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An antisense oligonucleotide tar geting the growth hor mone r ecep-
tor inhibits neovascularization in a mouse model of retinopathy
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pher J. Wraight?

Department of Immunology, Monash University, Alfred and Medical Research Precinct (AMREP), 2Antisense Therapeutics Ltd,
Toorak, Victoria, Australia

Purpose: We have demonstrated that a 2'-O-methoxyethyl modified antisense oligonucleotide against the mouse growth
hormone (GH) receptor (GHr) reduces GH binding and serum insulin-like growth factor-1 in normal mice. We tested
whether this systemically delivered antisense oligonucleotide could inhibit neovascularization in mice with oxygen in-
duced retinopathy (OIR).

Methods: OIR was induced in C57BL/6 mice by housing them in 75% oxygen across postnatal days (P)7 to 12 followed
by five days in room air. Shams were in room air from P0O-17. GHr antisense oligonucleotide, ATL 227446, was adminis-
tered by early (P7, 8, 9, 11, 13, 15, and 17) or late (P12-16) intervention at doses of 5, 10, 20, and 30 mg/kg. Other mice
were treated with either vehicle (saline), the somatostatin analog octreotide (20 mg/kg/bi-daily), or control oligonucle-
otides ATL 261303 (at 20 mg/kg by late and early intervention) or ATL 260120 (at 20 and 30 mg/kg by early intervention
only). Blood vessel profiles were counted in 3 mm paraffin sections of inner retina.

Results: OIR increased blood vessel profiles by 2.5 fold compared to shams. In OIR, early intervention GHr antisense
oligonucleotide ATL 227446 reduced blood vessel profiles at higher doses including 10 mg/kg, and 30 mg/kg resulted in
the greatest reduction (38%). In OIR, late intervention with all doses of GHr antisense oligonucleotide ATL 227446
reduced blood vessel profiles to a similar extent, and the highest dose resulted in a 26% reduction compared to OIR.
Octreotide reduced blood vessel profiles in OIR mice by 26%. In OIR, ATL 261303 had no effect on blood vessel profiles,
while 30 mg/kg ATL 260120 reduced blood vessel profiles by 18%.

Conclusions: Systemically delivered antisense oligonucleotides directed against the GHr are a potential novel treatment
for ocular neovascularization related disorders.

Pathological neovascularization is the hallmark feature  Therapeutic strategies for DR included early approaches
of both retinopathy of prematurity (ROP) and diabetic retinto block the actions of GH such as hypophysectomy and pitu-
opathy (DR) [1,2]. In both conditions, retinal itary radiation [10], and more recently, the use of the GH re-
neovascularization is associated with vascular leakage, whideptor (GHr) antagonist, pegvisomant, or inhibiting the se-
leads to visual impairment and, in many cases, blindness [1,2Jretion of GH from the pituitary using somatostatin or its ana-
Growth hormone (GH) may be involved in the developmentogues such as octreotide [9,11,12]. We recently reported the
of ROP and DR. The initial association between GH and diadesign and optimization of a “5-10-5" 2'-O-(2-methoxy)ethyl
betic retinopathy came from studies in which pituitary abla{2' MOE) modified antisense oligonucleotide (ASO) directed
tion was linked to the remission of DR [3-6]. In subsequento the mouse GHr, which suppresses GHr mRNA levels in
studies, DR was found to be approximately three times mondtro and in vivo and reduces binding of GH to liver cells in
prevalent in Type | diabetic patients who are GH sufficienhormal mice [13]. The present study describes the effect of
than those who were GH deficient [3]. GH deficient dwarfsthis ASO, ATL 227446, on retinal neovascularization in a
with diabetes were free of microvascular complications [7]mouse model of ROP. In rodents, ROP is induced by exposure
and GH replacement therapy for patients with GH deficiencyf newborns to hyperoxia, which suppresses normal develop-
induced a diabetic-like retinopathy, which is attenuated aftemental retinal vascularization [9,14,15]. Subsequent exposure
discontinuation of GH treatment [8]. In terms of ROP, Smithto room air results in relative retinal hypoxia and excessive
and colleagues reported that retinal neovascularization is rpathological retinal neovascularization known as oxygen in-
duced in transgenic mice expressing a GH antagonist gedeced retinopathy (OIR) [9,14,15]. In the present report, the
that were subjected to experimental ROP [9]. GHr ASO, ATL 227446, was given systemically to mice with
OIR by both early intervention (before and during retinal patho-
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METHODS 0.003 M KCI, and 0.001 M KHPO,) overnight and processed

