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Purinergic receptors, also known as purinoceptors, are a family of plasma membrane molecules
found in almost all mammalian tissues [1]. In the field of purinergic signaling, these receptors play a
role in many physiological functions, such as learning, memory, locomotion, and sleep [2]. Specifically,
they are involved in several cellular functions including proliferation and migration of neural stem
cells, vascular reactivity, apoptosis, and cytokine secretion [2,3]. The term ‘purinergic receptor” was
originally introduced to describe specific classes of membrane receptors that mediate relaxation
of gastrointestinal smooth muscle as a response to the release of ATP—adenosine triphosphate
(P2 receptors) or adenosine (P1 receptors). P2 receptors have been further divided into two subclasses:
P2X and P2Y [4]. P2X receptors are a family of ligand-gated ion channels that allow the passage of
ions across cell membranes. P2Y receptors are a family of G-protein-coupled receptors that initiate an
intracellular chain of reactions.

Some purinergic receptors have been found to play important roles in ocular tissues including the
lacrimal gland, the cornea, the trabecular meshwork, the lens, and the retina [5]. For example, the P2X;
receptor possesses unique features that are likely to be of both physiological and pathophysiological
significance in the retina. Most importantly, not only does the initial activation of these receptors result
in the opening of a non-selective plasma membrane channel, but in many types of cells, sustained
activation causes the formation of trans-membrane pores that are permeable to hydrophilic molecules
of up to 900 Da [6,7].

Expression of the P2X7 receptor has been demonstrated in most types of retinal cells; these include
neurons, such as the retinal ganglion cells [8-10], as well as glia [11,12] and vascular cells [13].
For instance, stimulation of P2X; receptor has been reported to be involved in neuronal and
microvascular cell death under pathogenic conditions like ischemia [14], glaucoma [15-18], and diabetic
retinopathy [19,20].

The current Special Issue was open to submissions of unpublished experimental articles and
review papers on the fundamental basis of the physiological and pathological roles of purinergic
receptors, and purinergic receptors as a potential therapeutic target for ocular diseases. Consequently,
three suggestive review papers and one valuable experimental article, all of which help us understand
the involvement of P2X7 receptor in ocular diseases, have been published. These articles are briefly
summarized below.

Although the P2X; receptor has been identified in the retinal pigment epithelium (RPE) and
different retinal layers, its biological and pathological functions, as well as its downstream signaling
pathways in the RPE and retina, are not yet fully understood. Yang’s review paper [21] mainly focuses
on recent findings of in vitro and in vivo evidence for the role of the P2X; receptor in the RPE and in
age-related macular degeneration (AMD).
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Dutot et al. [22] summarize the role of the P2X; receptor in exogenous and endogenous ocular
stresses as well as in ocular diseases including AMD, diabetic retinopathy, and glaucoma. Treatments to
inhibit P2X; receptor activation are proposed, using either eye-drops or food supplements.

Subauste presents a review paper [23] on the implication of CD40, a novel inducer of purinergic
signaling, in the pathogenesis of diabetic retinopathy. CD40 is an upstream inducer of a broad range
of inflammatory responses in the diabetic retina and is required for death of retinal capillary cells.
Recent studies have uncovered CD40 as a novel inducer of purinergic signaling and identified the
CD40-ATP-P2X; pathway as playing a key role in the induction of inflammation in the diabetic retina
and the programmed cell death of retinal endothelial cells.

P2X7 receptor/channels in the retinal microvasculature not only regulate vasomotor activity
but can also trigger death of capillary cells. While it is known that this purinergic vasotoxicity
is dependent on the transmembrane pores that form during P2X; activation, events linking pore
formation with cell death remain uncertain. Shibata et al. [24] reveal that the previously unappreciated
pore/oxidant/KATP channel/Ca?* pathway accounts for 75% of the capillary cell death triggered by
sustained P2X7 receptor/channel activation. Elucidation of this pathway is of potential therapeutic
importance since purinergic vasotoxicity may play a role in sight-threatening disorders such as
diabetic retinopathy:.

I believe these papers could lead to a new strategy for treating some ocular diseases. I close this
editorial, expecting many advancements in this field in the near future.

Conflicts of Interest: The author declares no conflict of interest.

References

1. North, R.A. Molecular physiology of P2X receptors. Physiol. Rev. 2002, 82, 1013-1067. [CrossRef] [PubMed]

2. Burnstock, G. Introduction to purinergic signalling in the brain. In Glioma Signaling; Baranska, J., Ed.;
Springer Publishing: New York, NY, USA, 2013; pp. 1-12. ISBN 978-94-007-4718-0.

