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Editorial

Emerging adenosine receptor
agonists -- an update
Zhan-Guo Gao† & Kenneth A Jacobson
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Adenosine receptors (ARs), the major targets of caffeine and theophylline,

comprise four receptor subtypes designated as A1, A2A, A2B and A3. Over a

dozen AR agonists are currently in clinical trials for various conditions, includ-

ing cardiac arrhythmias, neuropathic pain, myocardial perfusion imaging, car-

diac ischemia, inflammatory diseases and cancer. Adenosine (nonselective),

regadenoson (A2A) and dipyridamole (act indirectly via ARs) have received

regulatory approval for clinical use. The present editorial will give a brief

update on the current status of AR agonists in clinical trials.
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1. Introduction

Adenosine, a naturally occurring nucleoside, is the endogenous agonist of four
members of G-protein-coupled receptors, A1, A2A, A2B and A3 adenosine receptors
(ARs) [1-3]. AR antagonism is the major mechanism of action at ingested doses of the
alkylxanthines caffeine and theophylline, the most widely consumed drugs in
the world.

Adenosine has a general cytoprotective function as a response to organ stress, such
as hypoxia. There is growing evidence that AR agonists are attractive therapeutic tar-
gets for a number of conditions, including pain, cardiac arrhythmias, myocardial
perfusion imaging, cardiac ischemia, inflammation and certain types of cancer [4-9].
An increasing number of AR agonists are currently in clinical trials, and some have
received regulatory approval.

The development of AR agonists as drugs has been limited in the past by
the essential requirement of the retention of the ribose moiety of adenosine
for agonist activity. However, non-nucleoside AR agonists are now also in
development [1-3]. The present article will briefly recapitulate the rationale behind
the development and briefly review the current status of AR agonists in clinical
trials for various conditions. This Editorial is an update of the review published
5 years ago in the same journal [1] (Expert Opinion on Emerging Drugs, 12,
479, 2007).

2. Current status of AR agonists in clinical trials for various
conditions

2.1 Cardiac arrhythmias
The first reported biological actions of adenosine are its depressant effect on
heart rate and atrioventricular (AV) conduction (Table 1) [1-3]. This knowledge
has continuously fueled considerable interest in pursuing AR agonists as drugs
for cardiac arrhythmias, including atrial fibrillation (AF), supraventricular
arrhythmias, paroxysmal supraventricular tachycardia (PSVT) and atrial flutter.
Adenosine has been approved for PSVT under the name Adenocard, the effect
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of which is mediated via the A1AR, which is known to be
abundant in the AV node of the heart. However, adenosine
is a nonselective AR agonist, the adverse effects of which,
such as flushing, dyspnea, chest discomfort and hypoten-
sion, are through the activation of other AR subtypes.
Thus, there has been interest to develop more selective
A1AR agonists having fewer side effects.
Tecadenoson (CVT-510), a full agonist for the A1AR, is in

Phase III trial for patients with PSVT, AF and atrial flutter. It
appears that low doses of tecadenoson have minimal effects
on AV nodal conduction and blood pressure compared
with adenosine. However, at high doses, like other full
agonists for the A1AR, it may also display AV block.
A Phase II clinical trial of another full A1AR agonist, Selode-
noson, for AF has also been successfully completed. Both
agonists showed promising therapeutic efficacy. However,
their progress for further development will probably depend
on potential side effects. A Phase II trial of BAY 68-4986
(capadenoson), a non-nucleoside A1AR agonist, in patients
with persistent or permanent AF has been completed. This
represents a novel chemotype among AR agonists for clinical
development. A clinical trial of capadenoson for angina was
withdrawn [10].

2.2 Pain
The A1AR is abundantly expressed in spinal cord and other
neuronal tissues. A1AR activation produced pain-relieving
effects in a number of preclinical animal models [4]. Adeno-
sine is currently in Phase II trials for patients with periopera-
tive pain and neuropathic pain. Selective A1AR agonists are
being developed as analgesics.

