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The P2Y1 receptor was the ®rst of its kind to be cloned and
identi®ed as a metabotropic receptor for adenine nucleotides

(Webb et al., 1993). Since its discovery, many more P2Y
receptor subtypes have been identi®ed (King et al., 2001) and
the current series now extends to P2Y13 (Communi et al.,

2001). The P2Y1 receptor couples to heterotrimeric G-
proteins (Gq/Ga11) and, through this link, stimulates
phospho-inositide turnover and release of intracellular

calcium in expression systems. The human P2Y1 receptor is
particularly sensitive to ADP and 2-methylthioADP, whereas
the agonist properties of ATP are highly controversial here.

The tissue distribution for P2Y1 protein, and messenger
RNA, is very extensive ± found in peripheral sensory nerves,
CNS and ANS, most physiological systems and many cell
types, including blood platelets. Thus, much has been learned

about the activation of recombinant P2Y1 receptors and
where the native form of this receptor can be found.
However, an inability to clearly distinguish P2Y1 from other

endogenous P2Y receptor subtypes ± using the currently
available pharmacological tools ± has hindered the study of
this receptor in vivo. Apart from some preliminary observa-

tions made in P2Y1-de®cient (knockout) mice, relatively little
is known with certainty about the physiological role of the
P2Y1 receptor.
The present study by Boyer et al. (2002) `2-Chloro-

N6-methyl-(N)-methanocarba-2' deoxyadenosine-3',5'-bispho-
sphate is a selective high a�nity P21 receptor antagonist'
introduces a highly selective and competitive antagonist for the

P2Y1 receptor, reporting Kb values of 18 nM at the P2Y1

receptor in turkey erythrocytes, 8 nM at the human P2Y1

receptor expressed in astrocytoma 1321-N1 cells, and 9 nM at

the P2Y1 receptor in human blood platelets. This antagonist is
somewhat loosely related to cyclic AMP (adenosine 3',5'-cyclic
monophosphate), although it is better viewed as a highly

modi®ed non-cyclic biphosphate analogue. Its name is 2-
chloro -N6-methyl-(N)-methanocarba-2'-deoxyadenosine-3',5'-
bisphosphate, but it is more easily identi®ed and remembered
by its production number MRS 2279. The acronym, MRS,

stands for Molecular Recognition Section ± a laboratory
based at NIH (Bethesda, MD, U.S.A.) and directed by Dr
Kenneth Jacobson.

The ®ndings in this paper are remarkable for several reasons.
First, MRS 2279 seems to be speci®c for P2Y1 receptors and

fails to block nucleotide signalling at most of the other known
P2Y receptor subtypes: P2Y2, P2Y4, P2Y6, P2Y11 and native
form of PY12. Second, this antagonist is very potent, shows the

classical properties of a competitive antagonist and is
chemically stable. Third, this antagonist now provides the
means to study the physiological role of native P2Y1 receptors.

In this respect, the authors touch on the ability of MRS 2279 to
potently inhibit ADP-induced aggregation of human blood
platelets in vitro ± although the current utility of the drug

remains a research tool, not an antithrombotic agent.
The identi®cation of MRS 2279 as a speci®c P2Y1

receptor antagonist represents the culmination of 6 years
work by this research group. The origins of this compound

can be traced back to work on the inhibitory actions of
simple, and commercially available, bisphosphate nucleo-
tides (e.g. adenosine 3'-phosphate 5'-phosphate) at P2Y1

receptors ± where these agents acted as competitive, yet not
especially potent, antagonists (Boyer et al., 1996). Others
drew attention to `the limited subtype selectivity and non-P2

receptor e�ects' of such bisphosphate nucleotides (Bultmann
et al., 1998), a setback that only served to drive the authors
on to discover more selective analogues. The next landmark
compound was MRS 2179 (N6-methyl 2'-deoxyadenosine
3',5'-bisphosphate), another competitive antagonist at the
P2Y1 receptor (Boyer et al., 1998). Yet again, the authors'
hopes were dashed following the observed inhibitory activity

of this compound at P2X1 and P2X3 receptors (Brown et
al., 2000). Thereafter, focus switched to non-ribose
compounds where the ribose moiety was substituted by

methanocarbo pseudosugars in either Northern (N) or
Southern (S) conformations ± to reduce the ¯exibility of
the sugar spacer and enhance ligand docking (Nandanan et

al., 2000; Kim et al., 2002). The resultant MRS 2279
represents the most potent and selective of this series of
analogues, as now reported by Boyer and colleagues in their
present study.

A fuller understanding of the pharmacology of MRS 2279
will depend on its commercial availability ± so that others
might assist in testing this compound on P2 and non-P2

receptors. There are still many potential receptor targets that
must be excluded ± for example, the uncloned P2Y-like
receptor in taenia coli, the recently cloned P2Y13 receptor,
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and the UDP-glucose receptor that, for the last 2 years, has
waited patiently in the wings to join the P2Y receptor family.
As yet, MRS 2279 has not been tested on recombinant P2X

receptors in their multiple homomeric and heteromeric forms.
Also, no mention is made of its (in)activity at adenosine
receptors.
However, if their luck holds, the authors are standing at

the threshold of an important era of P2Y1 receptor
pharmacology where the actions of MRS 2279 can help
elucidate the functions of the P2Y1 receptor in vivo. There are

many examples of P2Y1 receptors present in complex
physiological systems ± for example, in endothelial cells,
vascular smooth muscle, cortical synaptosomes, pancreatic b-
islet cells, osteoclasts, kidney epithelium, leucocytes and, of
course, blood platelets etc ± and it has never been more
important that selective drugs are now made available to

pharmacologically dissect the role of this signalling protein.
In the past, I have often listened to makers of medicines

say the nucleotide template is wholly unsuitable for drug

discovery. I have heard say the chemistry was too complex
and the molecule too unstable to achieve desired levels of
selectivity and potency. Here, Boyer and colleagues

have confounded such critics by showing that nucleotide
analogues can possess the appropriate pharmacological
attributes. In this respect, MRS 2279 joins another nucleo-
tide ± 2-propylthio-D-b,g-dichloromethylene-ATP (ARC67-

085MX) ± as seemingly selective competitive antagonists at
P2Y receptor subtypes (for P2Y1 and P2Y12, respectively).
The British Journal of Pharmacology looks forward to

publishing more accounts of highly selective competitive
antagonists for the remaining members of the P2Y (and P2X)
receptor families.

Note added in proof
The commentator is a member of the editorial board of the British
Journal of Pharmacology.
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