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Abstract :

Increasing evidence supports the role of stem and progenitor cells in vascular regeneration or injury. Following tissue ischemia,

progenitor cells are mobilized from their bone marrow or peripheral niches into circulation, adhere at sites of vascular lesion and

differentiate into a variety of mature cell types according to their origin and the local environment. Impairment in this

pathophysiological process due to either low numbers of circulating progenitor cells or dysfunctional progenitor cells leads to

inadequate vascular repair and upon co-existence with different cardiovascular risk factors to vascular injury and atherosclerosis.

Vascular repair is a complex process which includes mobilization, chemotaxis, adhesion, proliferation and differentiation of

progenitor cells. The common cardiovascular risk factors can impair this process resulting into inhibition of vascular healing and

enhancement of inflammatory pathways which ultimately leads to atherosclerosis. Although homing of progenitor cells into bone

marrow has been extensively studied, domiciliation of precursor cells into peripheral tissues and differentiation into mature cells are

poorly understood so far. Recently, the role of platelets in domiciliation and subsequent differentiation of progenitor cells has been

highlighted. Adherent platelets recruit circulating progenitor cells in vitro and in vivo and induce differentiation of the latter into

endothelial cells or macrophages and foam cells. Although further studies are needed to describe the mechanisms that lie underneath

these observations, it seems that platelet interaction with progenitor cells is an essential step in both vascular regeneration and injury.
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Introduction

Progenitor cells are a population of immature tissue

precursor cells capable of self-renewal and differen-

tiation into many different cell types [12]. They par-

ticipate in the regeneration of injured endothelium

and of ischemic organs [26]. On the other hand, recent

studies report that progenitor cells are critically in-

volved in the development of atherosclerotic plaques

elucidating this complex pathophysiological phe-

nomenon [57].

It becomes increasingly evident that blood platelets

do not only perform important functions in hemosta-

sis and thrombus formation, but are also involved in

vascular regeneration, inflammation and atherosclero-

sis [17]. Platelets are the first cells that adhere to sites

of vascular lesion, there upon secrete many growth

factors, chemokines and cytokines, and are capable of

interacting either with the vascular wall or with other

circulating blood cells and especially with progenitor

cells [17]. On the other hand, activated platelets ad-

hering to intact endothelial cells, lead to activation of

the latter and cause subsequent inflammation and

atheroprogression [31].
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The goal of this review is to briefly summarize the

role of platelets and progenitor cells in tissue regen-

eration and atherosclerosis and to present the current

data describing the interaction between progenitor

cells and platelets. Understanding the interaction be-

tween platelets and circulating progenitor cells is the

key to the main mechanism that lies behind tissue re-

generation or injury.

Platelets in vascular regeneration

Platelets are known for their role in hemostasis where

they prevent blood loss at sites of vascular injury.

Platelet adhesion, aggregation and formation of a pro-

coagulant surface leads to thrombin generation and fi-

brin formation [17]. Moreover, circulating platelets

release mediators and angiogenic factors, including

the chemokine stromal cell-derived factor-1, the cyto-

kines platelet factor 4 and CD40-ligand and the

growth factors vascular endothelial growth factor,

platelet-derived growth factor, transforming growth

factor-�, epidermal growth factor, insulin-like growth

factor, angiopoietin-related growth factor, promoting

tissue repair [17, 38, 47]. Platelet-derived serotonin

promotes tissue repair after normothermic hepatic

ischemia in mice, while liver regeneration and repair

are significantly reduced in platelet-depleted animals

[29, 36]. Autologous platelets are used as a source of

proteins for healing and tissue regeneration in dental

implant surgery with guided bone regeneration [1]. In

addition to proteins generated, activated and released

during the activation of clotting cascades, platelet-

derived lipid mediators, such as lysophosphatidate,

phosphatic acid and sphingosine 1-phosphate, are

known to play a crucial role in many aspects of angio-

genic response including liberation of endothelial

cells from established monolayers, chemotactic mi-

gration, proliferation and morphogenesis into capil-

lary-like structures [13]. Moreover, platelets express

a series of adhesion molecules including P-selectin,

GPIIb/IIIa, GPIb, junctional adhesion molecules, ��

integrins, which enable them to interact with endothe-

lial cells [16, 32], leucocytes [41, 46, 58] and also

with progenitor cells [9, 27, 34]. Since progenitor

cells are the precursor cells of many different types of

mature cells, their interaction with platelets is of ut-

most importance in understanding the complex phe-

nomenon of tissue regeneration.