However, it seems that several A1AR agonists, SDZ WAG
994, GR79236 and GW-493838, and one A1AR allosteric
enhancer T62 [11], have been withdrawn, possibly due to fact
that these drugsmay not penetrate the CNS sufficiently to cause
a substantial effect. Also high doses may also produce adverse
effects, as A1AR is abundant in a number of tissues including
CNS, heart and adipose tissues. It has been suggested that par-
tial agonists for the A1AR have the potential to produce a selec-
tive targeted response avoiding cardiovascular effects [12]. Thus,
partial A1AR agonists or biased A1AR agonists, that is, selective
for certain signaling pathways, may be needed, in addition to
those of increased A1AR selectivity, for further development.

A Phase II trial of the efficacy and tolerability of a novel
A2AAR agonist BVT.115959 in the treatment of diabetic
neuropathic pain has been completed in 2008, but there has
not been an update since then.

Table 1. Adenosine receptor (AR) agonists in clinical trials.

Compound Target AR Company Indication (phase)

Adenocard (Adenosine) A1 Astellas PSVT (approved)
Adenoscan (Adenosine) A2A Astellas MPI (approved)
Adenosine ARs Wake Forest Univ. Neuropathic Pain (II)

Xsira Pharma. Perioperative Pain (II)
Univ. North Norway Angina Pectoris (I-II)

Dipyridamole (Persantine) ARs (indirect) Radboud Univ. Cardiac Ischemia (IV)
Univ. Maryland Schizophrenia
Zalicus Rheumatoid arthritis (II)
Ottawa/NCI Ovarian Cancer (II)
Southwest Oncol/NCI Pancreatic Cancer (II)
Boehringer Ingelheim MPI (approved)
Boehringer Ingelheim Heart attack, stroke (approved)

Capadenoson (Bay68-4986) A1 Bayer-Schering AF (II)
Selodenoson (DTI0009) A1 Astellas/Aderis PSVT (II)
Tecadenoson (CVT510) A1 Gilead PSVT (III)
GS9667 (CVT-3619) A1 Gilead Diabetes (I)
INO-8875 A1 Inotek Glaucoma (I -- II)
Apadenoson (ATL146e) A2A Forest Lab MPI (III)
Binodenoson (WRC0470) A2A UCB (Aderis) MPI (III)
Regadenoson (Lexiscan) A2A Gilead/Astellas MPI (approved)

Dana-Farber Sickle cell disease (I)
BVT.115959 A2A Biovitrum Diabetic neuropathic pain (II)
Sonedenoson (MRE0094) A2A Pfizer Diabetic foot ulcer (II)
Bay60-6583 A2B Bayer-Schering not disclosed
CF101 (IB-MECA) A3 Can-Fite Psoriasis (II-III)

Rheumatoid Arthritis (II)
Dry eye disease (III)
Glaucoma (II)

CF102 (Cl-IB-MECA) A3 Can-Fite Liver cancer (I-II)
Hepatitis (I-II)

AF: Atrial fibrillation; MPI: Myocardial perfusion imaging; PSVT: Paroxysmal supraventricular tachycardia.
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2.3 Diabetes
Type 2 diabetes (T2D) patients have increased levels of non-
esterified fatty acids (NEFA) in part due to b-adrenergic ago-
nism, which decrease insulin sensitivity [3,13]. Thus, lowering
NEFA levels has an insulin-sensitizing effect. A full A1AR
agonist, GR79236, has been in clinical trial for T2D but
failed due to cardiovascular side effects (Figure 1). Partial
A1AR agonists might lower NEFA levels without cardiovascu-
lar or CNS side effects. Gilead Sciences initiated a Phase I trial
of CVT-3619 (GS9667), a partial A1AR agonist, for T2D in
2008. This Phase I, single-blind, placebo-controlled, single
ascending dose study evaluated the safety, tolerability and
pharmacokinetics of oral CVT-3619, in 55 healthy and
23 obese volunteers. No clinically meaningful changes in
heart rate or blood pressure were observed in the study, sug-
gesting that CVT-3619 may increase insulin sensitivity and
subsequently decrease blood glucose via lowering NEFA level
without causing severe cardiovascular effects.