Animals: Pregnant female C57BL/6 mice were provided byin graded alcohol baths before being embedded in paraffin
The Animal Resource Center, Western Australia, and housedax. Eyes were then serially sectioned at 3 mnf® the
in the Biological Research Facility, Department of Physiol-optic nerve and placed on three aminopropyl-triethoxysilane
ogy, The University of Melbourne. Each litter was random-coated slides (Sigma, St Louis, MO). Approximately 120 sec-
ized to 28 experimental groups (Table 1). All experimentations/eye were collected and incubated overnight 4C37
procedures adhered to the guidelines of the Australian Na- Quantitation of blood vessel profilesin the inner retina:
tional Health and Medical Research Council, which are com¥hree sections from one eye from each animal were randomly
parable with the Institute for Laboratory Animal Researchchosen, deparaffinized, and stained for 5 min each with
Guide for the Care and Use of Laboratory Animals. Mayer’s hematoxylin and eosin (5 min; Amber Scientific Labo-

The experimental model is summarised in the rest of thigatories, Belmont, Australia), and coverslipped. Using an es-
paragraph [9,14]. Seven-day-old pups and their nursing dantsblished technique [14,16,17] blood vessel profiles (BVP’s)
were exposed to 75% oxygen for five days during which timevere counted in the inner retina and included vessels adherent
there is vaso-obliteration and cessation of normal develoge the ILM. The inner retina comprised the inner limiting mem-
ment of the central retinal capillary beds. Medical-grade oxybrane (ILM), ganglion cell layer (GCL), and inner plexiform
gen was used and controlled by a PROOX oxygen controlldayer (IPL). Four fields per section were evaluated in a masked
model 110 (Reming Bioinstruments, Redfield, NY). The oxy-manner by two technicians. A BVP was defined as an endot-
gen content of the chambers was checked daily with a MacLahélial cell (stained blue) or a blood vessel with a lumen. Count-
2E system (Chart v3.5 program on the MacLab/2E Systenng was performed on an Olympus BX51 photomicroscope
AD Instruments, Pty Ltd, Bella Vista, New South Wales, Aus{Olympus, Tokyo, Japan) at a magnification of X40, and im-
tralia). On postnatal day (P) 12, the mice were housed in rooages were captured on a Spot digital camera (SCiTECH Pty.
air for five days until P17. During this time there is acute retiLtd., Victoria, Australia) connected to an IBM computer.
nal ischemia in the avascular regions of the central retina, whicQuantitation was performed by an investigator, who was
is followed by excessive pre-retinal neovascularization. Shammeasked to the experimental groups.
were mouse pups kept with their mother in room air from birth  Animal numbersand statistics: Data was analyzed using
until P17. Throughout the experiment, mothers were provide8tatview for Windows version 5.0.1, (SAS Institute Inc, Cary,
with water and standard mice chow (GR2, Clark-King and\NC). A two way ANOVA with Fisher’s post hoc comparison
Co., Gladesville, Victoria, Australia) ad libitum and exposed
to normal 12 h:12 h Ilght-dark CyC'e. PUpS received nutrition TABLE 1. THERAPIES, INTERVENTION PERIOD, NUMBER OF ANIMALS
from their mothers. AND BODY WEIGHT AT POSTNATAL DAY 18 IN EACH SHAM AND OXYGEN

