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Abstract

The invited special lecture at the 76th Annual Scientific Meeting of the Japanese Circulation

Society focused on the central role of inflammation in vascular injury and repair. Early studies

pioneered the concept that mechanical injury, such as balloon angioplasty and endovascular stent

deployment, elicits an inflammatory response from the vessel wall. This hypothesis was developed

and substantiated at a time when the prevailing dogma viewed restenosis following angioplasty as

a primarily proliferative smooth muscle cell disease. Antibody targeting of Mac-1 reduced

leukocyte accumulation and limited neointimal formation following balloon injury or stent

implantation. Genetic absence of Mac-1 resulted in diminished leukocyte accumulation and

neointimal thickening after carotid artery injury in mice. In the course of those studies, our

laboratory made fundamental discoveries regarding the mechanism of leukocyte recruitment at

sites of vascular injury and identified platelet glycoprotein (GP) Ibα, a component of the GPIb-IX-

V complex, as the previously unknown platelet counter-receptor for Mac-1. Follow-on studies

have focused extensively on the structure, function, and signaling of the leukocyte integrin Mac-1.

The binding site for GPIbα in Mac-1 has been mapped and subsequently showed that leukocyte

engagement of platelet GPIbα via Mac-1 is critical not only for the biological response to vascular

injury, but also for thrombosis, vasculitis, glomerulonephritis, and multiple sclerosis, thereby

advancing the hypothesis that virtually all inflammation is platelet-dependent. Furthermore, ligand

engagement of Mac-1 initiates a novel gene program that promotes inflammation by activating

NFκB and downregulating the expression of the forkhead transcription factor Foxp1 that controls

monocyte differentiation. Small molecule inhibitors of Mac-1 function have been pursued,

including targeting of Mac-1-GPIbα binding or the downstream tyrosine kinase spleen tyrosine

kinase. Drs Teruo Inoue, Koichi Node, Tatsuya Fukotomi, Masashi Sakuma, Toshifumi Morooka,

and Kohsuke Nakajima, valued Japanese collaborators and post-doctoral fellows, have contributed

enormously to these discoveries.
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Inflammation and Vascular Injury

The biological repair response to mechanical vascular injury served as the initial focal point

of investigation of our group, providing a disease model to dissect molecular and cellular

mechanisms.1 From a historical perspective, Forrester and coworkers proposed a paradigm

for neointimal hyperplasia as a general wound-healing response based largely on

observations from animal studies.2 Platelet aggregation, inflammatory cell infiltration,

release of growth factors, medial smooth muscle cell (SMC) modulation and proliferation,

proteoglycan deposition, and extracellular matrix (ECM) remodeling were identified as the

major milestones in the temporal sequence of this response. In 1992, Dr Peter Libby and

colleagues first advanced the principle that inflammation could be central in this process,

proposing that autocrine or paracrine mediators (eg, interleukin [IL]-1β and tumor necrosis

factor [TNF]-α), the expressions of which are triggered by vascular injury, contribute to

deranged SMC behavior during restenosis.3 On the basis of experimental observations of

many investigators spanning greater than a decade, Welt and Rogers4 proposed an integrated

view of the molecular and cellular events of instent restenosis. A series of events are

initiated immediately after balloon inflation or stent deployment. The initial consequences

immediately after stent placement are endothelial denudation, crush of the plaque (often

with dissection into the tunica media and occasionally adventitia), and stretching of the

entire artery. A layer of platelets and fibrin is then deposited at the injured site. Activated

platelets on the surface expressing P-selectin attach to circulating leukocytes bearing

PSGL-1 (P-selectin glycoprotein ligand) and begin a process of rolling along the injured

surface. Leukocytes then bind tightly to the surface through the leukocyte β2-integrin Mac-1

(αMβ2, CD11b/CD18) via direct attachment to platelet receptors such as glycoprotein (GP)

Ibα. Migration of leukocytes across the platelet-fibrin layer and diapedesis into the tissue is

driven by chemical gradients of chemokines released from SMCs and resident macrophages.

