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Platelets are blood cell fragments that originate from the cytoplasm of
megakaryocytes in the bone marrow and circulate in blood to play a
major role in the hemostatic process and in thrombus formation after
an endothelial injury. Recent studies have provided insight into platelet
functions in inflammation and atherosclerosis. A range of molecules,
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tributes to the cross-talk of platelets with other inflammatory cells
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¢ Platelet Activation in
Atherosclerosis

Platelet activation can be seen in the
different phases of atherosclerosis. De-
tection of activated platelets as defined
by P-selectin surface expression in pe-
ripheral blood of patients with unstable
atherosclerotic disease was first reported
by Fitzgerald et al. (1986). These circu-
lating activated platelets are very likely
to associate with thrombotic events. Cir-
culating activated platelets were also
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detected in the blood of atherosclerotic
rabbits (Tsao et al. 1994) and patients
with stable coronary disease (Furman
et al. 1998). Interestingly, most risk fac-
tors of atherosclerosis—including hyper-
cholesterolemia (Broijersen et al. 1998),
hypertension (Nityanand et al. 1993),
cigarette smoking (Nowak et al. 1987),
and diabetes (Manduteanu et al. 1992)—
are able to increase the number of acti-
vated platelets in circulation. The pres-
ence of circulating activated platelets
preceding massive thrombotic events
such as myocardial infarction or stroke
may be relevant to the development and
progression of atherosclerosis.

The molecular mechanisms responsi-
ble for platelet activation in atherosclero-
sis are unknown. In a thrombotic event,
platelet activation begins with the bind-
ing of adhesive receptors to their ligands
on extracellular matrix constituents
(Ruggeri 2002). This process is further
strengthened by signaling through «
thrombin produced on the membrane of
stimulated platelets, adenosine diphos-
phate (ADP) generated by vascular cells
and stimulated platelets, epinephrine re-
leased in response to stress, and throm-
boxane (TX) A, synthesized by stimulated
platelets (Ruggeri 2002). In the early
phase of atherosclerosis, platelet activa-
tion may be attributed to (a) reactive
oxygen species generated by risk factors
of atherosclerosis, including superoxide,
hydroxyl radical, and peroxynitrite; (b)
reduction in endothelial antithrombotic
properties such as production of nitric
oxide, prostacyclin, and CD39, an ecto-
ADPase that degrades ADP; or (c) an
increase in prothrombotic and proin-
flammatory mediators, including tissue
factor and chemokines in the circulation
or immobilized on the endothelium. Ad-
ditionally, following formation of lesions
on the vessel wall, platelet activation may
be initiated by ligation of GPIb with the
endothelial receptor P-selectin and en-
dothelial von Willebrand factor (VWF)
during platelet tethering on intact but
dysfunctional endothelium.

Platelet activation influences the devel-
opment of atherosclerosis. Inhibition of
platelet TX A, production by aspirin
(Cyrus et al. 2002) and indomethacin
(Pratico et al. 2001) or TX receptors
(Cayatte et al. 2000) by antagonist is
able to dramatically diminish the forma-
tion of atherosclerotic lesions. Some
conflicting data exist. For example, some
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findings did not support a beneficial ef-
fect of aspirin in atherosclerosis (Cayatte
et al. 2000, Napoli et al. 2002). Also, the
inhibitory effect of aspirin in atheroscle-
rosis may be achieved by suppressing
not only platelet cyclooxygenase (COX)-
1, but also COX-2 in macrophages and
smooth muscle cells in the vessel wall.

