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Abstract

Current clinical options for the treatment of neovascular disorders of the posterior segment of the
eye have several drawbacks. Photocoagulation lasers can impair peripheral and night vision.
Photodynamic therapies as well as intravitreal macromolecule injections (Macugen® and
Lucentis®) require frequent, invasive administrations. Above all, only modest improvement in
vision is achieved with any of the existing treatments. In order to overcome these limitations in the
long run, this study investigated the antiangiogenic potential of AQ4, a low molecular weight
anthracenedione. The results indicate that AQ4 enters the cell nucleus and inhibits proliferation of
choroid-retina endothelial (RF/6A) cells and human retinal pigment epithelial (ARPE-19) cells
under hypoxic (1% O5) as well as normoxic (21% O,) conditions. The I1Cs for these effects
ranges from 5.5 to 6.3 pM. AQ4 does not affect the viability of nondividing RF/6A or ARPE-19
cells up to 0.1 mM. Further, AQ4 (20 uM) reduces vascular endothelial growth factor (VEGF)
protein secretion by about 50% in ARPE-19 cells under normoxia as well as hypoxia, by reducing
VEGF transcription. AQ4 arrests the growth of endothelial cells in S phase, consistent with
interference of AQ4 with DNA replication. These results for the first time suggest that AQ4 can
potentially alleviate the neovascularization of choroid/retina by a dual mechanism of inhibiting the
proliferation of endothelial cells and by reducing mitogenic VEGF stimulus from retinal pigment
epithelial cells.
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1. Introduction

Inhibition of angiogenesis is of therapeutic value for vision threatening ocular disorders such
as age related macular degeneration (ARMD) (Zhang and Ma, 2007). The treatment options
for ocular neovascularization range from non-specific thermal laser photocoagulation of new
blood vessels to prophylactic approach of intravitreal injection of vascular endothelial
growth factor (VEGF) targeted macromolecules (Bylsma and Guymer, 2005). While, the
former damages the overlying outer retina as well as retinal pigment epithelium (RPE), the
latter is not likely to completely abolish neovascularization, as multiple growth factors are
involved in the pathogenesis of neovascularization (Das and McGuire, 2003). Further,
prevention of endothelial cell proliferation and migration by agents such as anecortave
acetate has broader ability to inhibit angiogenesis by acting at a level subsequent to any
inciting stimulus (Bylsma and Guymer, 2005). An ideal treatment should inhibit new blood
vessel formation as well as provide prophylaxis to prevent recurrence of the
neovascularization. In this study, we investigate the bi-pronged approach of preventing
endothelial cell proliferation along-with inhibition of retinal pigment epithelial VEGF
secretion by an investigational anticancer drug, AQA4.

Multiple anti-cancer agents have been reported to prevent proliferation of noncancerous cells
of eye. The cytostatic activity of drugs such as 5-fluorouracil (Akarsu et al., 2003),
mitomycin C (Chen et al., 1990; Kitazawa et al., 1991; Palmer, 1991), mitoxantrone (Tilleul
et al., 1997), cytosine arabinoside (Al-Aswad et al., 1999), and idarubicin (Heilmann et al.,
1999) is employed in ophthalmology to improve the clinical outcome of glaucoma filtration
surgery. Anticancer agents increase the bleb survival subsequent to the surgery by inhibiting
the proliferation of fibroblasts. An analogous approach could be applied to prevent the
proliferation of retinal cells.

AQ4, (1,4-bis[{2-dimethylamino)ethyl}amino] 5, 8-dihydroxyanthracene-9,10-dione), is an
anthracenedione anti-cancer agent (McKeown et al., 1995) similar to mitoxantrone (Fig. 1).
Mitoxantrone is clinically used as an antineoplastic and immunosuppressive agent (Scott and
Figgitt, 2004). In addition, mitoxantrone has antiangiogenic activity in rat corneas (Polverini
and Novak, 1986). The antiangiogenic activity of mitoxantrone can be attributed to
inhibition of prostaglandin E2 (PGE,) secretion (Frank and Novak, 1986), a potent
stimulator of retinal VEGF secretion (Cheng et al., 1998). Owing to structure activity
relationship, we hypothesized AQ4 inhibits choroid-retina endothelial (RF/6A) cell
proliferation and reduces vascular endothelial growth factor (VEGF) secretion from retinal
pigment epithelial (RPE) cells.