Next is a granulation or cellular proliferation phase. Growth factors are subsequently

released from platelets, leukocytes, and SMCs, which stimulate migration of SMCs from the

media into the neointima. The resultant neointimal consists of SMCs, ECM, and

macrophages recruited over several weeks. Cellular division takes place in this phase, which

appears to be essential for the subsequent development of restenosis. The ECM is composed

of various collagen subtypes and proteoglycans5 and constitutes the major component of the

mature restenotic plaque.6 Over longer time periods, the artery enters a phase of ECM

remodeling with a shift to fewer cellular elements and greater production of ECM. In the

artery subjected to balloon angioplasty, reorganization of the ECM, replacing hydrated

molecules with collagen, may lead to shrinkage of the entire artery and negative

remodeling.7 In the stented artery, this phase has less effect, because of minimal negative

remodeling, although constituents of ECM such as hyaluronan, fibronectin, osteopontin and

vitronectin also facilitate SMC migration.8,9 In both balloon-angioplastied and stented

arteries, re-endothelialization of at least part of the injured vessel surface occurs.
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Animal Model and Human Evidence for the Role of Inflammation in

Restenosis

Experimental and clinical data indicate that leukocytes are central to intimal growth after

mechanical arterial injury. In animal models of vascular injury, leukocytes are recruited as a

precursor to intimal thickening.10,11 In animal models in which a stent is deployed to

produce deep vessel wall trauma, a brisk early inflammatory response is induced with

abundant surface-adherent neutrophils and monocytes.11 Days and weeks later,

macrophages accumulate within the developing neointima and are observed clustering

around stent struts. The number of vessel wall monocytes/macrophages positively correlates

with the neointimal area, suggesting a possible causal role for monocytes in restenosis. My

group and others have shown that blockade of early monocyte recruitment results in reduced

late neointimal thickening.12–14 Leukocytes most likely modulate vascular repair through

multiple mechanisms. Inflammatory cells may contribute to neointimal thickening because

of their direct bulk within the intima,15 generation of injurious reactive oxygen

intermediates,16 elaboration of growth and chemotactic factors,17 or production of enzymes

(eg, matrix metalloproteinases, cathepsin S) capable of degrading extracellular constituents

and thereby facilitating cell migration.18,19

Quantitative immunohistochemical analysis of directional coronary atherectomy specimens

from humans has shown that the number of macrophages present in the tissue at the time of

angioplasty predicts future restenosis.15 Farb et al reported findings from pathological

studies of 116 stents from 56 patients after PCI.20 A strong link between the extent of

medial damage, inflammation, and neointimal thickness was observed. Systemic markers of

inflammation also appear to be predictive of restenosis after balloon angioplasty. Stenting of

patients with stable angina and low levels of C-reactive protein (CRP) at baseline is

associated with a transient rise in CRP that returns to baseline within 48–72 h.21 Sustained

elevations of CRP are associated with an increased risk of clinical and angiographic

restenosis. Using flow cytometry, several groups have reported independently that balloon

angioplasty and stenting are associated with upregulation of neutrophil CD11b, which

positively correlated with clinical restenosis and late lumen loss,22–24 and that cell activation

occurred across the mechanically injured vessel.

Molecular Mechanisms of Inflammation

Leukocyte-platelet interactions are critical in the initiation and progression of

atherosclerosis,25 as well as restenosis.26 Platelet deposition precedes inflammatory cell

accumulation in mouse models of atherogenesis, and inhibition of platelet adhesion

dramatically reduces atherosclerotic lesion formation.25 However, the specific receptors

responsible for mediating adhesive interactions between neutrophils and platelets in vivo are

incompletely defined.