Platelets in vascular injury

On the other hand, increasing evidence supports the

critical role of platelets in atherogenesis and athero-

progression. Activated platelets adhere to intact endo-

thelial cells of the vascular wall, express P-selectin on

their surface and release CD40-ligand and inter-

leukin-1�, which stimulate endothelial cells to pro-

vide an inflammatory environment that supports

proatherogenic alterations of endothelium [31, 52].

Adherent platelets on endothelial cells subsequently

recruit monocytes through ligand/receptor interac-

tions involving P-selectin and P-selectin glycoprotein

ligand-1, Mac-1 and glycoprotein IIb-IIIa (and fi-

brinogen bridging) or glycoprotein Iba [17]. Thereby,

platelets initiate monocyte secretion of chemokines,

cytokines, and procoagulatory tissue factor, upregu-

late and activate adhesion receptors and proteases,

and induce monocyte differentiation into macro-

phages [17]. Recently, we showed that platelets ad-

here to the vascular endothelium of the carotid artery

in apoE-deficient mice before the development of

manifest atherosclerotic lesions [31]. Platelet adhe-

sion to injured or inflamed vessel in vivo is a critical

step for the initiation of atherosclerotic lesion forma-

tion and subsequent atheroprogression [6, 22, 31, 33].

In accordance with these data, inhibition of

cyclooxygenase-1 (COX-1), an enzyme that is exclu-

sively presented in platelets, prevented lesion forma-

tion in apoE��� mice [5]. Enhanced systemic platelet

activation in humans has been described in a variety

of atherosclerotic diseases, including coronary artery

disease [56], transplant vasculopathy [14], and carotid

artery disease [15]. Thus, platelets provide the inflam-

matory basis for plaque formation before they physi-

cally occlude the vessel though thrombosis upon

plaque rupture.

Progenitor cells in vascular regeneration

The regenerative ability of progenitor cells following

organ injury (e.g. vasculogenesis [2, 4, 24]) is well es-

tablished. Bone marrow-derived, tissue resident and

circulating stem and progenitor cells, including hema-

topoietic CD34� progenitor cells, can exhibit tremen-

dous cellular differentiation in numerous organs. Pro-

genitor cells promote structural and functional repair
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in several organs such as heart, liver, kidney or brain

[7, 11, 35, 45]. For instance, CD34� cells have been

described to be recruited to the ischemic myocardium,

differentiating into cardiac and vascular cells, and re-

storing cardiac function [12, 37].

Intracoronary or transcoronary transplantation of

progenitor cells after myocardial infarction is associ-

ated with moderate but significant improvement in the

left ventricular ejection fraction and also with a sig-

nificant reduction of the occurrence of major adverse

cardiovascular events after acute myocardial infarc-

tion (AMI) [3, 43]. Mobilization of stem cells into the

peripheral circulation for myocardial regeneration us-

ing subcutaneous injections of granulocyte-colony-

stimulating factor (G-CSF) has been tested in patients

with AMI. G-CSF treatment seems to be safe and ini-

tial trials in patients with AMI were encouraging [25].

However, large double-blinded placebo-controlled tri-

als have not been able to demonstrate effects of G-

CSF treatment [39]. In patients with AMI or chronic

ischemic heart disease, G-CSF mobilized stem cells of

known importance for myocardial regeneration, but

there seemed to be a general lack of homing of the

stem cells into the ischemic myocardium [20, 39].

Given the limited recruitment of transplanted or mobi-

lized progenitor cells at sites of vascular injury, eluci-

dating the domiciliation mechanisms of progenitor

cells after tissue lesion is of utmost importance.

