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PURPOSE. We investigated endoglin expression in hypoxic microvascular endothelial cells and
retinal endoglin expression in rats that develop experimental oxygen-induced retinopathy
(OIR). We also tested neutralizing antibodies (Abs) against endoglin (anti-CD105 Ab) and
VEGF (anti-VEGF Ab) either alone or in combination for efficacy against serum-induced retinal
microvascular endothelial cell proliferation and retinal neovascularization (NV) in OIR rats. To
our knowledge, this marks the first time that a biologic agent has been used to target retinal
endoglin and modulate retinal neovascularization.

METHODS. Induction of endoglin by hypoxia was measured by immunohistochemical analysis
and ELISA. Proliferation was quantified using a colorimetric 5-bromo-2-deoxyuridine ELISA.
Western blots were used to measure endoglin levels in retinas of OIR rats. Immunohisto-
chemical staining was also preformed in OIR rats using anti-CD105 and fluorescein
isothiocyanate-conjugated isolectin B4 antibodies.

RESULTS. Anti-CD105 Ab and Anti-VEGF Ab, administered alone or in combination, reduced
serum-induced retinal microvascular endothelial cell proliferation. Additionally, in a rat model
of oxygen-induced retinopathy, retinal endoglin was significantly increased at 14(2), 14(3),
14(4) and 14(6) compared with retinal levels in control rats. At 14(2), immunohistochemical
analysis demonstrated that endoglin was elevated in newly developed vessels at the
peripheral extent of major veins, precisely where NV is expected to develop in OIR rats.
Neutralizing anti-CD105 reduced retinal NV in OIR rats.

CONCLUSIONS. Our data support other studies showing that reduction of endoglin expression
inhibits retinal NV. Our findings demonstrate that retinal endoglin immunolocalization
overlaps with nascent neovascular structures in OIR rats. Therefore, endoglin may serve as a
useful predictor of incipient neovascular disease.
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Angiogenesis, the formation of new capillaries from existing
blood vessels, occurs in physiologic processes such as

reproduction, growth and development, and wound healing.1–6

However, in diseases such as arthritis, tumor growth and
retinopathies, a dysregulated and persistent pathologic angio-
genesis often referred to as neovascularization (NV) may
develop.6–8 A number of blinding conditions, including diabetic
retinopathy (DR), retinopathy of prematurity (ROP) and retinal
vaso-occlusive disorders all exhibit retinal NV as a critical
pathologic feature.9

Evidence strongly suggests that the onset and progression of
retinal NV is primarily induced by VEGF.10–12 Accordingly,
pharmacologic therapies currently used in the clinic target
VEGF.13,14 Widely used bevacizumab (Avastin; Genentech, San
Francisco, CA, USA) and ranibizumab (Lucentis; Genentech) are
humanized monoclonal antibodies with high affinities for VEGF-
A. Recently, aflibercept (Eylea; Regeneron Pharmaceuticals,
Tarrytown, NY, USA)—a recombinant fusion protein made from
a combination of VEGF receptors 1 and 2—has also been
approved for ocular use.15 Although these therapies have
proven efficacious, there may be drawbacks related to their
chronic use.16,17 For instance, it has been shown that in

younger patients, anti-VEGF therapies have the potential to leak
into the circulation and potentially damage vascular systems.18

Reports concerning the application of anti-VEGF therapies to
the treatment of human ROP have revealed persistent avascular
retina, increased preretinal neovascularization, and retinal
detachment.19,20 Additionally, Hartnett et al.19 have recently
reported that intravitreal injection of a neutralizing antibody
against VEGF (anti-VEGF Ab) in a rat model of oxygen-induced
retinopathy (OIR, a model of human ROP) led to increased
preretinal NV and peripheral retinal avascularity at late time
points. There is also evidence showing that VEGF plays an
important survival role for retinal neurons.21,22 Lastly, studies
using VEGF-targeted therapies for choroidal NV show that as
many as 45% of the patients tested showed no improvement in
visual outcome.23,24 Considering these findings, continued
investigation of other therapies against ocular NV is warranted.