Recruitment of circulating leukocytes to vascular endothelium requires multistep adhesive

and signaling events, including selectin-mediated attachment and rolling, leukocyte

activation, and integrin-mediated firm adhesion and diapedesis that result in the infiltration

of inflammatory cells into the blood vessel wall.27 Firm attachment is mediated by members
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of the β2-integrin family, LFA-1 (αLβ2, CD11a/CD18), Mac-1 (αMβ2, CD11b/CD18), and

p150,95 (αxβ2, CD11c/CD18), which bind to endothelial counter ligands (eg, intercellular

adhesion molecule-1 [ICAM-1]), to endothelial-associated ECM proteins (eg, fibrinogen), or

to glycosaminoglycans.28

Importantly, leukocyte recruitment also occurs at sites of vascular injury where the lining

endothelial cells have been activated/denuded and platelets and fibrin have been deposited.

A similar sequential adhesion model of leukocyte attachment to and transmigration across

surface-adherent platelets has been proposed29 (Figure 1). The initial tethering and rolling of

leukocytes on platelet P-selectin30 are followed by their firm adhesion and transplatelet

migration, processes that are dependent on Mac-1.29

Experimental observations support a causal relationship between inflammation and

experimental restenosis. Antibody-mediated blockade12 or selective absence of Mac-126

diminished leukocyte accumulation and limited neointimal thickening after experimental

angioplasty or stent implantation. Targeting earlier, selectin-mediated interactions between

platelets and leukocytes also markedly reduces leukocyte recruitment and neointimal

thickening in a variety of animal models.31 Blockade of the monocyte chemoattractant

protein-1 (MCP-1) receptor, CCR2, has been shown to reduce neointimal thickening within

stented arterial segments.32 Interestingly, MCP-1 is upregulated after percutaneous coronary

intervention in humans, and MCP-1 levels correlate with the risk for restenosis.33

Importantly, the precise cellular and molecular mechanisms of inflammation after arterial

injury are highly dependent on the specific type of injury (ie, stent vs. balloon and

mechanical vs. atherogenesis). For example, experimental stent deployment in animal

arteries causes sustained elevation of MCP-1 after injury (14 days) compared with balloon-

injured arteries (24 h).34 Correspondingly, antibody-mediated blockade of CCR2 markedly

diminished neointimal thickening after stent-induced but not balloon-induced injury in non-

human primates.32 In contrast to targeting Mac-1, which reduces neointimal thickening after

experimental angioplasty,12,26,32 but does not attenuate atherogenesis,35 targeting MCP-1

also appears to benefit arteries affected by either mechanical injury or atherogenesis. Mice

genetically deficient in MCP-136 or CCR237 demonstrated significant reductions in aortic

lipid content, monocyte accumulation, and atherosclerotic lesion development, as well as

neointimal thickening after experimental angioplasty.38

Our research group has focused on identifying the platelet counter-receptor for Mac-1/αMβ2.

Evaluation of the structural features of integrins provides insight into candidate platelet

counter-receptors for Mac-1/αMβ2. Integrins are heterodimeric proteins composed of one α-

and one β-subunit. A subset of integrin α-subunits, including αM, contains an inserted

domain (I-domain) of 200 amino acids that is implicated in ligand binding39 and is strikingly

similar to the A- domains of von Willebrand factor (vWf),40 one of which, A1, mediates the

interaction of vWf with its platelet receptor, the glycoprotein (GP) Ib-IX-V complex.

Because of the similarity of the vWf A1 domain and the αMI-domain, we hypothesized that

GPIbα might also be able to bind Mac-1/αMβ2 and reported that GP Ibα is indeed a

constitutively expressed counter-receptor for Mac-1/αMβ2.41 Furthermore, under the
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conditions used in those studies, the predominant interaction between neutrophils and

platelets appeared to be between Mac-1/αMβ2 and GPIbα.

