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Dual control of vascular tone and remodelling by

ATP released from nerves and endothelial cells

Geoffrey Burnstock
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Introduction

The concept of purinergic signalling, i.e. ATP acting

as an extracellular signalling molecule, was proposed

by Burnstock in 1972 when evidence was presented

that ATP was the neurotransmitter in non-adrenergic,

non-cholinergic neuromuscular transmission in the

gut and urinary bladder [21]. Later, it was recognised

as a cotransmitter in sympathetic, parasympathetic,

sensory-motor and enteric nerves [10]. There was early

resistance to this concept (see [12, 22, 26]), but the roles

of nucleotides and nucleosides as extracellular signal-

ling molecules are now well established in both neural

and non-neural tissues [2, 18, 27]. P1 receptors for

adenosine, of which four subtypes (A�, A��, A��, and

A�) have been cloned and characterised, have been

distinguished from P2 receptors for ATP/ADP/UTP

[8], and P2 receptors have been divided into P2X

ligand-gated ion channel and P2Y G protein-coupled

receptor families. Seven subtypes of P2X receptors

and 8 subtypes of P2Y receptors have been cloned and

characterized [19, 79]. The majority of studies involv-

ing purinergic signalling have been concerned with

short-term events, such as neurotransmission or secre-

tion. However, there is growing interest in the long-

term trophic actions of extracellular nucleotides and

nucleosides on cell proliferation and death [1, 75].

ATP and adenosine are very much involved in the

mechanisms underlying local control of vessel tone
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