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Abstract
The fat-derived hormone adiponectin has been shown to have a protective role in macrovascular
disorders. However, nothing is known about the function of adiponectin in retinal microvessel
disease. Here, we investigated the causal role of adiponectin in retinal vessel formation and
inflammation under conditions of hypoxia. When neonatal mice were subjected to ischemia-induced
retinopathy, pathological retinal neovascularization during ischemia was exacerbated in adiponectin-
knockout (APN-KO) mice compared with wild-type mice (neovascular area: 17.0±1.0% versus 11.7
±0.6%, respectively). APN-KO mice also exhibited increased leukocyte adhesion (2.3±0.4-fold) and
tumor necrosis factor (TNF)-α expression (2.6±0.2-fold) in hypoxic retina. Adenovirus-mediated
overexpression of adiponectin in wild-type and APN-KO mice attenuated hypoxia-induced
pathological retinal neovascularization by 35% in wild-type mice and by 40% in APN-KO mice and
leukostasis by 64% in wild-type mice and by 75% in APN-KO mice, which were associated with
reduced TNF-α production. TNF-α blockade diminished the enhanced pathological
neovascularization in APN-KO mice by 34%, and the inhibitory effects of adiponectin
overexpression on retinal neovascularization and leukocyte adhesion were abolished in mice lacking
TNF-α. These data provide evidence that adiponectin protects against retinal vessel injury following
pathological stimuli through modulation of TNF-α inflammatory responses.
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Pathological retinal neovascularization is a common feature of blinding diseases, in particular,
ischemic retinopathies such as retinopathy of prematurity and diabetic retinopathy.1,2 In
premature infants receiving high oxygen, the retinal vascularization does not reach to the
periphery, and the peripheral retinas are rendered hypoxic, ultimately resulting in stimulation
of excessive abnormal neovascularization.2 In the early phase of diabetic retinopathy,
hyperglycemia initiates endothelial cell injury, retinal vessel loss, and ischemia, as well as
changes in leukocyte adhesion to the vascular endothelium.1,3 These conditions subsequently
lead to the overproduction of various proangiogenic factors and proinflammatory cytokines,
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which, in turn, promotes abnormal neovascular changes.2 The primary goal for treatment of
ischemic retinopathy is to preserve vision through the inhibition of abnormal
neovascularization and vascular damage.

Adiponectin/ACRP30 is a circulating adipose-derived cytokine with antiinflammatory
properties.4,5 In animal models, adiponectin deficiency is associated with the increased
inflammatory responses under conditions of stresses including overnutrition and ischemic
insult.6,7 In addition, adiponectin has been shown to protect against the development of various
diseases including detrimental cardiac and vascular remodeling, ischemic stroke and increased
albuminuria.6,8–11 In human populations, circulating adiponectin levels inversely correlate
with the inflammatory marker C-reactive protein levels in blood stream.4,12,13 Low plasma
adiponectin levels are associated with the increased prevalence of type 2 diabetes and its
macrovascular complications including ischemic heart disease.4,14,15 However, the
epidemiology of adiponectin is complex, and high levels of adiponectin are associated with
the presence of chronic inflammatory diseases including rheumatoid arthritis and type 1
diabetes, as well as advanced heart failure.16,17

Clinical studies regarding the relationship between plasma adiponectin level and retinopathy
in diabetes have been inconclusive.18–20 In this regard, the consequences of adiponectin on
retinal vessel disease have not been examined previously in any experimental model. Thus, we
investigated whether adiponectin affects the retinal vascularization and inflammation in a
mouse model of ischemia-induced retinopathy. This model involves the exposure of neonatal
mice to 75% oxygen, followed by a return to normoxic conditions.21 This model is routinely
used for the screening of physiological mediators of retinal vascularization, and it was used to
show that therapies that inhibit vascular endothelial growth factor (VEGF) signaling may have
potential for human ischemic retinopathy.22–24

Materials and Methods
Materials

Mouse tumor necrosis factor (TNF)-α ELISA kit was purchased from R&D systems.
Recombinant mouse adiponectin was prepared as described previously.6,25 Adenovirus vectors
containing the gene for β-galactosidase (Ad-βgal) and full-length mouse adiponectin (Ad-
APN) were prepared as described previously.7

