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Figure 4. Endothelial cells internalize angiogeninin culture. Rf/6a chorioretinalendothelialcells incubatedwith recombinanthuman
angiogenin A-C) andwith thecontrolprotein,BSA (BSA; D-F). Cellsexposedo angiogenirexhibitintenseangiogeniriabeling,indicating
thattheyactivelyimportthe protein.Cellsthatwerenot exposedo angiogenirdemonstratednly faint labelingin the cytosol,attributedto
endogenousangiogeninFilamentousactinis labeledwith phalloidin (A, D) andnucleiarelabeledwith diamidino-2-phenylindoléDAPI;

blue).

of EC to the positivecontrol, elastinfragmentsyesultedin a
significantincreasdn migrationcomparedo the control,as
previously described [30] (p<0.01).

Nuclear translocation of angiogenin by chorioretinal
endotheliakells: Chorioretinakellsthatwereincubatedvith
the recombinant human angiogenin protein showed
significantlyhigherangiogenirabelingwithin thecytoplasm
andthenucleughanwithin thecontrolcellsthathadbeerpre-
incubatedvith BSAonly (Figure4),indicatingthatthesecells
werecapablefangiogeninuptake Cellsin bothexperimental
groupsdemonstratedomelabelingof angiogenirdueto the
presence of endogenous protein.

DISCUSSION

The activationof endothelialcells and the developmenbf
choroidalneovasculamembranedn patientswith AMD are
complexeventgthatarenot well defined.Althoughthereare
very effectiveanti-VEGFtreatmentcurrentlyin usefor the
treatment of existing neovascular membranes, the
precipitatingcausesinderlyingthe formationand growth of

choroidalneovasculamembranegCNVMs) is likely to be
complex. Determining these other eventswill further our
knowledge of the causal mechanisms occurring in AMD and
will provide more complete therapeutic options.

We hypothesizedhatangiogenimrmayelicit neovascular
behaviorsin ocular endothelialcells. Although the role of
angiogenin in neovasculareye diseaseshas not been
establishedits concentratiorin the vitreousof proliferative
diabeticretinopathypatientshasbeenshownto be elevated
[32,33]. This finding indicates a possible role for angiogenin
in the retinal neovascularizatiorthat occurs in diabetic
retinopathy.

In our studies,angiogenindoesnot appearto increase
migration—one measure of angiogenic behavior—in
chorioretinal endothelial cells. The positive control for
choroidal EC migration, elastin peptides, did promote
migrationasdescribegreviously{30],demonstratinghatthe
EC were capableof respondingo chemotacticstimuli. We
did notassesstherpotentialrolesof angiogenirin functions
associated with choroidal neovascularization,such as
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extracellular matrix turnover, tubulogenesis, or proliferation.
It is possible that angiogenin participates in some, but not
other, aspects of angiogenesis in the aging eye.

Chorioretinal endothelial cells were found to internalize
angiogenin peptides from the microenvironment, suggesting
that these cells express angiogenin receptor(s), which are yet
to be conclusively identified [34,35]. In other systems,
angiogenin exerts complex effects on cell behavior that
include direct interaction with filamentous actin [36], B/Akt
kinase activation, and rRNA synthesis [31]. Since Rf/6a cells
are able to bind angiogenin and import it from their
microenvironment, it is possible that this protein participates
in the regulation of some aspects of inflammation and/or
angiogenesis in the human choroid, central features of
neovascular AMD.

Finally, we found that angiogenin is present within some
drusen, which is intriguing since these deposits occasionally
appear to be a substrate for angiogenesis (R.F.M., unpublished
observations). Moreover, angiogenin was localized to both the
normal vasculature and the pathologic endothelium in eyes
with neovascular membranes, suggesting that angiogenin may
be necessary in maintaining the vasculature and that
angiogenin polypeptides are present during the pathologic
development of AMD. A comprehensive understanding of
angiogenin and its potential receptor(s) in normal and
diseased human eyes, and its effects on endothelial cell
physiology and biochemistry, may provide further insights
into AMD disease progression.
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