2.4 Myocardial perfusion imaging
The vasodilatory effect of the nonselective and short-
acting agonist, adenosine, is mainly mediated via the
A2AAR, which is abundant in the coronary blood vessels [1-3].
Adenosine, under the name Adenoscan, is approved for myo-
cardial perfusion imaging. In addition to its vasodilatory
effect, adenosine may act at other ARs to induce side effects,
for example, action on the A1AR may cause AV block and
action on the A2BAR may induce bronchospasm especially
in patients with asthma. Thus, selective A2AAR agonists are
needed to replace adenosine.

Three synthetic A2AAR agonists, regadenoson, binodeno-
son, apadenoson, are being applied to myocardial perfusion
imaging, and regadenoson has received regulatory approval
under the name of Lexiscan. The other two agonists are still
waiting for approval. Dipyridamole (Persantine), which indi-
rectly activates the A2AAR through increasing the concentra-
tion of adenosine as a nucleoside transporter inhibitor, is
still being used for myocardial perfusion imaging.

2.5 Cardioprotection
All four ARs have been reported to be cardioprotective via
various mechanisms. Phase II clinical trial of adenosine pre-
conditioning in myocardial protection has been completed.
A clinical trial with adenosine for acute myocardial infarction
is now in Phase III [10]. In addition to adenosine, the nucleo-
side transporter inhibitor, dipyridamole, as an indirect AR
agonist, has long been used in clinic for heart attack and
stroke and is still in clinical trial for protection against
ischemia-reperfusion injury [10].

The selective, non-nucleoside A2BAR agonist, Bay60-6583,
has been shown to provide protection from ischemia
in animal models and it has been proposed for use in
drug-eluting stents [14,15].

The recent demonstration of the cardioprotective effect of
the A3AR with a positive allosteric modulator, LUF6096,

further highlighted the broad therapeutic potential of A3AR
activation [16,17].

2.6 Inflammatory diseases
Activation of A2A, A2B and A3ARs is known to have anti-
inflammatory effects in part due to inhibition of the release
of proinflammatory cytokines. Agonists for both A2A and
A2B ARs might be useful treatment of intestinal inflamma-
tion [18]. The anti-inflammatory role of the A2AAR has been
extensively studied and confirmed in multiple animal models.
However, the pro- or anti-inflammatory roles of both A2B and
A3ARs are still controversial [5-8,19].

A possible therapeutic role for adenosine during inflamma-
tion is being studied clinically [10]. A clinical trial regarding the
role of adenosine in the release of vascular endothelial growth
factor and cytokines has been suspended (to be reevaluated).
Adenosine has been in clinical trial for perioperative pain, pre-
sumably due to its anti-inflammatory properties that may con-
tribute to pain relief in the peripheral setting of inflammation.
A Phase IV trial of the effects of oral dipyridamole treatment
on the innate immune response during human endotoxemia
has been completed [10], but clinical data are not available.

An A2AAR agonist, sonedenoson, is in clinical trial as an
experimental topical drug for the treatment of chronic, neuro-
pathic, diabetic foot ulcers due to its wound healing and
anti-inflammatory effect. The beneficial effect of the A2AAR
agonist BVT.115959 in treatment of diabetic neuropathic
pain is also due to its anti-inflammatory effect. Regadenoson,
the A2AAR agonist approved for myocardial perfusion imag-
ing, is in trials in children and adults with sickle cell disease
due to its anti-inflammatory effect [10].