Mouse Model of Ischemia-Induced Retinopathy
Adiponectin-knockout (APN-KO)7 and wild-type (WT) mice in a C57BL/6 background and
TNF-α-KO and WT mice in a C57BL/6/129 background (The Jackson Laboratory) were used
(n=6 to 20 for each experiment). Both genders were used. All animal studies were performed
in accordance with the Association for Research in Vision and Ophthalmology Statement for
the Use of Animals in Ophthalmic and Vision Research, and were approved by the Institutional
Animal Care and Use Committee in Boston University. To produce a clinically relevant
ischemic retinopathy model, postnatal mice were subjected to oxygen-induced retinopathy.
21 Postnatal day (P)7 mice with their nursing mothers were exposed to in 75±2% oxygen
(hyperoxia) for 5 days (P7 to P12) to produce retinal vasoobliteration. At P12, mice were
returned to room air (normoxia), in which the nonvascular regions in retina are rendered
hypoxic, and this condition promotes the development of pathological neovascular tufts within
the vitreous body. P17 is the time when the maximal neovascularization occurs in this model.
In some experiments, etanercept (Wyeth) (500 μg per mouse)26 (n=10 to 12) or vehicle (n=10)
was intraperitoneally injected into mice at P12, P14, and P16.
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Measurement of Neovascularization and Vascular Obliteration
Neovascularization and vascular obliteration were measured with well-established methods.
26–28 Eyes were removed from mice at P17, and fixed in 4% paraformaldehyde for 1 hour at
4°C. The retinas were dissected and stained with fluoresceinated Griffonia (Bandeiraea)
simplicifolia isolectin B4 (Alexa Fluor 594, Molecular Probes) for 16 hours at 4°C to detect
vascular endothelial cells.26–28 The retinas were washed with PBS for 2 hours, radially cut
from the edge of retina in the 4 quadrants, and mounted in mounting media (Vector
Laboratories). Pictures of whole mounts of retinas were taken at ×5 magnification by
fluorescence microscopy. Retinal segments were merged to generate a whole retinal image
using Adobe Photoshop. We traced central nonperfused regions without capillaries and optic
disc, and defined these areas as vascular “obliteration.” The areas in which the artifacts of
dissection and mounting were present were excluded. Vascular obliteration and neovascular
tuft formation were quantified by comparing the number of pixels in the affected areas with
the total number of pixels in the retina. The physiological normal vascularization was calculated
by subtracting the neovascular and vascular obliteration areas from total retinal areas.29

Investigators were blinded to the mouse treatment.

Adenovirus-Mediated Gene Transfer
The 4×107 plaque-forming units (pfu) of Ad-APN (n=6 to 20) or Ad-βgal (n=6 to 20) were
injected into the jugular vein of mice at P10. Mouse adiponectin levels were determined by
ELISA kit (Otsuka Pharmaceutical Co Ltd).

Administration of Recombinant Adiponectin Protein
Recombinant mouse adiponectin protein (3.0 μg/g body weight) (n=9 to 10) or vehicle (n=9)
was intraperitoneally injected into WT and APN-KO mice at the day of ischemic induction
(P12) or P13 and daily until P17.

Quantification of Retinal Leukostasis
The retinal vasculature and adherent leukocytes were labeled with FITC-conjugated
concanavalin A (Con A) lectin (Vector laboratory).30,31 In brief, mice were perfused with PBS
to remove the erythrocytes and nonadherent leukocytes in the retinal vasculature and then
perfused with FITC–Con A lectin, followed by perfusion with PBS to remove unbound Con
A lectin (n=12 to 20 for each experiment). The retinas were flat-mounted and imaged with
fluorescence microscopy. The number of adherent leukocytes in the retinal vasculature was
counted.

