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Purpose: Identification of unique proteins involved in retinopathy of prematurity (ROP) may facilitate new and more
effective diagnostic tools and molecular-based treatments for ROP. Tubedown-1 (Thdn-1), a novel homeostatic protein
which copurifies with an acetyltransferase activity, is expressed in normal retinal endothelium and is specifically sup-
pressed in retinal endothelial cells from patients with proliferative diabetic retinopathy. Furthermore, recent in vivo knock-
down studies in mice have revealed that Thdn-1 is important for retinal blood vessel homeostasis and for preventing
retinal neovascularization in adults. The purpose of the present study was to determine if the expression pattern of Thdn-
1 is altered during oxygen-induced retinal neovascularization in mice and in a specimen of stage 3 human ROP.
Methods: Specimens of oxygen-induced retinal neovascularization in mice, and a single specimen of active stage 3 ROP
were studied by immunohistochemistry and digital image analysis using antibodies raised against Thdn-1 and other blood
vessel markers.

Results: The pattern of Thdn-1 expression during the course of oxygen-induced retinal neovascularization in mice sug-
gests a regulating role in neonatal retinopathy. Retinal lesions from oxygen-induced retinal neovascularization in mice
display suppression of retinal endothelial Thdn-1 protein expression in conjunction with an increase in expression of
proliferating cell nuclear antigen (a marker of proliferation) argimooth muscle actin (a marker of myofibroblastic

cells). Abnormal blood vessels within vitreoretinal neovascular lesions in a human specimen of active stage 3 ROP did
not show Thdn-1 protein expression.

Conclusions:These results suggest that the loss of retinal endothelial Thdn-1 expression may be a contributing factor in
retinal blood vessel proliferation in ROP.

Retinopathy of prematurity (ROP) remains a leading  The molecular sequence of events leading to ROP is com-
cause of vision impairment in children in the United Stateplex. The transition from an in utero arterial oxygen tension
[1]. The need for investigating new molecular-based theraPaQ) of 30 or less to an extrauterine Badd 80 or more
pies for ROP is exemplified by the recently completed Earlyccurs within minutes of birth. The avascular regions of a pre-
Treatment for ROP study (ETROP) [2]. That trial demonstratedhature infant’s partially vascularized retina mount a
that early treatment for high risk ROP resulted in better outheovascularization response to counter the endarterial vaso-
comes than traditional timing, yet 9.1% of the eyes in the Earlgonstriction occurring as a result of increased systemic oxy-
Treatment arm still experienced retinal detachments or simgenation [5]. Several growth and transcription factors, espe-
lar complications leading to severe vision loss. Thus, eveaially those involved in the responses to hypoxia and hyperoxia
with more optimally timed treatment, thousands of childrersuch as vascular endothelial growth factor (VEGF) and hy-
worldwide are still blinded by the disease. In ROP, retinal blooghoxia-inducible factor (HIF-&), have been described as po-
vessels fail to develop to the peripheral areas of the retingntial angiogenic regulators of ROP [3,4,6,7]. Low serum lev-
and a demarcation zone is thus created, dividing vascularizeds of insulin-like growth factor (IGF-1) have been linked to
from avascular retina [3,4]. In mild cases of ROP, the demathe development of ROP [8]. IGF-1 is important for retinal
cation appears as a line, but in severe cases, neovascularizatiascular development and regulates VEGF-induced survival
occurs in the demarcation line or area. This neovascularizatia@ignaling pathway in retinal endothelial cells which most likely
may further progress to cicatricial changes, which, in turnplays a key role in the neovascularization seen in ROP [7].
can eventually lead to either a partial or total retinal detaci®@ther proteins such as platelet-derived growth factor BB
ment [4]. Since current treatments involve ablation of periph(PDGF-BB), the angiopoietins (Ang-1 and Ang-2), and the
eral retina, and because infants are still blinded by the disea$ie receptors (Tie-1 and Tie-2) are important molecules for
despite adequate treatment, further work is needed to explocentrolling development of the vascular architecture and may
new molecular-based therapies for ROP. play key roles in retinal neovascularization [9-11]. Any or all
of these molecules and related processes may play a role in
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disease process in ROP. One such protein is Tubedownated using diaminobenzidine (DAB) in the presence of hydro-
(Thdn-1), present in stable retinal vascular beds. Thdn-1 isgen peroxide (sections had been pretreated with hydrogen
mammalian homolog of the yeast acetyltransferase suburperoxide to quench endogenous peroxidase activity). Reacted
Natl that is regulated during vascular development [12]. Whilsections were lightly counterstained using a 0.5% aqueous
Thdn-1 expression is restricted to few vascular beds in adulsolution of methyl green, rinsed in water, dried, and mounted
including normal ocular endothelial cells, atrial endocardiumin Permount (Fisher, Pittsburgh, PA).
