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Article summary

It has been widely demonstrated that astrocytes regulate 
multiple functions in the grey matter of the central nerv-
ous system (CNS), but less is known about their role in the 
white matter. By combining immunohistochemistry, elec-
trophysiology, and computer modelling, Lezmy et al. [1] 
investigated how astrocytes modulate neuronal circuit func-
tion in the white matter, focusing on myelinated pyrami-
dal neurons of the cortical layer V, which project into the 
corpus callosum. The authors found that astrocytes regulate 
the properties of myelinated axons through  Ca2+-dependent 
release of vesicular ATP. The latter is extracellularly con-
verted to adenosine, which activates  A2A receptors  (A2ARs) 
that were demonstrated for the first time to be expressed at 
the axon initial segment (AIS) and nodes of Ranvier. This 
led in turn to a local increase in cAMP, hyperpolarization-
activated cyclic nucleotide-gated channel (HCN2) activa-
tion, and induction of an inward current in these axonal 
compartments.  A2AR activation has a double effect: at the 
AIS, it evokes an increase in axon excitability, whereas at the 

nodes of Ranvier, it decreases the conduction speed of the 
action potential. Thus, it is conceivable that physiological 
changes in extracellular adenosine levels influence informa-
tion processing and cognition. Furthermore,  A2AR ligands 
could represent suitable pharmacological tools to reinstate 
normal excitability and conduction speed in myelinated 
axons in pathological conditions characterized by altered 
adenosinergic signalling.

Commentary

The role of astrocytes in the CNS in supporting neuronal 
function has been extensively characterized. In the grey mat-
ter, astrocytes regulate formation and pruning of synapses, 
clear the extracellular space of neurotransmitters, keep extra-
cellular  K+ and glutamate levels low, thus facilitating fast, 
repetitive neurotransmission, control the dynamics of cer-
ebral blood flow and provide energy to neurons [2]. Less is 
known about white matter astrocytes, except for the distinc-
tive morphological differences that identify the grey matter 
cells as “protoplasmic” and the white matter as “fibrous” 
astrocytes. Even though their role in clearing glutamate and 
maintaining oligodendrocyte (OL) health has been dem-
onstrated in vitro, the functional relevance of the interac-
tion in vivo between astrocytes and myelinated neurons in 
the white matter is far from being fully understood. The 
possibility that unidentified modulatory functions of astro-
cytes can influence the excitability and conduction speed of 
myelinated axons in the white matter provided the rationale 
behind the present study.

Adenosine is a purine ribonucleoside, ubiquitous in the 
body, which modulates a variety of cellular functions. In 
the CNS, adenosine plays an important role in controlling 
synaptic plasticity, cognition, sleep, motor function and neu-
ronal survival [3], and its physiological extracellular levels 
are regulated by enzymes and transmembrane transporters 
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(ENTs) [4]. Among the four G-protein-coupled receptors 
 (A1,  A2A,  A2B and  A3) [5] involved in adenosine signalling, 
 A2ARs, which activate the AC-cAMP-PKA pathway, are 
effective modulators of neuronal damage in various patho-
logical conditions, and both their activation and blockade 
were neuroprotective in different experimental models [6]. 
Therefore, maintaining appropriate physiological levels of 
adenosine in the brain is fundamental.

By using a combination of immunofluorescence and the 
patch-clamp technique in mouse coronal brain slices, the 
authors found that astrocyte processes were associated with 
both internodal and nodal regions of myelinated axons of 
layer V cortical pyramidal cells. They observed that the 
depolarization of a pyramidal cell and the consequent induc-
tion of action potentials evoked an increase of  [Ca2+]i in 
astrocyte processes near the neuronal dendrites and axon. 
Uncaging  Ca2+ in the astrocyte soma produced the same 
effect and induced ATP release into the extracellular milieu. 
By using immunohistochemistry, the authors identified, for 
the first time, adenosine receptors on myelinated axons of 
layer V excitatory neurons. Very interestingly, considering 
the role of endogenous adenosine and  A2ARs in modulating 
OL development and myelination [7], only the  A2A subtype 
of adenosine receptors was detected. Furthermore,  A2ARs 
were found in small amounts in cerebellar white matter, 
while they were absent at the AIS of cerebellar Purkinje 
cells, suggesting a neuron type-specific expression of  A2ARs 
in myelinated axons.  A2AR stimulation, inducing an increase 
in cAMP levels, can affect cell excitability by promoting 
the opening of HCN  K+ channels present in axons. In par-
ticular, the authors found an overlap between  A2ARs and 
HCN2 channels at the AIS and nodes of Ranvier. Following 
pharmacological  A2ARs activation at the AIS, they observed 
depolarization of the pyramidal neurons cell soma and a con-
sequent action potential response, increased or reduced in 
frequency depending on whether low or high input injected 
currents were applied. Unexpectedly,  A2AR activation at the 
nodes of Ranvier produced instead a significant reduction of 
conduction velocity.