o Interaction of Activated
Platelets with Endothelium

Activated platelets are able to interact
with endothelium of postcapillary ven-
ules in mice with hypercholesterolemia
(Tailor and Granger 2003) or after stim-
ulation with the calcium ionophore
A23187 (Frenette et al. 1995). Consistent
with these studies, using epifluoresence
microscopy, we observed that in vitro-
activated, but not resting fluorescently
labeled, platelets interact transiently
but robustly with atherosclerotic carotid
arteries of apoE ™'~ mice in vivo (Huo
et al. 2003). These interactions are main-
ly characterized by transient tethering
and rolling, but firm adhesion is rare
(Huo et al. 2003). Platelet P-selectin is
indispensable during the interactions of
activated platelets with atherosclerotic
arteries (Huo et al. 2003). The endothe-
lial ligand for platelet P-selectin is un-
known. Employing a similar in vivo
model, Massberg et al. (2002) found that
platelet GPIb and GPIIb/IIIa are crucial
for platelet translocation and firm adhe-
sion, respectively. In addition to P-selec-
tin and GPIb, Theilmeier et al. (2002)
classified the VWF as an important mol-
ecule in both resting and activated plate-
let recruitment to atherosclerosis-prone
sites of arteries of rabbits with hypercho-
lesterolemia. These authors (Theilmeier
et al. 2002) also found GPIIb/IITa-mediat-
ed platelet adhesion. Regarding platelet
adhesion in these studies, the various
methods of endothelial preparation and
definitions of firm adhesion are likely to
influence the results. Consistent with the
observations by Ross (1999), under a
scanning electronic microscope, we did
not find platelets directly adherent to
atherosclerotic endothelium, even after
an injection of in vitro activated platelets.
Because there is no evidence suggesting
that platelets are able to transmigrate,
a substantial platelet accumulation on
luminal surfaces of atherosclerotic arter-
ies should be witnessed if firm platelet
adhesion on the atherosclerotic endothe-

lium occurs. However, we did find plate-
lets associated with monocytes adherent
to the vessel wall.

Platelets interacting with the endothe-
lium may influence the development and
progression of atherosclerosis through a
variety of mechanisms. The platelet
monolayer formed on the injured vessel
provides a platform for leukocyte re-
cruitment to vessel walls. This patho-
logic process—which occurs in the
thrombotic event—may not happen in
the context of spontaneous atherosclero-
sis, because platelets adherent to the
endothelium are, at most, sparse. Our
study (Huo et al. 2003) showed that
platelets transiently interacting with the
atherosclerotic endothelium are able to
deliver and deposit the chemokine
RANTES. This suggests that the contri-
bution of platelet—endothelial inter-
actions in atherosclerosis may be to
facilitate the delivery of platelet-derived
proinflammatory factors to atheroscle-
rotic arteries (Figure 1C).

The role of molecules mediating plate-
let—endothelial interactions in the devel-
opment of atherosclerosis has been
examined. Platelet P-selectin is indeed
important. Repeated injections of P-selec-
tin-expressing platelets into apoE ™/~
mice accelerated the formation of athero-
sclerotic lesions (Huo et al. 2003). Recon-
stituted mice whose platelets lack P-
selectin formed smaller lesions than did
control mice (Burger and Wagner 2003).
The effect of VWF on the development of
atherosclerosis is controversial. In pigs
without VWF, inconsistent observations
were reported regarding their resistance
to atherosclerosis (Bowie and Fuster
1980, Nichols et al. 1998). Deficiency of
VWEF in a limited number of patients also
did not show any protective role in devel-
opment of atherosclerosis (Sramek et al.
2001). Mice deficientin VWF demonstrat-
ed decreased atherosclerosis (Methia
et al. 2001). Although the effect may be
accredited to the lack of VWF-mediated
platelet interactions, other mechanisms
may also be involved. Endothelial cells
deficientin VWF have a defectin secretion
of P-selectin from their Weibel-Palade
bodies. Thus, endothelial P-selectin-medi-
ated monocyte recruitment in atheroscle-
rosis could be dramatically compromised
in these VWF mutant mice (Denis et al.
2001). Chronic inhibition of GPIb with
blocking antibody protected apoE '~
mice from atherosclerosis (Massberg
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Figure 1. Mechanisms by which activated platelets participate in the development of
atherosclerosis. (A) No interactions occur between resting platelets and monocytes. (B)
Activated platelets promote monocyte recruitment via platelet—monocyte interactions.
Activated platelets interacting with monocytes deliver their proinflammatory factors to
monocytes. Consequently, affinity and/or avidity of monocyte integrins are upregulated and
monocytes arrest on endothelium. Additionally, monocyte-platelet aggregates may employ
platelet P-selectin to mediate aggregates to interact with endothelium. (C) Activated platelets
promote monocyte recruitment via platelet-endothelial interactions. Activated platelets
transiently interacting with endothelium may deposit their proinflammatory factors on the
surface of endothelium, causing subsequent rolling monocyte arrest. Also, platelet-derived
proinflammatory factors may infiltrate into the vessel wall, triggering vascular cell prolifer-

ation, migration, and inflammation.

