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Abstract

Arachidonic acid (AA) and its metabolites (eicosanoids) represent powerful mediators, used by organisms to induce and suppress

inflammation as a part of the innate response to disturbances. Several cell types participate in the synthesis and release of AA metabolites,

while many cell types represent the targets for eicosanoid action. Endothelial cells (EC), forming a semi-permeable barrier between the

interior space of blood vessels and underlying tissues, are of particular importance for the development of inflammation, since endothelium

controls such diverse processes as vascular tone, homeostasis, adhesion of platelets and leukocytes to the vascular wall, and permeability of

the vascular wall for cells and fluids. Proliferation and migration of endothelial cells contribute significantly to new vessel development

(angiogenesis). This review discusses endothelial-specific synthesis and action of arachidonic acid derivatives with a particular focus on the

mechanisms of signal transduction and associated intracellular protein targets.

D 2005 Elsevier Inc. All rights reserved.

Keywords: Arachidonic acid; Eicosanoids; Endothelial cells

Contents

Review outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

Endothelial functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

Arachidonic acid release, uptake, conversion, and action in EC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

Cyclooxygenase metabolites of AA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

Conventional prostanoids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

Non-conventional prostanoids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

Lipoxygenase metabolites of AA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

5-LOX products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

12-LOX and 12-/15-LOX products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

Monooxygenase metabolites of AA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

0026-2862/$ - see front matter D 2005 Elsevier Inc. All rights reserved.

doi:10.1016/j.mvr.2005.01.007

T Corresponding author. Fax: +1 410 550 8560.

E-mail address: averin1@jhmi.edu (A.D. Verin).

Microvascular Research 69 (2005) 107 – 127

www.elsevier.com/locate/ymvre



Review outline

This review is focused on the role of endothelium in

eicosanoid-induced alteration of vascular function. Two

aspects will be selectively examined here, namely, (a)

the contribution of endothelium to eicosanoid generation

and (b) endothelial-specific action of eicosanoids. In the

first section, the review will provide background informa-

tion about endothelial functions and the major signaling

pathways that control them. The next section will analyze

the mechanisms of AA release, uptake, and conversion, with

the particular focus on the action of unconverted AA and

AA amide derivative. Subsequent specific sections will

discuss the synthesis and action of cyclooxygenized,

lipoxygenized, and monooxygenized AA products. Each

section will review the molecular mechanisms of endothelial

response to AA metabolites, focusing on the nature of

signaling pathways involved. In a few cases where data are

available, this review will provide information about

cytoskeleton-directed effects of AA metabolites. Multi-

faceted effects of eicosanoids on vascular functions are

summarized in Table 1.

Introduction

Arachidonic acid (AA) and its metabolites are well-

known modulators of inflammation that are synthesized

and/or released by living cells in response to various

factors. Inflammation, which can be acute or chronic in

nature, is usually characterized by local erythema, heat

generation, and swelling (Gil, 2002; Yoshikai, 2001). Each

of these symptoms is caused by the increased blood flow

and vascular permeability that result in the production of

tissue edema (Larsen and Holt, 2000). Since the endothe-

lium modulates vascular tone and functions as a semi-

permeable barrier between the vascular lumen and inter-

stitium (Fig. 1A), it is a key participant in inflammation

Table 1

Effects of AA derivatives on vascular functions

AA metabolite Vascular

tone

PMN

adhesion

Monocyte

adhesion

Endothelial

permeability

EC

migration

EC

proliferation

EC viability Mechanism of action

Anandamide ,1, 2 j3 ,4 Caj, PI3 kinase, Akt,

MAP kinases, NOj 3–6

TX j7 j8–10 j,11–12 j13 ,14–15 Caj, cAMPj, cAMP,,

PKA, Akt 14, 16–17

PGD2 ,j18, 19 j18 cAMPj 16–18

PGF2 j20 j21 Caj 16–17

PGE2 ,22–23 j,21, 24 j11 j23 Caj, cAMPj, VEGFj

16–17, 25

PGI2 ,22 ,22, 26 ,j24, 27–28 ,13 Caj, cAMPj 16–17

cPGs ,29–30 ,31 ,31 ,j29, 32–37 PPAR, NF-nB, NOj,
glutathionej 36–40

LTB4 j22, 41 weakj 42 j43 Caj, cAMP,, PPAR 44–45

CysLTs ,46 j47, 48 j43 Caj, PGI2j 44, 49

12-HETE j50 j51–52 j50, 53 j54–55 j54–55 PKC, direct effect on

adhesion molecules 53, 56

15-HETE ,57–59 ,59 j50 Direct effect on adhesion

molecules 56

LX ,60 ,61–64 ,63–64 ,65 ,66 Caj, cAMP,, PGI2

release 44, 63, 64, 67

EETs j,68–70 ,71 j69, 72 j73 j74 j75 cAMPj, hyperpolarization,

Caj, PKA, Akt, tyrosine
kinases 5, 73, 74, 76–84

20-HETE j,85–86 j87–88 j87–88 PKC, depolarization,

VEGFj, PGI2j 80, 87, 89, 90
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