blood vessels of regressing ovarian follicles, and bone mar- Immunohistochemistry of Thdn-1 expression in human
row capillaries, Thdn-1 expression is suppressed in retin&OP: Thdn-1 expression was analyzed in one eye specimen
blood vessels in patients with proliferative diabetic retinopafrom a premature infant with stage 3 ROP. The ROP case was
thy (PDR) [12,13]. Our laboratories have recently generatedas follows: 471 g birth weight, 27.5 weeks at birth, small for
binary antisens&bdn-1(Astbdn-) transgenic mouse model gestational age twin. The patient was examined regularly for
driven by theTie-2 pan-endothelial promoter, which enables ROP from age five weeks to the time of death at 48.5 weeks.
conditional knockdown of Thdn-1 protein expression in enOne week before death, ROP was still active, showing zone
dothelial cells.Tbdn-1knockdown animals display a pheno- I, stage 3 in both eyes without plus disease. The expression
type that is restricted to the retina and characterized bgf Tbdn-1 in the ROP specimen was compared to Thdn-1 stain-
neovascular proliferative retinopathy [14]. Aundn-1knock-  ing in sections from an eye from a 19-week human fetus with-
down model has provided in vivo evidence for the requireout ROP and to the level of staining found in two previous
ment ofTbdn-1lexpression for the maintenance of normal reti-studies of normal human retinal blood vessels [13,16]. Re-
nal vascular homeostasis [14]. In the present study, we hagearch on human specimens followed the tenets of the Decla-
addressed whether Thdn-1 protein expression becomes alteration of Helsinki at all times. All human eye tissue speci-
in oxygen-induced retinopathy in mice and have assessed theens were obtained and studied under the approval of the In-
state of Thdn-1 expression in a case of stage 3 neovascusditutional Review Boards of the authors’ institutions (Smith
ROP in humans. Kettlewell Eye Research Institute, San Francisco, CA; Uni-
versity of Rochester, Rochester, NY; and Memorial Univer-
METHODS sity of Newfoundland, St. John’s, Canada). Eyes from the 19-
Oxygen-induced retinopathy in micAll mouse tissues used week human fetus without ROP and eyes from the ROP pa-
in this study were obtained from wild type C57BL/6 mice us-ient were procured at autopsy. The eyes then were fixed in
ing procedures adherent to the Canadian Council on Animé&rmalin, processed, and embedded in paraffin blocks, and
Care. Neonatal mice were reared in normoxic conditions or isectioned. Sections were deparaffinized, rehydrated, and sub-
modified ambient oxygen concentrations (75% oxygen) fojected to immunohistochemistry for Tbdn-1 expression using
five days from postnatal (P) day 7 followed by normoxia forAb1272 antibody and fos-tubulin using an antix-tubulin
periods of time designed to induce retinal neovascularizatioppecific mouse monoclonal antibody (Sigma
as previously described [15]. In our studies, eyes from 4 to IMnmunochemicals). Immunohistochemistry using the anti-
mice harvested at each point from P14 through P26 ofbdn-1 chicken IgY antibody (Ab1272) as describedin the lit-
normoxia or hyperoxia were analyzed by immunohistochemerature [12,13,16]. Red color reactions for Thdn-1 and.for
istry. Normal and hyperoxia-treated mouse eyes were fixed itubulin staining were generated using aminoethylcarbazole
4% paraformaldehyde, embedded in paraffin, and process€dEC) in the presence of hydrogen peroxide (sections had been
for histology and immunohistochemistry as previously depretreated with hydrogen peroxide to quench endogenous per-
scribed in the literature [14,16]. Sections were stained fooxidase activity). Reacted sections were not counterstained
morphological analysis with hematoxylin and eosin (H&E)(in order to be able to detect low staining levels in Thdn-1
or for immunohistochemical analysis with different antibod-cases), rinsed in water, dried, and mounted in Permount (Fisher,
ies as will be described. Antibodies used for immunohisPittsburgh, PA).