Progenitor cells in vascular injury

Increasing data imply the involvement of progenitor

cells in atherogenesis [57]. There are multiple ways

describing that both the absence and presence of pro-

genitor cells favour atheroprogression: (a) reduced

number of progenitor cells results in a consequent de-

layed vascular repair allowing the recruitment of in-

flammatory cells and the infiltration of oxidized low

density lipoprotein to sites of endothelial denudation

or dysfunction [55]. In addition patients at risk for

coronary artery disease have a decreased number of

circulating progenitor cells with impaired activity [19,

44, 53]. (b) Cardiovascular risk factors such as diabe-

tes and hyperlipidemia influence the functional capac-

ity of progenitor cells decreasing their ability to mi-

grate or to form endothelial colonies [54, 57]. (c) Cir-

culating smooth muscle progenitor cells or

hematopoietic progenitor cells could differentiate into

smooth muscle cells or macrophages and foam cells,

respectively, leading to the development of athero-

sclerotic plaque [9, 42]. Progenitor cells migrate to

sites of vascular injury and differentiate not only to an

endothelial phenotype [2] (vascular repair), but also

to vascular smooth muscle cells (SMCs) [21] or foam

cells [9] contributing therefore to neointimal forma-

tion [18] and finally to vascular disease. Circulating

smooth muscle progenitor cells contribute to athero-

sclerosis in vivo [40]. Moreover, Tanaka and col-

leagues showed that bone marrow cells contribute to

neointimal hyperplasia after mechanical vascular in-

juries [51]. However, it is poorly understood which

factors influence the fate of progenitor cells in dam-

aged tissues.

Platelet interaction with progenitor cells

The role of platelets in domiciliation of progenitor

cells at sites of vascular lesions has recently been de-

scribed [10, 23, 27, 34, 48–50]. While homing of

hematopoietic progenitor cells to bone marrow has

been extensively studied [28], the mechanisms of pro-

genitor cell domiciliation to sites of tissue injury are

poorly understood. Domiciliation is a multi-step cas-

cade including the initial adhesion to activated endo-

thelium or exposed matrix, transmigration through the

endothelium, and finally migration and invasion to

the target tissue.

Vascular injury due to systemic platelet activation

and/or endothelial dysfunction is characterized with

enhanced platelet adhesion either to the exposed sub-

endothelium or to inflamed endothelium [8, 33]. We

recently showed that platelet adhesion constitutes an

essential step for the targeting of progenitor cells to

sites of endothelial dysfunction [34, 50]. Platelets in-

duce chemotaxis and migration of murine embryonic

endothelial progenitor cells [27]. The combination of

platelets and fibrin promoted CD34� cell migration

even to a greater extent than vascular endothelial

growth factor in vitro [10]. Moreover, the chemokine

stromal cell-derived factor-1 (SDF-1) was found to be

secreted by activated platelets, which supports che-

motaxis and primary recruitment of progenitor cells

on the surface of arterial thrombi in vivo [34]. Pre-

treatment of mice with a function-blocking mono-

clonal antibody to SDF-1, showed a significant at-
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tenuation of progenitor cells accumulation within the

growing platelet-rich thrombus in vivo [34]. Moreo-

ver, cytokine-mediated deployment of SDF-1 coming

from activated platelets induces revascularization

through mobilization of CXCR4� hemangiocytes

[23].

Using real-time in vivo double fluorescence micros-

copy of the mouse carotid artery we demonstrated that

CD34� and c-Kit� Sca-1� Lin-1� (KSL) bone marrow-

derived progenitor cells directly adhere to platelets

after vascular injury in a process that involves platelet

P-selectin and GPIIb integrin. Platelet-progenitor cell

adhesion is an essential step for the recruitment of

progenitor cells to vascular injury areas because pro-

genitor cells do not directly adhere to subendothelial

matrix proteins under high arterial shear. Flow cy-

tometric experiments showed that progenitor cells do

not express on their surface the respective adhesion

receptors to collagen, fibronectin, fibrinogen and

vitronectin, the main components of extracellular ma-

trix (such as GPIb-V-IX and GPVI). Moreover plate-

let depletion through blocking monoclonal antibodies

to GPIb and GPVI virtually completely blocked the

recruitment of CD34� to sites of vascular injury in

vivo [34].

Consistent with the findings in the mouse model,

human CD34� cells adhere to immobilized human

platelets but not to immobilized collagen type I alone,

which represents the major extracellular matrix com-

ponent of the injured arterial wall [9]. Adhesion of

human CD34� cells to immobilized platelets is sig-

nificantly attenuated in the presence of blocking

mAbs anti-CD162 or anti-CD62P indicating that the

platelet P-selectin interacts with the endothelial pro-

genitor cells (EPCs) through interaction with P-

selectin glycoprotein ligand-1 [9, 10, 30]. Moreover,
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both ��- and ��-integrins expressed on EPCs surface

are involved in the adhesion process between immo-

bilized platelets and human progenitor cells [9] (Fig.