et al. 2002). GPIIb/IIla may be less
relevant to the development of athero-
sclerosis. Patients with Glanzmann
thrombasthenia lacking platelet glyco-
protein oypP3 (GPIIb/IITa) and P
receptors are not protected from athero-
sclerosis (Shpilberg et al. 2002). This is
further demonstrated in p3-deficient
mice. In atherosclerotic mice, deficiency
of B3 even promoted atherosclerosis and
caused significant pulmonary inflamma-
tion (Weng et al. 2003).

¢ Interaction of Activated
Platelets with Leukocytes

P-selectin on activated platelets initiates
theirinteractions with leukocytes. Among
leukocyte subtypes interacting with acti-
vated platelets, monocytes have a compet-
itive advantage over others in binding
activated platelets (Huo et al. 2003). The
property by which monocytes preferen-
tially bind platelets, a possible basis for
the role of activated platelets in the devel-
opment of atherosclerosis, is unknown.
Engagement of platelets with leukocytes
results in activation of the leukocyte
integrins Mac-1 and VLA-4. Consequent-
ly, interactions between activated plate-
lets and leukocytes will be stabilized due
to binding of leukocyte integrins to plate-
let intracellular adhesion molecule 2
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(ICAM-2) or adhesive plasma proteins
bound to activated GPIIb/IIla complex.
Recently, it was shown that GPIb is also
aligand for leukocyte Mac-1 (Simon et al.
2000). The life spans and destinies of
platelet-leukocyte aggregates are not
well defined. In a study using primates,
Michelson et al. (2001) found that the life
span of platelet—-monocyte aggregates
was not related to platelet P-selectin
shedding. In our in vivo study (Huo et al.
2003), 2 to 3 hours after an injection of
activated platelets, circulating platelet—
leukocyte aggregates were no longer de-
tectable and “normal” leukocyte subtype
populations were recovered. This time
course is consistent with the time that
circulating activated platelets take to
shed their P-selectin (Berger et al. 1998),
suggesting that most platelet-leukocyte
aggregates end up in disengagement.
However, the possibility that aggregates
sequester into peripheral tissues or mono-
cytes phagocytose platelets bound to their
surfaces cannot be excluded and needs to
be investigated. Alteration in monocyte/
macrophage function resulting from
platelet phagocytosis may systemically
regulate immune and inflammatory reac-
tions (Mulligan et al. 1993).

Platelets binding to monocytes regu-
late monocyte functions. Activated pla-
telets are able to upregulate affinity and/

or avidity of monocyte/leukocyte integ-
rins via P-selectin glycoprotein ligand-1
(PSGL-1) signaling or delivery of plate-
let-derived proinflammatory factors
(Figure 1B). Oxidative burst occurs on
monocytes in response to platelet bind-
ing. These rapid platelet-mediated regu-
lations may play a role in atherosclerosis
by promoting monocyte recruitment
(Figure 1B). Activated platelets are also
able to cause a variety of slow reactions.
Resting monocytes do not express tissue
factor, a protein involved in the initia-
tion of blood coagulation and the forma-
tion of atherosclerotic lesions. However,
upon interaction with platelet P-selectin,
transcription of tissue factor is activated.
Subsequently, tissue factor mRNA, pro-
tein, and activity are induced over sev-
eral hours (Celi et al. 1994), although
this was not confirmed in a later study
(Weyrich et al. 1995). Different cyto-
kines are induced when monocytes bind
platelet P-selectin through PSGL-1 and
are primed by several different synergis-
tic activators. Exposure of monocytes to
platelet P-selectin and platelet activating
factor mobilizes the transcription factor
nuclear factor-«B and induces expres-
sion of tumor necrosis factor a (TNFa)
and monocytes chemotactic protein 1
(MCP-1) (Weyrich et al. 1995). Mono-
cytes exposed to P-selectin and the
platelet-derived chemokine RANTES se-
crete a different set of cytokines, includ-
ing interleukin 8 (IL-8) and MCP-1
(Weyrich et al. 1996). These reactions
significantly contribute to the inflam-
matory and procoagulant response
in vascular thrombotic disease. It is
not clear whether these reactions can
be initiated during transient interac-
tions between monocytes and platelets.
Therefore, the relevance of these reac-
tions in the development of atheroscle-
rosis is unknown.