Endoglin (CD105) is a transmembrane glycoprotein that is
an accessory to the transforming growth factor b (TGFb)
receptor system.25 Endoglin is likely to be involved in
endothelial cell (EC) differentiation, migration, and prolifera-
tion.26,27 Endoglin is also a marker of mesenchymal stem cells
and it is expressed in progenitor cells involved in vascular
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remodeling in animal models of myocardial infarction and
rheumatic diseases.28,29 Moreover, shRNA-mediated endoglin
knockdown inhibits VEGF-induced angiogenic human umbili-
cal vein endothelial cells responses and endoglin haploinsuffi-
ciency attenuates retinal NV in a mouse OIR model.30,31

Monoclonal antibodies (mAbs) against endoglin have been
tested in vitro and in vivo in angiogenic assays, and the results
suggest that endoglin has a proangiogenic function. For
example, TEC-11 (mAb) inhibits the proliferation of microvas-
cular and macrovascular endothelial cells and a transformed
endothelial cell line. Furthermore, systemic administration of
SN6j (mAb), showed significant efficacy against the growth of
vessels in human tumors grafted into mice.32,33 Finally, TRC105
(mAb) is currently being tested in combination with VEGF
inhibitors to treat several solid tumor types.34

In the present studies, we investigated endoglin induction
in hypoxic microvascular endothelial cells and retinal endoglin
expression in rats that develop experimental OIR. We also
tested neutralizing antibodies against endoglin (anti-CD105 Ab)
and VEGF (anti-VEGF Ab) either alone or in combination for
efficacy against serum-induced retinal microvascular endothe-
lial cell (RMEC) proliferation and retinal NV in OIR rats. To our
knowledge, this marks the first time that a biologic agent has
been used to target retinal endoglin and modulate retinal
neovascularization.

MATERIALS AND METHODS

Cell Treatment

Primary cultures of rat or human RMECs (Cell Systems;
Kirkland, WA, USA) were seeded into tissue culture flasks
coated with attachment factor (Cell Signaling; Danvers, MA,
USA). We cultured RMECs in phenol red–free endothelial basal
medium (Lonza Group; Walkersville, MD, USA) supplemented
with 10% FBS, 13 antibiotic/antimycotic solution, and endo-
thelial cell growth supplements (Lonza Group). When exper-
imental conditions required serum-free (SF) medium,
endothelial basal medium with no FBS or growth supplements
was used. All cultures were incubated at 378C, 5% CO2, and
95% relative humidity (20.9% oxygen). Passages six to eight
were used for these experiments.

In Vitro Hypoxia Treatment

Rat or human RMECs were grown to 70% confluence in
conditions stated previously and were placed in a hypoxia
(0.7% O2 level) chamber for 24 hours (using a BBL GasPak
system; Becton, Dickinson and Company; Sparks, MD, USA).
Some cultures were lysed using a protein prep kit (Qproteome
Mammalian Protein Prep; Qiagen; Venlo, The Netherlands) for
endoglin ELISAs, (R&D Systems, Inc., Minneapolis, MN, USA)
while others were prepared for immunocytochemistry. For
immunocytochemistry experiments, cells were grown on
chamber slides (Nunc Lab-Tek; Thermo Fisher Scientific, Inc.,
Nashville, TN, USA) fixed with 4% paraformaldehyde, washed
in phosphate buffered saline with Tween 20 (PBST), and
blocked overnight in 1.5% bovine serum albumin in PBST. Cells
were then probed with anti-CD105 antibody (Millipore Corp.,
Billerica, MA, USA). These experiments were replicated four
times, with n ¼ 4 for each treatment group in each replicate.
For ELISA experiments, a human endoglin/CD105 quantikine
kit was used following manufacturer’s instructions.

Proliferation Assay

Rat RMECs were isolated and seeded at 3 3 103 cells/well in a
96-well plate containing growth medium for 8 hours to allow

them to settle and attach. Cells were then serum-starved for 12
hours before being treated with either serum free medium,
10% serum, rat anti-VEGF (100 lg/mL; R&D Systems, Inc.) and/
or anti-CD105 (Millipore Corp.) at concentrations ranging from
1 to 100 lg/mL (Sigma Aldrich, St. Louis, MO, USA). After 24
hours of treatment, cells were labeled with 5-bromo-2-
deoxyuridine (BrdU) labeling solution for an additional 12
hours, and BrdU incorporation was quantified using a
colorimetric BrdU ELISA (Roche Diagnostics Corp., Indianapo-
lis, IN, USA), according to the manufacturer’s instructions. The
experiment was independently repeated three times.

