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Abstract: Peroxisome proliferator-activated receptors (PPARs) play a role in oxidative stress and VEGF regulation,
which are closely related to age-related macular degeneration (AMD). PPAR  expression and its downstream molecules
were examined in fat-1 mice (transgenic mice that convert n-6 to n-3 fatty acids), Ccl2-/-/Cx3cr1-/- mice (an AMD model),
ARPE19 cells (a human retinal pigment epithelial cell line, RPE, a cell type with a critical role in AMD), and human eyes
with and without AMD. PPAR , , and , VEGF and receptors were determined by immunohistochemistry in the mice
models, humans, and ARPE19 cells. Transcripts of PPARs, VEGF, MMP-9 and HO-1 were determined by RQ-PCR.
PPARs were constitutively expressed in normal neuroretina and RPE of humans and mice. PPAR  expression was
increased in fat-1 and Ccl2-/-/Cx3cr1-/- mice. VEGF was decreased in fat-1 mice but increased in Ccl2-/-/Cx3cr1 -/- mice.
VEGF receptors were stable. VEGF, MMP9 and HO-1 transcript levels were increased in ARPE19 cells under H2O2 induced oxidative stress. Human AMD retinas exhibited higher PPAR . The findings of increased expression of PPAR 
and its downstream proteins (VEGF, MMP9, and HO-1) in H2O2-treated ARPE19 cells, Ccl2-/-/Cx3cr1-/- mice, and human
AMD eyes, but decreased VEGF in fat-1 mice, suggest that PPAR  may play a role in AMD.