Treatments: ATL 227446 ACA AAG ATC CAT ACC NDUCED RETINOPATHY SROUP
TGA GA), is an antisense oligonucleotide specific for mouse & oup ntervention N g
GHr. Itis phosphorothioate throughout with 2'-MOE modifi- ---------oommmememomemoeeooeeeeeoes T s
cations in the five outer 5' and 3' positions. Control oligo-

nucleotides (ATL 261303\GA GAG CTA CCTAACTAA  arvencie i p carly o ©00:0 30
CA, and ATL 260120TTA CCG TAT GGT TCCTCA CT)  amveniele i p late o 670w a1
with sequences non-specific to the GHr, were prepared With,& ,,7446 - o+ aso
s!mllar chemlcal structure.[13].AII oligonucleotides were pro-, .~ . . A carly 010 *6 424025
vided by Isis Pharmaceuticals Inc., Carlshad, CA. The somasams, 10, 20, 30 ny/kg i.p. late 8-10  *6.34x0.21
. . . . . O R+5, 10, 20, 30 ng/kg i.p. early 9-10 *6.93+0. 18
tostatin analog octreotide was kindly provided as a gift fronu rs, 10, 20, 30 m/kg i.p. late 9-10  *6.55:0. 28
Bachem AG (Bubendorf, Switzerland). Vehicle treated CONsmamso my ko/bi -dai 1y s.c. late 10 6.79:0.17

trols received sterile saline. Doses, administration route, arftf*?° "/kd/bi-daily s.c. fate 10 6.48:0.39

animal numbers are summarized in Table 1. Agents were afft 261303 - control oligonucl eotide

ministered at a volume of 1@0. To determine if pathological = Sham20 ko b carly s 6.64:0.23
retinal neovascularization in OIR mice was influenced by treat Ri20 m/kg i .p. arly o 671019

.. . . . . X+ I.p. ate . 12+0.
ment administered either prior to or after the hypoxic-induced -~ ™ ¢ '**

neovascularization period, we provided therapies by eithgf- 26020 contrel ofigonucteotide

early or late intervention. Early intervention comprised injecg\ima rg/ & | b o e oo
tions at P7, 8,9, 11, 13, 15, and 17 (total of seven doses). L&g2° gj tg :jgj gg[w : 6.35-0.28

intervention was injections at P12-16 (total of five doses). ) o
The following abbreviations were used: growth hormone receptor

Tissue collection histology: Following the 17-
. e collect .0 and stology 9.0 gt e. day. (GHr), antisense oligonucleotide (ASO), intraperitoneal (i.p.), and
experimental period, mice were sacrificed by an intraperito:

| iniecti f Nembutal (Rh Meri | dsubcutaneous (s.c.). Early intervention is administration at P7, 8, 9,
nea In!ectlon of Nembutal ( ,One erieux, Queenslan 11, 13, 15, and 17 (total of seven doses). Late intervention is admin-
Australia, 120 mg/kg body weight). Both eyes from eachgiration at P12-16 (total of five doses). Values are msam. There

mouse pup were removed and fixed in 4% paraformaldehydgere no differences in body weights between all groups. Asterisk
in 0.1 M phosphate buffer (0.137 M NaCl, 0.018 MNRO,, indicates *mean for four treatment groups.
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was applied, with p<0.05 considered to be statistically sigthe 5 mg/kg dose when compared to all OIR controls. Early
nificant. intervention with 30 mg/kg GHr ASO ATL 227446 was asso-
ciated with a 38% reduction in BVPs, which represented the
RESULTS greatest reduction across all OIR groups (Figure 1). In OIR
Body weight: The results are summarized in Table 1. Bodymice treated with late intervention ATL 227446, BVPs in the
weights were similar between sham+vehicle and OIR+vehiclaner retina were reduced to a similar extent with all doses,
groups. Treatments had no effect on body weights in eithemd the highest dose of 30 mg/kg resulted in a 26% reduction
sham or OIR animals. Treatments did not affect the health artbmpared to all OIR vehicle controls (Figure 1 and Figure 2).
growth of mouse pups. When comparing early and late interventions in OIR, 10 mg/
Early intervention treatment is more effective than late kg ATL 227446 reduced BVPs to a similar extent in both pro-
intervention treatment with growth hormonereceptor antisense  tocols, while early intervention with 20 and 30 mg/kg ATL
oligonucleotide ATL 227446 in reducing neovascularization =~ 227446 resulted in a greater reduction in BVPs than all doses
in oxygen induced retinopathy: In both early and late inter- of late intervention ATL 227446 (p<0.05 and p<0.0005, re-
vention sham control groups, retinas appeared normal and hapectively).
similar numbers of BVPs in the inner retina (Figure 1 and  Late intervention treatment with growth hormone recep-
Figure 2). In contrast, in both early and late intervention OIRor antisense oligonucleotide ATL 227446 is equally effective
control groups, numerous blood vessels were observed in ths late intervention treatment with octreotide in reducing
inner retina, which often penetrated into the vitreous cavityeovascularization in oxygen induced retinopathy: The inner
(Figure 1 and Figure 2). retina of sham vehicle controls and sham mice treated with
In sham mice treated with GHr ASO ATL 227446 by ei-octreotide appeared normal and had similar numbers of BVPs
ther early or late intervention, retinas were similar to shanfFigure 3). In OIR mice, late intervention with octreotide to
vehicle controls (Figure 1 and Figure 2). In OIR mice treate®IR mice resulted in a similar decrease (26%) in BVPs in the
with early intervention GHr ASO ATL 227446, BVPs in the inner retina as late intervention with GHr ASO ATL 227446
inner retina were reduced with 10, 20, and 30 mg/kg but ndFigure 3). However, octreotide was less effective in reducing
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Figure 1. Quantitation of blood vessel profiles in the inner retina from mice with oxygen induced retinopathy and treateds&itBHR