Determination of mRNA Levels
Total RNA was isolated from retinas of WT mice (n=6 to 8) and APN-KO mice (n=6 to 8)
using a Qiagen kit, and cDNA was produced using ThermoScript RT-PCR Systems
(Invitrogen). Quantitative real-time PCR was performed on iCycler iQ Real-Time PCR
Detection System (Bio-Rad) using SYBR Green I as a double-stranded DNA–specific dye as
described previously.6,32 Primers were: 5′-CATCTTCTCAAAATTCGAGTGACAA-3′ and
5′-TGGGAGTAGACAAGGTACAACCC-3′ for mouse TNF-α; 5′-
CTGTAACGATGAAGCCCTGGAG-3′ and 5′-TGGTGAGGTTTGATCCGCAT-3′ for
mouse VEGF; 5′-CATTCTTCGCTGCCATTCTG-3′ and 5′-
GCACATTGCCCATGTTGAATC-3′ for mouse angiopoietin (Ang) 1; 5′-
TTAGCACAAAGGATTCGGACAAT-3′ and 5′-
TTTTGTGGGTAGTACTGTCCATTCA-3′ for mouse Ang 2; 5′-
TGTCTGCGGCGATGTCACT-3′ and 5′-CATGCCGCCCTCTGTTG-3′ for mouse
endothelial nitric oxide synthase (eNOS); 5′-CACCTGCCAGGCCTGCAA-3′ and 5′-
GCTTGGTGCAGGCGCCTA-3′ for mouse VEGF receptor 2; 5′-
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AGAGGGAAATCGTGCGTGAC-3′ and 5′-CAATAGTGATGACCTGGCCGT-3′ for
mouse β-actin.

Statistical Analysis
All data are expressed as means±SEM. Differences were analyzed by Student’s unpaired t test
for 2 groups or ANOVA for multiple comparisons. A level of P<0.05 was accepted as
statistically significant.

Results
Exacerbated Pathological Retinal Neovascularization During Ischemia in APN-KO Mice

To test the role of adiponectin in regulating retinal vessel growth, APN-KO and WT mice in
a C57BL/6 background were subjected to a model of ischemia-driven retinopathy. Neonatal
mice were exposed to hyperoxia (75% O2) for 5 days from P7 to P12 and returned to room air
at P12 to induce pathological neovascular tufts.21 Retinas were stained with fluoresceinated
isolectin B4 to detect ischemia-induced vascularization at P17 in the 2 experimental groups of
mice. Representative photographs of retinal whole mounts, stained with fluorescein-labeled
isolectin B4, are shown in Figure 1A. Quantitative analysis of neovascular tufts/total retinal
area revealed that APN-KO mice display exacerbated pathological retinal neovascular
formation compared with WT mice (Figure 1B). In contrast, no significant difference was
observed in vascular obliteration/total retinal area between 2 groups (Figure 1C). APN-KO
mice exhibited reduced areas of physiological normal vascularization in ischemic retina (65.8
±1.3%) compared with WT mice (70.6±1.0%). Thus, endogenous adiponectin is protective in
the context of pathological retinal neovascularization under ischemic conditions. No
differences in these parameters were observed between male and female mice. In contrast,
under normoxic conditions, both APN-KO and WT mice had no central avascular area and no
peripheral pathological vascular tuft formation (Figure 1A). At P12, before the return to room
air, there was no neovascular tuft formation in both mouse strains (Figure 1A), and no
significant differences were seen in vascular obliteration areas between WT (39.0±0.7%) and
APN-KO (38.2±0.9%) mice.

Delivery of Adiponectin Suppresses Pathological Neovascularization in Ischemic Retina
To confirm that the enhanced pathological neovascularization in response to ischemia was
attributable to adiponectin deficiency, we systemically delivered adenoviral vectors expressing
either murine adiponectin (Ad-APN) or β-galactosidase (Ad-βgal) as a control into APN-KO
and WT mice at P10. At P17, adiponectin levels were 11.0±1.0 μg/mL in WT/control, 20.6
±1.5 μg/mL in WT/Ad-APN, <0.05 μg/mL in APN-KO/control and 10.8±2.2 μg/mL in APN-
KO/Ad-APN. Treatment with Ad-APN significantly reduced retinal neovascular areas in APN-
KO at P17 to the similar levels that were observed in WT mice (Figure 2A). Ad-APN–treated
WT mice showed a significant reduction of neovascular areas in retina compared with Ad-
βgal–treated WT mice. Thus, supplementation of exogenous adiponectin rescues the increase
in pathological retinal neovascularization in APN-KO mice, and overproduction of adiponectin
attenuates ischemia-induced abnormal vessel formation in retina in WT mice.