Western Blot Analysis

For Western blot analysis, the retinas of three eyes were pooled
in 300 lL cold lysis buffer (150 mM NaCl, 1.0% Triton X-100,
0.1% SDS, 50 mM Tris-HCl, 100 lg/mL phenylmethylsulfonyl
fluoride, 10 mM orthovanadate, 0.3 lg/mL EDTA, 0.5%
deoxycholate acid, 50 lM NaF, 0.5 lg/mL leupeptin, 0.7 lg/
mL pepstatin A, and 1.0 mg/mL aprotinin) and homogenized by
sonication at 48C. The samples were incubated at 48C for 30
minutes and then centrifuged at 5000 rpm for 15 minutes at
48C. Protein concentrations of the supernatants were deter-
mined with the BCA kit (Pierce Biotechnology, Rockford, IL,
USA). The protein concentration of each sample was adjusted
to 2.5 lg/lL with cold lysis buffer containing protease
inhibitors. Twenty microliters (50 lg) was mixed with 20 lL
of 23 Laemmli buffer (Sigma Aldrich) and heated at 958C for 10
minutes. The samples were resolved by SDS-PAGE and were
transferred to 0.2 lm nitrocellulose membranes (Bio-Rad
Laboratories, Inc.; Hercules, CA, USA). Nitrocellulose mem-
branes were blocked with tris-buffered saline and Tween 20,
1% bovine serum albumin (Sigma Aldrich), and were probed
with primary antibodies. Either goat anti-mouse IgG horserad-
ish peroxidase (HRP; Chemicon International, Inc., Temecula,
CA, USA), goat anti-rabbit IgG-HRP (Chemicon International,
Inc.), or donkey anti-goat IgG-HRP (Santa Cruz Biotechnology,
Dallas, TX, USA) secondary antibodies were applied to the
membranes and were developed with enhanced chemilumi-
nescence (Amersham Pharmacia Biotech Inc., Piscataway, NJ,
USA). The following primary antibodies were used in this
study: anti-CD105 (NeoMarkers, Inc.; Fremont, CA, USA) and
anti-b-actin (Sigma Aldrich). Each Western blot was repeated at
least three times.

Vascular and Immunohistochemical Staining

At 14(2), 14(3), and 14(6), eyes of the rats were enucleated,
retinal flat-mounts were prepared, and vasculature was stained
with FITC-conjugated isolectin B4, (Sigma Aldrich), and anti-
CD105 (Millipore Corp.). The tissue was then preserved with
gel mount (Biomedia; Victoria, Australia).

Rat Oxygen Treatment

All animal experiments were approved by the Vanderbilt
University School of Medicine Institutional Animal Care and
Use Committee, and they were conducted according to the
principles expressed in the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research. Within 8 hours
after birth, litters of Sprague-Dawley rat pups and their
mothers were exposed to alternating periods of 24 hours at
50% and 10% oxygen for 14 days. This variable oxygen
treatment protocol predisposes the rat pups to oxygen-induced
retinopathy.35 Hereafter, these rats are referred to as OIR rats.
Age-matched control rats were maintained in ambient (20.9%
oxygen) normoxia. These rats are referred to as room air (RA)
rats. After the variable oxygen treatment, OIR rats were
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removed to room air for up to 6 days, allowing time for retinal
NV to develop. We refer to the timing of sacrifice and
assessment with two numbers: one representing the time in
variable oxygen and one representing the postexposure
period. Hence, rats sacrificed immediately upon removal from
exposure are termed 14(0), while rats sacrificed at the end of
the 6-day postoxygen exposure period are referred to as 14(6).

Intravitreal Injections

Rats were anesthetized by isoflurane (Terrell, Meridian, ID,
USA) inhalation, and a single drop of 0.5% proparacaine
(Allergan, Hormigueros, PR, USA) was topically applied to the
cornea prior to intravitreal injection. For all intravitreal
injections, the globe was penetrated posterior to the ora
ciliaris retinae using a 30-gauge needle with a 198 bevel and a
10-lL syringe (Hamilton Co., Reno, NV, USA). The needle was
advanced to the posterior vitreous while maintaining a steep
angle to avoid contact with the lens. The injection bolus was
delivered near the trunk of the hyaloid artery, proximal to the
posterior pole of the retina. Following injection, a topical
antibiotic suspension (neomycin and polymyxin B sulfates and
gramicidin; Monarch Pharmaceuticals, Inc.; Bristol, TN, USA)
was applied. Noninjected eyes were also treated with topical
proparacaine and antibiotic to control for the potential of these
agents to influence retinal vessel growth.