INTRODUCTION
Age-related macular degeneration (AMD) is the leading
cause of irreversible blindness in the elderly [1]. As average
lifespan increases, the burden of diseases of aging including
AMD continues to rise. AMD was estimated to affect over
1.75 million people in 2004 in the US alone, and threatens to
grow to 3 million by 2020 [2]. AMD is classified into two
clinical types: “dry” and “wet” AMD - the former is characterized by drusen and macular geographic atrophy of RPE
and photoreceptor, while the latter manifests as macular
neovascular AMD with choroidal neovascularization. As the
demand for therapy increases, much effort is being directed
toward the elucidation of the mechanisms underlying AMD
pathogenesis. Though the pathophysiology has yet to be
fully understood, it is postulated that oxidative stress plays a
crucial role in disease development [3-5]. Oxidative damage
to retinal pigmented epithelial (RPE) cells and photoreceptors has been implicated in the pathogenesis of AMD. The
age-associated increase in AMD risk and other welldocumented risk factors such as, smoking and diet (low
omega-3) might be mediated by cumulative damage to the
retina from oxidative stress.
The RPE constitute a monolayer of cuboidal cells
beneath the neural retina above the Bruch’s membrane and
choroidal capillaries. The RPE is involved in phagocytosis of
the outer segments of photoreceptors, the vitamin A cycle,
and the blood-retinal barrier [6]. Damage to the RPE at the
macular region is an early and crucial event in the development of AMD [1]. Loss of normal physiological function in
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the aging RPE cells and RPE injury from oxidative stress can
contribute to drusen formation, the early hallmark of AMD
[3, 7].
Peroxisome proliferator-activated receptors (PPARs) are
members of the steroid/thyroid nuclear receptor superfamily
of ligand-activated transcription factors [8,9]. There are three
subtypes of PPARs: , , and . PPAR  has been reported to
be expressed in ocular tissue, specifically RPE cells [10,11].
All three subtypes share structural and functional similarities. PPAR- activation was recently shown to mitigate
inflammation associated with chronic and acute neurological
insults [12]. Recently, PPARs have been associated with
age-related changes in Alzheimer’s disease and Parkinson’s
disease [13,14]. PPARs are also known to interact with
molecules that play a critical role in the progression of AMD
either directly or via their downstream pathways [8]. Specifically vascular endothelial growth factor (VEGF), matrix
metalloproteases (MMPs, which are capable of degrading
extracellular matrix proteins), docosahexanoic acid (DHA),
heme-oxidase-1 (HO-1, which serves as an antioxidant by
sequestering potentially oxidizing metals) and reactive
oxygen species (ROS), are all related to PPARs and AMDassociated processes.
VEGF is recognized as an essential regulator of normal
and abnormal vessel growth [15]. VEGF is expressed in
response to hypoxia, oncogenes, and cytokines [16], binding
to and stimulating the autophosphorylation of two distinct
receptor tyrosine kinases, VEGFR1 or Flt-1 (fms-related
tyrosine kinase 1) and VEGFR2 or KDR/Flk-1 (kinase insert
domain containing receptor/fetal liver kinase 1) [17]. This
process activates formation of choroidal neovascularization
or development of wet AMD [18,19].
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The aim of our study was to investigate the different
levels of expression of PPAR molecules among different
models related to AMD. In addition, to evaluating PPAR
expression in the human retina, we also examined two mouse
strains: the fat-1 transgenic mouse and the Ccl2//Cx3cr1/
mouse. The fat-1 transgenic mouse expresses a C. elegans
fat-1 gene encoding an n-3 fatty acid desaturase that converts
n-6 to n-3 fatty acids. This is usually absent in mammals and
creates a situation in which endogenously produced n-3 fatty
acids are in high supply [20]. The Ccl2//Cx3cr1/ mice are
a murine model of AMD [21].
METHODS
Animals
All animal experiments were performed under the protocols approved by the NEI Institutional Animal Care and Use
Committee. Mice were treated according to the ARVO
Statement for the Use of Animals in Ophthalmic and Vision
Research.
Fat-1 mice were generated as reported previously [20].
Briefly, a gene from Caenorhabditis elegans was introduced
into F0 C57BL/6 mice to support endogenous conversion of
n-6 to n-3 fatty acids. Generation of Ccl2//Cx3cr1/ mice
has been previously described [21, 22]. Briefly, the Ccl2/
and Cx3cr1/ mice were bred to obtain homozygous
Ccl2//Cx3cr1/ mice. Wild-type (WT) mice were
C57BL/6. All mice were provided food and water ad libitum
and kept on a 12 h light-dark cycle.
Cells
Human RPE cells (ARPE-19) were obtained from the
American Type Culture Collection (Manassas, VA). This
cell line is not transformed and has structural and functional
properties characteristic of RPE cells in vivo. The RPE cells
were cultured in DMEM/F12 medium (1:1) (Sigma, St
Louis, MO, USA) containing 10% fetal bovine serum
(Invitrogen Corp, Grand Island, NY), 100 U/mL penicillin G
potassium, and 0.1 mg/mL streptomycin sulfate (Sigma, St
Louis, MO, USA). The cells were cultured at 37°C in
humidified 5% CO2 conditions and split when approximately
90% confluent. The cells propagated rapidly and were used
for experiments at passages 1 to 3.
Chemicals
To induce oxidative stress, 1mM, 0.5mM and 0.1mM
hydrogen peroxide (H2O2) conditioned medium was made
freshly by diluting 30% H2O2 (Fisher Scientific, Fair lawn,
NJ, USA) in growth medium just before use.
Quantitative Determination of Cell Viability by MTT
Assay
The tetrazolium dye-reduction assay (MTT; 3-[4,5dimethylthiazol- 2-yl]-2,5-diphenyl tetrazolium bromide)
was used to determine cell survival rate with different
concentrations of hydrogen peroxide (H2O2), at different
time points (in the MTT assay, living cells are defined by
functional mitochondrial dehydrogenase) [23]. The modified
MTT test was performed for the assessment of cell viability
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[24]. H2O2, a non-radical of the reactive oxygen species