Multiple cell types in the eye including retinal pigment epithelial (RPE) cells produce VEGF
(Murata et al., 1996). Our earlier work demonstrated induction of VEGF secretion from
ARPE-19 cells by a lipid peroxidation product (Ayalasomayajula and Kompella, 2002), and
inhibition of VEGF secretion by budesonide (Kompella et al., 2003), a corticosteroid, and
celecoxib (Amrite et al., 2006), a cyclooxygenase-2 inhibitor, in ARPE-19 cells. Thus,
ARPE-19 cells are useful as a model for similar analysis with AQ4. Further, rhesus Macaque
choroid-retina derived endothelial cell line is a useful cell based model in angiogenesis
research (Gendron et al., 2001; Kasai et al., 2004).
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Thus, using well established models of choroid-retina endothelial (RF/6A) cells and retinal
pigment epithelial (ARPE-19) cells, this study investigated antiproliferative and VEGF
secretion inhibitory potential of AQ4, with an objective to add a low molecular weight drug
molecule to the armamentarium for the management of neovascular ocular diseases.

2. Materials and Methods

2.1. Materials

AQ4 was provided by Novacea Inc., San Francisco, CA. Dulbecco's modified Eagle's
medium (DMEM:F/12; 1:1), Ham’s F12 nutrient mixture, fetal bovine serum, penicillin—
streptomycin and L-glutamine were obtained from Gibco-BRL (Grand Island, NY). Cell
culture flasks and plates were purchased from Corning Inc. (Corning, NY). BrDU assay kit
was purchased from Calbiochem (San Diego, CA). The antibodies for VEGF ELISA were
purchased from Research Diagnostics Inc. (Flanders, NJ). 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT), propidium iodide, ribonuclease A, EDTA, and Triton-
X 100 were purchased from Sigma (St. Louis, MO).

2.2. Methods

2.2.1. Cell culture—Human (Homo sapiens) retinal pigment epithelial cells, ARPE-19,
and monkey (Macacca mulatta) choroid-retina endothelial cells, RF/6A, were obtained from
ATCC (Manassas, VA). The cell lines were maintained using the subculture protocol
recommended by ATCC at 37°C and 5% CO,. Specifically, ARPE-19 cells were cultured in
DMEM:F12 (1:1) supplemented with 10% v/v fetal bovine serum (FBS), 2% v/v L-
glutamine (200 mM) and 1% v/v penicillin-streptomycin (a mixture containing 10,000
units/ml of penicillin G sodium and 10,000 pg/ml streptomycin sulphate). RF/6A cells were
cultured in Ham’s F12 nutrient mixture supplemented with 10% v/v fetal bovine serum
(FBS), 2% v/v L-glutamine (200 mM) and 1% v/v penicillin-streptomycin (a mixture
containing 10,000 units/ml of penicillin G sodium and 10,000 pg/ml streptomycin sulphate).

Throughout the manuscript, normoxia and hypoxia refer to 21% and 1% O, respectively.
For all the studies under hypoxia, the treatment solutions were incubated under hypoxia (1%
Oy) for 12 h to allow the dissolved oxygen in the solutions to come in equilibrium with the
culture conditions.

2.2.2. Cell uptake and clearance of AQ4—Confocal microscopy was used to study
cellular entry and clearance of AQ4 by RF/6A and ARPE-19 cells. Confluent cells cultured
in Delta T4 dishes (Bioptechs, Inc. Butler, PA) were incubated with AQ4 (20 uM) under
normoxia for 3 h. The cells were washed thrice with PBS pH 7.4 and images taken in non-
fixed cells with Zeiss LSM 410 confocal laser scanning microscope (Goettinger, Germany)
using 647 nm argon/krypton laser (Smith et al., 1997h).