Quantification of Retinopathy

Rats with OIR were euthanized by decapitation on 14(6). Rats
were enucleated and the neural retinas were dissected and
placed in 10% neutral buffered formalin (37% formaldehyde
solution; Thermo Fisher Scientific; Fair Lawn, NJ, USA)

overnight at 48C. The retinal vasculature was stained for
adenosine diphosphatase (ADPase) activity, according to a
previously described method36 adapted for use in this
experimental context.37,38 Images of ADPase-stained retinas
were digitized, captured, and displayed at 320 magnification.
The total retinal area and the vascularized retinal area were
traced and the number of pixels within these areas was
converted to mm2. This parameter was used to measure effects
of antibody treatment on normal, intraretinal vascular devel-
opment. To determine the effect of the various treatments on
pathological vascular growth, the extent of retinal NV was
assessed in flat-mounted retinas stained for ADPase activity.
Abnormal, preretinal NV was assessed by digitally measuring
NV area in images captured and displayed at 365 magnification
by previously described methods.39,40

Drug Treatment

At 14(0), eyes from OIR and RA rats either remained
uninjected, or were injected with 5 lL of vehicle (PBS), rat
anti-VEGF (Sigma Aldrich) at 1.0 mg/mL, or anti-CD105 at
doses ranging from 0.01 to 1.0 mg/mL. These doses were
initially chosen based on published data for the use of anti-
VEGF treatments.41,42

Statistical Analysis

Statistically significant differences between treatment and
control groups were determined by analysis of variance
combined with Dunnett’s post hoc procedure. Each in vivo
experiment was replicated three times with n ¼ 8 to 12 eyes
for each treatment group. In vitro experiments were also
performed at least three times.

FIGURE 1. Endoglin induction by hypoxia. (A) Anti-CD105 immunocytochemistry in rat RMECs cultured in normoxia and hypoxia for 24 hours.
Endoglin is shown in red, while DAPI-stained cell nuclei are shown in blue. (B) Endoglin (CD105) ELISA on human retinal microvascular endothelial
cells exposed to normoxia and hypoxia for 24 hours. Endoglin levels are significantly upregulated in rat and human microvascular endothelial cells
cultured in hypoxia versus normoxia. **P < 0.02, relative to normoxia).
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RESULTS

Hypoxic Induction of Endoglin in Rat and Human

RMEC

Twenty-four hour exposure of rat RMEC to hypoxia caused a
significant increase in endoglin levels. Immunocytochemical
staining of hypoxic and normoxic cells confirmed a striking
difference in endoglin immunoreactivity within the compared
cultures (Fig. 1A). Endoglin protein levels, measured by ELISA,
were also elevated in similarly treated human RMEC (Fig. 1B).

Serum-Mediated Proliferation in Rat RMEC

Anti-VEGF (100 lg/mL) treatment resulted in a decrease of
serum-stimulated proliferation by 31% (P < 0.05). Anti-CD105
treatment reduced the proliferation in a dose-dependent
manner. Doses of 1 lg/mL, 10 lg/mL, and 100 lg/mL reduced
proliferation by 17% (P < 0.05); 34% (P < 0.05); and 57% (P <
0.02), respectively (Fig. 2). A combination of anti-VEGF and
anti-CD105 (10 lg/mL) significantly reduced proliferation by
44% (P < 0.05). Although the effect of this combination
treatment is significantly different from the effect of serum-only
treatment, it is not significantly different from the effect of
either the anti-VEGF or anti-CD105 (1–100 lg/mL) treatments
alone.

Assessment of Endoglin Levels and Localization in

Rat OIR Tissue

Immunoblotting demonstrated that endoglin levels were
elevated during the postoxygen exposure period in OIR retinal
tissue when compared with matched RA samples (Fig. 3A).
Endoglin protein levels were significantly increased in OIR rat
retinas on 14(2), 14(3), and 14(6) (P < 0.02). A representative
Western blot and graph depicting the quantified endoglin band

densities from four separate Western blot experiments are
shown in Figure 3B.

Retinas dissected from RA and OIR animals at time points
14(2), 14(3), and 14(6) were flatmounted; stained with anti-
endoglin (anti-CD105); counterstained with isolectin B4 (IB4), a
marker of vascular EC; and examined for endoglin localization.
Room air samples demonstrated little or no endoglin immuno-
reactivity (Supplementary Fig. S1). Endoglin immunoreactivity
at 14(2) exhibited specific association with vasculature at the
leading edge of vessel growth and was primarily localized to
the peripheral extent of veins—the future sites of NV (Fig. 4).
Staining at 14(3) (Fig. 5) and 14(6) (Fig. 6) revealed precise
colocalization with nascent and expanding NV tufts, respec-
tively. Images are representative of four independent experi-
ments.

