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Abstract

The vascular endothelial growth factor (VEGF) is produced in response to hypoxia or inflammatory cytokines. In normoxia
VEGTF synthesis is upregulated by 15-deoxy-A'>'*-prostaglandin-J, (15d-PGlJ,) via induction of heme oxygenase-1 (HO-1). Here we
compared the influence of 15d-PGJ, on VEGF expression in human microvascular endothelial cells in normoxia (~20% O,) and
hypoxia (~2% O,). Regardless of the oxygen concentration, 15d-PGJ, inhibited activity of hypoxia inducible factor-1 (HIF-1), the
major hypoxic regulator of VEGF. However, in normoxic conditions 15d-PGJ, (1-10 uM) activated the VEGF promoter and in-
creased synthesis of the VEGF protein. Concomitantly, it strongly induced expression of HO-1. In contrast, in hypoxia, 15d-PGJ,
decreased VEGF promoter activity and reduced VEGF release by 50%. Inhibition of HO-1 activity additionally attenuated VEGF
synthesis in hypoxia. We conclude that induction of HO-1 by 15d-PGJ, results in augmentation of VEGF synthesis in normoxia. In

hypoxia, however, the stimulatory effect of HO-1 is outweighed by 15d-PGJ,-mediated inhibition of the HIF-1 pathway.

© 2003 Elsevier Inc. All rights reserved.
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The vascular endothelial growth factor (VEGF) is
a specific endothelial cell mitogen and survival agent,
which induces angiogenesis in ischemic or inflamed tis-
sues, e.g., during tumor growth, wound healing, rheu-
matoid arthritis or diabetic retinopathy. It is generated
by many cell types in response to some growth factors or
proinflammatory cytokines, but the strongest inducer of
its expression is hypoxia [1].

Prostaglandin-D, (PGD,) and its derivative 15-
deoxy-A!>!4-prostaglandin-J, (15d-PGJ,) are the most
abundantly produced prostaglandins within the vessel
wall [2]. They cause a variety of biologic effects, in-
cluding induction of vasodilatation, inhibition of plate-
let aggregation, a decrease in inflammatory response,
and a cessation of cell growth [2]. 15d-PGlJ, is best
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known as a natural ligand of the peroxisome prolifera-
tor-activated receptor-y (PPARY) transcription factor
[3,4]. It is also one of the most potent inducers of heme
oxygenase-1 (HO-1) [5], a stress-inducible enzyme which
catalyzes the oxidation of heme to biologically active
molecules: carbon monoxide (CO), iron, and biliverdin
[6].

Several reports have demonstrated that 15d-PGlJ,
and other PPARY activators can induce expression of
the VEGF protein in macrophages [7,8], vascular
smooth muscle cells (VSMC) [8-10], and endothelial
cells [5,11]. The upregulation of VEGF is accompanied
by activation of PPARy and results from increased
transcription rate [8]. However, the VEGF promoter
does not seem to include the consensus sequence of
the PPAR responsive element, suggesting that PPARYy
ligands augment VEGF expression indirectly or through
different pathway(s) [8,11].
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Recently, we have shown that upregulation of
VEGTF production by human microvascular endothelial
cells (HMEC-1) treated with 15d-PGJ, can be mimicked
by the induction of HO-1 expression [5] and these
changes in VEGF levels are proportional to CO pro-
duction [12]. Accordingly, stimulatory effect of 15d-
PGJ, can be reversed by HO-1 competitive inhibitor, tin
protoporphyrin (SnPPIX) or by CO scavenger hemo-
globin [12]. This suggests that in HMEC-1, 15d-PGJ,
upregulates VEGF synthesis through the induction of
HO-1 and increased synthesis of CO.

