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immunofluorescence staining [14], and the current data,
generated by different experimental techniques able to
specifically identify macrophages, i.e., flatmount staining and
real-time PCR for F4/80, supported the previous finding.
Additionally, real-time PCR and ELISA data showed that
VAP-1 blockade decreased MCP-1 expression in the RPE-
choroid complex during CNV formation. In accord with our
data, researchers recently reported that VAP-1 regulates
monocyte recruitment to the tissues [24,25]. Furthermore,
VAP-1 is involved in angiogenesis and tumor growth via
controlling the migration of Gr-1+CD11b+ myeloid cells,
which comprise immature macrophages and dendritic cells
playing a pivotal role in tumor angiogenesis [26]. Taken
together, the accumulating evidence indicates the importance
of VAP-1 for angiogenesis.

The current data showed VAP-1 blockade caused the
reduction of ICAM-1 in the RPE-choroid complex, whereas
the data showed only a trend toward reduced P-selectin levels
in the choroid with CNV. Using an animal model that
manifests acute and severe ocular inflammation, the rat EIU
model, we previously demonstrated that VAP-1 inhibition
downregulated the expression of ICAM-1 and P-selectin in
the inflamed retina [12]. In the previous study, we speculated
from the data that the downregulation of ICAM-1 and P-
selectin expression was due to reduced hydrogen peroxide
generation through the enzymatic activity of VAP-1, the
regulator for expression of the adhesion molecules [27,28].
Our data indicate that VAP-1 blockade reduces macrophage
recruitment into the CNV lesion indirectly via suppression of

Figure 2. Impact of VAP-1 blockade on
CNV formation. A and B:
Representative micrographs of CNV
lesions in the choroidal flatmounts from
an animal treated with vehicle or VAP-1
inhibitor. Red dashed line shows the
extent of the CNV lesions stained with
FITC-conjugated isolectin B4 in
flatmounted choroids. C: Quantitative
analysis of CNV size. Bars show the
average CNV size in each group. Values
are mean±SEM (n=9 to 10). *, p<0.05
**, p<0.01.
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other adhesion molecules, in addition to the blockade of
VAP-1 per se.

Thus far, previous studies have demonstrated that marked
suppression of VEGF is crucial for attenuation of CNV
formation in the laser-induced CNV model [15,17]. However,
in this study VAP-1 blockade showed weak inhibitory effects

on VEGF, a key molecule for angiogenesis, whereas CNV
formation was significantly suppressed. Since the data
showed a trend toward reduced VEGF levels in the choroid
with CNV, VAP-1 inhibition may have a weak suppressive
effect on VEGF expression. Alternatively, these data may
indicate that VAP-1 inhibition ameliorates ocular

Figure 3. Impact of VAP-1 blockade on
macrophage infiltration in CNV. A–F:
Representative micrographs of F4/80
immunostaining in CNV lesions from
an animal treated with vehicle or VAP-1
inhibitor. (Left) CNV lesions stained for
PECAM-1. (Middle)
Immunofluorescence staining for
F4/80. (Right) Merged image. G:
Quantitative analysis of F4/80-positive
cells in CNV lesion. Bars show the
average of the number of infiltrated
macrophages in each group. Values are
mean±SEM (n=3 to 4). *, p<0.05. H:
Quantitative real-time PCR analysis of
F4/80 expression in animals treated with
vehicle or VAP-1 inhibitor (n=9 to 10).
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angiogenesis through mechanism(s) other than VEGF
expression. Further evaluation is needed to elucidate the
detailed mechanism(s).

In conclusion, the current data support our previous
findings that VAP-1 plays a pivotal role in macrophage
infiltration into the CNV lesions in the laser-induced CNV
model, whereas the protein level of VAP-1 is sustained in RPE
and choroidal tissue during CNV formation, indicating a
unique property of VAP-1 that promotes angiogenesis without
molecular upregulation. Furthermore, previous and current
data show that the role of VAP-1 in CNV formation is not
limited to a single animal species, but appears to be a general
phenomenon of rodent biology and possibly mammalian
biology. Whereas optimization and safety evaluation of the
inhibitor compound are still required, this study raised
expectations for the possibility of VAP-1 inhibitor as a novel
and potent therapeutic strategy in the treatment of CNV
formation.
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