¢ Platelet-Derived Proinflammatory
Factors in Atherosclerosis

Upon activation, platelets release a
wealth of adhesive and proinflammatory
substances. Main organelles involved in
this release reaction are the open cana-
licular system, the o granules, and the
dense tubular system. Among them, the «
granules are the most important storage
compartments within the platelets for
adhesive proteins and peptides that me-
diate inflammation. Most of the substan-
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ces that are contained within the o gran-
ules are synthesized in megakaryocytes,
but it is possible that some of them
are endocytosed from the blood plasma.
Several groups of these substances are
relevant to inflammation and atheroscle-
rosis. Platelet factor 4 (PF-4), a member
of the C-X-C subfamily of chemokines, is
derived by limited proteolysis from plate-
let basic protein. PF-4 causes chemotaxis
of monocytes and other leukocytes. Re-
cent studies (Nassar et al. 2003) provide
more evidence for the involvement of PF-
4 in the development of atherosclerosis.
PF-4 enhances the binding of oxidized
low-density lipoprotein (oxLDL) to vas-
cular wall cells, including endothelial
cells and smooth muscle cells. PF-4, co-
localized with oxLDL in atherosclerotic
lesions, especially in macrophage-de-
rived foam cells, is able to dramatically
increase oxLDL esterification by macro-
phages. The presence of glycosaminogly-
cans on the cell surface is required for
these PF-4-mediated reactions (Nassar
et al. 2003, Sachais et al. 2002). RANTES
and macrophage inflammatory protein
(MIP)-1a are members of the C-C chemo-
kine subfamily. RANTES, first purified
as a product of activated T cells, is a
powerful chemoattractant for memory
T lymphocytes and monocytes. MIP-1«
also causes chemotaxis of CD8 T lympho-
cytes, a lymphocyte subset found in ath-
erosclerotic lesions of mice. Platelets
are able to deposit their RANTES on
the luminal surface of atherosclerotic
arteries, suggesting that platelet-derived
chemokines are possibly involved in the
development of atherosclerosis (Huo
et al. 2003, von Hundelshausen et al.
2001). Another a-granule constituent,
platelet-derived growth factor (PDGF),
is a cationic polypeptide composed of two
chains (A and B) that are linked by inter-
chain disulfide bridges. PDGF is the ma-
jor growth factor in platelets stimulating
vascular smooth muscle cell migration
and proliferation associated with intimal
hyperplasia. Also, PDGF is chemotactic
and activates monocytes. Therefore,
PDGF has long been speculated to be
an important participant in the develop-
ment of atherosclerosis. Endothelial
cells lack PDGF receptors and are un-
responsive to PDGF. Therefore, PDGF
may mainly target other vascular cells
in the vessel wall. Macrophages and
foam cells also produce PDGF through-
out the progression of atherosclerosis.
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To confirm that PDGF from platelets
contributes to the formation of athero-
sclerotic lesions, direct evidence is need-
ed to show that a portion of PDGF
in atherosclerotic lesions is really “plate-
let derived.”