ASO ATL 227446 using an early or late intervention protocol. ATL 227446 was associated with a reduction in pathologiealesigio

mice with oxygen induced retinopathy that was most effective when administered by early intervention. ATL 227446 hadnmeifaat
physiological angiogenesis in retina of sham mice. The following abbreviations are used: early intervention (El); latgoimtdri)en

oxygen induced retinopathy (OIR); growth hormone receptor (GHR) and antisense oligonucleotide (ASO). El represents tteegement be
postnatal days 7 and 17. Late intervention represents treatment between postnatal days 12 and 16. Valueseane N¥&ato 10 mice per

group. Asterisk denotes p<0.0001 compared to all OIR groups. Cross denotes p<0.001 compared to OIR+vehicle (El and ttpsBouble
denotes p<0.05 compared to all OIR+ATL 227446 late intervention. Double squiggle denotes p<0.0005 compared to all OIR+ATL 22744

late intervention.
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Figure 2. Threaum paraffin
sections of inner retina from
mice with oxygen induced ret-
inopathy and treated with
mouse GHr ASO, ATL 227446,
using an early intervention pro-
tocol. Oxygen induced retin-
opathy is associated with
pathological angiogenesis in
the inner retina compared to
sham mice, which is reduced
with ATL 227446. The follow-
ing abbreviations are used:
oxygen induced retinopathy
(OIR); growth hormone recep-
tor (GHR); antisense oligo-
nucleotide (ASO); ganglion
cell layer (GCL); inner plexi-
form layer (IPL) and blood
vessel profiles (BVPs). The
sections are stained with hema-
toxylin and eosin. Magnifica-
tion x150. Scale bar equals 50
um. A is sham+vehicleB is
sham+5 mg/kg ATL 227446

is sham+10 mg/kg ATL
227446,D is sham+20 mg/kg
ATL 227446,E is sham+30
mg/kg ATL 227446,F is
OIR+vehicleG is OIR+5 mg/
kg ATL 227446 H is OIR+10
mg/kg ATL 227446,1 is
OIR+20 mg/kg ATL 227446,
andJ is OIR+30 mg/kg ATL
227446. Retina in all sham
groups A to E) appeared nor-
mal with BVPs (arrows) in the
inner retina. In OIR vehicle
controls F), BVPs (arrows)
were present in the inner retina
and also adherent to the retinal
surface (arrowhead). In OIR, 5
mg/kg ATL 227446 G) did not
alter BVPs, however higher
doses reduced BVPSi(1, J)