Treatment With Anti-Endoglin Inhibits
Neovascularization in OIR Rats

Relative to vehicle, anti-VEGF treatment reduced neovascular
area by 32% (P < 0.05). Anti-CD105 treatment at 0.01, 0.10, or
1.0 mg/mL reduced the neovascular area in a dose-dependent
manner by 18%, 31% (P < 0.05), and 47% (P < 0.05),
respectively. Combined treatment with anti-CD105 and anti-
VEGF resulted in 62% inhibition of NV (P < 0.02), and this
reduction in neovascular area was significantly different from
the highest dose of anti-CD105 or anti-VEGF (P < 0.05) alone
(Figs. 7A–F). Quantification of the data is showed in Figure 7G.

DISCUSSION

Our data support a role for endoglin in the promotion of
preretinal NV like that associated with disease pathology in DR

FIGURE 2. Analysis of anti-CD105 treatment on rat RMEC proliferation.
All antibody treatments were performed on a 10% serum background.
*P < 0.05. **P < 0.02, relative to 10% serum.

FIGURE 3. Oxygen-induced retinopathy increases endoglin protein
levels. (A) Western blot showing endoglin levels in OIR and room air–
raised rat retinas at several postexposure time points. Samples in every
lane were matched for protein concentration and compared after being
normalized to beta-actin. (B) Normalized and averaged results of the
western blot band densities. Western blots were independently
replicated three times. **P < 0.02.
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and ROP, among other conditions.29,43 In our initial in vitro
experiments, endoglin immunoreactivity and protein levels
were elevated in rat microvascular endothelial cells under
hypoxic conditions compared to normoxic conditions. Endo-
glin levels were also increased in human retinal microvascular
cells when placed in hypoxia. These findings were consistent
with results we obtained from the rat OIR model, showing

significantly increased endoglin, localized to the retinal
endothelium, at postexposure times when the retina is
incompletely vascularized and hypothetically hypoxic. Two
early postexposure time points, 14(2) and 14(3), are significant
in the rat OIR model, because this is the postexposure period
when retinal VEGF is peaking and neovascular tufts are
beginning to form.36 The immunohistochemical endoglin

FIGURE 4. Endoglin (CD105) immunohistochemistry of 14(2) retinal flatmounts. Staining with CD105 shows association at the leading edge of
vessel growth, but only near veins. Left: CD105 (red). Right: IB4 (green) and CD105/IB4 merged image. (A) 32. (B) 34. (C) 310. Images shown are
representative of four independent experiments.

FIGURE 5. Endoglin (CD105) immunohistochemistry of 14(3) retinal flatmounts. Staining shows close association with the peripheral extent of
veins and sites of early NV. Left: CD105. Right: IB4 and CD105/IB4 merged image, 310. Images are representative of four independent experiments.
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profiles in OIR rats at 14(2) and 14(3) revealed endoglin
localization in the postcapillary venules near the peripheral
extent of major veins, precisely matching the loci of incipient
neovascular structures. Specifically, at the 14(2) time point, the
elevated endoglin immunoreactivity appeared in advance of
any identifiable neovascularization, while at 14(3) and 14(6)
endoglin was closely colocalized with emerging and expanding
neovascular lesions. The 14(6) time point is also significant
because it is the peak of neovascular growth in this model.
Since endoglin expression was elevated early and localized to
future sites of neovascularization, we suggest that anti-endoglin
staining may have promise as an early diagnostic biomarker
with potential for in vivo imaging.44–47

In addition, proliferation assays were performed with anti-
VEGF and anti-CD105 treatments on a 10% serum background
in an effort to account for growth factors involved in
neovascularization other than VEGF, while also being inclusive
of VEGF. In a dose-dependent fashion, anti-CD105 treatment
inhibited proliferation in RMECs under these conditions and
anti-CD105 (100 lg/mL) was more effective at inhibiting
proliferation than anti-VEGF at the same concentration. The
combination treatment (anti-CD105 þ anti-VEGF) significantly
inhibited RMEC proliferation, at a level falling between those
obtained using anti-CD105 at the highest concentration and
anti-VEGF.