In addition to the above mediators
from platelet a granules, IL-1f and
CD40 ligand (CD40L, CD154) from plate-
lets have recently received intense inter-
est. CD40L—a trimeric, transmembrane
protein of the TNF family originally iden-
tified on activated T cells—has been
found in platelets. CD40L is stored in
the cytoplasm of resting platelets and
rapidly presented on the surface after
activation (Hermann et al. 2001). The
surface-expressed CD40L is subsequently
cleaved over a period of minutes or hours,
generating a soluble but functional frag-
ment, sCD40L. Platelet-derived CD40L is
capable of initiating various inflammato-
ry responses on endothelial cells, includ-
ing production of reactive oxygen species
(Urbich et al. 2002), expression of adhe-
sion molecules (e.g., vascular cell adhe-
sion molecule 1, ICAM-1, and E-selectin),
chemokines (e.g., MCP-1 and IL-8), cyto-
kine IL-6 (Henn et al. 1998), and tissue
factor (Slupsky et al. 1998). In contrast to
CDA40L constitutively stored in platelet
cytoplasm, platelet IL-1p is synthesized
upon platelet activation (Hawrylowicz
et al. 1989). A portion of IL-1p is pre-
sented in its mature form on the platelet
membrane and induces endothelial cell
adhesiveness (Lindemann et al. 2001). It
is possible that these mediators from
the platelet source are involved in the
inflammatory process underlying athero-
sclerosis. Blockade of the CD40/CD40L
pathway has been shown to dramatically
diminish the development of atheroscle-
rosis (Mach et al. 1998). The contribu-
tion of platelet-derived CD40L in this
process has not been evaluated. To
achieve a proinflammatory effect, mem-
brane contact interactions are required
for these factors, especially for IL-1p.
Therefore, studies need to be performed
to investigate whether transient interac-
tions of platelets with endothelium are
able to trigger endothelial inflammation
in the context of atherosclerosis.

¢ Platelet Microparticles

Platelet microparticles, released from ac-
tivated platelets, contain most of the
platelet adhesive molecules and proin-

flammatory factors, and cause a variety
of inflammatory reactions, as do activat-
ed platelets. The role of activated platelets
in the development of atherosclerosis
may be partially attributed to platelet
microparticles.

¢ Conclusion

Thirty years after Ross et al. (1976) pro-
posed the involvement of platelets in
atherosclerosis, direct evidence now sup-
ports the conclusion that activated pla-
telets truly play an important role in the
development of atherosclerosis. Mecha-
nisms regarding the participation of
platelets in atherosclerosis, although par-
tially suggested in primary studies, have
not been fully examined yet. Investiga-
tion of these mechanisms may lead to
new approaches to curb the develop-
ment and progression of atherosclerosis.

¢ Acknowledgments

The authors thank Brian L. Harry and
Matthew C. Hyman for assistance in
preparation of this manuscript. This work
was supported by National Institutes of
Health grant HL-58108 to K.L and AHA
0120404U to Y. Huo.

References

Berger G, Hartwell DW, Wagner DD: 1999. P-
selectin and platelet clearance. Blood 92:
4446 -4452.

Bowie EJ, Fuster V: 2000. Resistance to athe-
rosclerosis in pigs with von Willebrand’s
disease. Acta Med Scand 642 (Suppl):
121-130.

Broijersen A, Hamsten A, Eriksson M, et al.:
2001a. Platelet activity in vivo in hyperlipo-
proteinemia—importance of combined hy-
perlipidemia. Thromb Haemost 79:268 -
275.

Burger PC, Wagner DD: 2001b. Platelet P-se-
lectin facilitates atherosclerotic lesion de-
velopment. Blood 101:2661-2666.

Cayatte AJ, Du Y, Oliver-Krasinski J, et al.:
1998a. The thromboxane receptor antago-
nist S18886 but not aspirin inhibits athero-
genesis in apo E-deficient mice: evidence
that eicosanoids other than thromboxane
contribute to atherosclerosis. Arterioscler
Thromb Vasc Biol 20:1724-1728.

Celi A, Pellegrini G, Lorenzet R, et al.: 1998b.
P-selectin induces the expression of tissue

21



factor on monocytes. Proc Natl Acad Sci
USA 91:8767-8771.

Cyrus T, Sung S, Zhao L, et al.: 1995. Effect of
low-dose aspirin on vascular inflammation,
plaque stability, and atherogenesis in low-
density lipoprotein receptor-deficient mice.
Circulation 106:1282-1287.