The αMI-domain contributes broadly to the recognition of ligands by αMβ239 and

specifically to the binding of GPIbα.41 This region has also been implicated in the binding

of ICAM-1,42 C3bi,43 and fibrinogen.42 My group localized the binding site for GPIbα

within the αMI-domain segment αMP201-K217 using a strategy based on the differences in

the binding of GPIbα to the αMI- and αLI-domains, which involved several independent

approaches, including screening of mutant cells, synthetic peptides, site-directed

mutagenesis, and gain-in-function analyses.44 The grafting of only 2 amino acids within this

segment into the αLI-domain converted it to a GPIbα binding protein. Thus, a small segment

that has a defined structure within the αMI-domain is necessary and sufficient for GPIbα

binding.

Although Mac-1/αMβ2 has a broad ligand binding repertoire, the precise ligand responsible

for leukocyte accumulation at sites of platelet deposition remained to be defined. Central to

unraveling the precise biological roles of Mac-1/αMβ2 was defining the biologically relevant

ligand(s) for this integrin. We went on to show that antibody targeting of αMP201-K217

(termed anti-M2) reduced Mac-1/αMβ2-dependent adhesion to GPIbα, but not other ligands,

in vitro and leukocyte accumulation after vascular injury in vivo.45 In a mouse femoral

artery injury model, treatment with anti-M2 antibody was accompanied by inhibition of

cellular proliferation and neointimal thickening.

Mac-1 Signaling

Pluripotent hematopoietic stem cells undergo progressive restriction in their lineage

potential to give rise to mature terminally differentiated cells. The process of hematopoietic

differentiation is thought to follow a developmentally ordered pattern of gene expression.

Transcription factors play a key role in the lineage determination and maturation of

hematopoietic cells.46 Identification of these regulators and determining the mechanism of

how they activate their target genes are important for understanding the development of

monocytes and macrophages. In the case of monocyte differentiation, several transcription

factors, including PU.1, C/EBPβ, AML1, EGR-1, MafB, IRF-8/ICSBP (interferon

regulatory factor-8/interferon consensus sequence-binding protein), and others, have been

implicated based on experimental evidence obtained from knockdown and gain-in-function

strategies both in vitro and in vivo.47 The transcriptional regulation of the c-fms gene, which

encodes for the macrophage colony-stimulating factor receptor (M-CSFR), is a focal point

of investigation because it is required for the differentiation, proliferation, and survival of

monocytic phagocytes.48,49

However, the precise external signals that control differentiation of peripheral blood

monocytes to tissue macrophages are incompletely defined. Monocytes leave the bone

marrow and travel through peripheral blood vessels. Once they reach a tissue, possibly in

response to MCSF, GM-CSF, MCP-1, and/or IL-3, they differentiate into macrophages by

growing in size and increasing their lysosomal compartment, the amount of hydrolytic

enzymes and the number and size of mitochondria, and the extent of their energy

metabolism.50
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My group was intrigued by the possibility that cell adhesion molecules participating in the

firm arrest and transmigration of blood-borne monocytes across endothelial and ECM

barriers could provide these signals. Integrins mediate adhesion of cells to extracellular

matrices, as well as intercellular interactions that are central to inflammation, immunity,

hemostasis, and tumor metastasis.51 These adhesive interactions transduce “outside-in”

signals that control complex cell functions, such as proliferation, differentiation, and

survival, and require the regulation of gene expression.52 Neutrophil and monocyte

recruitment in acute inflammation are mediated in part by the β2-integrin family of

receptors. Engagement of β2-integrins by a broad repertoire of ligands generates “outside-in”

signals leading to inflammatory cell activation and induction of genes encoding for IL-1β,

TNF-α, and tissue factor.53,54 The cytoplasmic tail of LFA-1 interacts with the

transcriptional co-activator JAB1 and modulates AP-1 activity by regulating JAB1 nuclear

localization.55 Mac-1 associates with IRAK1 (IL-1 receptor-associated kinase) and promotes

activation of NF-κB activity in a cascade involving TRAF6 (TNF receptor-associated factor