tochemistry included the following: Mouse anti-Thdn-1 se-  Data collection and analysisErom P14-P26 normoxia-
rum MS.C10-20TD [14], the mouse monoclonal ansimooth  reared neonatal mice (n=31) or P14-P26 modified ambient
muscle actin (ASMA) antibody (dilution of 1/100; Sigma oxygen-reared neonatal mice (n=54), approximately 100 sec-
Immunochemicals, St. Louis, MO), and rabbit anti-proliferat-tions per eye were prepared, registered, and stored in serial or
ing cell nuclear antigen (PCNA, diluted 1:25, Santa Cruz Bioadjacent order. Every 15th section was stained with H&E to
technology, Inc., Santa Cruz, CA). Mouse antibodies wergerify normal morphology in the controls and to map the reti-
applied following a 30 min incubation in rabbit antimousenal pathology in hyperoxia-treated mice. Thdn-1 and marker
blocking preparation. The sections were rinsed in the appr@nalysis (ASMA, PCNA) was performed in at least three sepa-
priate concentration of TBS (10 mM Tris-HCI, pH 7.6, 150rate experiments on sections serial to those containing retinal
mM NacCl), and reactions were developed using conjugatel@sions from hyperoxia-reared mice (as determined by H&E
species-specific secondary antibodies. Red color reactions fstaining) and sections from the same area of the retina in con-
Thdn-1 and ASMA staining were generated using naphthokrol normoxia-reared mice. All sections were viewed and pho-
AS-MX phosphate in the presence of fast red and levamisotegraphed using a Zeiss Photomicroscope system (Carl Zeiss
(to block endogenous tissue alkaline phosphatase activitytanada Ltd., Toronto, Canada) interfaced with a Qlmaging
Dark brown color reactions for PCNA staining were generdigital video camera attachment. Between three to six repre-
109



Molecular Vision 2006; 12:108-116<http://www.molvis.org/molvis/v12/al2/> ©2006 Molecular Vision

sentative digital images from normoxia controls and hyperoxiaexpressed in means of pixels per unit a#&EM) where unit
treated mice were processed with Improvision Openlab (veereas are defined as micrographs of equivalent dimension taken
sion 3) and Adobe Photoshop (version 7) software foat equivalent magnification and light intensity. For ASMA and
guantitation of the staining. Values were expressed as the meBE&NA staining, not all control retina sections contained
percentage of the contegtandard error (SEM in percentage). ASMA- or PCNA-expressing cells. As a result, the numbers
Data were statistically analyzed by Student’s t-test. Intensitfor quantitative analysis were, respectively, limited to the num-
of Thdn-1 staining in retinal blood vessels and backgroundlers described in the figure legends. Micrographs shown in
staining (from the inner plexiform layer area) was measure#ligure 1 and Figure 2 are representative experiments of data
by determining red color intensity using Openlab softwarequantified and presented in Figure 3 and Figure 4, respectively.
Background measurements, which were similar for all speci-

mens examined, were subtracted from Thdn-1 retinal blood RESULTS

vessel staining measurements. ASMA (red) and PCNA (brownbdn-1 expression is suppressed during oxygen-induced ret-
staining intensity was measured using the magic wand andopathy: Thdn-1 has been characterized as a retinal endot-
pixels measurement tool of the histogram function in Adobéelial homeostatic factor that blocks or prevents retinal
Photoshop as described previously [17]. Staining intensity waseovascularization in an adult mouse model [14]. To charac-
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Figure 1. Analysis of Thdn-1 expression in oxygen-induced retinopathy in Wic€ontrol normoxia-reared mice do not show any retinal
pathologyB: In striking contrast, hyperoxia-reared mice present retinal lesions displaying retinal neovascularization, fibrovastjar grow
and large areas with blood vessel leakage. Arrows point to retinal blood vessels, and the bracket indicates a largeaideaiohrétbdn-
1 immunohistochemical analysis of retinal vessels in sections of control normoxia-E&asbd\{ robust Thdn expression in controls (red
staining seen in vessels marked with arrows) and almost complete loss of retinal blood vessel Thdn expression in hypdr@ja-rear
neonatal mice (little to no red staining seen in vessels indicated with arrows). In all panels, day of analysis is Pdduarbeyris oriented
at bottom of panel. Scale bars represent®5The retinal inner limiting membrane is indicated by small arrowheads. Original magnification
was 100x irA,B and 250x inC,D. Counterstain in panefs,B is hematoxylin and eosin. Counterstain in pa@el3is methyl green. Micro-
graphs shown are representative experiments.