2.2.3. Antiproliferative activity of AQ4 under normoxia and hypoxia—The
antiproliferative activity of AQ4 was studied by bromodeoxyuridine (BrDU) assay. BrDU, a
thymidine analogue, is incorporated into newly synthesized DNA strands of proliferating
cells. A reduction in percentage of BrDU incorporation is indicative of reduction in
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percentage of cells proliferating. A BrDU assay kit from Calbiochem (San Diego, CA) was
used for the studies and the assay carried out according to manufacturer’s protocol.
Specifically, the cells were seeded in a 96 well plate at a seeding density of 1 x 10% cells/
well and allowed to attach overnight. Two types of negative controls were used: blank (wells
without any cells) and background (wells with cells but no BrDU label). The cells were
exposed to various concentrations of AQ4 for 12 h under normoxia and hypoxia. BrDU label
(20 ul) was added to each well (except background wells), 5 h prior to the completion drug
treatment duration. The cells were fixed, permeabilized and the DNA denatured, to enable
binding of anti-BrDU antibody. The cells were incubated with anti-BrDU antibody for 1 h.
The unbound antibody was washed away and horseradish peroxidase- conjugated goat anti-
mouse antibody was added into each well and incubated for 30 min. Finally, chromogenic
substrate tetra-methylbenzidine (TMB) was added and the absorbance of color developed
measured by using a microplate reader at dual wavelength of 450 nm and 540 nm.

2.2.4. Cell cycle arrest byAQ4 under normoxia and hypoxia—The effect of AQ4
on cell cycle was assessed by DNA content analysis using flow cytometry. The cells were
plated in T 25 flasks at a seeding density of 100,000 cells/well and were allowed to attain
60% confluency. The cells were then treated with 1Csq concentration of AQ4 (Normoxia: 6.3
UM and hypoxia: 5.8 pM) for 12 hours. The cells treated with serum free media under
normoxia and hypoxia served as respective controls. Treated cells and controls were fixed in
70% ethanol at 4°C for 1 h and subsequently stained overnight with propidium iodide (50
pg/mlin PBS, pH 7.4) at 4°C. The DNA content analysis was carried out using a BD
FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA) equipped with CellQuest
(Becton-Dickinson, San Jose, CA) data acquisition software. The data was analyzed using
Modfit LT software (Verity Software House, Topsham, ME).

2.2.5. Cytotoxicity of AQ4 under normoxia and hypoxia—The cytotoxicity of AQ4
was assessed using MTT assay. The cells were plated in a 96-well plate at a seeding density
of 1000 cells/well and allowed to reach confluency (8 days). Confluent cells were incubated
with solutions of AQ4 ranging in concentration from 1 nM to 1 mM for 12 h under normoxia
and hypoxia, subsequent to 12 h quiescence. The media containing drug was aspirated out
and 200 pl of fresh serum free medium was added to each well. MTT reagent (20 pl of 5
mg/ml MTT dissolved in PBS pH 7.4) was added to each well and incubated at 37°C for 4 h.
The medium was aspirated out and the formazan crystals formed were dissolved in 200 pl of
DMSO. The absorbance of the color developed was measured at 540 nm using a microplate
reader.

2.2.6. VEGF secretion inhibitory activity of AQ4 under normoxia and hypoxia—
VEGF secretion studies were performed as previously described (Amrite et al., 2006;
Ayalasomayajula and Kompella, 2003) using an ELISA method capable of detecting
VEGFg5 and VEGF15; isoforms, under normoxia and hypoxia. Briefly, ARPE-19 cells
were seeded into a 96-well plate at a seeding density of 1000 cells per well and cultured
until confluency. The confluent cells were treated with 100 nM to 20 uM AQ4 solution in
serum free media, subsequent to 12 h quiescence. The culture media was collected at 12 h
and the secreted VEGF quantified using an ELISA Kit purchased from Research
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Diagnostics, Inc. (Flanders, NJ). The VEGF levels were normalized to total protein content
in the cell lysates.

2.2.7. VEGF mRNA analysis using real time polymerase chain reaction (real
time PCR) under normoxia and hypoxia—ARPE-19 cells cultured in T25 flasks were
divided into 4 groups: control normoxia, AQ4 (20 pM) normoxia, control hypoxia and AQ4
(20 uM) hypoxia (n = 3). Controls groups were incubated with serum free media. The cells
were incubated with the respective treatments for 12 h. Following treatment, total RNA was
isolated from cells using RNeasy® protect mini kit (Qiagen Inc., Valencia, CA). The RNA
(2 pg) isolated from various groups of cells were converted into cDNA by reverse
transcription. Real time — PCR was carried out using the ABI PRISM 7500 Sequence
Detection System (Applied Biosystems, Bedford, MA). The reactions were performed with
2x SYBR Green PCR master mix (Applied Biosystems, Bedford, MA), in the presence of 80
ng cDNA and 500 nM of specific primer sets. Samples were analyzed in triplicates.
Amounts of input RNAs in each sample were corrected for by dividing threshold cycle (Ct)
of each specific gene by the Ct for 18s rRNA. Fold values were calculated as 272Ct where
ACt = Ct for the specific gene — Ct for 18s rRNA in the same RNA. The samples with the
lowest expression were set to 1.0 fold and other data were adjusted to that baseline. The
primers used were sense 5’- TGGATCCATGAACTTTCTGCTGTC-3’ and antisense 5’-
TCACCGCCTTGGCTTGTCACAT-3’ for human VEGF g5 and VEGF11.