6) and TAK1 (TGF-β activated kinase 1).56

We described a new mechanism by which integrin engagement orchestrates monocyte

differentiation signals through the forkhead transcription factor (Foxp1).57 Based on prior

observations from our laboratory that antibody12 and gene26 targeting of Mac-1 attenuate

the biological inflammatory and neo-intimal thickening responses to vascular injury, we

hypothesized that clustering and activation of Mac-1 may initiate a novel gene program that

promotes vascular inflammation. We cloned an 85-kDa forkhead transcription factor

(originally termed Mac-1-regulated forkhead, found subsequently to be identical to Foxp1)

using differential display polymerase chain reaction that is downregulated in Mac-1-

clustered compared to -non-clustered monocytic THP-1 cells.57 Foxp1 is expressed in

untreated HL-60 cells and its expression was markedly reduced during phorbol ester-

induced monocyte differentiation. Over-expression of Foxp1 markedly attenuated phorbol

ester-induced expression of c-fms and was accompanied by decreased CD11b expression,

cell adhesiveness, and phagocytosis. Using electromobility shift and reporter assays, we

established that Foxp1 binds to forkhead binding sites within the c-fms promoter and

functions as a transcriptional repressor. Importantly, deficiency of Mac-1 is associated with

altered regulation of Foxp1 and monocyte maturation in vivo. Taken together, these

observations suggest that downregulation of Foxp1 by integrin engagement is essential for

the control of monocyte differentiation.

In follow-on studies, we directly tested whether Foxp1 plays a critical role in monocyte

differentiation and macrophage functions in vivo by generating transgenic mice expressing

human Foxp1 in monocyte/macrophage lineage cells using the CD68 promoter

(macFoxp1tg).58 We found that macrophage functions were globally impaired in

macFoxp1tg compared with wild-type cells. Osteoclastogenesis and bone resorption activity

were also attenuated in macFoxp1tg mice. In models of chemical and bacterial peritonitis,

macFoxp1tg mice exhibited reduced macrophage accumulation, bacterial clearance, and

survival. These studies delineated important physiologic roles for Mac-1 and Foxp1 in

monocyte differentiation and macrophage function.
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General Role for Leukocyte-Platelet Interactions in Inflammation

A particularly important development of these studies has been the unexpected observation

that leukocyte-platelet interactions broadly regulate inflammation and tissue injury in

diverse models of human disease. To examine mechanisms of inflammation-induced

thrombosis, for example, the laboratory of Dr Tanya Myadas developed a murine model of

thrombotic glomerulonephritis, a known cause of acute renal failure in patients.59 This

model, induced by lipopolysaccharide and antibody to the glomerular basement membrane,

led to rapid glomerular neutrophil recruitment, thrombotic glomerular lesions with

endothelial cell injury, and renal dysfunction. In mice immunodepleted of neutrophils or

lacking the leukocyte-specific integrin Mac-1, neutrophil recruitment, endothelial injury,

glomerular thrombosis, and acute renal failure were markedly attenuated, despite the robust

generation of renal cytokines. Importantly, platelets accumulated in glomerular capillaries

within 4 h of thrombotic glomerulonephritis before evidence of thrombosis. Targeting

Mac-1–GPIbα binding with anti-M2 antibody attenuated the severity of glomerular

thrombus formation and fibrin deposition, proteinuria and rise in serum creatinine. Another

surprising example of the importance of leukocyte-platelet interactions was observed

recently in a model of multiple sclerosis (MS). A major hallmark of MS and of its mouse

model, experimental autoimmune encephalomyelitis (EAE), is the infiltration of

inflammatory cells into the central nervous system (CNS). The laboratories of Drs Harald

Langer and Triantafyllos Chavakis demonstrated that platelets were present in a human

chronic active MS lesion, as well as in the CNS of mice subjected to EAE, but not in the

CNS from control non-diseased mice.60 Platelets contributed significantly to the

pathogenesis of EAE, as platelet depletion resulted in significantly ameliorated EAE

development in mice associated with reduced recruitment of leukocytes to the inflamed

CNS. In vitro, platelets interacted with inflammatory cells via the binding of the leukocyte

Mac-1 to the platelet GPIbα. Consistently, GPIbα-deficient mice displayed reduced

macrophage recruitment to the spinal cord after induction of EAE and decreased disease

severity. Moreover, blockade of Mac-1–GPIbα interaction with anti-M2 antibody attenuated

EAE in mice. Thus, platelets contribute to the pathogenesis of EAE by promoting

recruitment of inflammatory cells to the inflamed CNS and may, therefore, represent an

important new therapeutic target in MS.

