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Systemic rapamycin inhibits retinal and choroidal
neovascularization in mice

Nadine S. Degjneka, Akiko M. Kuroki, Joshua Fosnot, Waixing Tang, Michael J. Tolentino, Jean Bennett
F. M. Kirby Center for Molecular Ophthalmology, Scheie Eye Institute, University of Pennsylvania, Philadelphia, PA

Purpose: Rapamycin exhibits significant antitumor/antiangiogenic activity that is coupled with a decrease in vascular
endothelial growth factor (VEGF) production and a reduction in the response of vascular endothelial cells to stimulation
by VEGF. VEGF plays a significant role in neovascular pathologies of the eye, thus we tested the possibility of using
rapamycin to inhibit retinal and choroidal neovascularization (CNV).

Methods: CNV was induced in adult mice with laser photocoagulation. Retinal neovascularization was induced using the
retinopathy of prematurity (ROP) hyperoxia/hypoxia model. Experimental animals received intraperitoneal (ip) injec-
tions of rapamycin (2 mg/kg/day or 4 mg/kg/day) for 1-2 weeks. Controls were not treated or received ip injections of
phosphate buffered saline (PBS). Eyes were analyzed histologically for evidence of CNV or retinal neovascularization.
ROP eyes were further analyzed for changes in VEGF and VEGF receptor (Flt-1 and FIk-1) protein content following
rapamycin treatment.

Results: Rapamycin significantly reduced the extent of neovascularization in both the CNV and the ROP model. Immu-
nohistochemical staining of treated and untreated ROP retina did not reveal a significant reduction in levels of VEGF
protein or its receptors. Immunostaining for Flt-1 increased, while no obvious changes in Flk-1 were observed. Quantita-
tive analysis of total protein via enzyme linked immunosorbent assay (ELISA) confirmed an increase in Flt-1 and VEGF,
following drug treatment, with no effect on FIk-1.

Conclusions: These results suggest rapamycin may provide an effective new treatment for ocular neovascularization.

Age related macular degeneration (AMD) and retinopaneovascularization (CNV) [13-15]. Furthermore, subretinal
thy of prematurity (ROP) are characterized by aberrant oculanjection of viral vectors encoding VEGF result in animal
neovascularization that often results in severe, irreversiblmodels of CNV [12,16,17].
visual impairment. AMD is primarily responsible for vision Rapamycin, a macrolide fungicide with potent antimicro-
loss in people over the age of 65 [1-3]. In the exudative (webB)ial and immunosuppressive activities, possesses significant
form, choroidal blood vessels grow through Bruch’'s memanti-tumor and anti-angiogenic properties [18,19]. The anti-
brane into the subretinal space, resulting in accumulation @hgiogenic properties are associated with a decrease in VEGF
blood beneath the retina. As a result, retinal detachment apdoduction and a reduction in the response of vascular endot-
disciform scarring occur [4]. In contrast, ROP is characterhelial cells to stimulation by VEGF [19]. The mechanism by
ized by retinal neovascularization that results from the expawvhich rapamycin elicits its effects is not yet clear. Binding of
sure of the incompletely vascularized retina to high oxygemapamycin to its intracellular target, the immunophilin
levels followed by a return to normoxic conditions, resultingFKBP12, results in the inhibition of a kinase, termed the mam-
in a relative hypoxic state [5]. This disease is a major cause ofalian target of rapamycin (mTOR) [18]. mTOR, which is
blindness in children in the developed world, and prematuraormally activated in response to growth signaling through
infants born less than 36 weeks gestation (<1250 g), requirirthe PI3K/Akt pathway, plays an important role in mitogenic
supplemental oxygen, are at greatest risk [6]. cell signaling, affecting several biochemical processes that are

Mounting evidence strongly suggests that vascular ereritical in cell cycle regulation including translation initiation,
dothelial growth factor (VEGF) plays a key role in theseDNA replication and protein synthesis [20]. Blockage of
neovascular processes, and its inhibition can suppress th€TOR function inhibits PI3K/Akt signaling and results in cell
growth of abnormal blood vessels [7-12]. An upregulation otycle arrest [18].

