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The A1 Adenosine Receptor as a
New Player in Microglia Physiology
L. Luongo,1 F. Guida,1 R. Imperatore,2 F. Napolitano,3 L. Gatta,1 L. Cristino,2
C. Giordano,1 D. Siniscalco,1 V. Di Marzo,4 G. Bellini,1 R. Petrelli,5 L. Cappellacci,5
A. Usiello,3,6,7 V. de Novellis,1 F. Rossi,8 and S. Maione1
The purinergic system is highly involved in the regulation of microglial physiological processes. In addition to the accepted
roles for the P2X4,7 and P2Y12 receptors activated by adenosine triphosphate (ATP) and adenosine diphosphate, respectively,
recent evidence suggests a role for the adenosine A2A receptor in microglial cytoskeletal rearrangements. However, the
expression and function of adenosine A1 receptor (A1AR) in microglia is still unclear. Several reports have demonstrated possible expression of A1AR in microglia, but a new study has refuted such evidence. In this study, we investigated the presence
and function of A1AR in microglia using biomolecular techniques, live microscopy, live calcium imaging, and in vivo electrophysiological approaches. The aim of this study was to clarify the expression of A1AR in microglia and to highlight its possible
roles. We found that microglia express A1AR and that it is highly upregulated upon ATP treatment. Moreover, we observed
that selective stimulation of A1AR inhibits the morphological activation of microglia, possibly by suppressing the Ca21 influx
induced by ATP treatment. Finally, we recorded the spontaneous and evoked activity of spinal nociceptive-specific neuron
before and after application of resting or ATP-treated microglia, with or without preincubation with a selective A1AR agonist.
We found that the microglial cells, pretreated with the A1AR agonist, exhibit lower capability to facilitate the nociceptive neurons, as compared with the cells treated with ATP alone.
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Introduction

M

icroglia are the resident central nervous system (CNS)
cells that sense pathological tissue alterations. In the
healthy brain, they do not qualify as macrophages, but their specific physiological functions are beginning to emerge (Graeber,
2010). Indeed, in the healthy CNS, resting microglia have been
shown to be crucial for synaptic pruning and remodeling that
occur during brain development and in plasticity changes
(Hughes, 2012; Kettenmann et al., 2013; Paolicelli et al.,
2011). In several CNS conditions, such as Parkinson’s disease,
Alzheimer’s disease, and neuropathic pain, microglia may exert

pathological as well as protective roles by inducing neuronal
damage or survival (Milligan and Watkins, 2009), showing a
proinflammatory (M1) and/or anti-inflammatory (M2) phenotype (Kigerl et al., 2009). The activation and phenotypic shift
of microglia from the resting state to the M1/M2 state are
mediated by several molecules, including lipopolysaccharide
(LPS), glutamate, adenosine triphosphate (ATP), chemokines,
and cytokines (Kettenmann et al., 2011).
Among the factors regulating microglial functions, the
purinergic system has been largely investigated due to the
presence of the P1 and P2 (P2X and P2Y) receptors for
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