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Figure 5. Effect of P2Y>-R siRNA on ApsA-mediated corneal wound healing. A: A representative sequence of the progress in the corneal
wound in the three different treatments (0.9% saline, 100 pM Ap4A, and siRNA+100 uM ApsA) is shown. B: The graphs show the variation
of the wounded area versus time and the estimated migration rates (EMR) in the three treatments. An asterisk means p<0.05 when compared
to the control, and a double asterisk indicates p<0.01 when compared to the control.

the other hand, the pre-treatment with siRNA against P2Y,-R
produced a long delay in EMR (1.03%+0.08%; p<0.05),
increasing the time for closure to 109 h. All these data reveal
the involvement of P2Y>-R on the in vivo migration of
epithelial cells triggered by ApsA.

DISCUSSION

Normal visual function depends on the ability of the cornea
to form a physical barrier against infections and mainly to
form a smooth and transparent refractive surface. These
corneal properties are sustained by the renewal/wound healing
process. The involvement of P2Y>-R and P2Y4-R in corneal
wound healing has been previously suggested by our and other
groups through pharmacological tools [4,6,23,24].
Furthermore, the presence of these receptors on corneal
epithelial cells has been reported by immunohistochemical
and in situ hybridization techniques [25,26].

The pharmacological profile of P2Y>-R subtypes can
vary, depending on the species studied. Thus, there is a lack
of selective agonists/antagonists to prove the participation of
a specific P2Y-R in a cellular process [7-9].

In the current study, we extended our inquiry to determine
the role of P2Y»-R in ApsA-re-epithelialization process
through RNAi technology. The RNAi tool has been
successfully used for years to study gene function in the in
vitro and in vivo models. In this way, siRNAs against P2
receptors have been previously used to understand its
physiologic roles [27-33].

Two siRNAs were designed from the previously cloned
rabbit P2Y>-R cDNA. Efficiency of siRNA transfection and
gene silencing was confirmed in SIRC cells. P2Y>-R siRNA
#2- protein knockdown was clearly observed by ICC assays.
In addition, both P2Y>-R siRNA #1 and P2Y,-R siRNA #2
reduce migration rates only in cells wounded and treated with
ApsA. These results confirm the specific effect (on target) of
our P2Y>-R siRNAs.

We chose P2Y>-R siRNA #2 for in vivo assays because
of its greatest reduction in migration rate of cells treated with
Ap4A.

In the eye, direct application of siRNAs has been
performed and its potential use as an ocular therapeutic agent
has also been demonstrated [10,12]. To achieve high siRNA
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silencing efficacy in the in vivo models, it is critical not only
to design specific siRNAs but also to choose the most
appropriate route of delivery. Between the ocular routes of
administration, we chose topical instillation because of our
target tissue (cornea). Topical instillation is a noninvasive
technique and lacks toxicity. Due to the corneal-protective
characteristics, we performed frequent instillations. However,
we did not observe changes in the cornea by slit-lamp
biomicroscopy.

Efficiency of P2Y»-R silencing was also confirmed in
living animals by IHC and quantitative RT-PCR (qRT-PCR)
analysis. In addition, protein and mRNA reduction, ruled out
a possible microRNA (miRNA)-related translational
mechanism [10,34,35].

Our IHC results reveal that after wounding, P2Y>-R
staining in ApsA-treated wounds is less intense than in control
wounds. As with many other agonists (for example, insulin),
when ApsA binds to its receptor, P2Y>-R, on the surface of a
cell, the ApsA-P2Y>-R complex undergoes endocytosis and is
subsequently attacked by intracellular lysosomal enzymes.
The internalization of the ApsA molecules provides a pathway
for degradation of the ApsA-P2Y>-R complex as well as for
regulation of the number of sites that are available for binding
on the cell’s surface. The rate of synthesis of new receptors
within the endoplasmic reticulum and their insertion in the
plasma membrane does not keep pace with their rate of
destruction. Over time, this self-induced loss of target cell
receptors for ApsA reduces the target cell’s sensitivity to the
elevated dinucleotide concentration [36,37].

In vivo corneal wound healing is a process that occurs in
three main steps: lag phase (from 0 h to 10 h after the wound),
migration phase (until 24-36 h after the wound), and mitosis
phase (lasting from 36 h after the wound to weeks) [38]. In
this manuscript, we have investigated the role of P2Y>-R in
the ApsA acceleration of the migration rate after corneal
wound healing both in vitro and in vivo. The tested siRNA
performed its effect in the first 36 h after the wound, a period
that correlates with the migration phase that we have
investigated in this manuscript. Altogether, these results
confirm the role of P2Y>-R in corneal wound healing. As
indicated in our results, a selective siRNA against P2Y>-R
significantly blocked the ability of the dinucleotide Ap4A to
accelerate the rate of re-epithelialization after corneal scratch.

Preliminary experiments performed in our laboratory
established that the application of ApsA induces an increase
in the rate of migration [4,6]. In our earlier study and
according to our pharmacological profile, we suggested a
P2Y>-R mechanism. In the present work, it seems clear that
wound healing effect evoked by Ap.A is due to activation of
P2Y>-R.

Demonstrating the presence and the involvement of
P2Y>-Rs in the corneal wound healing process will allow us
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to develop compounds for the treatment of corneal wounds
and even for corneal repair after refractive surgery.

It is clear that selective and stable compounds are
necessary to produce a positive and sustained wound healing
process. This is even more relevant if we take into
consideration the presence of enzymes cleaving nucleotides
in the ocular surface and the presence of other P2 receptors
delaying corneal wound healing [39]. In this context, we
suggested in a previous work possible P2Y>-R/P2Ys-R
switches, which control the transition from wound healing
phase 2 to phase 3 [4,6]. More experiments will be necessary
to confirm this hypothesis and a possible approach is the use
of multi/individual-target siRNA.

In summary, the cloning and the design of a P2Y>-R
siRNA has allowed us to demonstrate the involvement of this
receptor in a relevant process such as corneal wound healing.
This demonstrates that the use of siRNA to silence proteins is
an interesting tool for receptors that do not have selective
antagonists to prove their participation in biochemical and
physiologic processes.
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