(ROS), is a common oxidant for evaluation of RPE cells,
which are under constant ROS flux in vivo [25]. After
exposure to the control or one of the test solutions (1mM
H2O2, 0.5mM H2O2, 0.1mM H2O2) for the indicated time
periods, 96-well cultures were incubated with 50 μg/mL
MTT at a dilution of 1:10 based on the volume of culture
medium for 4 hours at 37°C. At the end of incubation, the
MTT solution was removed, and the cells were dissolved in
200l DMSO. The proportion of viable cells (those with
mitochondria capable of cleaving the MTT molecule to
produce the dark purple substance, formazan) was determined by measuring the optical density (OD) of each sample
at 570nm with an ELISA plate reader (GE Healthcare,
Uppsala, Sweden). For repeat studies, 12 wells were exposed
to each solution. The mean optical densities for each group
of cultures were compared.
ARPE19 cells of the same passage incubated in DMEMF12 medium without hydrogen peroxide treatment served as
controls.
Immunohistochemistry
The eyes of 4 month old age-matched WT and
Ccl2/Cx3cr1/ mice and 14 month old fat-1 mice were
snap-frozen. All 5 strains of mice eyes were examined using
the avidin-biotin-complex immunoperoxidase (ABC)
system. Frozen sections 4 μm thick were fixed in acetone,
and immunolabeled with goat anti-mouse PPAR  (Santa
Cruz Biotechnology, Inc), goat anti-mouse PPAR  (Santa
Cruz Biotechnology, Inc), rabbit anti-mouse PPAR  (Santa
Cruz Biotechnology, Inc), rabbit anti-mouse VEGFR1 (Santa
Cruz Biotechnology, Inc), rabbit anti-mouse VEGFR2 (Santa
Cruz Biotechnology, Inc) or goat anti-mouse VEGF antibody
(R and D Systems, Inc). Biotin labeled goat-anti-rabbit IgG
(VECTOR laboratory, Burlingame, CA) or horse anti-goat
IgG (VECTOR laboratory, Burlingame, CA) was used as the
secondary antibody. The sections were treated using the
ABC immunoperoxidase system with 3.3-diaminobenzidine
as the substrate and counterstained with methyl green [21,
22, 26].
ARPE19 cells were plated on Lab-Tek Chamber Slides
with eight culture chambers (Intermed Nunc, Naperville,
Illinois) treated with H2O2 and stained using the methods and
antibodies (PPAR  and VEGF) at 90% confluency.
Immunohistochemistry analyzing 5 human ocular
paraffin-embedded sections from two wet AMD, two dry
AMD, and one normal eye was conducted in conformance
with the policies and principles stated in the Federal Policy
for the Protection of Human Subjects (US Office of Science
and Technology Policy) and in the Declaration of Helsinki.
Formalin-fixed human ocular paraffin embedded sections
were deparaffinized [27, 28]. Detection of PPAR  on human
sections was carried out as described above and repeated at
least once in each eye.
For immunofluorescence, sections the frozen sections
were fixed briefly in 4% formaldehyde and in 0.1 M glycine,
and blocked briefly in 10% serum. The primary anti-VEGF
antibody was applied followed by incubation with Alexa 555
rabbit anti-goat IgG (Molecular Probes, Eugene, OR). DNAbinding dye DAPI was used to fluorescently label nuclei
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(blue color). Slides were examined using a confocal
microscope (Leica TCS SP-2, Leica Microsystems, Exton,
PA). At least three sections from each eye and two different
eyes for each mouse strain were viewed.
Detection of PPAR , PPAR , PPAR , VEGF, MMP-9,
and HO-1 transcripts by quantitative real-time PCR
(RQ-PCR)
Ten micrograms of RNA taken from the eyes of 4-month
old WT, Ccl2/Cx3cr1/ mice, and 14-month old Fat-1
transgenic mice, were used for cDNA synthesis using
RNeasy Mini Kit (Qiagen, Valencia, CA). One million
ARPE19 cells were used for RNA isolation using RNeasy
Mini Kit (Qiagen, Valencia, CA). RQ-PCR was performed
using an Applied Biosystems 7500 Real-Time PCR System
and validated and inventoried Taqman gene expression kits
(Applied Biosystems, Foster City, CA). The gene expression
kits PPAR  (Mm00627559_m1 and Hs00231882_m1),
PPAR  (Mm00803186_g1 and Hs00602622_m1), PPAR 
(Mm01184323_m1 and Hs01115513_m1), VEGF (Hs0090
054_m1), MMP-9 (Hs00234579_m1), HO-1 (Hs00157965
_m1), Ribosomal protein 29 (Mm02342448_gH), and Ribosomal protein 13 (Hs01945436_u1) were used according to
the manufacturer's instructions. The comparative Ct method
was used to establish relative quantification of the fold
changes in gene expression according to User Bulletin #2:
ABI Prism 7700 Sequence Detection System, PE Applied
Biosystems, 1997. Fold changes were normalized first by the
level of RSP13 and RSP29, accordingly. The average fold
change due to the gene manipulation was again normalized
to the transcript level of WT mouse and presented graphically. Each sample was analyzed at least three times.
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For detection of murine VEGF mRNA RQ-PCR was
performed using a Stratagene Mx3000™ Real-Time PCR
System and Brilliant SYBR Green QPCR Master Mix
(Stratagene, CA). Primers for VEGF were synthesized by
SuperArray and supplied as the RT2 Real-Time™ Gene
Expression Assay Kit. Reactions were performed in a final
volume of 50 μl with 2 μl of single-stranded cDNA. The RQPCR cycling conditions were: 95 °C for 10 min followed by
45 cycles of 30 s at 95 °C, 60 s at 55 °C and 60 s at 72 °C
and finally fluorescence measurement. For the internal
control, -actin was amplified using primers 5-CCCAGC
ACAATGAAGATCAA-3 and 5-ACATCTGCTGGAAGG
TGGAC-3. For the internal control, all PCR conditions were
the same as for VEGF except that the annealing temperature
was 58 °C. Following PCR, a thermal melt profile was
performed for amplicon identification. To determine the Ct,
the threshold level of fluorescence was set manually in the
early phase of PCR amplification. Each sample was analyzed
at least three times. ABI SDS 1.3.1 software and the 10Ct/k
analysis method were used to determine relative amounts of
product using -actin as an endogenous control. The average
fold change was presented graphically.
RESULTS
In vivo Mouse Eyes
1. PPAR  Expression
PPAR ,  and  protein are diffusely reactive in the
neuroretina and RPE of normal adult mice (Fig. 1). PPAR 
and  are expressed equally in the Ccl2//Cx3cr1/ and WT
mice, respectively. Therefore all future experiments focused