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Figure 2. Analysis of blood vessel marker expression in oxygen-induced retinopathy irAm@entrol normoxia-reared mice showing no
retinal pathology. The arrows point to normal retinal blood vessels from a control lBotlygeroxia-reared mice present large abnormal
distended vessels extending along the retina and also exhibit fibrovascular growth. Arrows point to retinal blood vesels;aahet
indicates a retinal lesion. Nuclear expression of proliferating cell nuclear antigen (PCNA; dense nuclear brown stais,ugpregudpted in
endothelial cells in cross-sections of retinal blood vessels within the retinal lesions of oxygen-induced RriEnaldile control animals
show low levels of PCNA expressioB); o smooth muscle actin (ASMA) immunostaining (brown reddish staining, arrows) of fibrovascular
retinal lesion from oxygen-induced midg-() reveals large abnormal vessels containing myofibroblast cells (arrows) while ASMA expres-
sion is not detected in blood vessels of most of the normal control sections analyzed (aFpimswhich a representative specimen is
shown). Low ASMA staining was detected in a total of two retinal blood vessels within three sections of 10 normoxia ttadrahetyzed
(Figure 4). In all panels, day of analysis is P15, and vitreous body is oriented at bottom of panel. The vitreous (v)@exifometayer
(ipl) are identified for orientation. Scale bars represent?5The retinal inner limiting membrane is indicated by small arrowheads. Original
magnification was 250x. Counterstain in pan&/B is hematoxylin and eosin. Counterstain in pa@®il$ is methyl green. Micrographs
shown are representative experiments.
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terize Thdn-1 expression in neonatal retinal neovascularization, In order to spatially and temporally quantitate changes in
we studied the oxygen-induced retinopathy mouse modeéxpression of retinal endothelial Tbdn-1 during oxygen-in-
Retinal neovascularization in the mouse oxygen-induced rettuced retinal neovascularization, Thdn-1 immunostaining and
inopathy model has previously been reported to be maximahethodology was used to measure immunohistochemical chro-
between P17-P21 [15]. To determine if Thdn-1 may be inmogen intensity in retinal blood vessels. Neonatal mice reared
volved in oxygen-induced retinopathy, we rationalized thatn elevated levels of oxygen showed significant decreases in
an assessment of Thdn-1 expression between P14 and R&@pression of Thdn-1 in proliferative retinal blood vessels of
would be most informative in evaluating if Tbdn-1 could playretinal lesions at all times examined (P14-P26) as compared
a role in neonatal retinal neovascularization since changes taretinal blood vessels of age-matched control normoxia reared
Thdn-1 expression might precede maximal neovascularizatiomice (Figure 1C,D, Figure 2). Quantitation of Thdn-1
Neonatal wild type C57BL/6 mice reared in hyperoxia reveale@mmunostaining in the vessels was carried out at three time
a phenotype consistent with previous reports [15] and charapeints: P14-P16 for the initial neovascularization period, P17-
terized by the development of retinal lesions displaying retiP21 for the maximal neovascularization period, and P26 for
nal thickening, retinal membranes with neovascularization anthe final or late neovascularization period. Quantitation of
fibrovascular growth (Figure 1B). Retinal pathology was ob-Thdn-1 immunostaining was also divided in the oxygen-in-
served as early as P14 and was maximal from P17 to P21. dticed retinas into areas of distinct retinal lesions and the ar-
postnatal age P26, most of the retinal neovascularization haas between these called “non-lesions”. Quantitation of Thdn-
regressed but a few areas still displayed pathology. In cord-immunostaining in vessels of retinal lesions prior to (P14-
trast, normoxia-reared control mice do not show any oculdP16), during (P17-P21), and shortly after maximal retinal