1). Furthermore interestingly, the direct binding of

CD34� cells to non-stimulated and even to stimulated

endothelial cells was limited under flow, implicating

that CD34� cells are inert to (dys)functional endothe-

lial cells [9, 10]. After vascular injury, CD34� cells

adhere to denuded mouse carotid arteries [10]. There-

fore, platelets act as an intermediate mediator to tether

progenitor cells, indicating that platelets are a prereq-

uisite for the initial step of the homing process of

CD34� cells to vascular injury.

Platelets play a critical part not only in the capture,

but also in the subsequent differentiation of murine

EPCs, inducing the differentiation of the latter into

spindle-shaped cells which are positive for vWF [27].

Progenitor cells recruited to platelet aggregates give

rise to neointimal cells, indicating that accumulation

of progenitor cells in arterial thrombi may contribute

to vascular repair and pathological remodelling in

vivo [34]. In the human system, co-culture of platelets

and CD34� cells results in decreased number of apop-

totic progenitor cells indicating that platelets support

the survival of the latter [10]. Furthermore, human

CD34� progenitor cells can form colonies on immobi-

lized platelets similar to immobilized fibronectin, and

further differentiate into mature endothelial cells [9,

10, 50] (Fig. 1).

In vitro co-culture experiments for 1–2 weeks be-

tween platelets (2 × 10�/ml) and human CD34� pro-

genitor cells induce distinct morphological changes of

the latter and differentiation into macrophages at an

early phase and later on into foam cells (Fig. 2) [9].

These cells are positive for naphtyl-acetate-esterase

and CD68 staining, indicating differentiation into the
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macrophage/monocytic lineage. By Sudan red III

staining, we found out that a subpopulation of human

CD34� cells transform into large granular and lipid-rich

cells, a morphology typical for foam cells (Fig. 2) [9].

Phagocytosis of platelets is involved in foam cell

generation derived from CD34� progenitor cells [9].

Phase contrast microscopy shows that these foam

cells are surrounded by a platelet-free zone, indicating

enhanced phagocytotic activity of these cells. Trans-

mission electron microscopy of the foam cells re-

vealed the presence of multiple vesicles with phago-

cytosed platelets or platelet fragments. We found that

internalization of platelets occurred rapidly and after

24h a substantial number of platelets were internal-

ized by foam cells [9].

Platelet interaction with progenitor cells:

vascular regeneration or injury?

Recent studies provide evidence that platelets interact

with progenitor cells regulating domiciliation and dif-

ferentiation of the latter: (a) activated platelets sup-

port mobilization and chemotaxis of progenitor cells

through release of the chemokine SDF-1, (b) adherent

platelets support recruitment of progenitor cells in vi-

tro and in vivo, (c) activated platelets support the sur-

vival of progenitor cells, (d) adherent platelets regu-

late differentiation of human progenitor cells into en-

dothelial cells in vitro and (e) platelet phagocytosis by

progenitor cells leads to the differentiation of the lat-

ter to macrophages and foam cells in vitro.

Although there is increasing evidence that bone-

marrow-derived progenitor cells play a decisive role

in vascular regeneration or injury, the mechanisms

that lie behind are poorly understood so far. What de-

termines their fate in peripheral tissues remains to be

answered in future studies. Moreover, taking for

granted the plasticity of progenitor cells, i.e their abil-

ity to differentiate into different cell types, the local

environment at sites of vascular injury seems to play

a decisive role, not only in the recruitment of progeni-

tor cells, but also in their further differentiation. The

recently described progenitor cell interaction with ad-

herent platelets may potentially help us to understand

the mechanisms regulating both, vascular regenera-

tion and injury.

References

1. Anitua E, Andia I, Ardanza B, Nurden P, Nurden AT:

Autologous platelets as a source of proteins for healing

and tissue regeneration. Thromb Haemost, 2004, 91,

4–15.

2. Asahara T, Murohara T, Sullivan A, Silver M, van der

Zee R, Li T, Witzenbichler B et al.: Isolation of putative

progenitor endothelial cells for angiogenesis. Science,

1997, 275, 964–967.

3. Assmus B, Honold J, Schachinger V, Britten M,

Fischer-Rasokat U, Lehmann R, Teupe C et al.: Transco-

ronary transplantation of progenitor cells after myocar-

dial infarction. N Engl J Med, 2006, 355, 1222–1232.

4. Assmus B, Schachinger V, Teupe C, Britten M, Lehmann

R, Dobert N, Grunwald F et al.: Transplantation of Pro-

genitor Cells and Regeneration Enhancement in Acute

Myocardial Infarction (TOPCARE-AMI). Circulation,

2002, 106, 3009–3017.