Fig. (1). PPAR  protein expression. PPAR  (black color) is highest in the Ccl2//Cx3cr1/ (DKO) group, but still, slightly higher in the
Fat-1 than the WT. (ABC staining, original magnification, 100x; R: Retina. C: Choroid).
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Fig. (2). PPAR  transcript expression. Fat-1 mice expressed PPAR  mRNA1.89 fold higher than WT mice. The DKO mice exhibited the
highest expression of PPAR  transcript at 2.90 fold higher than WT. PPAR  transcript levels were not changed significantly in the DKO
mice fed with high or low n-3 LCPUFA as compared to those on regular diet.

on PPAR . PPAR  protein and transcript expression is
mildly increased in the fat-1 and Ccl2//Cx3cr1/ mice as
compared to the WT.
PPAR  mRNA levels were higher in the two genetically
engineered mouse models than WT. Fat-1 mice had a 1.89
fold increase in PPAR  transcript expression, whereas the
Ccl2//Cx3cr1/ group had a 2.90 fold higher expression as
compared to the WT (Fig. 2). PPAR expression did not

change significantly in the mice fed with omega-3 enriched
diets compared to those on regular diet (Fig. 2). This is
further supported by the fact that the Ccl2//Cx3cr1 / mice
fed with high omega-3 diet had significant reduction of their
retinal lesions as compared to those on low omega-3 diet
[29]. PPAR  and  transcript levels were also unchanged
between Ccl2//Cx3cr1/ and WT mice.

Fig. (3). VEGF expression. (A) VEGF is slightly lower in Fat-1 mice than in WT mice. VEGF protein expression is higher in the DKO mice
(red: VEGF, blue: DAPI; original magnification, left and middle panels, 250x, right panel, 400x). (B) VEGF transcript expression supports
protein expression. VEGF mRNA is downregulated in the Fat-1 mouse in comparison to the WT mouse (0.78 fold). However, VEGF mRNA
is 2.55 fold higher in the DKO than in the WT mice.

PPAR and AMD

2. Downstream Effects of PPAR  - VEGF expression
To evaluate downstream markers of PPAR  activity we
examined VEGF expression and found that VEGF protein
expression was slightly lower in the fat-1 mice than in the
WT. However, VEGF protein expression was higher in the
Ccl2//Cx3cr1/ group than in the WT mice (Fig. 3A).
VEGF receptors 1 and 2 expression was also detected.
Levels were similar as compared with that in the WT mice.
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determined. Levels were 8.4 fold higher than in unexposed
control cells.

VEGF transcript level quantification confirmed these
results. VEGF mRNA expression in the fat-1 mice was only
0.78 fold as high as compared to the WT mice, while it was
2.55 fold higher in the DKO than in the WT group (Fig. 3B).
In vitro Human RPE Cells
1. PPAR  Expression
ARPE-19 cells expressed all three subtypes of PPARs.
Baseline expression of PPAR  in these cells is seen in Fig.
(4). After assessing cell viability at different time points and
concentrations of H2O2, we found that 70% viability at
0.5mM H2O2 for 2 hours was sufficient. At these conditions
it was found that PPAR  protein expression mildly
increased (Fig. 4). Transcript levels of PPAR  were again

Fig. (4). PPAR  expression. ARPE19 cells exposed to 0.5 mM
H2O2 for 2 hours show an increase in PPAR  expression (black
color) as compared to unexposed cells. Positive stain is brown.
Nuclei are counterstained with methyl green. (original
magnification, 100x).