The analysis of neovascular area in OIR rats, revealed that
endoglin blockade significantly inhibited neovascularization.
This inhibition was dose-dependent, similar to our in vitro
assays. Our findings also agree with other studies, in which
mAbs against endoglin were administered systemically in
experimental cancer models and showed reduced tumor
vasculature.34,33,48–54 In OIR rats, administration of anti-VEGF
by intravitreal injection resulted in a 32% reduction in
preretinal NV (P < 0.05). Other studies testing neutralizing
antibodies against VEGF in rat34 and mouse55 OIR have shown
efficacies ranging from approximately 25% to 46%, respective-
ly. The combined treatment of anti-VEGF and anti-CD105 also
significantly inhibited neovascular tuft growth when compared
with control conditions (P < 0.02). Moreover, this in vivo

combination treatment (anti-CD105 þ anti-VEGF) demonstrat-
ed greater efficacy than either antibody alone.

These in vivo data may appear to disagree with our in vitro
data in which an additive effect of anti-CD105 and anti-VEGF
on endothelial cell proliferation was not observed. However,
proliferation is only one of several EC behaviors that are
necessary for the genesis of neovascular structures; EC
migration and differentiation are two others that may be
significantly affected by endoglin signaling. Consistent with
this notion, haploinsufficient-endoglin mice tested under OIR
conditions showed that, even though retinal EC were hyper-
proliferative, a reduced neovascular response was observed.30

The haploinsufficient EC also demonstrated defective migra-
tion and capillary morphogenesis, two angiogenic cell behav-
iors that are crucial to neovascularization. Therefore, these
data suggest that reduced cellular endoglin had a profound
effect on angiogenic cell behaviors other than proliferation that
affected the assemblage of neovascular structures.

We believe similar considerations may be applied to explain
the differences between our in vitro proliferation assays and
our in vivo efficacies against retinal neovascularization. Anti-
CD105 therapy administered alone may prove useful in
patients who are nonresponsive to anti-VEGF therapy or in
those that experience adverse reactions.56 Conversely, smaller
doses of each could be given in combination, potentially
reducing unwanted side effects associated with either treat-
ment. Future experiments will be performed to optimize and
to determine the advantages/disadvantages of single versus
combined therapies. Of particular interest will be whether anti-
endoglin or combined anti-VEGF/anti-endoglin therapies will
alleviate recurrent neovascularization. Administration of anti-
VEGF to OIR rats has been associated with recurrent preretinal
NV at later time points and this phenomenon has also been
observed in human ROP.19 Therefore, future experiments
testing the effects of anti-endoglin or combined anti-endoglin/
anti-VEGF therapies, must address, and perhaps provide a
potential resolution to recurrent preretinal NV.

Although hypoxia strongly induces endoglin and it is
certainly a relevant stimulus in mouse OIR, we cannot rule
out inflammation as a contributing, or even primary, stimulus

FIGURE 6. Endoglin (CD105) immunohistochemistry of 14(6) retinal flat-mounts. Staining shows precise colocalization with NV tufts. Left: CD105.
Right: IB4 and CD105/IB4 merged image. (A) 34. (B) 310. Images are representative of four independent experiments.

Endoglin Promotes Angiogenesis IOVS j October 2014 j Vol. 55 j No. 10 j 6495



for endoglin upregulation in our OIR experiments. It has been
shown that inflammatory responses may play a key role in
retinal angiogenesis. For example, in mouse OIR, retinal levels
of the proinflammatory cytokine tumor necrosis factor a
(TNFa), are increased and its genetic deletion protects against
the pathologic neovascular response.57–61 To confirm endoglin
induction by an inflammatory stimulus, we treated human
retinal microvascular endothelial cells with 10 lg of the potent
proinflammatory endotoxin, lipopolysaccharide, and observed
increased endoglin levels compared with controls (data not
shown). Additional studies will be required to address the
specific role of inflammation and endoglin expression in both
cell and animal models of angiogenesis.

In this study, we demonstrate that anti-CD105 therapy is
efficacious against retinal NV. Based on the selective expression
of CD105 in OIR retinas, we propose that endoglin has the
potential to be used as a biomarker to identify areas of
developing pathology.62 This therapy may allow for an earlier
approach to address retinal NV, rather than treating at
advanced stages of disease. Although endoglin shows promise
in these regards, more studies are required before we

determine if it is an ideal candidate to identify and target
retinal sites in advance of or at very early stages of NV. These
future studies must also address any potential side effects
associated with anti-CD105 treatment.
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