Translational Therapeutic Approaches

Experimental and clinical studies support close interrelationship between inflammation and

thrombosis.61 Leukocyte-platelet interactions induce bidirectional signals that amplify pro-

inflammatory and pro-thrombotic cellular responses62 and are critical, for example, in the

initiation and progression of atherosclerosis,25 as well as restenosis26 and in thrombotic

events.63 Antithrombotic agents developed to date provide substantial benefits via inhibition

of thrombosis, but do not appear to affect the progression of underlying vascular

disease.64,65

Several in vitro lines of evidence suggest that inflammatory and thrombotic signaling

pathways converge on spleen tyrosine kinase (Syk), a 72-kDa signaling protein with kinase

and scaffolding activities (Figure 2). In platelets, phosphorylation of Syk has been reported
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following activation by multiple receptors (eg, GPVI, which mediates platelet adhesion and

activation to vascular collagen,66 GPIbα and GPIIb–IIIa67). Syk is also a mediator of

signaling events induced by high shear stress,68 following engagement of FcγRIIA, FcRγ,

FcαRI, and the C-type lectin receptor (CLEC-2).66,69–72 In leukocytes, Syk promotes the

recruitment of these cells to both inflamed and injured blood vessels. In the presence of

activated endothelium, Syk regulates selectin-dependent leukocyte rolling.73 At sites of

vascular injury with endothelial denudation and platelet deposition, leukocyte recruitment is

mediated by the leukocyte β2-integrin Mac-1 and the platelet counter-receptor GPIbα,26,45

both of which signal through Syk.74

Despite a well-described role for Syk in platelet and leukocyte biology, our understanding of

the contribution of Syk to platelet-mediated thrombosis and vascular inflammation in vivo

remains limited. This is likely explained by the severe phenotype associated with Syk

deficiency (embryonic lethality, anemia and petechial hemorrhages throughout the gut,

impairment of B-cell development75,76) and the lack of a highly selective Syk inhibitor,

which led to contradictory results. For example, although the results obtained with

pharmacologic inhibitor R406 support a role for Syk downstream of both GPVI and CLEC-2

in human washed platelets,77 oral administration of R406 blocked Fc receptor signaling and

reduced immune complex-mediated inflammation in whole blood, but had no significant

effect on collagen-induced platelet aggregation in platelet rich plasma.78 Furthermore, the

selectivity of R406 for Syk is open to question, because it inhibits multiple tyrosine

kinases.78,79 Similarly, the lack of a selective pharmacologic agent with favorable

pharmacokinetic properties has also limited the evaluation of Syk kinase activity in

atherogenesis and restenosis.

Studies performed in my group’s laboratory in collaboration with investigators from Portola

Pharmaceuticals using a novel and highly selective pharmacologic inhibitor of the spleen

tyrosine kinase Syk (PRT060318; 2-((1R,2S)-2-aminocyclohexylamino)-4-(m-

tolylamino)pyrimidine-5-carboxamide) coupled with genetic experiments, demonstrate that

Syk inhibition ameliorates both the acute and chronic response to vascular injury without

affecting hemostasis.80 Specifically, lack of Syk (murine radiation chimeras) attenuated

shear-induced thrombus formation ex vivo, and PRT060318 strongly inhibited arterial

thrombosis in vivo in multiple animal species while having minimal effect on bleeding.