Denis CV, Andre P, Saffaripour S, Wagner
DD: 1995. Defect in regulated secretion of
P-selectin affects leukocyte recruitment in

von Willebrand factor-deficient mice. Proc
Natl Acad Sci USA 98:4072-4077.

Fitzgerald DJ, Roy L, Catella F, Fitzgerald GA:
1996. Platelet activation in unstable coro-
nary disease. N Engl J Med 315:983-989.

Frenette PS, Johnson RC, Hynes MR, Wagner
DD: 1994. Platelets roll on stimulated endo-
thelium in vivo: an interaction mediated by
endothelial P-selectin. Proc Natl Acad Sci
USA 92:7450-7454.

Furman MI, Benoit SE, Barnard MR, et al.:
1988. Increased platelet reactivity and cir-
culating monocyte-platelet aggregates in
patients with stable coronary artery disease.
J Am Coll Cardiol 31:352-358.

Hawrylowicz CM, Santoro SA, Platt FM, Un-
anue ER: 1986. Activated platelets express
IL-1 activity. J Immunol 143:4015-4018.

Henn V, Slupsky JR, Grafe M, et al.: 2002.
CD40 ligand on activated platelets triggers
an inflammatory reaction of endothelial
cells. Nature 391:591-594.

Hermann A, Rauch BH, Braun M, et al.: 1992.
Platelet CD40 ligand (CD40L)—subcellular
localization, regulation of expression, and in-
hibition by clopidogrel. Platelets 12:74-82.

Huo Y, Schober A, Forlow SB, et al.: 1989.
Circulating activated platelets exacerbate
atherosclerosis in mice deficient in apolipo-
protein E. Nat Med 9:61-67.

Lindemann S, Tolley ND, Dixon DA, et al.:
2002. Activated platelets mediate inflamma-
tory signaling by regulated interleukin 1be-
ta synthesis. J Cell Biol 154:485-490.

Mach F, Schonbeck U, Sukhova GK, et al.:
1994. Reduction of atherosclerosis in mice
by inhibition of CD40 signalling. Nature
394: 200-203.

Manduteanu I, Calb M, Lupu C, et al.: 1995.
Increased adhesion of human diabetic pla-
telets to cultured valvular endothelial cells.
J Submicrosc Cytol Pathol 24:539-547.

Massberg S, Brand K, Gruner S, et al.: 1995. A
critical role of platelet adhesion in the ini-
tiation of atherosclerotic lesion formation.
J Exp Med 196:887-896.

Methia N, Andre P, Denis CV, et al.: 1994.
Localized reduction of atherosclerosis in
von Willebrand factor-deficient mice. Blood
98:1424-1428.

Michelson AD, Barnard MR, Krueger LA,
et al.: 1992. Circulating monocyte-platelet

22

aggregates are a more sensitive marker of
in vivo platelet activation than platelet sur-
face P-selectin: studies in baboons, human
coronary intervention, and human acute
myocardial infarction. Circulation 104:
1533-1537.

Mulligan MS, Jones ML, Bolanowski MA,
et al.: 1993. Inhibition of lung inflammatory
reactions in rats by an anti-human IL-8 anti-
body. J Immunol 150:5585-5595.

Napoli C, Ackah E, De Nigris, et al.: 2002.
Chronic treatment with nitric oxide-releas-
ing aspirin reduces plasma low-density lip-
oprotein oxidation and oxidative stress,
arterial oxidation-specific epitopes, and
atherogenesis in hypercholesterolemic
mice. Proc Natl Acad Sci 99:12,467-12,470.

Nassar T, Sachais BS, Akkawi S, et al.: 2003.
Platelet factor 4 enhances the binding of
oxidized low-density lipoprotein to vascular
wall cells. J Biol Chem 278: 6187-6193.

Nichols TC, Bellinger DA, Reddick RL, et al.:
1998. von Willebrand factor does not influ-
ence atherogenesis in arteries subjected to
altered shear stress. Arterioscler Thromb
Vasc Biol 18:323-330.

Nityanand S, Pande I, Bajpai VK, et al.: 1993.
Platelets in essential hypertension. Thromb
Res 72:447-454.