pathology (Figure 1A). neovascularization (P26) revealed that Thdn-1 levels were
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Figure 3. Quantitative analysis of Thdn-1 expression in oxygen-in-

duced retinopathy in mice. Analysis of Thdn-1 expression level&igure 4. Quantitative analysis of blood vessel marker expression in
from initial period (P15), maximal period (P17), and final period ofoxygen-induced retinopathy in mice. Endothelial nuclear expres-
neovascularization (P26) in lesion areas of the retina (blue bars) corsion of proliferating cell nuclear antigen (PCNA) and blood vessel
pared to non-lesional areas of the retina (red bars) in hyperoxia-rearell expression oft smooth muscle actin (ASMA) in normoxia con-
mice expressed as a percentage of the values for the control normoxia!s (blue bars) compared to PCNA and ASMA expression in retinal
reared mice; error bars represent SEM. “Lesion” refers to areas withlasions of oxygen-induced animals (black bars) assessed at P15. For
retinal lesions displaying neovascularization, while “Non-Lesion”PCNA, there were 3 controls and 3 hyperoxic mice. For ASMA, there
represents areas outside retinal lesions displaying nwere 2 controls and 5 hyperoxic mice. Low ASMA staining was de-
neovascularization. Bars represent means of 3 to 6 representatitezted in a total of two retinal blood vessels within three sections of
digital images from normoxia controls and hyperoxia-treated micel0 normoxia control retinas analyzed. Error bars represent SEM. Both
All but the non-lesion final neovascularization period (P26; p=0.26 PCNA and ASMA expression in hyperoxia-reared were significantly
were significantly different from controls (p<0.04). different from control values (p<0.01).
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reduced to 24% to 19% of control (Figure 2). Interestingly(Figure 2). Therefore, Thdn-1 suppression outside the retinal
Thdn-1 expression in retinal blood vessels in areas outside thesions was not as pronounced as the suppression observed in
retinal lesions was also significantly suppressed prior to (P14reas of retinal pathology (Figure 2). In contrast, at P26 in the
16: 48% of control) and during maximal neovascularizatiorhyperoxia-reared mice, Thdn-1 levels outside the retinal le-
(P17-P21: 60% of control) compared to normoxia-reared micsions did not differ significantly from control room air-reared

Figure 5. Analysis of Thdn-1 pro-
tein expression in fetal human eye
and in a case of human retinopathy
of prematurity.A-C,F,G: Retinopa-
thy of prematurityD,E: Normal fe-
tal human eye. PaneB-F were
stained for Thdn-1 expression. The
small proliferative vitreal-retinal
vessels (arrows in H&E stained low
power section shown i) growing
from the retina into the vitreous hu-
mor in the ROP sample show little
to no Thdn-1 expressioB(C). F:
ROP sections incubated with
preimmune IgY showed no staining.
Thdn-1 expressed by blood vessels
within Cloquet’s Canalld) and tu-
nica vasculosa lenti€j in a 19-
week normal fetal human eye speci-
men without ROP. Blood vessels
stain intensely red with antibody to
Thdn-1.G: Expression ofx-tubu-
lin in the ROP specimen showing
high levels of the ubiquitous-tu-
bulin protein staining (red) both in
the endothelial cells of the diseased
neovascular areas of the vitreal-reti-
nal regions and in the
nonpathological areas of the ROP
retina.A-C,G: The vitreous body is
oriented at the top of the panel. The
vitreous (V) and retina (R) are iden-
tified. Scale bars represent gm.
The retinal inner limiting membrane
is indicated by small arrowheads.
Original magnification was 250x.
No counterstain was used in micro-
graphsB-G in order to be able to
detect any low levels of Thdn stain-
ing reactionsB-F) and in order to
display the high level of ubiquitous
tubulin staining in the ROP speci-
mens (). Micrographs shown are
representative experiments.