The same effects—somatic depolarization upon acti-
vation of  A2ARs and reduced axonal conduction speed—
were reproduced in computational models of either a 
neuron with soma, AIS and an initial axonal tract and 
a corpus callosal axon. Adenosine-activated  Ih currents 
were modelled by adding appropriate extra currents at 
the distal AIS and at the nodes of Ranvier, respectively.
Finally, uncaging Ca2+ in an astrocyte with processes 
close to the AIS led to the depolarization of the pyramidal 
neuron and to an action potential response, exhibiting a 
higher firing rate to low injected currents and a lower 
firing rate to high injected currents, similar to what previ-
ously obtained by pharmacological A2ARs stimulation at 

the AIS.. The authors ruled out the involvement of glu-
tamate released from astrocytes in this response, which 
was instead confirmed to be mediated by  A2ARs and HCN 
channels.

This study elucidates a new mechanism of fine-tuned 
cross-talk among neurons and astrocytes in the white mat-
ter potentially involved in disorders in which the adenosine 
extracellular level and the neuronal or astrocytic density/
affinity of  A2ARs are altered. Worthy of note, adenosine 
levels are significantly reduced in Huntington’s disease 
(HD) [8], epilepsy [9] and Niemann-Pick type C1 (NPC1) 
[10]. Therefore, enhancing adenosine levels reduces cogni-
tive/plasticity impairments in models of HD [8], seizures 
in a mouse model of temporal lobe epilepsy [11] and cog-
nitive deficits in a mouse model of NPC1 [12].

Interestingly, upregulation of  A2AR expression has been 
observed in cerebral white matter of progressive multiple 
sclerosis (MS) patients, also correlating to high disability 
scores [13]. Accordingly,  A2AR inactivation reduces mem-
ory deficit in a lysolecithin-induced demyelination model 
of MS [14]. Otherwise,  A2AR deficiency exacerbates white 
matter lesions and cognitive deficits in mice model of 
chronic cerebral hypoperfusion [15] and worsen experi-
mental autoimmune encephalomyelitis (EAE) pathology 
[16]; conversely, SCH58261, an  A2AR selective antagonist, 
is protective against EAE development [17] when admin-
istered after its onset [18]. Thus, it appears clear that any 
variation in adenosine level and signalling could affect 
white matter’s ability to correctly control information flow 
and neural circuit function.

Finally, adenosine and  A2ARs exert an indirect influence 
on axon excitability and conduction speed by modulating 
myelination through their ability to affect migration, pro-
liferation and maturation of OLs [19, 20]. In addition, the 
paper confers a new and unexpected function to adenosine 
and  A2ARs in the direct control of excitability and conduc-
tion speed in the axons of myelinated neurons.

In conclusion, these data report for the first time a novel 
modulatory role played by astrocytes on the neuronal cir-
cuit occurring in the white matter, raising many interesting 
questions that deserve further investigation. It would be 
of great interest to determine if, and eventually, how, this 
mechanism is altered in the above-mentioned pathologi-
cal conditions and if the pharmacological modulation of 
adenosine levels and  A2ARs could reinstate it and improve 
myelinated neurons properties.

Funding ZB is a Postdoctoral Fellow supported by FRAXA Research 
Foundation. ZB, VC and AM are supported by Istituto Superiore di 
Sanità, intramural funding “Ricerca Corrente”.

Data availability NA.

6 Purinergic Signalling (2022) 18:5–7



1 3

Declarations 

Ethical approval This article does not contain any studies with human 
participants or animals performed by any of the authors.