VEGF message in the ROP retina is well documented and its In vitro studies in human smooth muscle and rodent en-
inhibition attenuates the observed retinal neovascularizatiotothelial cells indicate that mTOR inhibition by rapamycin
[7-10]. In addition, VEGF has been associated with choroidadpecifically abrogates hypoxia triggered proliferation and an-
neovascular membranes, in RPE and maculae with AMD argiogenesis [21]. Moreover, mTOR is an upstream activator of
in non-human primate and rodent laser models of choroidélypoxia inducible factor la (HIF-1a), a transcription factor
that mediates the transcriptional regulation of VEGF [22,23].
Correspondence to: Jean Bennett, 310 Stellar-Chance Labs, 422 d-hypoxic cells rapamycin can interfere with HIF-1a activa-
rie Boulevard, Philadelphia, PA 19104-6069; Phone: (215) 898-091%{0on by increasing the rate of its degradation [22]. Based on
FAX: (215) 573-7155; email: jebennet@mail.med.upenn.edu these findings, we tested the possibility of using rapamycin to
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inhibit neovascularization in a model of laser induced choroi1D). Six to seventeen sections/eye were counted and counts
dal and ischemia induced retinal neovascularization, repravere averaged.

senting AMD [24] and ROP [25], respectively. In vivo rapamycin studies: Mice underwent laser photo-
coagulation as described above. Experimental groups received
METHODS 4 mg/kg/day (n=9) or 2 mg/kg/day (n=9) of Rapamune

