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Pathological Role of Apelin in Angiogenic Eye Disease
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Progression of ischemic retinal diseases, such as diabetic retinopathy, is closely associated with pathological retinal
angiogenesis mainly induced by vascular endothelial growth factor (VEGF) . Anti-angiogenic therapy using anti-VEGF
antibodies is effective in treating diabetic retinopathy, even though its efficacy is not long-lasting. Since many factors are
involved in angiogenesis, it is reasonable to seek new therapeutic target molecules in pathological retinal angiogenesis.
We have found that apelin/APJ system is involved in not only physiological but also pathological retinal angiogenesis
using a mouse model of oxygen-induced retinopathy (OIR). Oxygen-induced vessel loss in the retinas of OIR model
leads to a significant increase in the capillary density accompanied by abnormal vessel growth, similar to aneurysms,
which are hardly detected in the retinas of control mice. Compared with age-matched control mice, retinal apelin expres-
sion was dramatically increased during retinal angiogenesis in OIR model. Immunostaining for APJ, apelin receptor, in
retinal from OIR model revealed that APJ was localized in proliferating endothelial cells in the retinal vascular plexus.
Retinal angiogenesis in the OIR model was rarely observed in apelin deficient mice, although temporal expression pat-
tern of VEGF was similar to that of wild-type OIR model. In addition, clinical study showed that vitreous concentra-
tions of apelin were significantly higher in the proliferative diabetic retinopathy group than in the control group. Taken
together, these findings clearly suggest that apelin/APJ system may be a crucial factor for pathological retinal angiogen-
esis. Inhibition of this system could offer new therapeutic opportunities against ischemic retinopathy.
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Fig. 1. Gene Expression in the Retinas of OIR Model Mice
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Temporal expression patterns of apelin (A) and VEGF (B) in the retinas of control (open columns) and OIR model (closed columns) mice were examined by
real-time RT-PCR (n=4 to 5). Data are mean +S.E.M. *p<{0.05, **p<{0.01 vs. control; ¥p<0.05 vs. P7 values for each genotype.
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Fig. 2. APIJ Expression in the Retina of OIR Model
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Double immunostaining for platelet/endothelial cell adhesion molecule-1 (PECAM-1) and APJ in flat-mount retina specimens from OIR model mice at P15.
Representative pictures are shown. APJ expression was not detected in the endothelial cells of vessels that were not accompanied by capillary sprouting (ar-

rowheads) . The bar indicates 100 um.

A. Control

Fig. 3. Neovascular Responses and APJ Expression in the Retina of OIR Model
A and B, HE staining reveals control retina (A) and comparable neovascular responses in OIR (B) model mice. C and D, Double immunostaining for APJ and
BrdU in retinal cross sections in OIR model mice at P17. GCL indicates ganglion cell layer; VT, vitreous; and arrows, double labeled cells. The bar indicates 50 um.
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Fig. 4. Apelin-KO OIR Model Mice
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A, Representative pictures show vaso-obliteration and pathological angiogenesis in apelin-KO and WT mice. Arrowheads indicate abnormal vessels. B, Capilla-
ry density in the retinas of OIR model mice (n=5 to 14). C, The number of cell nuclei on the vitreal side of the internal limiting membrane. Data are given as the
mean +S.E.M. **p<0.01 vs. WT-OIR, "p<0.05 vs. P12 values, p<0.05 vs. control.
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Fig. 5. VEGF Expression in the Retinas of Apelin-KO OIR Model Mice
A through E, Expressions of VEGF (A), VEGFR1 (B), and VEGFR2 (C) in the retinas of WT and apelin-KO mice were examined by real-time RT-PCR (n=
4 to 5). Data are given as the mean +S.E.M. *p<{0.05 and **p<{0.01 vs. control, ¥p<{0.05 vs. P7 values for each genotype.
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