Informed consent NA

Consent for publication NA

Conflicts of interest The authors declare no competing interests.

References

 1. Lezmy J, Arancibia-Cárcamo IL, Quintela-López T, et al (2021) 
Astrocyte Ca2+-evoked ATP release regulates myelinated axon 
excitability and conduction speed. Science (80-) 374:. https:// doi. 
org/ 10. 1126/ scien ce. abh28 58

 2. Lundgaard I, Osório MJ, Kress BT et al (2014) White matter astro-
cytes in health and disease. Neuroscience 276:161–173. https:// 
doi. org/ 10. 1016/j. neuro scien ce. 2013. 10. 050

 3. Gomes CV, Kaster MP, Tomé AR et al (2011) Adenosine recep-
tors and brain diseases: neuroprotection and neurodegeneration. 
Biochim Biophys Acta - Biomembr 1808:1380–1399. https:// doi. 
org/ 10. 1016/J. BBAMEM. 2010. 12. 001

 4. Sachdeva S, Gupta M (2013) Adenosine and its receptors as thera-
peutic targets: an overview. Saudi Pharm J 21:245–253. https:// 
doi. org/ 10. 1016/j. jsps. 2012. 05. 011

 5. Klinger M, Freissmuth M, Nanoff C (2002) Adenosine receptors: 
G protein-mediated signalling and the role of accessory proteins. 
Cell Signal 14:99–108. https:// doi. org/ 10. 1016/ S0898- 6568(01) 
00235-2

 6. Tebano MT, Martire A, Potenza RL et al (2008) Adenosine A 
2A receptors are required for normal BDNF levels and BDNF-
induced potentiation of synaptic transmission in the mouse hip-
pocampus. J Neurochem 1:279–286. https:// doi. org/ 10. 1111/j. 
1471- 4159. 2007. 05046.x

 7. Stevens B, Porta S, Haak LL et al (2002) Adenosine: a neuron-
glial transmitter promoting myelination in the CNS in response 
to action potentials. Neuron 36:855–868. https:// doi. org/ 10. 1016/ 
S0896- 6273(02) 01067-X

 8. Kao YH, Lin MS, Chen CM et al (2017) Targeting ENT1 and 
adenosine tone for the treatment of Huntington’s disease. Hum 
Mol Genet 26:467–478. https:// doi. org/ 10. 1093/ HMG/ DDW402

 9. Boison D (2011) Modulators of nucleoside metabolism in the 
therapy of brain diseases. Curr Top Med Chem 11:1068–1086. 
https:// doi. org/ 10. 2174/ 15680 26117 95347 609

 10. Zhou S, Davidson C, McGlynn R et al (2011) Endosomal/lyso-
somal processing of gangliosides affects neuronal cholesterol 
sequestration in Niemann-Pick disease type C. Am J Pathol 
179:890–902. https:// doi. org/ 10. 1016/J. AJPATH. 2011. 04. 017

 11. Sandau US, Yahya M, Bigej R et al (2019) Transient use of a sys-
temic adenosine kinase inhibitor attenuates epilepsy development 
in mice. Epilepsia 60:615–625. https:// doi. org/ 10. 1111/ EPI. 14674

 12. Ferrante A, Pezzola A, Matteucci A et al (2018) The adenosine A 
2A receptor agonist T1–11 ameliorates neurovisceral symptoms 
and extends the lifespan of a mouse model of Niemann-Pick type 
C disease. Neurobiol Dis 110:1–11. https:// doi. org/ 10. 1016/j. nbd. 
2017. 10. 013

 13. Rissanen E, Virta JR, Paavilainen T et al (2013) Adenosine A2A 
receptors in secondary progressive multiple sclerosis: a [11C]
TMSX brain PET study. J Cereb Blood Flow Metab 33:1394–
1401. https:// doi. org/ 10. 1038/ jcbfm. 2013. 85

 14. Akbari A, Khalili-Fomeshi M, Ashrafpour M et al (2018) Adeno-
sine A 2A receptor blockade attenuates spatial memory deficit and 
extent of demyelination areas in lyolecithin-induced demyelina-
tion model. Life Sci 205:63–72. https:// doi. org/ 10. 1016/J. LFS. 
2018. 05. 007