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mice (Figure 2), indicating that Thdn-1 levels were relativelyof the hyaloid vasculature in the developing mouse vitreous
restored at P26. [16]. Our Thdn-1knockdown model has demonstrated that
To further characterize the hyperoxia-induced retinal le-Tbdn-1 serves to block retinal neovascularization [14]. Knock-
sions, expression patterns of ASMA, a myofibroblast celdown of Thdn-1in blood vessels in adult mice leads to the
marker, and PCNA, a proliferating cell marker, were also anadevelopment of fibrovascular lesions accompanied by signifi-
lyzed by immunohistochemistry. A significantly higher level cantly increased neovascularization and thickening of the retina
of expression of ASMA was detected in larger caliber abnorand choroid similar to human proliferative retinopathies [14].
mal blood vessels of the proliferative fibrovascular lesions oTherefore, in the present study, we hypothesized that
retinas of oxygen-reared mice when compared with little odownregulation ofTbdn-1 would precede maximal
no ASMA staining in retinal blood vessels of the examinecheovascularization in the oxygen-induced model of retinopa-
eye sections of control mice reared in normoxia conditionghy. In the mouse oxygen-induced retinopathy model, maxi-
(Figure 3, Figure 4). Nuclear expression of PCNA was sigmal pathology peaks between P17-P21 and thereafter regresses
nificantly increased in endothelial cells in cross-sections of15]. Indeed we found that general suppressiontafn-1lin
blood vessels of the retinal lesions of oxygen-induced anthe retinal blood vessels (outside the lesions) occurs prior to
mals compared to control animals which showed low level§P14-P16) and during (P17-P21) maximal retinal
of PCNA expression (Figure 3, Figure 4). neovascularization in the oxygen-induced retinopathy model.
TBDN-1 expression is suppressed during retinopathy ofh addition, a marked suppression of Thdn-1 (up to 81%) in
prematurity in humanTBDN-1 immunolocalization was per- the blood vessels of the retinal lesions is consistently observed
formed on a human fetus eye specimen (19 weeks age gesthall time points examined (P14-P26). These results suggest
tion) and a stage 3 ROP specimen to determine if TBDN-1 ithat Thdn-1 loss may be involved in predisposing neonatal
expressed in pathological retinal blood vessels during thmice to retinal neovascularization.
neovascularization phase of stage 3 ROP. H&E staining of The retinal pathology in hyperoxia-induced mice is also
sections of the ROP specimen revealed extensive inner retirtcompanied by a progressive increase in retinal tissue thick-
and vitreoretinal neovascularization consistent with stage 8ess. Although different in many ways to human ROP, the
disease (Figure 5A). Eye sections from the ROP patient showgathology seen in the oxygen-induced model is somewhat
a lower level of expression of endothelial TBDN-1 protein inreminiscent of the retinal thickening seen in proliferative ret-
the diseased neovascular areas of the vitreal-retinal regiomopathies in humans [18,19]. In addition, the hyperoxia-in-
(Figure 5B,C) as compared to TBDN-1 levels expressed bgluced retinal lesions were similar in morphological appear-
blood vessels within Cloquet’s Canal (Figure 5D) and tunicance to those lesions we have observ@didn-1knockdown
vasculosa lentis (Figure 5E) in an eye specimen from a 1ice [14] in which retinal neovascularization of different lay-
week human fetus without ROP, or compared to normal aduérs of the retina is accompanied by significant retinal thicken-
retinal vessels (not shown) and normal mouse neonate retiriaf. Of importance is the finding that the decrease in Thdn-1
vessels (Figure 1, Figure 2). Although there was faint TBDNexpression in proliferative retinal blood vessels of retinal le-
1 staining present in ROP blood vessels (Figure 5B,C), th&ions of hyperoxia-reared mice was accompanied by an in-
level of staining was clearly lower than that observed in therease in retinal blood vessel expression of the myofibroblast
specimen without ROP (Figure 5D,E) and slightly above thenarker ASMA, and an increase in retinal endothelial expres-
background levels observed in ROP sections incubated withsgon of the proliferating cell marker PCNA. Myofibroblasts
negative control IgY reagent (Figure 5F). As a positive immuexpressing ASMA are thought to be involved in the formation
nohistochemistry control, eye section from the ROP patiertdf retinal lesions possessing contractile forces that promote
showed a high level of expression of endothelidlibulin  retinal detachment [20,21]. This pattern of suppressed retinal
protein both in the diseased neovascular areas of the vitrealrdothelial Tbdn-1 combined with upregulated blood vessel
retinal regions (Figure 5G) and in the nonpathological area&SMA in retinal lesions of hyperoxia-reared mice was akin to
of the retina. These results suggest that Thdn-1 may not liee pattern observed in tAddn-1knockdown retina [14].
expressed highly in abnormal proliferating vitreoretinal blood~urthermore, the upregulated retinal endothelial PCNA is simi-
vessels in ROP. lar to that seen previously in vitreoretinal neovascularization
of TGF$2 null fetal retinas, which is also accompanied by a
DISCUSSION suppression of Thdn-1 expression in the hyaloid vessels [16].