To test whether the administration of adiponectin protein affects the vascular response during
ischemic retinopathy, we intraperitoneally administered recombinant mouse adiponectin
proteins (3.0 μg/g mouse) to APN-KO and WT mice daily from P12 (at the induction of
hypoxia) to P17. Circulating adiponectin levels transiently increased to 8.4±0.8 μg/mL in APN-
KO mice at 3 hours after intraperitoneal injection of recombinant adiponectin protein.
Treatment with adiponectin protein significantly reduced the increase in retinal neovascular
areas in APN-KO mice at P17 (Figure 2B). At 3 hours after intraperitoneal injection of
recombinant adiponectin protein into WT mice, circulating adiponectin levels transiently
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increased by a factor of 1.8±0.3 compared with vehicle-treated mice. As shown in Figure 2B,
adiponectin-treated WT mice had significantly diminished neovascular formation in ischemic
retina by 29% at P17 compared with vehicle-treated mice. Daily injection of adiponectin
protein from P13, 1 day after the induction of ischemia, also resulted in a reduction of retinal
neovascular areas of WT mice (22%) at P17 (neovascular area: 12.4±0.9% in vehicle-treated
mice and 9.7±0.7% in adiponectin-treated mice). Thus, adiponectin supplementation, either
before or after the ischemic insult, is effective at attenuating ischemia-induced retinopathy.

Adiponectin Deficiency Contributes to Enhanced Leukocyte Adhesion to Retinal Vessels
Because inflammation plays an important role in the progression of retinal pathological
angiogenesis,29,30,33 the inflammatory responses in retina were assessed by measuring
adherent leukocytes labeled with fluorescein-conjugated Con A lectin.30,31 Figure 3A shows
representative photographs of retinal vasculature and adherent leukocytes labeled with FITC–
Con A lectin in WT and APN-KO mice. Quantitative analysis revealed that APN-KO mice
had a higher frequency of adherent leukocytes to vasculature at P15 compared with WT mice
(Figure 3B). Conversely, Ad-APN treatment decreased the number of adherent leukocytes in
the retinal vasculature in both APN-KO and WT mice (Figure 3C).

Increased TNF-α Production in Ischemic Retina in APN-KO Mice
To elucidate the mechanism of the protective action of adiponectin on abnormal
neovascularization during ischemic retinopathy, we analyzed the expression of angiogenesis-
related and proinflammatory factors in ischemic retina in WT and APN-KO mice at P13, 1 day
after return to normoxia, by quantitative real-time PCR methods. Expression of VEGF, Ang
1, Ang 2, eNOS, and VEGF receptor 2 did not differ between WT and APN-KO mice (fold
changes in transcripts in APN-KO mice versus WT mice: VEGF, 1.20±0.14; Ang 1, 0.88±0.09;
Ang 2, 1.09±0.10; eNOS, 0.95±0.09; VEGF receptor 2, 0.94±0.07). In contrast, APN-KO mice
showed a marked increase in retinal TNF-α mRNA levels compared with WT mice (Figure
4A). TNF-α protein levels in ischemic retina were also increased in APN-KO mice at P14
compared with WT mice (Figure 4B).

To test whether increased adiponectin expression could decrease TNF-α production in retina,
retinal levels of TNF-α mRNA and protein were determined at P14 in WT and APN-KO mice
treated with Ad-APN or Ad-beta; gal. Ad-APN treatment markedly decreased TNF-α transcript
levels in the retina of both WT and APN-KO mice (Figure 4C). Similarly, Ad-APN treatment
reduced TNF-α protein levels in ischemic retina in WT and APN-KO mice (Figure 4D).