2. Downstream Effects of PPAR 
Downstream PPAR  activity was measured indirectly by
assessing VEGF, MMP-9 and HO-1 levels in the H2O2
exposed and unexposed ARPE 19 cells. VEGF protein levels
increased after H2O2 exposure (Fig. 5A). For transcript

Fig. (5). VEGF expression. (A) ARPE 19 cells exposed to 0.5 mM H2O2 for 2 hours show an increase in VEGF protein expression (black
color) as compared to unexposed cells. Positive is in brown. Nuclei are counterstained with methyl green. (original magnification, 100x). (B)
Transcript expression of PPAR , VEGF, MMP-9 and HO -1 in ARPE 19 cells exposed to 0.1 mM H2O2 for 2 hours. PPAR  is 1.2 fold
increased. VEGF is 3.5 times higher while MMP-9 is 1.7 times higher than unexposed cells. HO-1 is 23 fold increased over unexposed
ARPE19 cells.
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Fig. (6). Retinas from humans with both dry and wet AMD express PPAR  (black color) at a higher level than retinas taken from agematched controls. (ABC stain, original magnification, 100x).

expression assessment, the cells were exposed to lower
levels of H2O2 to insure that the compensatory change in the
transcript levels could be easily evaluated. A concentration
of 0.2 mM H2O2 was chosen based on the positive response.
Transcript levels for PPAR , VEGF, MMP-9 and HO-1 were
all measured (Fig. 5B). At 0.1mM H2O2, compared to unexposed ARPE 19 cells, PPAR  levels increased slightly (1.2
fold). Consistent with protein findings, VEGF levels increased 3.5 times. MMP-9 levels were 1.7 fold higher than in
the exposed cells. HO-1 levels were significantly inc-reased,
as expected, to about 23 times higher than in unexposed
control cells.
In vivo Human Eyes
Positive immunoreactivity against PPAR  was found in
normal human retina (Fig. 6). Retinas from humans with
both wet and dry AMD show an increased expression of
PPAR  as compared to retinas from age-matched normal
eyes (Fig. 6). PPAR  expression within the retina illustrates
the same distribution as seen in the mouse models.
DISCUSSION
We found that PPAR ,  and  were diffusely expressed
in normal neuroretina and RPE of humans and mice.
Interestingly, PPAR  was higher in the Ccl2//Cx3cr1/
mice with retinal AMD-like lesions as well as in the fat-1
mouse with high endogenous n-3 fatty acids. Although
VEGF was significantly higher in the Ccl2//Cx3cr1/
mice, it was lower in the fat-1 mice as compared to normal
WT controls. In contrast, VEGFR1 and VEGFR2 levels were
relatively stable in the fat-1 and Ccl2//Cx3cr1/ mice.