Our results show that Thdn-1 expression is downregulated ifhese results indicate that Thdn-1 loss and extensive remod-
the oxygen-induced experimental mouse model of retinopaeling of vitreoretinal blood vessels occurs in hyperoxia-induced
thy. The phenotype observed in neonatal wild type C57BL/@etinopathy in mice. Although the mouse model of oxygen-
mice reared in hyperoxia conditions was consistent with thaenduced retinopathy differs in several ways from human ROP,
response described in previous literature [15] and was charatese results support a possible role of suppression of Thdn-1
terized by the formation of retinal lesions displaying pro-expression in the pathogenesis of ROP.
nounced retinal thickening, extensive retinal Human stage 3 ROP and appropriate age-matched con-
neovascularization, and fibrovascular retinal growth. We pretrols are very difficult to obtain. In this study we were fortu-
viously observed that endothelial Thdn-1 expression increaseate to have access to a specimen of appropriately fixed and
before the vascular regression that mediates the remodelihgstologically processed ROP and to observe a lower level of
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expression of TBDN-1 in this stage 3 ROP specimen conthe complex. The disruption of acetyltransferase complexes
pared to one 19 week human fetal eye specimen. The RG#olving ARD1 or Thdn-1 might promote the stabilization of
specimen showed a low level of expression of endothelighlF-1a and increase the production of growth factors pro-
TBDN-1 protein in the diseased neovascular areas of thmoting neovascularization in the retina. A study of the ex-
vitreal-retinal regions. Many of these abnormal blood vesselgression and function of Thdn-1 family proteins in conjunc-
had grown into the vitreous. We compared this staining levelon with the HIF-1: pathway in both the oxygen-induced reti-
to the level of TBDN-1 expressed by blood vessels withimal neovascularization model and in human ROP would be
Cloquet’s Canal and the tunica vasculosa lentis, which are bothformative to address these hypotheses.
regions suspended in the vitreous body, in the fetal eye speci- The suppression of Thdn-1 expression in retinal endothe-
men from a subject without ROP. The absence of TBDN-1lium in retinal lesions of the hyperoxia-induced retinopathy
expression in blood vessels of the ROP specimen was not dodel provides further evidence for an important role of Tbdn-
to the loss of blood vessel endothelial cells or to a loss df expression for the maintenance of retinal blood vessel ho-
immunoreactivity of the tissue sections, because the ROP saueostasis through suppression of abnormal retinal blood ves-
tions stained highly with an antibody to the ubiquitous parsel growth. Our transgeniddn-1knockdown mouse model,
tissuea-tubulin. Moreover, we have studied Thdn-1 expreswhich displays neovascular proliferative retinopathy, provides
sion postnatally in mice and have found high levels of Tbhdnin vivo confirmatory evidence for the requirement of Thdn-1
1 expression in retinal blood vessels of developing mice axpression for the maintenance of normal retinal vascular ho-
stages analogous to the human ROP specimens analyzed (Figgostasis [14]. This, together with our preliminary but com-
ure 1). Furthermore, retinal endothelial TBDN-1 expressiompelling evidence of TBDN-1 suppression in the retinal endot-
remains high in normal human adults [13]. Interestingly, sechelium in a patient with ROP, supports our hypothesis of a
tions of the eye from the ROP patient also showed a lowerontributing role for loss of TBDN-1 expression in the pro-
level of expression of endothelial TBDN-1 protein in gression of neovascularization in proliferative retinopathies.
nondiseased deeper retinal areas and the diseased neovascliBDN-1 may serve as a valuable pathway for developing new
areas. This suggests that a potential pan retinal effect in htirerapies aimed at controlling ROP and other proliferative re-
man ROP may include the suppression of TBDN-1 expreginopathies.
sion in regions other than those involved in immediate
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