to a greater extent than late in-
tervention (Figure 1 and Fig-
ure 2).
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BVPs in OIR mice than early intervention with either 20 or 300IR mice, ATL 261303 when administered by either an early
mg/kg ATL 227446. or late intervention protocol (20 mg/kg) did not alter the num-
Control oligonucleotides and pathological retinal ber of BVPs in the inner retina compared to all OIR controls
neovascularization in oxygen induced retinopathy: Sham mice  (Figure 4). In OIR mice, ATL 260120 when administered by
treated with control oligonucleotides ATL 261303 or ATL early intervention at 20 mg/kg did not alter the number of
260120 had a similar number of BVPs in the inner retina comBVPs in the inner retina when compared to all OIR controls
pared to all sham control groups (Figure 4 and Figure 5). IfFigure 5). However, the highest dose of 30 mg/kg reduced

sham OIR
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Figure 3. Threeum paraffin sections and quantitation of blood ves-

sham OIR sel profiles in the inner retina from mice with oxygen induced retin-
opathy and treated with the somatostatin analog octreotide using a
- 35 - late intervention protocol. Octreotide reduced pathological angio-
o] genesis in the retina of mice with oxygen induced retinopathy and
h 30 4 had no effect on normal physiological angiogenesis in sham mice.
g © 55 L The following abbreviations are used: oxygen induced retinopathy
z g (OIR); ganglion cell layer (GCL); inner plexiform layer (IPL) and
=4 = 20 4 * * blood vessel profiles (BVPs). The sections are stained with hema-
S gy 15 - toxylin and eosin. Magnification x150. Scale bar equalgrB0A is
= £ sham-+vehicleB is sham+20 mg/kg octreotid€, is OIR+vehicle,
=% 10 —_ andD is OIR+20 mg/kg octreotide. Retina in all sham groups ap-
§ peared normal with BVPs (arrows) evident in the GCL and IPL. In
% 5 - OIR vehicle controls@), numerous BVPs (arrows) were present in
3] 0 the inner retina and also adherent to the retinal surface (arrowhead).
vehicle 20ug vehicle 20ug Values are meaisem. N=9 to 10 mice per group. Asterisk denotes

p<0.0001 compared to all OIR groups. Cross indicates p<0.0001
compared to OIR+vehicle.
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Figure 4. Thregum paraffin sections and quantitation of blood ves-
sel profiles in the inner retina from mice with oxygen induced retin-
opathy and treated with the control oligonucleotide ATL 261303 us-
ing either an early or late intervention protocol. ATL 261303 had no
effect on pathological angiogenesis in mice with oxygen induced re-
tinopathy, or on normal physiological angiogenesis in sham mice.
The following abbreviations are used: oxygen induced retinopathy
(OIR); ganglion cell layer (GCL); inner plexiform layer (IPL); blood
vessel profiles (BVPSs); early intervention (El) and late intervention
(L1). The sections are stained with hematoxylin and eosin. Magnifi-
cation x150. Scale bar equals 8. A is sham+vehicleB is sham+20
mg/kg ATL 261303 and EIC is sham+20 mg/kg ATL 261303 and
LI, D is OIR+vehicleE is OIR+20 mg/kg ATL 261303 and El, and
F is OIR+20 mg/kg ATL 261303 and LI. Retina in all shams ap-
peared normal with BVPs (arrows) in the GCL and IPL. In untreated
OIR mice D), numerous BVPs (arrows) were present and also ad-
herent to the retinal surface (arrowhead). Retina from OIR mice treated

with ATL 261303 either earlyH) or late F), appeared similar to untreated OIR (D) with numerous BVPs (arrows) in the inner retina and
penetrating into the vitreous (arrowhead). Values are sseam N=9 to 10 mice per group. Asterisk denotes p<0.0001 compared to all OIR

groups.
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Figure 5. Threeum paraffin sections and quantitation of blood ves-
sel profiles in the inner retina from mice with oxygen induced retin-
opathy and treated with the control oligonucleotide ATL 260120 us-
ing an early intervention protocol. Ata dose of 20 mg/kg, ATL 260120
reduced pathological angiogenesis in mice with oxygen induced ret-
inopathy, but had no effect on physiological angiogenesis in sham
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35. sham
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mice. The following abbreviations are used: oxygen induced retin-
20 J opathy (OIR); ganglion cell layer (GCL); inner plexiform layer (IPL)
and blood vessel profiles (BVPs). The sections are stained with he-
15 4 matoxylin and eosin. Magnification x150. Scale bar equals@®
10 J is sham+vehicleB is sham+20 mg/kg ATL 26012@ is sham+30
mg/kg ATL 260120D is OIR+vehicle,E is OIR+20 mg/kg ATL
ﬂ 260120, andr is OIR+30 mg/kg ATL 260120. In all shams, BVPs

