










anti-P2X7 blockers are not absolutely specific to P2X7
receptors; rather they are P2X receptor inhibitors. Indeed,
oATP is not specific to P2X7 since it also blocks currents at
P2X1 and P2X2 receptors [22]. PPADS and KN-62 are much
more specific to the human P2X7 receptor [23,24].

P2X7 receptor is present and functional on human ocular
epithelial cells: Conjunctival and corneal epithelia are very
sensitive to external toxins far more than epidermal
epithelium. At the moist surface of the body, the cornea is a

Figure 7. P2X7 receptor expression and activation on lens epithelial
cells. Cells were fixed, permeabilized, and then incubated with a
P2X7 antibody (A). Nuclei were stained with propidium iodide. Cells
were observed using the confocal microscopy. P2X7 receptor
activation by ATP and BzATP causes YO-PRO-1 dye uptake in lens
cells (B).

non-keratinized stratified squamous epithelium contrary to
keratin-rich epithelia. They can suffer many disorders since
they are exposed to various external influences. Apart from
physical stress, ocular medications (eye drops) are one of the
most potent hazards of the ocular surface because they are in
direct contact with the conjunctiva and the cornea. Our results
showed that BAC, the most commonly used preservative in
ophthalmology and in cosmetology, stimulated a loss of
membrane integrity and then stimulated ATP release in
extracellular medium. This ATP release could explain P2X7
receptor activation we observed through membrane
permeabilization on both conjunctival and corneal cells. We
could ask if the addition of an ATP-consuming enzyme (such
as hexokinase) would inhibit BAC-induced YO-PRO-1
uptake. We confirm our previous work, which concluded that
preserved fluoroquinolone eye drop intolerance was mainly

Figure 8. Effects of extracellular Ca2+ and Mg2+ on YO-PRO-1
uptake. Both Ca2+ and Mg2+ decreased YO-PRO-1 uptake but Ca2+

has a more potent effect than Mg2+. Ca2+ and Mg2+ together have a
synergic effect on the decrease in YO-PRO-1 uptake. The double
asterisk indicates a p<0.01 compared to PBS and the triple asterisk
denotes a p<0.001 compared to PBS.

Figure 9. Effects of a controlled ionization marine solution on P2X7
receptor activation. Controlled ionization marine solution (CIMS)
decreases YO-PRO-1 uptake in the four cell lines compared to PBS.
The cells were incubated with either PBS (black line) or CIMS (white
line).
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due to P2X7 receptor activation, which was induced by BAC
[25]. BBG, a P2X7 receptor antagonist, was able to block
P2X7 activation induced by BAC. These results confirm the
role of the P2X7 receptor in the cytotoxic mechanisms
induced by BAC. We showed that as the BAC concentration
increases, it becomes more hazardous for the conjunctiva.
Cytolysis, induced by BAC [16], could be explained by a high
activation of the P2X7 receptor, also known as the P2Z
cytolytic receptor [1].

It seems that the P2X7 receptor mainly acts as a pro-
apoptotic receptor in epithelia. Groschel-Stewart et al. [18]
reported that the P2X7 receptor may play a role in the
physiologic turnover of continuously regenerating epithelial
tissue, and Greig et al. [26] observed that the P2X7 receptor
could play a role in periderm cell apoptosis. Our work showing
BAC-induced P2X7 receptor activation in the outer layers of
the ocular surface epithelia are well correlated with these
observations.

The optic nerve, which acts like a cable connecting the
eye with the brain, is a continuation of the axons of the
ganglion cells in the retina. As ATP can act as a
neurotransmitter, high concentrations of P2X7 purinoreceptor
in retinal cells are not surprising. The P2X7 receptor has been
involved in neurodegenerative diseases [27]. The
participation of reactive oxygen species in neurodegenerative
diseases, mainly Alzheimer disease, is well documented
[28]. Oxidative stress is also thought to be involved in retinal
degeneration [29]. Therefore, we studied the role of P2X7
receptor in retinal cytotoxicity after oxidative stress induction.
Indeed, neurodegenerative retinal diseases such as age-related
macular degeneration (AMD) could be due to P2X7 receptor
activation in the retina. Our results showed that an oxidant
agent (tBHP) slightly induced P2X7 receptor activation. P2X7
activation was observed at higher doses of tBHP than those
used to induce ROS overproduction. Therefore, we could
imagine that ROS overproduction was responsible for P2X7
receptor activation. Effects of attacks by radicals, particularly
those produced by ROS, can accumulate over the years [30],
and ROS-induced P2X7 receptor activation could be part of
cell death mechanisms that occur in neurodegenerative
diseases.

The presence of an active P2X7 receptor in lens cells
confirms the possible importance of this cytolytic receptor in
different epithelial tissues.

Numerous reports suggest that the P2X7 receptor
function can be regulated by extracellular ions [2,4,6,7].
Membrane permeability to fluorescent dyes was induced by
ATP4- rather than MgATP2- [4]. It could then explain why
divalent cations have the ability to inhibit pore formation by
direct ionic interaction with the negative charges of ATP. In
our study, Ca2+ was more effective in reducing P2X7 pore
basal formation than Mg2+. This result is consistent with the
atomic mass of calcium being higher than the magnesium

atomic mass (40.078 against 24.305, respectively), which
could explain why calcium induced a higher steric inhibition.
A study on HEK293 cells stably expressing the rat P2X7
receptor showed that Mg2+ was more effective in inhibiting
ATP-induced YO-PRO-1 uptake than Ca2+ [7] whereas a
study on HEK293 cells expressing the human P2X7 receptor
showed no significant difference between Mg2+ and Ca2+ in
their capacity to inhibit BzATP-induced YO-PRO-1 uptake
[6]. Our results, obtained with human cells, are not concordant
with those observed with rat cells, but interspecies differences
in the inhibiting effect of P2X7 receptor antagonists have
already been reported [31]. Not only cations but also anions
such as chloride can affect dye uptake [32,33]. Other possible
roles for ions is a modulation of the agonist binding site
resulting in decreased agonist affinity for the P2X7 receptor
[7] and a repression in the conformational changes that permit
assembly or activation of the pore [34].

The controlled ionization marine solution we tested is a
controlled ionization sea solution containing Ca2+, Mg2+, and
Zn2+. It inhibited basal activation of P2X7 receptor in each
tested cell line. Solutions rich in divalent cations could be
easily used in therapeutics to help in inhibiting a new class of
P2X7 receptor modulators.

These observations reveal a novel pathway for ocular
toxicity in the ocular surface as well as in the retina. The
implication of P2X7 receptor in different ocular stresses (i.e.,
preservatives and oxidative stress) confirms its pleiotropic
activities.
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