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ily of purinoceptors which are ligand-gated membrane
ion channels activated by extracellular adenosine 5'-tri-
phosphate. A unique feature of the P2Xs receptor is
that its activation can result in the formation of large
plasma membrane pores that allow not only the flux of INTRODUCTION

ions but also of hydrophilic molecules of up to 900 Da. One of the most important characteristics of diabetic
Recent studies indicate that P2X7-mediated signaling
can trigger apoptotic cell death after ischemia and dur-
ing the course of certain neurodegenerative disorders.
Expression of the P2Xz receptor has been demonstrated
in most types of cells in the retina. This purinoceptor
mediates the contraction of pericytes and regulates
the spatial and temporal dynamics of the vasomotor
response through cell-to-cell electrotonic transmission
within the microvascular networks. Of potential clini-
cal significance, investigators have found that diabetes e ) :
markedly boosts the vulnerability of retinal microvessels ~ although oxidative stress, formation of advanced glycation
to the lethal effect of P2X7 receptor activation. This pu-  ¢nd products, upregulation of protein kinase C, increased
rinergic vasotoxicity may result in reduced retinal blood polyol pathway flux and focal leukostasis may be taken as
flow and disrupted vascular function in the diabetic  important factors”. In fact, multiple lethal pathways may
retina. With recent reports indicating an association  be activated during chronic hyperglycemia".

between P2X- receptor activation and inflammatory cy- Extracellular adenosine 5’-triphosphate (ATP) is an
tokine expression in the retina, this receptor may also excitatory transmitter both in the petipheral and central
exacerbate the development of diabetic retinopathy by nervous systems. P2X receptors are a family of ligand-
a mechanism involving inflammation. gated membrane ion channels activated by extracellular
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retinopathy (DR) is the death of microvascular pericytes
and endothelial cells™. The loss of pericytes, contractile
cells located on the abluminal wall of capillarieslzj, ap-
pears to play a critical role in the development of mi-
croaneurysms and neovascular tufts”, Damage in the
endothelial cells can result in a breakdown of the blood—
retinal bartier and macular edema™.

Currently, the mechanisms by which diabetes induces

apoptosis in the retinal microvasculature remain uncertain,
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ATP. P2X receptors consist of seven isoforms designated
P2Xi1 to P2X-"Y, They are widely distributed in most
types of cells in nearly every origin. They are involved in
many actions, such as synaptic transmission in the periph-
eral and central nervous systems, contraction of smooth
muscle, platelet aggregation, macrophage activation, cell
death and immunomodulation™".

In contrast to other ligand-gated channels in the pu-
rinoceptor family, the P2X7 receptor possesses unique
features that are likely to be of both physiological and
pathophysiological significance. Most importantly, not
only does the initial activation of these receptors result in
the opening of a non-selective plasma membrane chan-
nel, but with sustained activation there is in many types
of cells the formation of trans-membrane pores that are
permeable to hydrophilic molecules of up to 900 Da'"",
Indicative of P2X7 receptors having a role in cell patholo-
gy, this receptor has been found to be highly up-regulated
in neurons and glial cells located in the ischemic cerebral
cortex'™. P2X7-mediated signaling is also implicated in
neurodegenerative diseases, such as Parkinson’s disease,

Alzheimer’s disease and multiple sclerosis™

P2X7 RECEPTOR IN THE RETINA

Expression of the P2X7 receptor has been demonstrated
in most types of cells in the retina; these include neu-

rons such as the ganglion cells"™' as well as gliam’ls] and
vascular cells'”, The P2X7 receptor was found to medi-
ate the contraction of pericytes through an increase in
intracellular calcium levels"”. Interestingly, the spatial and
temporal dynamics of this vasomotor response are estab-
lished by the ability of P2X7 activation to potently inhibit
cell-to-cell electrotonic transmission within the retinal
microvascular network!”.

In the adult rat retina, immunolabeling for the P2X~
receptor is detected in a number of cells in the inner
nuclear layer and ganglion cell layer, suggesting amactine
cells and ganglion cells". This receptor was also found in
processes presynaptic to rod bipolar cells, as well as other
conventional synapses, suggesting that purines play a role
in neurotransmission within the retina and may modulate
both photoreceptor and rod bipolar cell responsesm.

In addition to the putative physiological roles of P2X~
receptors, it is reported that stimulation of these recep-
tors can kill retinal ganglion cells 7z vitro and in vivo by a
mechanism that appears to be dependent on a rise in in-
tracellular Ca” . One of those reports also suggested
that the balance between extracellular ATP and its pro-
tective metabolite adenosine can influence ganglion cell
survival in the living eyem]. Another study suggested that
an early up-regulation of neuronal P2X7 receptors may
cause injury of retinal neurons and thereby contribute to
the retinal damage®”. Furthermore, data from our labo-
ratory indicate that the activation of P2X7 receptors is
involved in hypoxia-induced death of retinal neurons™.
Other researchers have indicated mechanical strain trig-
gers ATP release directly from retinal ganglion cells and
that this released ATP autostimulates P2X7 receptors.
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Figure 1 Cell death induced in non-diabetic and diabetic retinal microves-
sels by the P2Xr agonist, benzoylbenzoyl adenosine triphosphate. From
Sugiyama et a* with permission from Investigative Ophthalmology and Visual
Sciences. BzATP: Benzoylbenzoyl adenosine triphosphate.