Animals: All experiments were conducted in accordance with(sirolimus; Wyeth Laboratories, Philadelphia, PA) ip starting
the Animal Care and Use Committee and The Association fahe day of laser photocoagulation and then daily for 2 weeks.
Research in Vision and Ophthalmology Statement for the UsEhe control group (n=9) received PBS ip using the same sched-
of Animals in Ophthalmic and Vision Research. ule. The area of CNV was quantified as described above. ROP
Laser induced model of CNV: Adult female C57BI/6 mice  mice were removed from the hyperoxic chamber on P12. Ani-
(n=27) were anesthetized with avertin (2,2,2-tribromoethanoinals subsequently received ip rapamycin injections for 7 days
0.5 mg/g intraperitoneally (ip)) and pupils were dilated with(2 mg/kg/day or 4 mg/kg/day). Pups were sacrificed at differ-
1% tropicamide. Laser photocoagulation was performed ugnt time points. Eyes were enucleated and processed for par-
ing a diode laser photocoagulator (OcuLight Six; IRIS Medi-affin (see above) or frozen and analyzed for levels of VEGF,
cal, Mountain View, CA) and a slit lamp system with a coverFlt-1 and FIk-1 (see below). Control animals included: 1. age
slip as a contact lens. Laser photocoagulation (130 mW, #hatched animals that developed normally in room air; 2. age
pum spot size, 0.1 s duration) was applied to the 9, 12, andrBatched animals that developed normally in room air and re-
o'clock positions, 2 to 3 disk diameters from the optic nerveeived rapamycin injections; 3. age matched animals that were
of each eye. The rupture of Bruch’s membrane was identifieexposed to hyperoxia and then returned to room air but did
by a bubble formation (which occurred immediately) at thenot receive rapamycin treatments. Experiments were repeated
site of photocoagulation. Laser spots that did not result in thigvo times.
rupture of Bruch’s membrane were excluded from the studies. VEGF, Flt-1, and Flk-1 immunohistochemistry:
Two weeks post-treatment, the size of CNV was measurddhmunostaining was performed on frozen sections. Briefly,
using a flat mount technique, as previously described [11hnimals were euthanized and eyes were fixed in 4% paraform-
Briefly, mice were anesthetized and perfused through the lefidehyde. Following cryopreservation, fith sections were
ventricle with a 30 gauge needle with 1 ml of 50 mg/ml fluo-obtained and blocked in PBS containing 1% horse serum, 1%
rescein labeled dextran (2X¥l@verage molecular weight; BSA and 0.05% Triton X-100 in PBS for 40 min. Sections
Sigma, St. Louis, MO). The eyes were enucleated and fixed imere subsequently treated with primary antibody directed
10% formalin for 24 h. Choroidal flat mounts were made andgainst VEGF (VEGF A-20 rabbit polyclonal 1gG, 1:100 di-
analyzed by fluorescent microscopy using a Leica DMR mifution; Santa Cruz Biotechnology, Inc., Santa Cruz, CA), Flt-
croscope (Leica Microsystems, Wetzler, Germany) equippetl (FIt-1 H-225 rabbit polyclonal 1gG, 1:100 dilution; Santa
with epifluorescence illumination. Openlab softwareCruz Biotechnology, Inc.) or FIk-1 (A-3 mouse monoclonal
(Improvision, Boston MA) was used to measure the magnilgG, 1:50 dilution; Santa Cruz Biotechnology, Inc.) prepared
tude of the hyperfluorescent areas corresponding to choroidal PBS containing 1% horse serum, 1% BSA and 0.3% Triton
neovascularization. In addition, some eyes were processed f¥100 (1 h room temp). Sections were washed with PBS and
histology. Eyes were enucleated, fixed in 4% paraformaldethen incubated in secondary antibody (Alexa Fluor 488 goat
hyde overnight, cryopreserved and i sections were ob- anti-rabbit IgG (H+L), 1:100 dilution, Molecular Probes, Eu-
tained on a Reichert-Jung Cryocut 1800 (Leica Microsystemsgiene, OR or Alexa Fluor 488 goat anti-mouse 1gG (H+L), 1:100
Sections were subsequently stained with hematoxylin andilution, Molecular Probes) prepared in PBS containing 1%
eosin. horse serum, 1% BSA and 0.3% Triton X-100 (1 h at ambient
Hypoxiainduced model of ROP: Weused a murine model room temperature). Slides were washed with PBS,
of ROP that was described previously and in which retinatoverslipped with mounting media containing DAPI and evalu-
neovascularization is induced reproducibly 5-9 days after reated with a Leica DME microscope (Leica Microsystems, Inc.)
turn to room air [25]. Sixty-five ROP mice were created for 4equipped with epifluorescence. Images were captured with a
different experiments. Briefly, post-natal day (P) 7 C57Bl/6Hamamatsu digital camera and Openlab 2.2 image analysis
pups were placed in a hyperoxic chamber (75% oxygen) for $oftware (Improvision, Inc.). To test the specificity of anti-
days. On P12, the mice were removed from the chamber abddy, control sections were stained simultaneously following
placed in room air. A subset of animals was sacrificed on daye same procedures; however, primary antibody was omit-
P19, and the eyes were fixed in 4% paraformaldehyde, ened. Alternatively, an irrelevant primary antibody was added.
bedded in paraffin, sectioned seriallyf®) and stained with VEGF, Flt-1, and Flk-1 enzyme linked immunosor bent as-
hematoxylin and eosin. An individual masked to the treatmergays. Upon enucleation, conjunctiva was removed, and eyes
groups examined the sections for evidence ofvere stored at-80C. Samples were homogenized in a buffer
neovascularization via light microscopy. Neovascularizatiorcontaining 10 mM KHPO,, 150 mM NaCl, 200 mM sucrose,
was quantified by counting the number of retinal vascular entO mM EDTA, 10 mg/ml leupeptin, 10 mg/ml pepstatin A and
dothelial cell nuclei anterior to the inner limiting membranel mM PMSF. Samples were subsequently centrifuged at 6,500
(ILM). Counts were performed in transverse sections throughpm for 7 min. The supernatants were analyzed for protein
the center of the eye (and the optic nerve head; see Figuencentrations via the Bio-Rad Protein Assay Reagent (Bio-
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Rad Laboratories, Hercules, CA). Samples were diluted to a RESULTS
final concentration of 2 mg/ml. Levels of VEGF, Flt-1, and Effect of rapamycin administration on CNV: Animals that
FlIk-1 were determined using the Quantikine M Murine VEGFreceived rapamycin ip for 2 weeks did not manifest any sig-
sVEGF R1, and sVEGF R2 Immunoassay Kits, respectivelpificant side effects such as weight loss, severe infection, or
(R&D Systems Inc., Minneapolis, MN). Five to 14 tissuedeath due to the drug, and maintained normal appetite and
samples were analyzed for each group and time point. activity. The laser induced model yielded a mean area of CNV
Satistical analysis: The statistical significance of differ- equal to 0.0550.006 (SEM) mrfin the control (no rapamycin)
ential findings between experimental and control groups wagroup, 0.0320.004 mni in the 2 mg/kg group, and
determined by an unpaired Student’s t-test and considered sig033:0.003 mm in the 4 mg/kg rapamycin group, as indi-
nificant if two tailed p values were <0.05. cated by analysis of choroidal flat mounts (Figure 2A,B,E).