5. Belton OA, Duffy A, Toomey S, Fitzgerald DJ: Cyclo-

oxygenase isoforms and platelet vessel wall interactions

in the apolipoprotein E knockout mouse model of athero-

sclerosis. Circulation, 2003, 108, 3017–3023.

6. Burger PC, Wagner DD: Platelet P-selectin facilitates

atherosclerotic lesion development. Blood, 2003, 101,

2661–2666.

7. Cantley L: Adult stem cells in the repair of the injured

renal tubule. Nat Clin Pract Nephrol, 2005, 1, 22–32.

8. Chen J, Lopez JA: Interactions of platelets with subendo-

thelium and endothelium. Microcirculation, 2005, 12,

235–246.

9. Daub K, Langer H, Seizer P, Stellos K, May A, Goyal P,

Bigalke B et al.: Platelets induce differentiation of hu-

man CD34+-progenitor cells into foam cells and endo-

thelial cells. FASEB J, 2006, 20, 2559–2561.

10. de Boer HC, Verseyden C, Ulfman LH, Zwaginga JJ, Bot

I, Biessen EA, Rabelink TJ et al.: Fibrin and activated

platelets cooperatively guide stem cells to a vascular in-

jury and promote differentiation towards an endothelial

cell phenotype. Arterioscler Thromb Vasc Biol, 2006, 26,

1653–1659.

11. Dietrich J, Kempermann G: Role of endogenous neural

stem cells in neurological disease and brain repair. Adv

Exp Med Biol, 2006, 557, 191–220.

12. Dimmeler S, Zeiher AM, Schneider MD: Unchain my

heart: the scientific foundations of cardiac repair. J Clin

Invest, 2005, 115, 572–583.

13. English D, Garcia J, Brindley D: Platelet-released phos-

pholipids link haemostasis and angiogenesis. Cardiovasc

Res, 2001, 49, 588–599.

14. Fateh-Moghadam S, Bocksch W, Ruf A, Dickfeld T,

Schartl M, Pogatsa-Murray G, Hetzer R et al.: Changes

in surface expression of platelet membrane glycoproteins

and progression of heart transplant vasculopathy. Circu-

lation, 2000, 102, 890–897.

15. Fateh-Moghadam S, Li Z, Ersel S, Reuter T, Htun P,

Plockinger U, Bocksch W et al.: Platelet degranulation is

associated with progression of intima-media thickness of

the common carotid artery in patients with diabetes mel-

106 �����������	��� 
����
�� ����� ��� �������



litus type 2. Arterioscler Thromb Vasc Biol, 2005, 25,

1299–1303.

16. Frenette P, Denis C, Weiss L, Jurk K, Subbarao S, Kehrel

B, Hartwig J et al.: P-selectin glycoprotein ligand 1

(PSGL-1) is expressed on platelets and can mediate

platelet-endothelial interactions in vivo. J Exp Med,

2000, 191, 1413–1422.

17. Gawaz M, Langer H, May AE: Platelets in inflammation

and atherogenesis. J Clin Invest, 2005, 115, 3378–3384.

18. Han CI, Campbell GR, Campbell JH: Circulating bone

marrow cells can contribute to neointimal formation.

J Vasc Res, 2001, 38, 113–119.

19. Heiss C, Keymel S, Niesler U, Ziemann J, Kelm M,

Kalka C: Impaired progenitor cell activity in age-related

endothelial dysfunction. J Am Coll Cardiol, 2005, 45,

1441–1448.

20. Honold J, Lehmann R, Heeschen C, Walter D, Assmus

B, Sasaki K, Martin H et al.: Effects of granulocyte col-

ony stimulating factor on functional activities of endo-

thelial progenitor cells in patients with chronic ischemic

heart disease. Arterioscler Thromb Vasc Biol, 2006, 26,

2238–2243.

21. Hu Y, Zhang Z, Torsney E, Afzal AR, Davison F,

Metzler B, Xu Q: Abundant progenitor cells in the ad-

ventitia contribute to atherosclerosis of vein grafts in

ApoE-deficient mice. J Clin Invest, 2004, 113,

1258–1265.

22. Huo Y, Schober A, Forlow SB, Smith DF, Hyman MC,

Jung S, Littman DR et al.: Circulating activated platelets

exacerbate atherosclerosis in mice deficient in apolipo-

protein E. Nat Med, 2003, 9, 61–67.