All earlier experiments designed to clarify the role
of 15d-PGJ, in regulating VEGF expression were per-
formed under normoxic conditions, in an atmosphere of
~20% oxygen. However, in mammalian organs O,
concentration ranges from 12% to 0.5%, with ~14% in
arterial blood, ~10% in the myocardium, and less than
or equal to 6% in most other organs. Exceptionally low
oxygen values have been detected in solid tumors and in
ischemic tissues [13]. Recently, 15d-PGJ, has been pro-
posed as a protective compound in myocardium sub-
jected to ischemia—reperfusion injury [14]. It has been
also suggested as an antitumor agent due to its strong
antiproliferative action [15]. Therefore, it appears cru-
cial to investigate the effect of 15d-PGJ, not only in
normoxia but also under hypoxic conditions.

The aim of our study was to compare the influence
of 15d-PGJ, on the expression of VEGF in microvas-
cular endothelial cells cultured in normoxia and hy-
poxia. We found that 15d-PGJ, has the opposite effect
on VEGF synthesis under normoxic and hypoxic con-
ditions and that these activities are mediated by different
signal transduction pathways.

Materials and methods

Reagents. 15d-PGlJ,, ciglitazone, and troglitazone were ob-
tained from Biomol. Tin protoporphyrin-IX (SnPPIX) was purchased
from Porphyrin Products. Fetal calf serum (FCS) was procured from
PromoCell. CytoTox-96 assay, Total RNA Extraction Kit, Reverse
Transcription System, PCR Core System, and Luciferase Assay Re-
agents were obtained from Promega. The Maxiprep QIAfilter Plasmid
Isolation Kit and the SuperFect transfection reagent were purchased
from Qiagen. The ELISA kit for human VEGF was obtained from R
& D Systems. Rabbit polyclonal antibodies recognizing human HO-1
and goat anti-rabbit monoclonal antibodies conjugated with biotin
were purchased from Stressgen. Alkaline phosphatase conjugated with
streptavidin is from Dako. The TransAM HIF-1 Transcription Factor
Assay Kit is from Active Motif. All others reagents were procured
from Sigma.

Cell culture and incubation experiments. HMEC-1 were pur-
chased from Centers for Disease Control and Prevention (Atlanta) and
cultured in a DMEM F-12 medium containing 10% FCS, L-glutamine
(2mM), EGF (10ng/ml), hydrocortisone (1 pg/ml), penicillin (100 U/
ml), and streptomycin (10 pg/ml). Cells were placed in 24-well plates
and grown to full confluence. Then, a fresh medium was introduced,
supplemented with 15d-PGlJ,, troglitazone or ciglitazone (all at doses
of 1-10 pM) and cells were transferred to a standard incubator or to a

hypoxia chamber. After 24 h, media were collected for the purpose of
determining VEGF protein concentrations and LDH activities. The
adherent cells were washed twice with cold PBS and subjected to total
RNA isolation and RT-PCR analysis or to protein isolation followed
by Western blotting to assess HO-1 expression. To inhibit HO-1 ac-
tivity, cells were preincubated for 30 min with SnPPIX (10 uM) and
then cultured in the presence of SnPPIX throughout all the experi-
ments. SnPPIX is a competitive inhibitor, which increases HO-1
mRNA and protein expression, but decreases HO enzymatic activity
by approximately 70% [16].

Incubation of cells in hypoxic conditions. Hypoxia was created
using a Modular Incubator Chamber (Billups-Rothenberg, Del Mar,
CA, USA) as previously described [17]. In short: prior to incubation,
the medium was deoxygenated using a vacuum pomp for 1h. Cells
were treated according to experimental protocols and then placed in a
hypoxia chamber. Immediately, a gas mixture (5% CO, and 95% N,)
was flushed through the chamber for 20 min. The chamber was then
tightly sealed and placed at 37 °C in a standard incubator for 3 or 24 h.
Measurement of pO, with a gas analyzer demonstrated that the O,
concentration reached a nadir of 2% and remained constant during the
experiment.