Figure 1. Rapamycin significantly re-
duces neovascular lesions crossing the
ILM in ROP mice.A: Representative
section (20x) of a control P19 ROP
retina.B: Representative section (20x)
from a P19 ROP animal treated with
2 mg/kg rapamycin. Arrows highlight
neovascular tufts protruding into the
vitreous. Scale bars #andB repre-
sent 40um. C: The average number
of vascular nuclei found anterior to the
ILM per 5um cross section were de-
termined for each experimental group.
The error bars represent (SEND:
Cartoon indicating location of patho-

ILM s
GCLE

IPL

INL

ILM logic neovascular nuclei. Arrow,
neovascular fronds; ON, optic
GCL nerve.

IPL

INL

ONL

Neovascular nuclei

control 2 mg'kg/day 4 mg/kg/day
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This translated into a 29.8% decrease in CNV area in the low Effect of rapamycin administration on retinal
dose group and a 40% decrease in the high dose group, wittovascularization: Mice with oxygen induced ischemic ret-
respect to the control, that was statistically significant (p<0.0%opathy received ip injections of rapamycin (2 mg/kg or 4
and <0.001, respectively). Representative cryopreserved histg/kg) once daily between P12 and P18. Age matched
tological sections show the difference in area ofmnormoxic animals also received drug treatment. Additional
neovascularization before and after treatment (Figure 2C,Dhormoxic and ROP controls were maintained without thera-

0.06
N-l-ls
£ 0.057
~ .04+
= Figure 2. Rapamycin significantly reduces laser induced choroidal
Q 0.03 neovascularization. Fluorescein dextran choroidal flat mounts of PBS
Y (A) and rapamycin treated (4 mg/kg/dByanimals. Representative
o 0.02- cryopreserved histological sections (20x), stained with hematoxylin
[ I and eosin, are shown belo®,D). Arrows highlight the difference
Q in the size of the lesioned area with (4 mg/kg/d@yand without
E 0.014 (PBS,C) rapamycin treatment. Scale bar represent30@\ 29.8%
and 40% reduction in the area of CNV was observed following low
and high dose rapamycin administration, respectiiElyThe error

bars represent SEM.

control 2 mg/kg/day 4 mg/kg/day
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peutic intervention. Rapamycin had no apparent systemic efrg/kg groups averaged 1&3® (p<0.001) and 1142

fects on the normoxic animals. Hypoxic animals exhibitedp<0.001) nuclei, respectively. This data correlated with a
weight loss for 3-4 days of treatment, but then slowly regained2.4% decrease in neovascular tuft extension into the vitreous
weight. The ROP model yielded 6380 (SEM) vascular with low dose rapamycin and an 81.1% reduction with the
nuclei per 5um cross section, extending from the ILM into high dose.

the vitreous on P19. This number was significantly reduced VEGF, Flt-1, and Flk-1 immunohistochemistry: Immu-
following daily rapamycin treatments (Figure 1). The 2 and sohistochemistry was performed in order to assess whether