3. Ulrich, H.; Abbracchio, M.P,; Burnstock, G. Extrinsic purinergic regulation of neural stem/progenitor cells:
Implications for CNS development and repair. Stem Cell Rev. Rep. 2012, 8, 755-767. [CrossRef] [PubMed]

4. Burnstock, G. Purinergic signalling. Br. J. Pharmacol. 2006, 147 (Suppl. 1), S172-5181. [CrossRef] [PubMed]

5.  Sanderson, J.; Dartt, D.A.; Trinkaus-Randall, V.; Pintor, J.; Civan, M.M.; Delamere, N.A.; Fletcher, E.L.;
Salt, TE.; Grosche, A.; Mitchell, C.H. Purines in the eye: Recent evidence for the physiological and
pathological role of purines in the RPE, retinal neurons, astrocytes, Miiller cells, lens, trabecular meshwork,
cornea and lacrimal gland. Exp. Eye Res. 2014, 127, 270-279. [CrossRef] [PubMed]

6.  Valera,S.; Hussy, N.; Evans, R.J.; Adami, N.; North, R.A.; Surprenant, A.; Buell, G. A new class of ligand-gated
ion channel defined by P2X receptor for extracellular ATP. Nature 1994, 371, 516-519. [CrossRef] [PubMed]

7. Falzoni, S.; Munerati, M.; Ferrari, D.; Spisani, S.; Moretti, S.; Di Virgilio, F. The purinergic P2Z receptor
of human macrophage cells. Characterization and possible physiological role. J. Clin. Investig. 1995,
95,1207-1216. [CrossRef] [PubMed]

8.  Bréndle, U.; Kohler, K.; Wheeler-Schilling, T.H. Expression of the P2Xy-receptor subunit in neurons of the rat
retina. Brain Res. Mol. Brain Res. 1998, 62, 106-109. [CrossRef]

9.  Ishii, K; Kaneda, M.; Li, H.; Rockland, K.S.; Hashikawa, T. Neuron-specific distribution of P2X; purinergic
receptors in the monkey retina. J. Comp. Neurol. 2003, 459, 267-277. [CrossRef] [PubMed]

10. Wheeler-Schilling, T.H.; Marquordt, K.; Kohler, K.; Guenther, E.; Jabs, R. Identification of purinergic receptors
in retinal ganglion cells. Brain Res. Mol. Brain Res. 2001, 92, 177-180. [CrossRef]

11.  Morigiwa, K.; Quan, M.; Murakami, M.; Yamashita, M.; Fukuda, Y. P2 purinoceptor expression and functional
changes of hypoxia-activated cultured rat retinal microglia. Neurosci. Lett. 2000, 282, 153-156. [CrossRef]

12.  Pannicke, T.; Fischer, W.; Biedermann, B.; Schadlich, H.; Grosche, ].; Faude, E; Wiedemann, P.; Allgaier, C.;
Illes, P.; Burnstock, G.; et al. P2Xy receptors in Miiller glial cells from the human retina. J. Neurosci. 2000,
20, 5965-5972. [CrossRef] [PubMed]


http://dx.doi.org/10.1152/physrev.00015.2002
http://www.ncbi.nlm.nih.gov/pubmed/12270951
http://dx.doi.org/10.1007/s12015-012-9372-9
http://www.ncbi.nlm.nih.gov/pubmed/22544361
http://dx.doi.org/10.1038/sj.bjp.0706429
http://www.ncbi.nlm.nih.gov/pubmed/16402102
http://dx.doi.org/10.1016/j.exer.2014.08.009
http://www.ncbi.nlm.nih.gov/pubmed/25151301
http://dx.doi.org/10.1038/371516a0
http://www.ncbi.nlm.nih.gov/pubmed/7523951
http://dx.doi.org/10.1172/JCI117770
http://www.ncbi.nlm.nih.gov/pubmed/7883969
http://dx.doi.org/10.1016/S0169-328X(98)00254-X
http://dx.doi.org/10.1002/cne.10608
http://www.ncbi.nlm.nih.gov/pubmed/12655509
http://dx.doi.org/10.1016/S0169-328X(01)00160-7
http://dx.doi.org/10.1016/S0304-3940(00)00887-9
http://dx.doi.org/10.1523/JNEUROSCI.20-16-05965.2000
http://www.ncbi.nlm.nih.gov/pubmed/10934244

Vision 2018, 2, 30 30f3

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

Kawamura, H.; Sugiyama, T.; Wu, D.M.; Kobayashi, M.; Yamanishi, S.; Katsumura, K.; Puro, D.G. ATP:
A vasoactive signal in the pericyte-containing microvasculature of the rat retina. J. Physiol. 2003, 551, 787-799.
[CrossRef] [PubMed]