RT-PCR. Total RNA was isolated from the cells by acid
guanidinium thiocyanate—phenol-chloroform extraction [18]. Reverse
transcription was carried out on 1pg of total RNA for 1h at 42°C
using random primers and AMV reverse transcriptase, according to
the vendor’s instruction. Then, PCR with Tag DNA polymerase was
performed for 35 cycles using the following protocol: 95°C for 40s,
58°C for 40s, and 72°C for 50s. PCR products were analyzed by
electrophoresis in 2% agarose gels. PCRs were carried out using
primers for VEGF (5-CAC CGC CTC GGC TTG TCA CAT and 5'-
CTG CTG TCT TGG GTG CAT TGG) or for the GAPDH house-
keeping gene (5-CGT ATT GGG CGC CTG GTC ACC and 5-GGG
ATG ATG TTC TGG AGA GCC C). The product length for the
VEGF,,,; was 431 bp, for VEGF,;—563 bp, and for GAPDH-—587 bp.

Western blotting. Confluent HMEC-1 were incubated for 24 h in
normoxia or hypoxia in the presence or absence of 15d-PGJ,. Then,
cells were washed twice with cold PBS without Ca** and Mg’*,
scraped, centrifuged, and resuspended in 400 pl PBS with 1% Triton X-
100. The protein extracts were used for Western as described elsewhere
[17].

Transient transfection assay. To assess the effect of 15d-PGJ, on
activity of the VEGF promoter, HMEC-1 were transfected with a
reporter plasmid pGL2, harboring the firefly luciferase cDNA regu-
lated by the human full-length VEGF promoter (+54 to —2279) or by a
HRE fragment of this promoter (—1014 to —903). Both constructs were
kindly provided by Dr. Hideo Kimura (Japan) [19]. In some experi-
ments we used a luciferase reporter plasmid (kindly gifted by Dr.
Steven McKnight, Dallas, USA) driven by a promoter containing three
optimal NPAS2/BMALI recognition sites [20]. These sequences differ
from HRE by substitution of one nucleotide (CACGTGC instead of
TACGTGC) and were used as a negative control to confirm specificity
of effects of 15d-PGJ, on HRE. Plasmids were amplified in HB-101
Escherichia coli bacteria and isolated on maxiprep columns. The
quality of the DNA was assessed by spectrophotometry and by elec-
trophoresis in 1% agarose gel.

HMEC-1 grown to 80% confluence were transfected in 24-well
plates using 0.5 pg plasmid DNA and 2.5ul SuperFect Reagent per
well, according to the vendor’s protocol. After transfection, cells were
exposed to 10 pM 15d-PGJ, in normoxia or hypoxia for 24 h. Then,
they were collected and the cell lysates were assayed for luciferase
activity according to the manufacturer’s instruction.

Measurement of HIF-1 activity. Confluent HMEC-1 were in-
cubated with or without 15d-PGJ, (10 uM) in normoxia or hypoxia for
3 h. The binding of nuclear cell extracts to oligonucleotides containing
HRE was assayed using TransAM ELISA, according to the vendor’s
protocol. To confirm the specificity of the assay employed, some
measurements were performed in the presence of wild type (5-GAT
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CGC CCT ACG TGC TGT CTC AGA TC) or mutated (5-GAT
CGC CCT AAA AGC TGT CTC AGA TC) hypoxia inducible factor-
1 (HIF-1) consensus oligonucleotides.

Measurement of VEGF protein concentration. Concentration of
VEGF protein in the culture media was quantified using the sandwich
ELISA, following the manufacturer’s instructions.

Cell viability assay. Cell viability was assessed by colorimetric
measurement of LDH release.

Statistical analysis. All experiments were performed in duplicate
and repeated 2-4 times. Data are presented as means + SD. Statistical
evaluation was done with Student’s 7 test or with ANOVA followed by
the Tukey test. Differences were accepted as statistically significant at
P < 0.05.

Results
Effect of 15d-PGJ, on VEGF synthesis

After 24 h incubation, confluent, resting HMEC-1
released approximately 20pg/ml VEGF protein, as
measured by ELISA. Similar as in our previous study [5]
treatment of the cells with 15d-PGJ, (1-10 pM) signifi-
cantly and dose-dependently increased VEGF secretion
(Fig. 1A).