23. Jin DK, Shido K, Kopp HG, Petit I, Shmelkov SV,

Young LM, Hooper AT et al.: Cytokine-mediated de-

ployment of SDF-1 induces revascularization through re-

cruitment of CXCR4+ hemangiocytes. Nat Med, 2006,

12, 557–567.

24. Kalka C, Masuda H, Takahashi T, Kalka-Moll WM, Sil-

ver M, Kearney M, Li T et al.: Transplantation of ex vivo

expanded endothelial progenitor cells for therapeutic

neovascularization. Proc Natl Acad Sci USA, 2000, 97,

3422–3427.

25. Kastrup J, Ripa RS, Wang Y, Jorgensen E: Myocardial

regeneration induced by granulocyte-colony-stimulating

factor mobilization of stem cells in patients with acute or

chronic ischaemic heart disease: a non-invasive alterna-

tive for clinical stem cell therapy? Eur Heart J, 2006, 27,

2748–2754.

26. Kawamoto A, Tkebuchava T, Yamaguchi J, Nishimura

H, Yoon YS, Milliken C, Uchida S et al.: Intramyocar-

dial transplantation of autologous endothelial progenitor

cells for therapeutic neovascularization of myocardial

ischemia. Circulation, 2003, 107, 461–468.

27. Langer H, May AE, Daub K, Heinzmann U, Lang P,

Schumm M, Vestweber D et al.: Adherent platelets re-

cruit and induce differentiation of murine embryonic en-

dothelial progenitor cells to mature endothelial cells in

vitro. Circ Res, 2006, 98, e2–10.

28. Lapidot T, Dar A, Kollet O: How do stem cells find their

way home? Blood, 2005, 106, 1901–1910.

29. Lesurtel M, Graf R, Aleil B, Walther D, Tian Y, Jochum

W, Gachet C et al.: Platelet-derived serotonin mediates

liver regeneration. Science, 2006, 312, 104–107.

30. Lev EI, Estrov Z, Aboulfatova K, Harris D, Granada JF,

Alviar C, Kleiman NS et al.: Potential role of activated

platelets in homing of human endothelial progenitor cells

to subendothelial matrix. Thromb Haemost, 2006, 96,

498–504.

31. Massberg S, Brand K, Gruner S, Page S, Muller E, Mul-

ler I, Bergmeier W et al.: A critical role of platelet adhe-

sion in the initiation of atherosclerotic lesion formation.

J Exp Med, 2002, 196, 887–896.

32. Massberg S, Enders G, Matos F, Tomic L, Leiderer R,

Eisenmenger S, Messmer K et al.: Fibrinogen deposition

at the postischemic vessel wall promotes platelet adhe-

sion during ischemia-reperfusion in vivo. Blood, 1999,

94, 3829–3838.

33. Massberg S, Gawaz M, Gruner S, Schulte V, Konrad I,

Zohlnhofer D, Heinzmann U et al.: A crucial role of gly-

coprotein VI for platelet recruitment to the injured arte-

rial wall in vivo. J Exp Med, 2003, 197, 41–49.

34. Massberg S, Konrad I, Schurzinger K, Lorenz M,

Schneider S, Zohlnhoefer D, Hoppe K et al.: Platelets se-

crete stromal cell-derived factor 1alpha and recruit bone

marrow-derived progenitor cells to arterial thrombi in

vivo. J Exp Med, 2006, 203, 1221–1233.

35. Murry C, Reinecke H, Pabon L: Regeneration gaps. Ob-

servations on stem cells and cardiac repair. J Am Coll

Cardiol, 2006, 47, 1777–1785.

36. Nocito A, Georgiev P, Dahm F, Jochum W, Bader M,

Graf R, Clavien P: Platelets and platelet-derived sero-

tonin promote tissue repair after normothermic hepatic

ischemia in mice. Hepatology, 2007, 45, 369–376.

37. Numaguchi Y, Sone T, Okumura K, Ishii M, Morita Y,

Kubota R, Yokouchi K et al.: The impact of the capabil-

ity of circulating progenitor cell to differentiate on myo-

cardial salvage in patients with primary acute myocardial

infarction. Circulation, 2006, 4, I114–119.

38. Oike Y, Yasunaga K, Ito Y, Matsumoto S, Maekawa H,

Morisada T, Arai F et al.: Angiopoietin-related growth

factor (AGF) promotes epidermal proliferation, remodel-

ing, and regeneration. Proc Natl Acad Sci USA, 2003,

100, 9494–9499.