Niyadurupola, N.; Sidaway, P.; Ma, N.; Rhodes, ].D.; Broadway, D.C.; Sanderson, J. P2X; receptor
activation mediates retinal ganglion cell death in a human retina model of ischemic neurodegeneration.
Investig. Ophthalmol. Vis. Sci. 2013, 54, 2163-2170. [CrossRef] [PubMed]

Kakurai, K.; Sugiyama, T.; Kurimoto, T.; Oku, H.; Ikeda, T. Involvement of P2X; receptors in retinal ganglion
cell death after optic nerve crush injury in rats. Neurosci. Lett. 2013, 534, 237-241. [CrossRef] [PubMed]
Sugiyama, T.; Lee, S.Y.; Horie, T.; Oku, H.; Takai, S.; Tanioka, H.; Kuriki, Y.; Kojima, S.; Ikeda, T. P2Xy
receptor activation may be involved in neuronal loss in the retinal ganglion cell layer after acute elevation of
intraocular pressure in rats. Mol. Vis. 2013, 19, 2080-2091. [PubMed]

Sakamoto, K.; Endo, K.; Suzuki, T.; Fujimura, K.; Kurauchi, Y.; Mori, A.; Nakahara, T.; Ishii, K. P2Xy receptor
antagonists protect against N-methyl-D-aspartic acid-induced neuronal injury in the rat retina. Eur. J.
Pharmacol. 2015, 756, 52-58. [CrossRef] [PubMed]

Dong, L.; Hu, Y,; Zhou, L.; Cheng, X. P2X7 receptor antagonist protects retinal ganglion cells by inhibiting
microglial activation in a rat chronic ocular hypertension model. Mol. Med. Rep. 2018, 17, 2289-2296.
[CrossRef] [PubMed]

Sugiyama, T.; Kobayashi, M.; Kawamura, H.; Li, Q.; Puro, D.G. Enhancement of P2X7-induced pore formation
and apoptosis: An early effect of diabetes on the retinal microvasculature. Investig. Ophthalmol. Vis. Sci. 2004,
45,1026-1032. [CrossRef]

Liao, S.D.; Puro, D.G. NAD*-induced vasotoxicity in the pericyte-containing microvasculature of the rat
retina: Effect of diabetes. Investig. Ophthalmol. Vis. Sci. 2006, 47, 5032-5038. [CrossRef] [PubMed]

Yang, D. Targeting the P2Xy receptor in age-related macular degeneration. Vision 2017, 1, 11. [CrossRef]
Dutot, M,; Olivier, E.; Wakx, A.; Rat, P. The role of the P2X; receptor in ocular stresses: A potential therapeutic
target. Vision 2017, 1, 14. [CrossRef]

Subauste, C.S. CD40, a novel inducer of purinergic signaling: Implications to the pathogenesis of
experimental diabetic retinopathy. Vision 2017, 1, 20. [CrossRef]

Shibata, M.; Ishizaki, E.; Zhang, T.; Fukumoto, M.; Barajas-Espinosa, A.; Tong, L.; Puro, D.G. Purinergic
vasotoxicity: Role of the pore/oxidant/Karp channel/ Ca?* pathway in P2X7-induced cell death in retinal
capillaries. Vision 2018, 2, 25. [CrossRef]

@ © 2018 by the author. Licensee MDP], Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1113/jphysiol.2003.047977
http://www.ncbi.nlm.nih.gov/pubmed/12876212
http://dx.doi.org/10.1167/iovs.12-10968
http://www.ncbi.nlm.nih.gov/pubmed/23449724
http://dx.doi.org/10.1016/j.neulet.2012.11.060
http://www.ncbi.nlm.nih.gov/pubmed/23262079
http://www.ncbi.nlm.nih.gov/pubmed/24146541
http://dx.doi.org/10.1016/j.ejphar.2015.03.008
http://www.ncbi.nlm.nih.gov/pubmed/25796199
http://dx.doi.org/10.3892/mmr.2017.8137
http://www.ncbi.nlm.nih.gov/pubmed/29207073
http://dx.doi.org/10.1167/iovs.03-1062
http://dx.doi.org/10.1167/iovs.06-0422
http://www.ncbi.nlm.nih.gov/pubmed/17065524
http://dx.doi.org/10.3390/vision1020011
http://dx.doi.org/10.3390/vision1020014
http://dx.doi.org/10.3390/vision1030020
http://dx.doi.org/10.3390/vision2030025
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