Role of TNF-α in Adiponectin-Mediated Suppression of Pathological Neovascularization
To assess whether inhibition of TNF-α signaling can rescue the retinal vascular phenotype of
the APN-KO mice, we examined the impact of a TNF receptor fusion protein (etanercept) on
retinal neovascularization in WT and APN-KO mice. Treatment with etanercept reduced the
retinal neovascular area of WT mice and attenuated the increase in retinal neovascular
formation of APN-KO mice to the levels similar to WT mice (Figure 5A).

To further examine the involvement of TNF-α in retinal protection by adiponectin, we assessed
the consequences of adiponectin overexpression on retinal neovascularization under conditions
of TNF-α deficiency. TNF-α-KO and WT mice in a background of C57BL/6/129 were
subjected to oxygen-induced retinopathy, and Ad-APN or Ad-βgal (control) was systemically
delivered at P10. At P17, adiponectin levels were 8.1±0.4 μg/mL in WT (C57BL/6/129)/
control, 17.8±4.2 μg/mL in WT (C57BL/6/129)/Ad-APN, 6.2±0.6 μg/mL in TNF-α-KO/
control, and 16.2±2.5 μg/mL in TNF-α-KO/Ad-APN. Compared with WT mice, TNF-α-KO
mice showed reduced retinal neovascular area (Figure 5B), consistent with a previous report.
26 Ad-APN treatment significantly attenuated TNF-α protein levels in ischemic retina by 55%
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in WT (C57BL/6/129) mice that is similar to the effect of Ad-APN treatment on WT (C57BL/
6) mice (60%) (Figure 4D). Although treatment with Ad-APN attenuated the retinal
neovascular areas of WT mice at P17 (36%), the adiponectin-mediated decrease in
neovascularization was diminished in TNF-α-KO mice (14%) (Figure 5B). Similar results were
obtained when recombinant adiponectin proteins were intra-peritoneally injected at P12 and
daily until P17 (percentage decrease in neovascular areas: 28% in WT mice and 15% in TNF-
α-KO mice). We also assessed leukocyte adhesion to retinal vessels in TNF-α-KO and WT
mice following treatment with adiponectin. TNF-α-KO mice had a smaller proportion of
adherent leukocytes at P15 compared with WT mice (Figure 5C). In contrast to the marked
inhibition of leukostasis by Ad-APN in WT mice (47%), administration of Ad-APN did not
result in significant reduction of adherent leukocytes in TNF-α-KO mice (13%) (Figure 5C).
Thus, the effect of adiponectin on ischemic retinopathy is markedly reduced under the
conditions of TNF-α ablation, suggesting a functionally significant role of TNF-α suppression
in retinal protection by adiponectin.

Discussion
The present study for the first time provides in vivo evidence that the plasma protein
adiponectin protects against ischemia-driven pathological retinal microvessel formation and
that this protection involves, at least in part, the downregulation of a TNF-α-mediated
inflammatory response. Adiponectin deficiency contributed to severe pathological retinal
neovascularization and enhanced leukocyte adherence in the retinal vessels during ischemia,
which was associated with elevated TNF-α production. Conversely, adiponectin delivery led
to decrease in retinal neovascularization, leukostasis, and TNF-α production. Thus, these
observations indicate that adiponectin acts as an endogenous modulator of microvascular
function and inflammation.

We have previously demonstrated that adiponectin suppresses lipopolysaccharide (LPS)-
stimulated TNF-α production in cultured cardiac myocytes and macrophages.6,34,35

Adiponectin deficiency also leads to an increase in circulating TNF-α in mouse models.7,36

However, the functional significance of TNF-α suppression by adiponectin has never been
addressed experimentally in vivo. Inhibition of TNF-α signaling by etanercept normalized the
exacerbated neovascular response in APN-KO mice. Furthermore, the inhibitory effects of
adiponectin overexpression on retinal neovascularization and inflammatory responses were
abolished in TNF-α-KO mice. Thus, the beneficial actions of adiponectin on retinal injury are
likely to be mediated by its ability to reduce TNF-α expression. It has been shown that
macrophages and microglia are major sources of TNF-α in retina and that inhibition of TNF-
α signaling confers resistance to pathological neovascularization and inflammation in a model
of ischemic retinopathy.26,29,33,37 Furthermore, TNF-α is a key proinflammatory cytokine that
strongly associates with the pathology of diabetic retinopathy.2,38,39 Taken together, these data
suggest that adiponectin-mediated suppression of the TNF-α inflammatory responses can
represent a common pathway contributing to the salutary effects of adiponectin on
microvascular complications in the retina.