(arrows) were evident in the GCL and IPL. In OIR+vehi€lg Qu-
merous BVPs (arrows) were in the inner retina and adherent to the
retinal surface (arrowhead). Retina from OIR+20 mg/kg ATL 260120
(E) appeared similar to OIR+vehicl®); Retina from OIR+30 mg/kg ATL 260126 had fewer BVPs (arrows) in the inner retina than
OIR+vehicle D), however BVPs occasionally penetrated into the vitreous (arrowl@adlues are meassem. N=7 to 9 mice per group.
Asterisk denotes p<0.0001 compared to all OIR groups. Cross denotes p<0.005 compared to OIR+vehicle.
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BVPs in OIR mice by 18% compared to all OIR controls. Thigpegvisomant did not affect retinopathy in 16 patients, while

reduction in BVPs was not statistically significant from thenine patients showed progression [11]. It is possible that the
reduction that occurred with late intervention GHr ASO orstudy size and 12-week treatment period were too small for
octreotide, but was not as great as early intervention with GHtefinitive effects of GHr antagonism to be determined.

ASO at 20 and 30 mg/kg (p<0.001). Another reason for the effectiveness of early rather than
late GHr ASO treatment may relate to the known actions of
DISCUSSION GH on insulin-like growth factor-1 (IGF-I) [21,22]. ROP in

Improvements in antisense technology have resulted in th@e-term babies occurs in two phases, and involves differen-
successful use of ASOs in animals [18,19] and the clinic [20}al changes in IGF-I and vascular endothelial growth factor
including the second-generation 2-MOE ASOs of the typ€VEGF) [23]. In phase |, serum IGF-I is reduced due to de-
described in this study. The ASO used for targeting the GHrreased availability from maternal and placental sources
was selected based on its ability to knockdown the targg24,25]. If this is sustained, normal developmental retinal vas-
MRNA in a dose dependent manner in cultured mouse bragularization is incomplete. High oxygen exposure (as occurs
endothelial cells [13]. In vivo efficacy was demonstrated byin animal models and some pre-term infants) may also sup-
both reductions in GHr mRNA in normal mouse liver and thepress VEGF, further contributing to inhibition of retinal vas-
binding of GH to mouse liver cells [13]. Based on previousularization. As the infant grows, IGF-I levels increase and
findings that mice transgenic for a GH antagonist gene hawre accompanied by increased VEGF. This may also be stimu-
reduced retinal neovascularization when subjected to OIR [ated by exposure of animal models or pre-term infants to room
we tested the GHr ASO, ATL 227446, in a mouse model o&ir, which represents relative retinal hypoxia subsequent to
OIR. Our major finding is that ATL 227446 reduced patho-high oxygen exposure [23]. In phase Il of ROP, IGF-I and
logical neovascularization in OIR but had no effect on norma/ EGF co-operate to promote extensive pathological
vascularization of the developing retina. ATL 227446 was mosteovascularization of the inner retina [23]. In the present re-
effective when administered by early intervention at the highport, the advantage of the early over the late intervention pro-
est dose of 30 mg/kg (38% reduction) rather than late intetocol may be due to a reduction in IGF-I not only during the
vention (26% reduction), and was more retinoprotective thahypoxic-induced neovascularization period, but also during
late intervention octreotide or control oligonucleotides. the hyperoxic period. Although serum IGF-I was not mea-