39. Ripa RS, Jorgensen E, Wang Y, Thune J, Nilsson J, Son-

dergaard L, Johnsen HE et al.: Stem cell mobilization in-

duced by subcutaneous granulocyte-colony stimulating

factor to improve cardiac regeneration after acute ST-

elevation myocardial infarction: result of the double-

blind, randomized, placebo-controlled stem cells in myo-

cardial infarction (STEMMI) trial. Circulation, 2006,

113, 1983–1992.

40. Saiura A, Sata M, Hirata Y, Nagai R, Makuuchi M: Cir-

culating smooth muscle progenitor cells contribute to

atherosclerosis. Nat Med, 2001, 7, 382–383.

41. Santoso S, Sachs DH, Kroll H, Linder M, Ruf A, Preiss-

ner K, Chavakis T: The junctional adhesion molecule 3

(JAM-3) on human platelets is a counterreceptor for the

leukocyte integrin Mac-1. J Exp Med, 2002, 196,

679–691.

42. Sata M, Saiura A, Kunisato A, Tojo A, Okada S,

Tokuhisa T, Hirai H et al.: Hematopoietic stem cells dif-

�����������	��� 
����
�� ����� ��� ������� 107

Platelet interaction with progenitor cells
������������ ��	

�� 	� �
�



ferentiate into vascular cells that participate in the patho-

genesis of atherosclerosis. Nat Med, 2002, 8, 403–409.

43. Schachinger V, Erbs S, Elsasser A, Haberbosch W, Ham-

brecht R, Holschermann H, Yu J et al.: Improved clinical

outcome after intracoronary administration of bone-

marrow-derived progenitor cells in acute myocardial in-

farction: final 1-year results of the REPAIR-AMI trial.

Eur Heart J, 2006, 27, 2775–2783.

44. Schmidt-Lucke C, Rossig L, Fichtlscherer S, Vasa M,

Britten M, Kamper U, Dimmeler S et al.: Reduced

number of circulating endothelial progenitor cells pre-

dicts future cardiovascular events: proof of concept for

the clinical importance of endogenous vascular repair.

Circulation, 2005, 111, 2981–2987.

45. Shafritz DA, Oertel M, Menthena A, Nierhoff D, Dabeva

MD: Liver stem cells and prospects for liver reconstitu-

tion by transplanted cells. Hepatology, 2006, 43, S89–98.

46. Simon D, Chen Z, Xu H, Li C, Dong J, McIntire L, Bal-

lantyne C et al.: Platelet glycoprotein ibalpha is a coun-

terreceptor for the leukocyte integrin Mac-1

(CD11b/CD18). J Exp Med, 2000, 192, 193–204.

47. Spencer E, Tokunaga A, Hunt T: Insuline-like growth

factor binding protein-3 is present in the alpha-granules

of platelets. Endocrinology, 1993, 132, 996–1001.

48. Stellos K, Gawaz M: Platelet interaction with progenitor

cells: potential implications for regenerative medicine.

Thromb Haemost, 2007, 98, 922–999.

49. Stellos K, Gawaz M: Platelets and stromal cell-derived

factor-1 in progenitor cell recruitment. Semin Thromb

Hemost, 2007, 33, 159–164.

50. Stellos K, Langer H, Daub K, Schoenberger T, Gauss A,

Geisler T, Bigalke B et al.: Platelet-derived stromal cell

derived factor-1 regulates adhesion and promotes

differentiation of human cd34+ cells to endothelial

progenitor cells. Circulation. 2007 Dec 17 [Epub ahead

of print].

51. Tanaka K, Sata M, Hirata Y, Nagai R: Diverse contribu-

tion of bone marrow cells to neointimal hyperplasia after

mechanical vascular injuries. Circ Res, 2003, 93,

783–790.

52. Theilmeier G, Michiels C, Spaepen E, Vreys I, Collen D,

Vermylen J, Hoylaerts MF: Endothelial von Willebrand

factor recruits platelets to atherosclerosis-prone sites in

response to hypercholesterolemia. Blood, 2002, 99,

4486–4493.

53. Urbich C, Dimmeler S: Risk factors for coronary artery

disease, circulating endothelial progenitor cells, and the

role of HMG-CoA reductase inhibitors. Kidney Int,

2005, 67, 1672–1676.