In hypoxia, production of VEGF by resting
HMEC-1 was about sixfold higher than in normoxia
(125.9 £3.77 pg/ml VEGF protein after a 24 h incuba-
tion period). Interestingly, in contrast to the effect ob-
served in normoxic conditions, treatment of HMEC-1
cultured in hypoxia with the same doses of 15d-PGlJ,
decreased synthesis of VEGF in a concentration-
dependent manner (Fig. 1B).

Analogous results were obtained using RT-PCR
analysis (Fig. 1C). Expressions of two isoforms of
VEGF mRNAs (VEGF,; and VEGF 45) were stronger
in hypoxia than in normoxia. 15d-PGJ, (10 uM) aug-
mented signals from VEGF mRNAs in normoxia, but
attenuated them in hypoxia. At the doses used, 15d-
PGJ, did not influence HMEC-1 viability either in
normoxia or in hypoxia, as assayed by LDH-release test
(data not shown). Thus, effects of 15d-PGJ, cannot be
explained by its cytotoxicity.

Similar changes, i.e., the upregulation of VEGF in
normoxia and its down-regulation in hypoxia, we also
found in HMEC-1 treated with specific PPARYy ligands,
ciglitazone, and troglitazone (1-10 uM). Their influence,
however, was much weaker compared to 15d-PGlJ,. In
normoxia, they stimulated VEGF synthesis by 55%
(15d-PGJ,—150%), whereas in hypoxia, they inhibited
VEGF generation by 16% (15d-PGJ,—50.7%) (data not
shown).

Effect of HO-1 inhibition on VEGF synthesis
15d-PGlJ, is known to be one of the strongest in-

ducers of HO-1 expression. As we have shown using
Western blot analysis, 15d-PGJ, potently upregulates
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Fig. 1. Effect of 15d-PGJ, on the release of VEGF protein from
HMEC-1 after 24h incubation in normoxia (A) and hypoxia (B)
measured by ELISA. The mean of four independent experiments.
*P < 0.05 in comparison to the control. (C) Representative of four
RT-PCR results, showing the expression of VEGF mRNA in HMEC-
1 treated with 15d-PGJ, (10 uM) in normoxia and hypoxia. Two iso-
forms of VEGF mRNA are visible (VEGF,;—the lower band;
VEGF 45—the upper band), GAPDH is shown as a housekeeping gene.

synthesis of the HO-1 protein in HMEC-1 cultured both
in normoxic and hypoxic conditions (Fig. 2A). We have
previously demonstrated that activation of HO-1 medi-
ates (at least in part) the stimulatory effect of 15d-PGlJ,
on VEGF synthesis in normoxia [l11]. Therefore, we
decided to assess the contribution of HO-1 in regulating
VEGF synthesis in response to 15d-PGJ, in normoxic
and hypoxic conditions. With this aim in mind we pre-
treated cells for 30 min before adding 15d-PGJ, with a
competitive inhibitor of HO-1, SnPPIX (10 uM). As
shown in Fig. 2B, SnPPIX reduces the 15d-PGJ,-mod-
ulated synthesis of VEGF both in normoxia and
hypoxia.

Effect of 15d-PGJ; on the VEGF promoter

To investigate whether 15d-PGJ, regulates VEGF
transcription, HMEC-1 were transfected with reporter
plasmid pGL2-VEGF containing luciferase cDNA un-
der control of a full-length human VEGF promoter.
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Fig. 2. (A) Western blot showing the effect of 15d-PGJ, (10 uM) on the expression of the HO-1 protein from HMEC-1 cultured in normoxia and
hypoxia (one of the four similar experiments). Lanes: 1—marker; 2—HO-1 standard; 3—normoxia, control; 4—normoxia, 15d-PGJ, (10 uM); 5—
hypoxia, control; 6—hypoxia, 15d-PGJ, (10 uM); and 7—positive control (proteins isolated from cells stably transfected with HO-1 cDNA). (B) Effect
of SnPPIX (10 uM), an inhibitor of HO-1, on 15d-PGJ,-regulated release of the VEGF protein from HMEC-1 incubated in normoxia and hypoxia
(measured by ELISA). One of the two similar experiments. *P < 0.05 in comparison to control, #P < 0.05 in comparison to 15d-PGJ, treatment.

