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In ROP, the severity of consequent vascular abnormality
depends upon the extent of earlier rod photoreceptor
dysfunction, although the rods and the retinal blood vessels
are anatomically separated. We replicated the finding [ 14] that
low rod sensitivity (Swd) predicts abnormal blood vessels
(Ta; Figure 4). Sra Was, in turn, negatively correlated with
VEGF 64 expression (Figure 6). The postreceptor neural retina
is driven by rod photoreceptors in the outer retina, and is
supplied by the retinal vasculature that traverses the inner
retinal surface, sending capillaries deep into the inner neural
layers. Thus, the postreceptor neural retina may be the bridge
between rods and retinal vasculature and is in a position to
mediate the rod and retinal vascular relation (Figure 4).
Consistent with this position, in these data, postreceptor
sensitivity was significantly associated not just with rod
function and vascular abnormality (Figure 4), but also with
mRNA expression of VEGFs4 and Sema3A (Figure 6).

There are at least two explanations for the strong negative
relation between Sm and Ta: 1) the pathologic vasculature
associated with high values for 7x presumably adversely

Figure 6. Significant relations between growth factor mRNA
expression, photoreceptor and post-receptor sensitivity, and
arteriolar tortuosity. Results from RT-PCR (VEGFi6s, Sema3A),
ERG (Sroq, Sm), and RISA (Ta) analyses for 50/10 model (red), 75
model (green), and control (blue) rats are plotted with different
symbols indicating age at test (key). The left ordinates and bottom
abscissae are expressed in derived (Equation 5) ALogNormal units;
the right ordinates and top abscissae are linear values. Stippled lines
indicate the means for the P25-P26 controls. Solid lines are
orthogonal linear regressions through all the data. Low Sm was
significantly associated with high VEGF 64 (r=-0.49; p<0.001) and
Sema3A expression (r=-0.38; p=0.005). Elevated VEGFis4 was
related to high 7a (=0.35; p=0.009). Low S« was significantly
related to high VEGF 164 (r=-0.39; p=0.003).
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affects the retinal circulation, while low values for Ta
putatively represent a salubrious postreceptor environment
favorable to Sm; 2) the distressed postreceptor neural retina
may signal the need for improved circulation by upregulating
mRNA of proangiogenic growth factors such as VEGF or
semaphorins. An excess of these signals may induce the
pathologic vasculature that resulted in high 7. These
explanations are not necessarily mutually exclusive.
However, although Sema3A expression was markedly altered
by OIR, it was not a significant predictor of blood vessel
tortuosity.

Since rod photoreceptor dysfunction antedates and
predicts consequent vascular abnormality [14], rod
dysfunction may underpin both postreceptor neural
dysfunction and retinal vascular abnormality. Deficits in
postreceptor sensitivity in OIR are presumably due, in part, to
diminished rod signaling, but may be worsened by direct
insult to the rod bipolar cell, such as from hypoxia consequent
to an avascularized inner retina and exacerbated by oxygen-
demanding neighboring rods. Natural responses in the
postreceptor retina would be to: 1) remodel neuron-to-neuron
connections to enhance sensitivity; and 2) promote vascular
development. Both outcomes could be achieved through the
mediation of growth factors such as VEGFs and semaphorins
expressed by intermingled glia [60,61].

Two retinal targets for intervention are suggested by these
data, the molecular crosstalk between postreceptor neurons
and their vasculature and the immature rod photoreceptors
themselves. Mitigation of VEGF, either by the reduction of'its
expression or by antagonism of its receptors, has garnered
much attention [62—66]. Successful treatment of the retinal
vasculature would result in enhanced vascular supply to the
postreceptor neurons and presumably improve visual
function. However, in our data, at early ages when
postreceptor sensitivity was low, VEGF expression was
elevated. As postreceptor sensitivity recovered, VEGF
expression plummeted. Endogenous VEGF is required for
visual function [67]. Possibly, the high VEGF expression
instigated successful receptor remodeling. Indeed, anti-VEFG
pharmaceuticals have the potential for adverse effects on
developing neurons [67—69], and thus any anti-VEGF therapy
in ROP calls for caution. Moreover, since neural dysfunction
antedates the vascular abnormalities [13], it seems unlikely
that anti-VEGF therapy alone can fully normalize retinal
function in ROP.

If the rods mediate the neurosensory dysfunction in ROP,
then treatments that protect the rods may also protect the
postreceptor neurons and would possibly reduce VEGF
expression. Thus, treatments designed to relieve the
burgeoning aerobic demands of the immature rods during the
ages when the rod outer segments are elongating should be
among the treatments considered for ROP. Simple
approaches, such as treatment with light to suppress the
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circulating current [70], have shown small beneficial effect in
OIR rats [71]. Pharmaceutical protection of the immature rods
therefore represents a promising, though untested, approach
to the management of ROP [72].

It should be noted that several recent approaches may
derive some of their efficacy from neuroprotective effects. For
example, omega-3 polyunsaturated fatty acids (w3-PUFAs)
increased vessel regrowth after the induction of retinopathy
in a mouse model of ROP, reducing consequent pathologic
vascularization [73]. One action of ®3-PUFAs is to lower
inflammatory cytokine production in retinal microglia in the
inner retina, directly mediating angiogenesis. However, ©3-
PUFAs are also neuroprotective during ischemia [74],
suggesting that some of their effect on the retinal vasculature
may, in fact, be due to preservation of rod function.
Unfortunately, we are unaware of any assessments of retinal
function that have been applied, to date, in an antiangiogenic
treatment in OIR models, leaving the role of the rods and
postreceptor neurons equivocal.
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