 15. Duan W, Gui L, Zhou Z et al (2009) Adenosine A2A receptor 
deficiency exacerbates white matter lesions and cognitive deficits 
induced by chronic cerebral hypoperfusion in mice. J Neurol Sci 
285:39–45. https:// doi. org/ 10. 1016/J. JNS. 2009. 05. 010

 16. Yao SQ, Li ZZ, Huang QY et al (2012) Genetic inactivation of 
the adenosine A2A receptor exacerbates brain damage in mice 
with experimental autoimmune encephalomyelitis. J Neurochem 
123:100–112. https:// doi. org/ 10. 1111/J. 1471- 4159. 2012. 07807.X

 17. Mills JH, Kim D-G, Krenz A et al (2012) A2A adenosine receptor 
signaling in lymphocytes and the central nervous system regulates 
inflammation during experimental autoimmune encephalomyeli-
tis. J Immunol 188:5713–5722. https:// doi. org/ 10. 4049/ jimmu nol. 
12005 45

 18. Chen Y, Zhang ZX, Zheng LP, et al (2019) The adenosine A 2A 
receptor antagonist SCH58261 reduces macrophage/microglia 
activation and protects against experimental autoimmune enceph-
alomyelitis in mice. Neurochem Int 129https:// doi. org/ 10. 1016/J. 
NEUINT. 2019. 104490

 19. Coppi E, Cellai L, Maraula G et al (2013) Adenosine  A2A recep-
tors inhibit delayed rectifier potassium currents and cell differenti-
ation in primary purified oligodendrocyte cultures. Neuropharma-
cology 73:301–310. https:// doi. org/ 10. 1016/J. NEURO PHARM. 
2013. 05. 035

 20. Bernardo A, De Nuccio C, Visentin S et al (2021) Myelin defects 
in Niemann-Pick type C disease: mechanisms and possible thera-
peutic perspectives. Int J Mol Sci 22:8858. https:// doi. org/ 10. 
3390/ ijms2 21688 58

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

7Purinergic Signalling (2022) 18:5–7

https://doi.org/10.1126/science.abh2858
https://doi.org/10.1126/science.abh2858
https://doi.org/10.1016/j.neuroscience.2013.10.050
https://doi.org/10.1016/j.neuroscience.2013.10.050
https://doi.org/10.1016/J.BBAMEM.2010.12.001
https://doi.org/10.1016/J.BBAMEM.2010.12.001
https://doi.org/10.1016/j.jsps.2012.05.011
https://doi.org/10.1016/j.jsps.2012.05.011
https://doi.org/10.1016/S0898-6568(01)00235-2
https://doi.org/10.1016/S0898-6568(01)00235-2
https://doi.org/10.1111/j.1471-4159.2007.05046.x
https://doi.org/10.1111/j.1471-4159.2007.05046.x
https://doi.org/10.1016/S0896-6273(02)01067-X
https://doi.org/10.1016/S0896-6273(02)01067-X
https://doi.org/10.1093/HMG/DDW402
https://doi.org/10.2174/156802611795347609
https://doi.org/10.1016/J.AJPATH.2011.04.017
https://doi.org/10.1111/EPI.14674
https://doi.org/10.1016/j.nbd.2017.10.013
https://doi.org/10.1016/j.nbd.2017.10.013
https://doi.org/10.1038/jcbfm.2013.85
https://doi.org/10.1016/J.LFS.2018.05.007
https://doi.org/10.1016/J.LFS.2018.05.007
https://doi.org/10.1016/J.JNS.2009.05.010
https://doi.org/10.1111/J.1471-4159.2012.07807.X
https://doi.org/10.4049/jimmunol.1200545
https://doi.org/10.4049/jimmunol.1200545
https://doi.org/10.1016/J.NEUINT.2019.104490
https://doi.org/10.1016/J.NEUINT.2019.104490
https://doi.org/10.1016/J.NEUROPHARM.2013.05.035
https://doi.org/10.1016/J.NEUROPHARM.2013.05.035
https://doi.org/10.3390/ijms22168858
https://doi.org/10.3390/ijms22168858

	A major role for adenosine A2A receptor in the interaction between astrocytes and myelinated neurons: possible implications for the therapy of neurodegenerative disorders
	Article summary
	Commentary
	References