2.2.8. Statistical analysis—Comparison of means of various groups was done using
non- parametric statistical analysis. Comparison of two groups was carried out using Mann
Whitney test. However, for comparison of more than two groups, Kruskal Wallis non-
parametric ANOVA was employed. Differences were considered statistically significant at P
< 0.05.

3.1. AQ4 enters retinal cell nuclei within 3 h and persists in cells for at least 2 h

AQ4 fluoresces within choroid-retina endothelial and retinal pigment epithelial cells at an
excitation wavelength of 647 nm. The Z-axis series for cells treated with AQ4 confirmed
that fluorescence was intracellular. Upon overlay of confocal image with DIC image, AQ4
was observed in retinal cell cytoplasm as well as in the nucleus (Fig. 2) after 3 h of drug
exposure.

The fluorescence intensity of AQ4 in retinal cells does not bleach upon exposure to the
confocal laser for 2 h (data not shown). Thus, confocal microscopy can be used for at least 2
h in live retinal cells for imaging AQ4. AQ4 was demonstrated to be retained within both
types of retinal cells for at least 2 h following drug exposure. Significant disappearance of
AQ4 from the cells was not seen until 75 min (Fig. 3).
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3.2. AQ4 inhibits proliferation of endothelial and retinal pigment epithelial cells under
normoxia and hypoxia

AQ4 reduced the proliferation (measured as % BrDU incorporation compared to serum free
media treated cells) of sub-confluent RF/6A as well as ARPE-19 cells under both normoxic
and hypoxic conditions, in a dose dependent manner (Fig. 4). In RF/6A cells, a significant
reduction in percentage proliferating cells could be detected at 1 uM and above with AQ4
under normoxia as well as hypoxia. No difference was observed between normoxia and
hypoxia groups, suggesting the susceptibility of even hypoxic retinal cells to
antiproliferative effects of AQ4. The data exhibited a typical sigmoidal fit. AQ4 ICsg in the
two cell lines was observed to be of a similar order of magnitude. The I1C5p of AQ4 in
RF/6A cells under normoxia and hypoxia was found to be 6.38 + 1.51 uM and 5.84 + 1.08
UM, respectively. The ICgg of AQ4 in ARPE-19 cells under normoxia and hypoxia was 5.51
+0.49 uM and 6.05 £ 1.35 pM, respectively. Further, no cytotoxicity in non-dividing
(confluent) RF/6A and ARPE-19 cells was observed at antiproliferative concentrations of
AQ4 (Fig. 6), suggesting specificity of cytotoxicity to only dividing cells.

3.3. AQ4 causes S phase cell cycle arrest in endothelial cells under normoxia and hypoxia

AQ4 ICs( concentration (Normoxia: 6.3 pM and hypoxia: 5.8 UM) causes S-phase cell cycle
arrest in choroid-retina endothelial cells (Fig. 5). The percentage of RF/6A cells in S phase
of cell cycle, 12 h post treatment with AQ4 was significantly higher as compared to serum
free media treated control groups. Specifically, the percentage of RF/6A cells in S phase in
control and AQ4 treated groups was 11.1 + 2.6 and 32.9 + 0.6 under normoxia, while under
hypoxia the percentage was 32.5 + 2.0 and 65.3 + 5.7, respectively.