Since extracellular ATP levels in the retina increase with
elevated intraocular pressure and stimulation of P2Xs
receptors on retinal ganglion cells can be lethal, this au-
tocrine response may exert a deleterious effect on retinal

ganglion cells in glaucomatous eyes™,

P2X7 RECEPTOR AND DIABETIC
RETINOPATHY

A study showed that human primary fibroblasts in a
medium with a high glucose concentration underwent
substantial ATP-mediated morphological changes and
increased apoptosis. P2X7 was identified as the main
purinergic receptor involved in these responses”. It has
also been reported that fibroblasts from type 2 diabetes
patients are characterized by a hyperactive purinergic
loop based either on a higher level of ATP release or on
increased P2X~ reactivitym. Another study revealed that
changes in Miiller cell membrane conductance in prolifer-
ative diabetic retinopathy (PDR), Ze., the down-regulation
of active Kir channels and the membrane depolarization,
likely disturb voltage-dependent Miiller cell functions,
such as regulation of local ion concentrations and uptake
of neurotransmitters”™. The enhanced entry of calcium
ions from the extracellular space and the subsequent
stimulation of calcium-activated potassium channels may
trigger Miller cell proliferation in PDR. Others reported
that prolonged stimulation of the P2X7 receptor elicited
permeabilization exclusively in microglial cells but not in
neurons of the inner retina".

Our experiments, using pericyte-containing retinal mi-
crovessels, have shown a diabetes-induced increase in the
vulnerability of retinal microvessels to the lethal effect of
P2X7 receptor activation™”. In other words, the agonist
concentration needed to open large membrane pores and
trigger apoptosis decreased markedly soon after the onset
of streptozotocin-induced hyperglycemia in rats (Fig-
ure 1). It was also found that extracellular nicotinamide
adenosine dinucleotide NAD") caused cell death in the
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Figure 3 Models of the physiological and pathobiological effects of ad-
enosine 5’-triphosphate in the retinal microvasculature. A: Putative mecha-
nisms regulating purinergic vasotoxicity; B: Putative mechanisms by which
extracellular adenosine 5-triphosphate (ATP) causes pericyte Ca® levels to rise
and thereby the contraction of these mural cells and the constriction of adjacent
lumens. From Sugiyama et af*’.

retinal microvasculature by a mechanism involving the
activation of the P2X7 purinoceptor and the formation
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Figure 2 Typical changes of electroretinography
after intravitreal injection (IV) of benzoylbenzoyl
adenosine triphosphate (50 nmol) or physiological
saline solution in an alloxan-induced diabetic rab-
bit. The amplitudes of a and b waves and oscillatory
potentials were reduced in the BzATP-treated eye.
From Sugiyama et af*” with permission from Archives
of Ophthalmology. BzATP: Benzoylbenzoyl adenosine
triphosphate.

2 wk later ‘\M/\’\

20 msec

of transmembrane pores. Soon after the onset of diabe-
tes, the sensitivity of retinal microvessels to the vasotoxic
effect of extracellular NAD" increased by approximately
100-fold™. In our 7n vive study using the laser speckle cir-
culation analyzer and electroretinography, soon after the
onset of alloxan-induced diabetes, retinal blood velocity
and function become more vulnerable to reduction initi-
ated through the P2X> receptor (Figure 2P Additional
investigations indicate that, under physiological condi-
tions, the formation of P2X7 potes is tightly regulated viz
a nitric oxide- and P2Y+-dependent pathway that limits
the rise in pericyte calcium during the activation of these
purinoceptors””. However, if this regulatory mechanism
becomes dysfunctional, as appears to occur in the dia-
betic retina (Figure 3) B then purinergic vasotoxicity may
contribute to the microvascular cell death that is a hall-
mark of DR.

Of additional interest, recent studies of DR in ex-
perimental models suggest the P2X7 receptors may have a
role in mediating cytokine-induced vascular inflammatory
reactions that can degrade the integrity of the blood-
retinal barrier and thereby contribute to retinal vascular
occlusion and ischemia™. More specifically, there are a
number of reports linking P2X7 receptor activation in the
retina with the expression of inflammatory cytokines™.
For example, P2X7 agonists enhance the release of inter-
leukin (IL)-1B and tumor necrosis factor (ITNF)-q from
hypoxia-activated retinal microgliam. In addition, our
recent data suggest that the up-regulation of TNF-q,, IL-
1B and IL-6 may be involved in the retinal ganglion cell
death that can occur with P2X7 receptors activated after
an elevation in the intraocular pressure™. Although it is
clear that more investigation is needed, these new find-
ings further suggest that this purinoceptor may have a
role in the progression of DR.

April 15,2014 | Volume5 | Issue?2 |



Sugiyama T. P2Xv receptors and diabetic retinopathy

In conclusion, a variety of recent experimental stud-
ies are providing evidence that the P2X7 purinoceptor is a
potential therapeutic target of a pharmacological strategy
designed to diminish or prevent cell death in the diabetic
retina.
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