Rheumatoid arthritis (RA) is a chronic inflammatory joint
disease. Although the pathogenesis of RA is still largely unclear,
it appears to be an autoimmune disease driven by activated
T cells, with increased T-cell-derived cytokines. Although a
number of cyclooxygenase inhibitors (aspirin, ibuprofen and
diclofenac) are in clinical use, their therapeutic effects are often
uncertain, and gastric and intestinal side effects are common.
The A2AAR has long been proposed to be a target for the treat-
ment of arthritis, but there have been no agonists reported in
clinical trial principally for RA. Nevertheless, investigators are
evaluating the effects of undisclosed A2AAR agonists on athero-
genic parameters in the plasma of systemic lupus erythematosus
and RA patients, based on the anti-inflammatory action of the
A2AAR [10]. Dipyridamole alone or in combination with pred-
nisolone for patients with moderate to severe RA is in Phase II
clinical trial. The A3AR agonist CF101 (IB-MECA) is currently
in a Phase II trial for patients with RA via oral administration.
Oral CF101 is also in trials for patients with psoriasis and dry
eye disease, for which Phase II results showed significant
improvement, and with glaucoma [9].

2.7 Cancer
ARs are involved in cell proliferation, apoptosis, metastasis and
angiogenesis, suggesting their role in cancer [1-3,9]. AR agonists
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Figure 1. Structures of adenosine receptor (AR) agonists currently in clinical trial.
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that induce apoptosis or inhibit proliferation, metastasis and
angiogenesismay potentially have anticancer effect. Clinical trial
of CF102, an A3AR agonist, in patients with advanced hepato-
cellular carcinoma is ongoing. A Phase I/II study of CF102 in
patients with chronic hepatitis C genotype 1 has been

completed. The indirect AR agonist dipyridamole is in trials
together with other anticancer drugs for patients with stage II
or stage III pancreatic cancer and advanced ovarian cancer [10].
8-Chloroadenosine, which is only weakly acting at ARs, is in a
Phase I trial for patients with chronic lymphocytic leukemia.

7  Lexiscan (CVT-3146)

N

N
N

N

NH2

O

HO OH

HO N
N

NH

O CH3

N

N
N

N

NH2

O

HO OH

8  Apadenoson (ATL-146e) 

NH2CH3CH O

COOMe

9  Sonedenoson (MRE-0094) 

N

N
N

N

NH2

O

HO OH

HO O

CI

10  Binodenoson (WRC-0470)  

N

N
N

N

NH2

O

HO OH

HO N
H

N

11  BAY 60-6583 12  R = H, IB-MECA (CF101)
13  R = CI, CI-IB-MECA (CF102)

N

NH2

S
H N2

O CN

CN

O

N

N
N

N

HN

O

HO HO

CH3NH O R

IA2B-selective A3-selective

A2A-selective

Figure 1. Structures of adenosine receptor (AR) agonists currently in clinical trial (continued).
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In addition to the indications mentioned above, dipyrida-
mole has been used clinically for other conditions related to
the indirect activation of ARs and is currently still in extensive
clinical trials for various conditions either alone or in combined
therapy. For example, the therapeutic effect of dipyridamole is
being compared with that of olanzapine in schizophrenia
patients; dipyridamole is also in a Phase II clinical trial for ane-
mia. If the positive effect is identified and the AR subtypes
involved in dipyridamole’s effect are defined, selective AR
agonists could be further developed for those conditions.

3. Summary

Considerable efforts have been put in the development of AR
agonists for various conditions, and one synthetic A2AAR ago-
nist, regadenoson, has received approval for myocardial perfu-
sion imaging. A number of full A1AR agonists have failed in
the trials for some conditions in recent years due to their
side effects. Partial agonists, biased agonists or allosteric
enhancers for the A1AR, which may produce selective targeted

response, could be further developed. The development of the
selective A2BAR agonists for various conditions still lags
behind the other subtypes. Two A3AR agonists are being
developed for a number of conditions. The recently synthe-
sized A3AR allosteric enhancers could be further explored
for a number of conditions, such as inflammation, cancer
and cardiac ischemia. With the availability of the agonist-
bound AR crystal structure [20], it is hoped that more selective
or biased AR agonists will be rationally designed and devel-
oped. As mentioned earlier, caffeine and theophylline are
AR antagonists; thus, limiting the intake of coffee and tea is
necessary when AR agonists are administered. It is predicted
that there will be more AR agonists receiving regulatory
approval for various conditions in the near future.
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