Antisense drugs in the same class as ATL 227446 are dsdred in this study, we reported in a previous study that 30
signed to direct the RNaseH-mediated cleavage of RNA tamg/kg GHr ASO reduced serum IGF-I in mice by 44%, and
gets. When an RNaseH-directing ASO like ATL 227446 enthis reduction was sustained over a 10-week period [13].
ters the cell, it hybridises to the complementary sequence of Both GH and IGF-I are involved in normal development
its target RNA in the cell nucleus. The resulting heteroduplewf the retinal vasculature. In children born at term and with
is recognised by the endogenous nuclear enzyme RNasettingenital deficiencies in GH, fewer branching points occur
which then cleaves the RNA strand of the duplex at the AS@ retinal vessels when retina are examined between 3.8 and
target site. RNaseH-directing ASOs have been demonstratd8.7 years of age [26]. This was found to occur regardless of
to be effective in vivo pharmacological agents [18,19]. Thigreatment with GH [26]. Few studies have examined the ef-
mechanism of action can necessitate a slower onset of actitett of GHr antagonism on normal retinal neovascularization
than conventional drugs, so for this reason, ATL 227446 wais rodents. In rodents, retinal maturity occurs by approximately
administered by early intervention over the hyperoxic periodP14 [27-29]. In the present study, GHr ASO had no effect on
when normal developmental retinal vascularization was suphe number of BVPs in the inner retina of sham mice regard-
pressed and continued through the hypoxic period when pathless of the timing of treatment during the period of retinal

logical retinal neovascularization was stimulated. This treatmaturation. These findings would suggest that GH is not a
ment regimen resulted in the highest doses of ATL 22744fajor factor in normal retinal vascular development, at least
(20 and 30 mg/kg), conferring a greater reduction in retinah the mouse.
neovascularization in OIR than equivalent doses administered Somatostatin analogues, such as octreotide, have shown
by late intervention during just the hypoxic period. Howeverpotential as a treatment for DR, with reports that treatment
it should be noted that all doses of late intervention ATL 227448alts progression in patients with either long-term prolifera-
reduced retinal neovascularization in OIR. Few studies hawé/e DR (PDR) [30,31] or severe non-PDR or non-high-risk
evaluated GH as a therapeutic target for pathologicatarly PDR [32]. In terms of vessel growth in OIR, we found
neovascularization in ROP and DR. Smith and colleagues rectreotide reduced retinal neovascularization, a finding that is
ported that in transgenic mice expressing a GH antagonist gecensistent with a similar mouse OIR study, which used a similar
and subjected to OIR, the experimental equivalent of RORoncentration and dosing regimen of octreotide [12]. In the
retinal neovascularization was reduced by 34% [9]. In conpresent study, octreotide reduced retinal neovascularization
trast, mice with the GH agonist gene and OIR did not exhibiin OIR to a similar extent as late intervention with GHr ASO,
a decrease in retinal neovascularization [9]. A role for GHut was less effective than early treatment with 20 and 30 mg/
therapy in DR has been evaluated in a small clinical trial okg GHr ASO. Itis possible that if octreotide was administered
Type | or Type Il diabetic patients. The GHr antagonistby an early intervention protocol to OIR mice that further ben-

efits may have occurred.
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As reported previously, when adolescent mice were dosed Horm IGF Res 2004; 14:5140-4.
subcutaneously with the mismatch oligonucleotides ATL3. Alzaid AA, Dinneen SF, Melton LJ 3rd, Rizza RA. The role of
261303 and ATL 260120 at doses similar to those reported growth hormone in the development of diabetic retinopathy.

: I o Diabetes Care 1994; 17:531-4.
here, neither GH receptor mRNA in liver nor the binding of . ' -
P 9 4. Kohner EM, Joplin GF, Blach RK, Cheng H, Fraser TR. Pituitary

GH to liver cells was affected [13]. In the present study, while . A _
> had ff ither d | | h ablation in the treatment of diabetic retinopathy. (A randomized
ATL 261303 had no effect on either developmental or patho- oy Trans Ophthalmol Soc U K 1972; 92:79-90.