The present study provides the first in vivo documentation that adiponectin-mediated
suppression of TNF-α inflammatory responses can functionally contribute to the beneficial
actions of adiponectin on the vasculature. Adiponectin regulates TNF-α production by a
number of mechanisms. Adiponectin has been shown to attenuate LPS-stimulated TNF-α
production in macrophages by suppression of nuclear factor κB and early growth response
protein 1 activation.40–42 It has also been shown that interleukin-10 induction by adiponectin
is required for adiponectin-mediated reduction of LPS-induced TNF-α.43 Furthermore,
adiponectin promotes removal of early apoptotic cells by macrophages, which is associated
with the downregulation of TNF-α.36 In cardiac cells, adiponectin negatively regulates LPS-
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induced TNF-α production partly through its ability to modulate cyclooxygenase-2/
prostaglandin E2– dependent pathway.6 Collectively, these in vitro studies demonstrate that
adiponectin suppresses TNF-α production through the modulation of multiple cellular
mechanisms.

Our data also show that loss of adiponectin causes increased leukocyte adhesion to retinal
vasculature in response to ischemia. In addition, APN-KO mice exhibit elevated mRNA
expression of intercellular adhesion molecule (ICAM)-1 in ischemic retina by a factor of 1.8
±0.4 compared with WT mice (Higuchi A et al, unpublished data). Consistent with these
findings, it has been reported that disruption of adiponectin is responsible for an increase in
leukocyte adhesion and rolling in periintestinal venules in mice, which is associated with
enhanced expression of endothelial adhesion molecules.44 We have previously shown that
adiponectin protein attenuates TNF-α–stimulated expression of adhesion molecules including
ICAM-1 in human aortic endothelial cells.15 ICAM-1 is a crucial mediator of leukocyte
recruitment to injured vascular endothelium.45 Therefore, in addition to the inhibitory effect
of adiponectin on TNF-α production, adiponectin may directly act on surface adhesion
molecule expression on vascular endothelial cells, leading to the resolution of an inflammatory
response in the vasculature.

Whereas it has been shown that low levels of circulating adiponectin are observed in preterm
infants compared with full-term infants, presumably because of decreased body weight,46

nothing is known about adiponectin levels in infants with retinopathy of prematurity.
Furthermore, the epidemiological data regarding the role of adiponectin in diabetic retinal
complications do not provide straightforward conclusions. One clinical study has shown that
patients with type 2 diabetes have lower adiponectin concentrations that are associated with
the severity of diabetic retinopathy.18 In contrast, another study indicated that adiponectin level
was not associated with the presence of diabetic retinopathy.19 Furthermore, a recent study
demonstrated that adiponectin levels are positively correlated with the severity of retinopathy
in patients with type 2 diabetes,20 perhaps because of secondary effects resulting from kidney
complications, leading to impaired clearance of adiponectin. Thus, the complex pathology of
diabetic retinopathy may confound the results of epidemiological studies that attempt to
correlate the incidence of diabetic retinopathy with hypoadiponectinemia.