hypoxia hypoxia + RAPA

Flt-1

Flk-1

Figure 3. VEGF, Flt-1, and FIk-1 immunostaining in the ROP retina on P19. Magnification of all images are 10x. VEGFdHtkt1an
positive cells are stained in green; Nuclei are labeled blue with DAPI. VEGF protein is localized to cells throughoutithéreystmwngest
signal in the ganglion cell layer (GCL), surrounding the neovascular tufts (arrows). Rapamycin treatment (2 mg/kg/daygtad/ gk no
obvious effect on the overall staining pattern of VEGF in the retina. Flt-1 and FIk-1 are also primarily localized inmemplayér (IPL),
outer plexiform layer (OPL) and GCL. An increase in Flt-1 is observed with low and high dose rapamycin treatment in thede GCL. IN
represents inner nuclear layer. Scale bars represgm20
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rapamycin treatment affected patterns of distribution of VEG
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protein and its receptors in the ROP retina (Figure 3). We ol —+— Normoxia
served VEGF protein throughout the retina, with highest lev - :°0’F‘_“°“'a+RAPA
els in the ganglion cell layer (GCL), especially surrounding E 2001 T Rop +RaPA
the neovascular tufts. VEGF levels were also high in the out: e
plexiform layer (OPL), inner plexiform layer (IPL). The two 5 150
receptors showed expression in these regions. Similar patter u
of expression were observed in the age matched normox g 100
controls (data not shown). Interestingly, high dose rapamyci 5
increased Flt-1 labeling. No obvious changes were readil £ 504
detectable in VEGF or FIk-1 labeling. Similar patterns of ex-
pression were seen with the low dose group (data not show! 0 - . . . .
Quantitative analysis of VEGF, Flt-1, and Flk-1: In or- 10 12 pg:tnatal1d6ay 18 20
der to confirm our immunohistochemical observations, we
used enzyme linked immunosorbent assays (ELISAS) to qua B 36007 Normoxia
tify VEGF, Flt-1 and Flk-1 levels in the eye. Conjgnctlva was = Normoxia+ RAPA
removed from all samples at the time of enucleation, asVEG  — 3000{ —— RoP |
protein is normally found in this tissue in rodents and non %, —+— ROP +RAPA
human primates [26]. Our data indicate rapamycin does ni 2 2500
reduce levels of VEGF or its receptors in either the normal ¢ E
ROP developing eye (Figure 4). Upon initial removal of ani- @ 2000 L
mals from the hyperoxia chamber, VEGF protein levels wer E
similar to those of untreated 12 day old controls (85224 € 45001
pg/ml and 43.43.6 pg/ml, respectively). However, VEGF
concentrations in the treated mice increased significantly b 1000 . . . . .
day 15 (174.#7.6 pg/ml) and remained elevated (Figure 4A). 10 12 14 16 18 20
Rapamycin treatment resulted in comparably high VEGF lev post-natal day
els on postnatal (P) day 15 (1&112.9 pg/ml), and these lev- C
els remained high through all the time points examined. N 50+ —=— Nonmnoxia
effect was seen on VEGF protein levels in eyes of animal 5 Nomoxlat RAPA
raised in room air, where levels remain low and slowly de = 40+ —+— ROP + RAPA
crease over time. ) 4
Flt-1 levels in ROP mice were also analogous to those ¢ f_L 301
untreated controls on P12 (1762155.4 pg/ml compared to =
1695.&175.9 pg/ml; Figure 4B). A gradual rise in receptor ® 204
content is observed in the ROP group between P13-P17, k g
by P19 levels begin to decline. Rapamycin treatmentincreasi £ g 1
Flt-1 levels in the ROP group and had no effect on the cor
trols. Interestingly, we observed a significant elevation in Flk: 0 . . . . .
1 following oxygen exposure (from 3%0.9 pg/mlto 11.85.4 10 12 14 16 18 20

pg/ml in age matched normoxic controls) that decreases
normal levels by P15 (16:2.8 pg/ml; Figure 4C). Rapamycin

had no apparent effect on the decrease we observed, nor dif
affect overall levels in developing eyes of animals maintained!

under normoxic conditions.

post-natal day

igure 4. VEGF, Flt-1, and FIk-1 protein levels in developing nor-
al and ROP eye were quantified using ELIS®. Upon removal
of mice from the hyperoxia chamber, VEGF levels increase dramati-

cally. ROP animals continue to maintain high levels of VEGF with
rapamycin treatment (4 mg/kg/day). By P19, the level of VEGF in
DISCUSSION ROP animals receiving drug is higher than that of ROP controls
In the present study, we demonstrated the efficacy of if163.6:7.2 pg/ml compared to 12284.4 pg/ml).B: A general in-
rapamycin for the treatment of CNV and retinalcrease in Fit-1is observed in normoxic and ROP animals from P12-
neovascularization in mice. Both pathologies have been assgl7, followed by a decrease from P17-P19. High dose rapamycin
ciated with increased levels of VEGF [5-7,13-15]. Thus, wdhad no effect on overall levels of Flt-1 in normoxic animals at any
examined the effects of rapamycin on levels of VEGF and itime Point. In contrast, ROP animals treated with drug exhibit an
. . . . gyerall increase in Flt-1 from P17-P19 that is not observed in any
receptors in the ROP retina. Studies in a murine tumor mod?r

. . . her groupC: Hyperoxia causes an increase in Flk-1 in the eye
demonstrated that administration of rapamycin reduced VEG Compgre gSm_gF:)g/ml [ROP] to 1166.4 pg/ml [normoxia] at y