Under normal condition, there is a low level of PPAR 
expression in ARPE19 cells. PPAR  and its downstream
pathway products of VEGF, MMP9 and HO-1 transcript
levels were also increased in H2O2 stressed ARPE19 cells as
compared to the unstressed cells. Findings in human AMD
retinas and controls exhibited high levels of PPAR 
supporting the above results.
PPARs are members of the steroid/thyroid nuclear
receptor superfamily of ligand-activated transcription factors
[9, 10]. They can be activated either exogenously by fatty
acid derivatives or endogenously by prostaglandin derivatives that complex with the PPARs and translocate to the
nucleus where they form heterodimers with retinoid-X
receptors (RXR). The entire complex is activated to bind the
target DNA at a specific region called the PPAR Response
Elements (PREs). This area is usually located in an enhancer
or promoter sequence of the target gene. Once bound,
transcription is enabled [10]. PPAR and RXR form a nonsymmetric complex, allowing the ligand-binding domain
(LBD) of PPAR to contact multiple domains in both
proteins. The PPAR LBD cooperates with both DNAbinding domains to enhance response-element binding.
Recently, crystal structures of two related complexes have
demonstrated that distinct ligands can modulate the multiple
domain-domain interfaces [30].
PPAR  is encoded on chromosome 22q12 and expressed
in brown adipose tissue, liver, kidney, heart, central nervous
system (CNS), and skeletal muscle. The gene for PPAR ,
also known as PPAR  and NUC1, is on chromosome 6p12.
The protein is expressed in the intestines, kidney, liver and
CNS. The PPAR  gene is found on chromosome 3p25.
PPAR  is expressed in adipocytes, colon, renal epithelial
cells, monocytes, macrophages, CNS, and RPE cells [10,
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11]. All three subtypes share structural and functional
similarities. PPAR  and  are involved in lipid and glucidic
metabolism, immune regulation, cell differentiation and
apoptosis.
Since PPAR is known to have an anti-inflammatory
effect and plays a role in down regulating factors that
increase damage associated with AMD [8], PPAR  may be a
protective factor, qualifying its upregulation in the diseased
mouse model as a compensatory mechanism. Upregulation
was seen in the Ccl2//Cx3cr1/ mice that are under oxidative stress [31], the ARPE 19 cells exposed to H2O2, and in
the retinas from humans with AMD. Indeed, inflammatory
markers (chemokines and macrophages) have been found in
the Ccl2//Cx3cr1/ mice [22] and human AMD eyes [1,
32, 33].
Long chain polyunsaturated fatty acids, LCPUFAs,
specifically DHA, are major dietary fatty acids. Importantly
these omega-3 fatty acids are a major structural lipid of the
retinal photoreceptor outer segment and play a role in
neovascularization and inflammation [4]. Though the
amount of dietary intake is the limiting resource for turnover
of the photoreceptor, PPARs promote lipid mobilization for
the restructuring of these cell membranes. This decreases
lasting damage from oxidative stress. PPARs are known to
upregulate antioxidant genes, such as HO-1, and further
inhibit damage to RPE [34].
Transgenic fat-1 mice produce endogenous n-3 PUFA
[35], which increase PPAR expression and enhance the
protective effects on their downstream molecules. LCPUFAs
are present in high concentrations in the retina and cell
membrane integrity is dependant on the ability to turnover
these lipids, thus, counteracting environmental damage.
Humans are dependent on dietary intake of these LCPUFAs
since we are unable to produce them de novo [36-38]. The
fat-1 model serves to demonstrate what diet modification
with supplementation of n-3 fatty acids can achieve. AMD
patients on n-3 fatty acids rich diet are reported to slow their
disease progression in 6 well- established clinical studies [4].
Moreover, PPAR  can regulate lipid mobilization, and with
the endogenous n-3 fatty acids, we have found active PPAR
 in this model.
An increase in PPAR  should decrease VEGF expression in the retina. Indeed, increased levels of PPAR 
correlate with decreased VEGF protein and transcript levels
in the fat-1 mice. However, the comparatively mild compensatory increase in the PPAR  in Ccl2//Cx3cr1/ mice
was insufficient to suppress the elevated levels of VEGF.
PPAR  is not the only factor regulating levels of VEGF.
The findings that the Ccl2//Cx3cr1/ were unable while
fat-1 mice were able to normalize levels of VEGF suggest
that normal PPAR pathway regulation of VEGF levels may
be overwhelmed in diseased conditions.
MMPs, zinc-dependent endopeptidases, are important in
the resorption of extracellular matrixes in both physiological
and pathological processes [39]. MMP-9, a specific MMP, is
thought to degrade the fibrinous cap found on atherosclerotic
plaques, destabilizing the plaque, and priming it for rupture
[40]. Since AMD is associated with sustained chronic
inflammation and loss of integrity of Bruch’s membrane, it
has been hypothesized that MMPs may play a role in the
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pathogenesis of the disease [41-44]. Moreover, it is reported
that natural as well as synthetic PPAR ligands act to inhibit
the expression of AP-1, STAT-1, and NF-B thereby
indirectly decreasing levels of MMP-9 [45]. Consistent with
findings for VEGF, ARPE19 cells produce higher level of
MMP-9 under H2O2 exposure.
HO-1 transcript levels were markedly elevated in the
ARPE19 cells exposed to hydrogen peroxide. This is
expected since this is an antioxidant gene, upregulated by
PPAR, as well as by the stress induced from the H2O2. The
increase should then aid in the protective effects of PPAR .
Through inhibition of VEGF expression, downregulation
of MMP-9, induction of antioxidant genes and increased
lipid mobilization, PPARs can be hypothesized to decrease
the impetus for progression of AMD. Here we found that
PPARs are constitutively expressed throughout the retina.
PPAR  is mildly increased in the Ccl2-/-Cx3cr1-/- mouse
AMD model as a possible protective mechanism. High
PPAR  expression down-regulates VEGF in the fat-1 mice,
which are capable of endogenous production of n-3 fatty
acids. Findings in human AMD and normal retinas also
depict the same patterns.
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