54. Vasa M, Fichtlscherer S, Aicher A, Adler K, Urbich C,

Martin H, Zeiher AM et al.: Number and migratory ac-

tivity of circulating endothelial progenitor cells inversely

correlate with risk factors for coronary artery disease.

Circ Res, 2001, 89, E1–7.

55. Werner N, Kosiol S, Schiegl T, Ahlers P, Walenta K,

Link A, Bohm M et al.: Circulating endothelial progeni-

tor cells and cardiovascular outcomes. N Engl J Med,

2005, 353, 999–1007.

56. Willoughby S, Holmes A, Loscalzo J: Platelets and car-

diovascular disease. Eur J Cardiovasc Nurs, 2002, 1,

273–288.

57. Xu Q: The impact of progenitor cells in atherosclerosis.

Nat Clin Pract Cardiovasc Med, 2006, 3, 94–101.

58. Yang J, Furie B, Furie B: The biology of P-selectin gly-

coprotein ligand-1: its role as a selectin counterreceptor

in leukocyte-endothelial and leukocyte-platelet interac-

tion. Thromb Haemost, 1999, 81, 1–7.

��������	

-)�)�� ��
  ���9 �� ������� �+�#& ���+��� �:
  ���'

108 �����������	��� 
����
�� ����� ��� �������


	2 	EDITORIAL Œ 
	MAJOR ENDOTHELIAL MEDIATORS
	3	REVIEW Œ Prostacyclin among prostanoids.
	Ryszard J. Gryglewski



	12	REVIEW Œ Dual control of vascular tone and remodelling by ATP released from nerves and endothelial cells.
	Geoffrey Burnstock

	21	REVIEW Œ NADPH oxidase-derived reactive oxygen species in the regulation of endothelial phenotype.
	Rafa³ Dworakowski, Sara P. Alom-Ruiz, Ajay M. Shah

	29	Renal vascular cytochrome P450-derived eicosanoids in androgen-induced hypertension.
	Harpreet Singh, Michal L. Schwartzman

	38	REVIEW Œ Biliverdin reductase: new features of an old enzyme and its potential therapeutic significance.
	Urszula M. Florczyk, Alicja Jozkowicz, Jozef Dulak

	49	MINIREVIEW Œ Gender and the endothelium.
	Karolina Kublickiene, Leanid Luksha

	ENDOTHELIAL REGULATION OF CARDIOVASCULAR SYSTEM
	61	Distinct hydrogen peroxide-induced constriction in multiple mouse arteries: potential influence of vascular polarization.
	Noelia Ardanaz, William H. Beierwaltes, Patrick J. Pagano


	68	REVIEW Œ Gap junctions synchronize vascular tone within the microcirculation.
	Volker J. Schmidt, Stephanie E. Wölfle, Markus Boettcher, Cor de Wit

	75	REVIEW Œ Microparticles are vectors of paradoxical information in vascular cells including the endothelium: role in health and diseases.
	Ferhat Meziani, Angela Tesse, Ramaroson Andriantsitohaina

	85	REVIEW Œ Infection and atherosclerosis. An alternative view on an outdated hypothesis.
	Frank R. Stassen, Tryfon Vainas, Cathrien A. Bruggeman

	93	Biscoclaurine alkaloid cepharanthine protects DNA in TK6 lymphoblastoid cells from constitutive oxidative damage.
	H. Dorota Halicka, Masamichi Ita, Toshiki Tanaka, Akira Kurose, Zbigniew Darzynkiewicz

	101	REVIEW Œ Platelet interaction with progenitor cells: vascular regeneration or injury?
	Konstantinos Stellos, Stephan Gnerlich, Bjoern Kraemer, Stephan Lindemann, Meinrad Gawaz

	109	REVIEW Œ Regulation of endothelial prostacyclin synthesis by Protease-activated receptors: mechanisms and significance.
	Caroline P.D. Wheeler-Jones

	119	REVIEW Œ Endothelial dysfunction in heart failure.
	Johann Bauersachs, Julian D. Widder

	127	1-Methylnicotinamide (MNA) prevents endothelial dysfunction in hypertriglyceridemic and diabetic rats.
	Magdalena Bartuœ, Magdalena £omnicka, Renata B. Kostogrys, Piotr Ka�mierczak, Cezary Watala, Ewa M. S³ominska, Ryszard T. Smoleñski, Pawe³ M. Pisulewski , Jan Adamus, Jerzy Gêbicki, Stefan Chlopicki
	146	Note to Contributors



	content
	cont
	contents_3'2005