logical retinal neovascularization in neonatal mice, ATLs | yndbaek K, Christensen NJ, Jensen VA, Johansen K, Olsen TS,
260120 when dosed at the maximal 30 mg/kg in early inter-  Hansen AP, Orskov H, Osterby R. Diabetes, diabetic angiopa-
vention mode caused a reduction in pathological thy, and growth hormone. Lancet 1970; 2:131-3.
neovascularization in OIR mice that reached statistical sigs. Wright AD, McLachlan MS, Doyle FH, Fraser TR. Serum growth
nificance if compared with vehicle-treated OIR mice. To place ~ hormone levels and size of pituitary tumour in untreated ac-
this in context, it is important to note that based on its effect romegaly. Br Med J 1969; 4:582-4. _ _
on BVP, which in the early intervention mode was clearly dose’- Merimee TJ. A follow-up study of vascular disease in growth-
PR . . hormone-deficient dwarfs with diabetes. N Engl J Med 1978;
dependant, the GH receptor-specific oligonucleotide was sig-

o - . 298:1217-22.
nificantly more potent than the control oligonucleotides whery 1. <on R Koller EA. Malozowski S. Full remission of growth

compared with control effects in the same dosing mode (early  hormone (GH)-induced retinopathy after GH treatment discon-

or late intervention). tinuation: long-term follow-up. J Clin Endocrinol Metab 2000;
An important consideration when interpreting the find- 85:2627.

ings of the present study is the method used to quantitate BVFs.Smith LE, Kopchick JJ, Chen W, Knapp J, Kinose F, Daley D,

A variety of techniques are currently used to distinguish blood ~ Foley E, Smith RG, Schaeffer JM. Essential role of growth hor-

vessels in OIR including histochemical markers such as ad- mone in ischemia-induced retinal neovascularization. Science

enosine diphosphate (ADPase), immunolabeling with  1997; 276:1706-9.

. . . 10. Kohner EM, Oakley NW. Diabetic retinopathy. Metabolism 1975;
isolectins and fluorescein-perfused wholemounts or cross-sec-" ', ., 1oc 165

tions of retina [12,33-35]. Quantitation methods are also Varl)  Growth Hormone Antagonist for Proliferative Diabetic Retin-

able, including counting vessels in the pre-ILM of serially  opathy Study Group. The effect of a growth hormone receptor
sectioned whole retina [34], the retina partitioned into clock  antagonist drug on proliferative diabetic retinopathy. Ophthal-
hours [36], and retina that has been divided into avascular and mology 2001; 108:2266-72.
neovascular regions [35]. In this and some of our previou$2. Higgins RD, Yan Y, Schrier BK. Somatostatin analogs inhibit
studies, we used hematoxylin and eosin stained cross-sections nheonatal retinal neovascularization. Exp Eye Res 2002; 74:553-
of retina to identify and count both inner retinal vessels and3 T%chas G, Lofthouse S, Wraight CJ, Baker BF, Sioufi NB, Jarres
pre-retinal ves;els [14,16,17]. Similar approaches have pr&- RA. Berdeja A, Rao AM, Kerr LM, dAniello EM, Waters MJ,
duced reproducible results even when compared to some other A GH ; . o )
receptor antisense oligonucleotide inhibits hepatic GH
methods [34]. In the present St“qu we Were able to detect a receptor expression, IGF-I production and body weight gain in
dose-dependent effect on BVPs in OIR with early treatment  ormal mice. J Endocrinol 2006; 189:147-54.
suggesting that the BVP technique was able to distinguisiy. wilkinson-Berka JL, Alousis NS, Kelly DJ, Gilbert RE. COX-2
changes in vessel density, however, it is quite possible that inhibition and retinal angiogenesis in a mouse model of retin-
identification of vessels with specific markers in particular ~ opathy of prematurity. Invest Ophthalmol Vis Sci 2003; 44:974-
regions of the retina may have highlighted more subtle differ- 9.
ences between our experimental groups. 15. Penn JS, Tolman BL, Lowery LA. Variable oxygen exposure
In conclusion, treatment with the GHr ASO, ATL 2274486, causes preretinal neovascularization in the newborn rat. Invest
reduced pathological retinal neovascularization in OIR to Ophthalmol Vis Sci 1993, 34:576-85,
. . . ?LG. Moravski CJ, Kelly DJ, Cooper ME, Gilbert RE, Bertram JF,
greater extent than octreotide or control oligonucleotides. SyS- gpaninfar S. Skinner SL, Wilkinson-Berka JL. Retinal

temically delivered GHr ASO may be a potential treatment  negyascularization is prevented by blockade of the renin-an-

for ischemic retinopathies such as ROP and DR. giotensin system. Hypertension 2000; 36:1099-104.
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