production and decreased the vascular endothelial cells’ sep12). gy p15 Fik-1 levels in ROP animals drop to those of normoxic
sitivity to VEGF stimulation [19]. The murinéEGF gene is  controls. Rapamycin (4 mg/kg/day) has no effect on ROP or normoxic
alternatively transcribed, resulting in three different isoformsanimals at any time point examined.
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(VEGF,, VEGF,, and VEGE,) that differ in molecular and VEGF inhibitors only partially block the neovascular re-
mass, solubility, receptor binding, and function [27]. Whilesponse [38,39]. Hypoxia can stimulate gene expression by at
we are not aware of any reports that specifically linkleast three different mechanisms including gene transcription,
rapamycin’s effect to any one single isoform, it is known thategulation at the translational level and mRNA stabilization,
during pathological ischemia induced retinaland mTOR, the target of rapamycin, has effects on all of these
neovascularization, absolute and relative expression levels pathways [18-20,40]. Factors such as basic fibroblast growth
VEGF,,, are increased, and it selectively induces inflammafactor (bFGF), platelet derived growth factor B (PDGF-B),
tion and cellular immunity [28]. In addition, it has been iden-nitric oxide synthase and angiopoietin are upregulated by hy-
tified as an important isoform in the pathogenesis of early digpoxia [21]. In a study that examined the effects of VEGF, bFGF,
betic retinopathy [29]. and PDGF-B on reconstituted basement membrane matrix ex-

In vitro studies revealed rapamycin is capable of blockperiments, it was found that only bFGF and PDGF-B could
ing the activation of HIF-1a, the transcription factor that in-exert a secondary sprouting effect alone [41]. Alternatively,
duces the expression of VEGF and its receptor Flt-1 [22,23tapamycin may be directly or indirectly stimulating the pro-
Curiously, our ELISA and immunohistochemical data revealedluction of one or more anti-angiogenic factors that are re-
that VEGF levels are not reduced in the ROP model. Insteadponsible for the dramatic effects we observed. Anti-angio-
these levels increase following treatment even though the egenic molecules such as pigment epithelium derived factor
tent of neovascularization is significantly reduced. Interest{PEDF), tissue inhibitor of metalloproteinase-3 (TIMP3) and
ingly, Flt-1 protein levels also increase following treatmentendostatin have all shown efficacy in inhibiting both CNV
suggesting that Flt-1 may play a role in minimizing the pathoand retinal neovascularization [42].
logical changes in the ROP retina. In contrast, we did not ob- The mechanism by which rapamycin elicits its anti-an-
serve any changes in Flk-1 levels after treatment witlyiogenic properties in the eye is not clear. Nevertheless, this
rapamycin. study provides evidence that rapamycin inhibits ocular

It is not apparent by what mechanism rapamycin couleheovascularization in two different models. These results war-
increase Flt-1. FIt-1 has been localized to neonatal blood vegant further testing to determine the stability of the effect and
sels, while Flk-1 is selectively localized outside the vasculathe effective dose range of the drug. We selected our dosages
ture in the neonatal retina until P12, when it is also seen dmsed on a previous report that indicated 1.5 mg/kg/day
retinal vessels [30]. While Flt-1 message is upregulated beapamycin (about 40 ng/ml blood trough level) was effective
tween P3 and P26, there are no significant changes in Flki inhibiting tumor angiogenisis and decreasing VEGF pro-
MRNA expression during this time. The individual involve- duction [19]. Adult transplant patients on a rapamycin regi-
ment of Flt-1 and FIk-1 in oxygen induced retinal vessel demen maintain a dose of 2 mg/day following an initial one-
generation has been examined in vivo using specific ligandéne dose of 6 mg [43], with recommended blood trough lev-
that selectively bind each of the receptors [30]. Specific actiels of 4-20 ng/ml [44]. The antiangiogenic effects we observed
vation of Flt-1 with placental growth factor-1 (PIGF-1) pro- did not significantly differ between the two concentrations of
tects against oxygen induced vessel loss without stimulatindrug we tested, and it may be possible to achieve similar ef-
vascular proliferation and neovascularization; however, VEGHects with substantially lower doses. It may also be possible to
E, which selectively activates Flk-1, does not prevent oxygedeliver rapamycin locally to the eye via topical or subretinal
induced vaso-obliteration. These findings strongly suggest thatjection in order to limit side effects that might appear after
stimulating Flt-1 by PIGF-1 may prove to be an attractive stratsystemic exposure. These possibilities and the relative safety
egy for preventing ROP. Transforming growth factor b1 (TGF-of this approach, with respect to the eye and the rest of the
b1) also induces Flt-1 expression in endothelial cells, and doody, are under investigation.
administration of TGF-b1l and PIGF-1 further increase pro-
tection from hyperoxia induced degeneration [31]. ACKNOWLEDGEMENTS
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