3.4. AQ4 inhibits VEGF secretion from retinal pigment epithelial cells under normoxia and

hypoxia
Treatment of ARPE-19 cells with AQ4 (20 uM) for 12 h decreases the VEGF secretion by
50% under normoxia as well as hypoxia as compared to the respective controls (Fig. 7).
Specifically, the VEGF levels in the cell culture supernatant decreased from 5125 £ 535 in
untreated cells to 2144 + 810 pg/mg protein in cells treated with 20 uM AQ4 under
normoxic culture conditions. In cells cultured under hypoxic conditions, VEGF levels
reduced from 8495 + 1252 in untreated cells to 4820 + 687 pg/mg protein in AQ4 treated
cells. As expected, hypoxia significantly elevated VEGF secretion from ARPE-19 cells.

3.5. AQ4 reduces VEGF mRNA in retinal pigment epithelial cells under normoxia and
hypoxia
Compared to serum free media treated controls, 12 h exposure of AQ4 (20 uM) reduced
VEGF mRNA levels normalized to 18s rRNA by 40 and 60%, under normoxia and hypoxia,
respectively, in ARPE-19 cells (Fig. 8). Thus, AQ4 reduces VEGF secretion in ARPE-19
cells by interfering with VEGF transcription.

4. Discussion

In this study, we have for the first time demonstrated that AQ4 enters the cytoplasm and
nuclei of choroid-retina endothelial cells as well as RPE cells, inhibits endothelial cell
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proliferation, arrests the endothelial cell cycle in S phase, does not reduce the viability of
non-dividing cells, and suppresses VEGF secretion by reducing VEGF transcription in RPE
cells. Further, we demonstrated that AQ4 prevents proliferation of RPE cells. Several of
these effects were observed at low micromolar concentrations under normoxia as well as
hypoxia, indicating the potential value of AQ4 as a therapeutic agent for treating neovascular
disorders of the posterior segment of the eye.

Pharmacodynamic characteristics of drug molecules are dictated by the ability of the drug to
reach its intracellular target of action. We used 647 nm argon/krypton laser line based
confocal microscopy method to study the drug uptake, subcellular distribution, and
persistence in retinal cells (Smith et al., 1997b). Within 3 h, AQ4 enters the cell cytoplasm
as well as nuclei of both cell types (RF/6A and ARPE-19) tested in this study (Fig. 2).
Nuclear entry of AQ4 in cells is required for pharmacological effect, since the mechanism of
action of anthracenediones involves intercalation with replicating DNA followed by
inhibition of DNA and RNA polymerase and topoisomerase (Patterson, 1993). Further, AQ4
is retained well in the cells, as indicated by a slow decline of AQ4 fluorescence in both cell
types, during a 2 h drug clearance study (Fig. 3). Similar results have been previously
reported in SV40-transformed human fibroblast cell lines, MRC5-V1 and AT5BIVA,
exposed to AQ4 (Smith et al., 1997h).

AQ4 reduces the proliferation of choroid-retina endothelial cells in a dose dependent
manner, with an 1Cgq of 6.3 and 5.8 UM under normoxia and hypoxia, respectively (Fig. 4A).
Hypoxia has been implicated in the pathogenesis of neovascular ocular disorders (Mousa et
al., 1999; Nguyen et al., 2004; Nyengaard et al., 2004). Hypoxic subpopulations within a
tumor cell mass are resistant to the cytotoxicity of chemotherapeutic agents (Shannon et al.,
2003; Tomida and Tsuruo, 1999). Thus, it is noteworthy that AQ4 exerts similar
antiproliferative effects under normoxic as well as hypoxic conditions.

Moreover, AQ4 reduces the proliferation of RPE cells with an 1Cgq of 5.5 and 6.0 uM under
normoxia and hypoxia, respectively (Fig. 4B). Inhibition of RPE cell proliferation is of
therapeutic value in the management of age related macular degeneration (Hoffmann et al.,
2005; Hoffmann et al., 2004; Kaven et al., 2001; King et al., 2005). Since AQ4 does not
show any cytotoxicity in non-dividing cells at the antiproliferative concentrations (Fig. 6), it
is expected to prevent proliferation of endothelial and pigment epithelial cells /n vivo,
without affecting non-dividing cells.

Further, DNA content analysis using flow cytometry showed that AQ4 arrests endothelial
cell cycle in S-phase (Fig. 5), consistent with previous reports that AQ4 inhibits DNA
replication by DNA intercalation and topoisomerase Il inhibition (Smith et al., 1997a).

