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Figure 3. PKC immunoreactivity in the retinal arteries and neuroretina. Representative examples showing phosphorylated PKCo, PKCB1, and
PKCP2 immunoreactivity in the retinal arteries and retina following ischemia and 20 h of reperfusion. A: Double staining with CD31 (also
called PECAM-1), an endothelial cell marker, showed co-localization of phosphorylated PKC in the endothelium (arrows). Weak
phosphorylated PKC staining could also be seen in the smooth muscle layer. B: The lower levels of PKCa, PKCp1, and PKCB2 observed in
the neuroretina after ischemia—reperfusion, according to western blot, were reflected in the immunofluorescence staining results, showing less
staining for phosphorylated PKCa and PKCp2 in the ischemia—reperfusion eyes compared to sham-operated eyes. Furthermore, the
phosphorylated PKCp1 staining showed fewer labeled bipolar cells bodies in the eyes subject to ischemia-reperfusion compared to sham-
operated eyes (see insert in the p-PKCP1 picture). Similar results were seen in all pigs studied. Abbreviations: outer nuclear layer (ONL),
outer plexiform layer (OPL), inner nuclear layer (INL), inner plexiform layer (IPL), ganglion cell layer (GCL), and nerve fiber layer (NFL).

subarachnoidal hemorrhage in the rat [12,13]. The
development of pathological receptor expressions in coronary
arteries has also been found to be inhibited by PKC
antagonists [14].

The staining intensity for phosphorylated PKCa,
PKCB1, and PKCp2 was especially prominent in bipolar cells
in the neuroretina. The occurrence of PKC isoforms has been
thoroughly investigated in a variety of animal species, and
studies in mammals verify the presence of
immunofluorescence staining for PKCa and PKCp in bipolar
rod cells of the neuroretina [28]. In the present study, the levels
of PKCa, PKCB1, and PKCB2 mRNA, and protein expression
in the neuroretina were lower in eyes subjected to ischemia-
reperfusion than in sham-operated eyes. Previous studies,
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using a variety of ischemic models, have reported conflicting
results concerning the effects of retinal ischemia on PKC
expression in the neuroretina [20—22]. The reason for this
discrepancy may be due to the type and severity of ischemic
insult, as well as the animal model studied. Similar
downregulation of the immunoreactivity of PKCa after
ischemia, as observed in the present study, has been reported
in the rabbit retina [21].

It cannot be deduced from the present study whether it is
the ischemia alone or the reperfusion that triggers the PKC
alterations. However, it is generally believed that it is both the
ischemia and the following reperfusion that trigger changes
seen after ischemia-reperfusion injury [1]. The mechanism
underlying the lower PKC mRNA and protein levels is not
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Figure 4. PKC immunoreactivity in the smooth muscle layer of the retinal arteries. Representative examples showing phosphorylated
PKCoa, PKCB1, and PKCP2 immunoreactivity in the retinal arteries following ischemia and 20 h of reperfusion. Double staining with smooth
muscle actin, a smooth muscle marker, showed colocalization with phosphorylated PKC in the smooth muscle layer (arrows). Note that the
colocalization was most apparent for phosphorylated PKCa.

known, but it may be related to decreased transcription and  retinal vascular diseases, including retinal vein occlusion and
translation of PKC, triggered by humoral factors that are diabetic retinopathy, but the results have not been as
changed during ischemia. It is believed that calpain, a Ca*-  promising as hoped [16,30,31]. Knowledge of the role of PKC
dependent protease, may be responsible for the proteolysis of ~ in retinal ischemia is still fairly limited, and whether the
certain PKC isoforms including PKCp following ischemia- function of the PKC signaling pathway is impaired or
reperfusion in the brain [29]. Also, dephosphorylation of the amplified during ischemic injury is remains unknown due to

PKC protein may render PKC more sensitive to proteolysis. conflicting reports.

PKC inhibitors have been shown to prevent the development We wanted to monitor the changes in intracellular signal-
of injury in the heart and brain in animal models followingan  transduction pathways, in this case PKC, during the
ischemic event [10,12]. However, the effect of the PKCp- development of tissue injury following retinal ischemia.

specific inhibitor, LY333531, has been investigated in Therefore, the retina was examined following different
experimental research and clinical trials for the treatment of  durations of reperfusion after the ischemic event. Studying
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different durations of reperfusion may provide insight into
both the initial molecular intracellular events and the ensuing
tissue injury. The present study focused on the initial events.
At 5 h of reperfusion, PKCa, PKCpB1, and PKCB2 expression
levels were lower in the ischemia-reperfusion eyes than in the
sham-operated eyes. After longer duration of reperfusion (12
and 20 h) there was no apparent difference in the expression
of PKC levels between the ischemia-reperfusion and sham-
operated eyes. This pattern of change may reflect initial injury
to the tissue and recovery, with PKC levels returning to
baseline. Nevertheless, it cannot be deduced from the present
study whether a downregulation of PKC is protective, or is
part of the detrimental process of tissue injury.

The porcine eye has a typical primate-like architecture,
including retinal blood vessels, which are useful for
experimental analysis [5—7]. Retinal ischemia was induced by
raising the IOP for 60 min. This time period is commonly used
for inducing high IOP ischemia-reperfusion. High IOP
ischemia-reperfusion is a frequent model for experimental
retinal ischemia research [ 1] and has been described in several
species including rats and rabbits. High IOP produces global
ischemia, with obstruction of both the retinal and uveal
circulation, whitening of the fundus, and iris pallor. The
method is known to produce pathological features similar to
that seen after central retinal artery occlusion [1]. Siliprandi
et al. [32,33] showed in cats that the retinal injury after
elevating the IOP is caused by ischemic insult and is not the
result of increasing the pressure per se. In the present study,
blanching of the arteries and a pale retina were noted by
indirect ophthalmoscopy using an IOP of 80 mmHg, which
would suggest that this level of IOP was sufficient to cease
blood flow. One limitation of the present study was that the
oxygen tension was not measured in the retina. It has been
shown that retinal oxygen tension may be retained also at high
IOP in the pig retina [34] as a consequence of autoregulation.
In the present study there were some variations in the results.
It cannot be ruled out that this autoregulation accounts for at
least some of the variability seen in our results. Also,
interindividual variations in the resistance to an ischemic
insult have been reported before and may account for some of
the variance of the results [1].

In the present study, the retinal arteries were dissected
free from the neuroretina and analyzed separately. It is
possible there may have been some slight contamination of
the retinal arteries with neuroretina and vice versa.
Unfortunately, this cannot be prevented. Contaminants from
the neuroretina may be removed from the retinal arteries by
using digestive enzymes (e.g., trypsin) or osmotic shock (e.g.,
distilled water) [35]. However, osmotic shock is primarily a
method in which arteries and veins are extracted together.
Furthermore, trypsin-treated samples cannot be used for real-
time PCR and western blot experiments.

In conclusion, the blood vessels of the retina are key in
circulatory failure, and we therefore analyzed the retinal
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arteries separately from the neuroretina. The levels of PKC
mRNA and protein were lower in both the retinal arteries and
the neuroretina from eyes subjected to ischemia-reperfusion
than in sham-operated eyes. It remains unclear whether PKC
is involved in cell-survival signaling or mediates detrimental
processes. The present study adds to the knowledge about the
signal-transduction pathways involved in the development of
retinal injury following ischemia. This information may aid
in the identification of new targets for pharmacological
treatment.
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