In summary, we used a widely used mouse model of oxygen-induced retinopathy that produces
abnormal retinal vessel growth similar to that observed in the human ischemic retinopathies
including retinopathy of prematurity and proliferative diabetic retinopathy.21 Experiments with
genetic loss-of- and gain-of-function manipulations showed that adiponectin functions as a
negative regulator of pathological microvessel formation in the retina. Furthermore, it was
shown that the suppression of TNF-α expression by adiponectin is causally linked to the
protective actions of this adipokine in the retina.
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Figure 1.
Enhanced pathological retinal neovascularization in response to ischemia in APN-KO mice.
A, Mouse model of oxygen-induced retinopathy (top). Representative photographs of retinas
stained with isolectin in WT (left) and APN-KO mice (right) at P17 (normoxia and hypoxia)
or P12 (hyperoxia) are shown. Mice at P7 were reared in 75% oxygen (hyperoxia) for 5 days,
followed by room air for 5 days. Retinas at P17 or P12 were isolated and stained with
fluoresceinated isolectin B4 to detect vascularization. Vascular obliteration area is highlighted
in yellow. Neovascular tuft area is highlighted in white. Magnification, ×5. B and C,
Quantification of retinal neovascularization (B) and vascular obliteration (C) in WT (n=16)
and APN-KO (n=20) mice at P17. Neovascularization and vascular obliteration were quantified
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by comparing the number of pixels in the neovascular tuft and vascular obliteration areas,
respectively, with the total number of pixels in the retina. Data are presented as means±SEM.
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Figure 2.
Exogenous adiponectin reduces pathological vessel formation in ischemic retina. A,
Adenovirus-mediated supplementation of adiponectin attenuates pathological retinal
neovascularization in APN-KO and WT mice. Adenoviral vectors expressing adiponectin (Ad-
APN) (4×107 pfu total, n=10) or β-galactosidase (Ad-βgal) (control, n=10) were delivered
intravenously via the jugular vein at P10. B, Administration of adiponectin protein reduces
retinal neovascularization in APN-KO and WT mice. Recombinant APN protein (rAPN) (3.0
μg/g body weight) (n=9 to 10) or vehicle (n=9) was intraperitoneally injected into APN-KO
and WT mice daily from P12 to P 17. Data are presented as means±SEM.
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Figure 3.
Exacerbated retinal leukostasis in APN-KO mice. A, Representative photographs of retinal
vasculature and adherent leukocytes (arrows) labeled with FITC-conjugated Con A lectin in
WT (left) and APN-KO (right) mice at P15. B, Quantitative analysis of leukocyte adhesion in
ischemic retina in WT (n=18) and APN-KO (n=20) mice. Leukocyte adhesion was assessed
by measurement of the number of adherent leukocytes in retina at P15. Results are presented
as means±SEM. C, Adenovirus-mediated delivery of adiponectin attenuates leukocyte
adhesion in APN-KO and WT mice. Ad-APN or Ad-βgal (control) at 4×107 pfu was
intravenously injected into mice at P10. Results are presented as means±SEM (n=12 to 20).
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Figure 4.
Elevated TNF-α expression in ischemic retina in APN-KO mice. A, Gene expression levels of
TNF-α in retina at P13. Retinas were harvested from eyes of WT (n=7) or APN-KO (n=8) mice
at P13. TNF-α mRNA levels were determined by quantitative real-time PCR methods and
expressed relative to β-actin mRNA levels. Data are presented as means±SEM. B, TNF-α
protein expression in ischemic retina in WT and APN-KO mice at P14. TNF-α protein levels
were determined by ELISA. Data are presented as means±SEM (n=8). C and D, Adiponectin
supplementation reduces retinal TNF-α mRNA (C) and protein (D) levels at P14 in WT and
APN-KO mice. Ad-APN (4×107 pfu total) or Ad-βgal (control) was delivered intravenously
at P10. TNF-α mRNA levels were measured by quantitative real-time PCR methods and
expressed relative to β-actin mRNA levels. TNF-αprotein levels were determined by ELISA.
Data are presented as means±SEM (n=6).
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Figure 5.
Contribution of TNF-α signaling to adiponectin-mediated retinal protection. A, TNF receptor
fusion protein etanercept inhibits retinal neovascularization at P17 in WT and APN-KO mice.
Etanercept (500 μg/mouse) or vehicle was intraperitoneally injected into mice at P12, P14, and
P16. Data are presented as means±SEM (n=10 to 12). B and C, Effect of adiponectin on retinal
neovascularization (B) and leukocyte adhesion (C) in TNF-α-KO mice. TNF-α-KO and WT
mice were subjected to ischemia-induced retinopathy. Retinal neovascular areas were
quantified at P17. Adherent leukocytes to retinal vasculature were measured by Con A lectin
staining at P15. Mice were intravenously treated with Ad-APN or Ad-βgal (control) (4×107

pfu each) at P10. Data are presented as means±SEM (n=12 to 20).
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