy, F.J. lll,
Fex, B.A., Chapman, A.M., Greenfield, L.J., Wakefield, TW. P-
Selectin antagonism causes dose-dependent venous thrombosis
inhibition. Thromb Haemost 2001, 85: 423-9.

24. Myers, D.D., Wrobleski, S.K., Londy, F.J., Fex, B.A., Hawley,
A., Schaub, R., Greenfield, L.J., Wakefield, T.W. New and effec-
tive treatment of experimentally induced venous thrombosis with
anti-inflammatory rPSGL-Ig. Thromb Haemost 2002, 87: 374-
382.

25. Khor, S.P., McCarthy, K., DuPont, M., Murray, K., Timony, G.
Pharmacokinetics, pharmacodynamics, allometry, and dose
selection of rPSGL Ig for phase | trial. J Pharmacol Exp Ther
2000, 293: 618-24.

26. Battle, M., Getsy, J., Unruh, M. et al. Safety, tolerability and
pharmacokinetics of recombinant P-selectin glycoprotein ligand-
Ig (rPSGL-Ig) in healthy young and elderly subjects. Thromb
Haemost 2001, Suppl.: Abst P2027.

27. Wyeth to discontinue development of rPSGL-Ig for myocar-
dial infarction. DailyDrugNews.com (Daily Essentials) May 13,
2002.



	Description and Production
	Introduction
	Pharmacological Actions
	Pharmacokinetics
	Clinical Studies
	Source
	References