Nowak J, Murray JJ, Oates JA, Fitzgerald GA:
1987. Biochemical evidence of a chronic ab-
normality in platelet and vascular function
in healthy individuals who smoke ciga-
rettes. Circulation 76:6-14.

Pratico D, Tillmann C, Zhang ZB, et al.: 2001.
Acceleration of atherogenesis by COX-1-
dependent prostanoid formation in low
density lipoprotein receptor knockout
mice. Proc Natl Acad Sci 98:3358-3363.

Ross R: 1999. Atherosclerosis—an inflamma-
tory disease. N Engl J Med 340:115-126.

Ross R, Glomset JA: 1976. The pathogenesis
of atherosclerosis. N Engl J Med 295:369—
3717.

Ruggeri ZM: 2002. Platelets in atherothrom-
bosis. Nat Med 8:1227-1234.

Sachais BS, Kuo A, Nassar T, et al.: 2002.
Platelet factor 4 binds to low-density lipo-
protein receptors and disrupts the endo-
cytic machinery, resulting in retention of
low-density lipoprotein on the cell surface.
Blood 99:3613-3622.

Shpilberg O, Rabi I, Schiller K, et al.: 2002.
Patients with Glanzmann thrombasthenia
lacking platelet glycoprotein alpha(Ilb)be-
ta(3) (GPIIb/IIIa) and alpha(v)beta(3) recep-
tors are not protected from atherosclerosis.
Circulation 105: 1044-1048.

Simon DI, Chen Z, Xu H, et al.: 2000. Platelet
glycoprotein Iba is a counterreceptor for
the leukocyte integrin Mac-1 (CD11b/CD18).
JExpMed 192:193-204.

Slupsky JR, Kalbas M, Willuweit A, et al.:

1998. Activated platelets induce tissue fac-
tor expression on human umbilical vein en-
dothelial cells by ligation of CD40. Thromb
Haemost 80:1008-1014.

Sramek A, Reiber JH, Gerrits WB, Rosendaal
FR: 2001. Decreased coagulability has no
clinically relevant effect on atherogenesis:
observations in individuals with a here-
ditary bleeding tendency. Circulation 104:
762-7617.

Tailor A, Granger DN: 2003. Hypercholes-
terolemia promotes p-selectin-dependent
platelet-endothelial cell adhesion in postca-
pillary venules. Arterioscler Thromb Vasc
Biol 23:675-680.

Theilmeier G, Michiels C, Spaepen E, et al.:
2002. Endothelial von Willebrand factor re-
cruits platelets to atherosclerosis-prone
sites in response to hypercholesterolemia.
Blood 99:4486-4493.

Tsao PS, Theilmeier G, Singer AH, et al.:
1994. L-arginine attenuates platelet reactiv-
ity in hypercholesterolemic rabbits. Arte-
rioscler Thromb 14:1529-1533.

Urbich C, Dernbach E, Aicher A, et al.: 2002.
CD40 ligand inhibits endothelial cell migra-
tion by increasing production of endothelial
reactive oxygen species. Circulation 106:
981-986.

von Hundelshausen P, Weber KS, Huo Y,
et al.: 2001. Rantes deposition by platelets
triggers monocyte arrest on inflamed and
atherosclerotic endothelium. Circulation
103:1772-17717.

Weng S, Zemany L, Standley KN, et al.: 2003.
B3 integrin deficiency promotes atheroscle-
rosis and pulmonary inflammation in high-
fat-fed, hyperlipidemic mice. Proc Natl
Acad Sci USA 100:6730-6735.

Weyrich AS, McIntyre TM, McEver RP, et al.:
1995. Monocyte tethering by P-selectin reg-
ulates monocyte chemotactic protein-1 and
tumor necrosis factor-a secretion. Signal in-
tegration and NF-kappaB translocation.
J Clin Invest 95:2297-2303.

Weyrich AS, Elstad MR, McEver RP, et al.:
1996. Activated platelets signal chemokine
synthesis by human monocytes. J Clin In-
vest 97:1525-1534.

PII S1050-1738(03)00169-5 TCM

TCM Vol. 14, No. 1, 2004