Furthermore, leukocyte-platelet-dependent responses to vascular injury, including

inflammatory cell recruitment and neointima formation, were markedly inhibited by

PRT060318. Because leukocyte-platelet interactions are critical in the initiation and

progression of atherosclerosis,25 as well as restenosis,45 we examined the development of

atherosclerotic lesions in apolipoprotein E-deficient mice consuming a high-fat diet from 8

to 28 weeks of age. Mice were treated with PRT060318 (30 mg/kg) or vehicle control

administered via oral gavage twice daily for 3 weeks followed by 1 week off from 8 weeks

of age until 24 weeks of age for a total of 16 weeks. Plasma lipid profiles did not differ

significantly between vehicle control- and PRT060318-treated mice on the high-fat diet.

Treatment with PRT060318 did not affect the total white blood cell count, hemoglobin, or

platelet count. Aortas were harvested at 28 weeks of age for atherosclerotic lesion analysis.

Inhibition of Syk activity with PRT060318 resulted in a 36% reduction in lesion area in en
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face analysis of Sudan IV stained thoraco-abdominal aortas. Thus, Syk controls acute and

long-term responses to arterial vascular injury. The therapeutic potential of Syk may be

exemplary of a new class of antiatherothrombotic agents that target the interface between

thrombosis and inflammation.

The search for a small molecule inhibitor of the Mac-1–GPIbα binding interaction is a

second translational therapeutic approach under active investigation. The interaction of the

leukocyte integrin Mac-1 and platelet GPIbα has been implicated in a variety of

cardiovascular diseases, including atherothrombosis, neointimal formation,45 vasculitis, and

other disease, including glomerulonephritis,59 and demyelinating diseases.60 The anti-M2

antibody raised to the αMP201–K217 sequence in the I-domain of integrin blocks binding of

GPIbα and platelets to the integrin and to leukocytes.45 Importantly, anti-M2 antibody

blocks Mac-1–GPIbα binding, but does not inhibit binding of other Mac-1 ligands. This

behavior establishes the precedence that selective, small molecule inhibitors of Mac-1–

GPIbα binding can be developed and may have therapeutic utility. For initial screening of a

compound library, a binding assay using recombinant αMI-domain, the region of Mac-1 that

binds GPIbα, was developed. The αMI-domain was purified and fluorescently labeled, and

its binding to soluble GPIbα or CHO cells expressing GPIbα was assessed. After validating

assay sensitivity and specificity, a number of small molecule inhibitors have been identified

and are the focus of ongoing studies.

Conclusions

Leukocyte-platelet interactions govern inflammation in diverse disease models.

Investigation of the biological repair response to mechanical vascular injury has provided a

robust disease model for dissecting the molecular and cellular mechanisms. Identification of

the leukocyte integrin Mac-1 as a critical determinant of vascular inflammation and

neointimal formation drove studies investigating Mac-1’s structure, function, and signaling.

Translational studies are underway to leverage these basic discoveries in human health and

disease.
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Figure 1.
Leukocyte recruitment at site vascular injury with endothelial denudation and platelet

deposition. Sequential adhesion cascade of leukocyte attachment to and transmigration

across surface-adherent platelets involves the initial tethering and rolling of leukocytes on

platelet P-selectin and is followed by firm leukocyte adhesion and transplatelet migration,

processes that are dependent on leukocyte Mac-1 and platelet receptors, including GPIbα,

JAM-3, and fibrinogen bound to GPIIb/IIIa.
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Figure 2.
Mac-1 signaling, monocyte differentiation and pro-inflammatory gene expression. Mac-1

engagement and clustering recruits a Toll/IL-1 receptor family-like cascade involving

IRAK1 (IL-1 receptor-associated kinase), TRAF-6 (TNF- receptor-associated factor 6) and

TAK-1 (TGF-β-activated kinase) to modulate NFκB activity. Clustering of Mac-1 also leads

to downregulation of Foxp1, which functions as a transcriptional repressor of the MCSF-1

(macrophage colony-stimulating factor) receptor, c-fms. Leukocyte integrin signaling

pathways converge on spleen tyrosine kinase (Syk), a 72-kDa signaling protein with kinase

and scaffolding activities.
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