This is the first study to demonstrate that an anthracenedione (AQ4) antitumor agent can
inhibit VEGF secretion. We observed that AQ4 reduces VEGF secretion from ARPE-19
cells under normoxia as well as hypoxia, by about 50% at 20 uM (Fig. 7). This reduction in
VEGF secretion is probably an outcome of reduced VEGF transcription, as evidenced by
real-time PCR analysis in this study (Fig. 8). Although an exact mechanism cannot be

Eur J Pharmacol. Author manuscript; available in PMC 2019 January 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Raghava and Kompella Page 8

attributed to the VEGF secretion inhibitory activity, it is likely that it involves interference
with prostaglandin secretion.

In conclusion, this study is the first to demonstrate that AQ4, a topoisomerase Il inhibitor,
exerts antiproliferative and anti-VEGF effects in retinal cells (Fig. 9). The antiproliferative
and VEGF secretion inhibition is not dependent on the oxic state of the cells. Thus, even
ischemic retinal cells are expected to be affected by AQ4. The clinical use of AQ4 for
treating ocular disorders would require thorough toxicity assessment of the drug. However,
noteworthy is the fact that no ocular complication has been reported to date for clinically
used anthracenedione, mitoxantrone (Schmid et al., 2006). Thus, AQ4 is of potential
therapeutic value in treating neovascular and other proliferative disorders of the eye.
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Figure 1. Chemical structure of AQ4 and mitoxantrone
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RF/6A (AQ4)

Figure 2. Accumulation of AQ4 in RF/6A and ARPE-19 cells
The cells were incubated with AQ4 (20 uM) for 3 h under normoxia. Following drug

exposure, cells were washed and fresh serum free medium was added. Confocal images
were obtained at an excitation wavelength of 647 nm. Magnification: 63x.
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Figure 3. Retention of AQ4 in (A) RF/6A and (B) ARPE-19 cells
The cells were incubated with AQ4 (20 uM) for 3 h under normoxia. Following drug

exposure, cells were washed and fresh serum free medium was added. Confocal images
were obtained every 15 min up to 2 h post treatment at an excitation wavelength of 647 nm.
Magnification: 63x.
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Figure 4. Antiproliferative effect of AQ4 in (A) RF/6A and (B) ARPE-19 cells under normoxia
and hypoxia

BrDU incorporation was determined in both cells after 12 h incubation with various
concentrations of AQ4 under normoxia and hypoxia. The percentages were calculated
relative to BrDU incorporation in serum free medium treated controls. Data are expressed as
mean = s.d. forn =8.
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Figure 5. Effect of AQ4 on cell cycle of RF/6A cells under normoxia and hypoxia
RF/6A cells were treated with 1Csq concentration of AQ4 or serum free medium (control)

under normoxia (6.3 uM) and hypoxia (5.8 uM) for 12 h. The cells were fixed with 70%
ethanol and stained with propidium iodide. DNA content was then analyzed by flow
cytometry. Data are expressed as mean + s.d. for n = 3. * P < 0.05 as compared to serum free
medium treated controls.
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Figure 6. Effect of AQ4 on viability of non-dividing (A) RF/6A and (B) ARPE-19 cells
Confluent monolayers of both cell types were treated with various concentrations of AQ4 or

serum free medium (controls) for 12 h under normoxia and hypoxia. The percentage cell
viability was determined using MTT assay. Data are expressed as mean £ s.d. forn=8.* P
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Figure 7. Effect of AQ4 on VEGF secretion from ARPE-19 cells
Secreted VEGF levels were quantified in cell culture supernatants following treatment of

confluent ARPE-19 cells with various concentrations of AQ4 or serum free medium
(controls) under normoxia and hypoxia. The VEGF levels were normalized to the total
protein content. Data are expressed as mean + s.d. for n = 6. * P < 0.05 as compared to
normoxia control. T P < 0.05 as compared to hypoxia control.
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Figure 8. Effect of AQ4 on VEGF mRNA levels in ARPE-19 cells under (A) normoxia and (b)
hypoxia

Confluent ARPE-19 cells were treated with AQ4 (20 uM) under normoxia and hypoxia.
VEGF mRNA levels relative to 18s rRNA levels were quantified using real time PCR.
Untreated cells under normoxia and hypoxia served as respective controls. Data are

expressed as mean £ s.e.m. forn = 3.
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Figure 9. Proposed mechanisms for the anti-angiogenic activity of AQ4
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