After transfection, some cells were supplemented with
15d-PGJ, (10 uM) and cultured for 24 h in normoxic or
hypoxic conditions. In the resting HMEC-1, hypoxia
potently induced the VEGF transcription rate, as de-
termined by a luciferase assay (Fig. 3A). 15d-PGJ, in-
creased the activity of the VEGF promoter in normoxia,
but decreased it by about 50% in hypoxic conditions
(Fig. 3A). The extent of changes in the promoter activity
was quantitatively similar to that of protein synthesis
(Figs. 1A and B), suggesting that 15d-PGJ, modulates
VEGF expression primarily at the gene transcription
level. Modulation of the VEGF promoter by troglitaz-
one or ciglitazone was statistically insignificant (data not
shown).

Since in hypoxic conditions VEGF expression is
regulated primarily by HIF-1 [21] we measured the effect
of 15d-PGJ, on the activity of hypoxia responsive ele-
ment (HRE), a consensus sequence for HIF-1. To this
aim HMEC-1 were transfected with pGL2-HRE re-
porter plasmid, with luciferase ¢cDNA regulated by
HRE. Like a full-length promoter, HRE in resting cells
was potently induced by hypoxia. Importantly, treat-
ment of HMEC-1 with 15d-PGJ, significantly decreased
HRE activity under hypoxic as well as under normoxic
conditions (Fig. 3B).

To confirm that this effect was specific for HRE,
some cells were transfected with a reporter plasmid
driven by NRE, a modified HRE sequence (CACGTGC
instead of TACGTGC). NRE, a recognition site for the
NPAS2/BMALL heterodimer [20], was induced by hy-
poxia, but was not influenced by 15d-PGJ, (Fig. 3C).
This observation indicates that the inhibitory effect of
15d-PGl, is specific to HIF-1.

Effect of 15d-PGJ, on HIF-1 activity

Finally, we measured the activity of the HIF-1
protein in nuclear extracts isolated from HMEC-1 in-
cubated for 3 h in normoxic or hypoxic conditions in the
presence or absence of 15d-PGJ, (10 uM). The isolated
extracts were assayed using the ELISA format to mea-
sure a specific binding to HRE oligonucleotides, at-
tached to a 96-well plate. In accordance with the results
of the reporter assay, these experiments showed higher
HIF-1 activity in cells cultured in hypoxia and con-
firmed the inhibitory effect of 15d-PGJ, both in nor-
moxia and hypoxia (Fig. 4A). Additionally, to exclude
the possibility of unspecific binding of proteins from
nuclear extracts to the oligonucleotides used, we
repeated the measurement of HIF-1 activity from
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Fig. 3. Effect of 15d-PGJ, (10uM) on the activity of a full-length
VEGF promoter (A) HRE sequence of the human VEGF promoter
(B) and on NRE sequence (C) in HMEC-1 cultured in normoxia and
hypoxia. One of the four similar experiments. The cells were trans-
fected with reporter plasmids (containing a luciferase cDNA regulated
by a full-length human VEGF promoter, its HRE fragment or NRE
sequence) and subjected to luciferase assay 24h after transfer.
*P < 0.05 in comparison to control.

HMEC-1 incubated in hypoxia (both from the control
and 15d-PGJ, stimulated cells) in the presence of
competitors (20 pmol/well): HIF-1 wild-type consensus
oligonucleotides or HIF-1 mutated consensus oligonu-
cleotides. As shown in Fig. 4B, reaction was potently
inhibited by wild-type, but not by mutated sequences.
This confirms that the results obtained, presented in
Fig. 3A, are specific to HIF1.

Discussion

We have demonstrated here that 15d-PGJ, influ-
ences the expression of VEGF by HMEC-1 in the op-
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Fig. 4. (A) Effect of 15d-PGJ, (10 uM) on the activity of HIF-1 in
HMEC-1 cultured in hypoxia and normoxia. Nuclear proteins were
isolated from HMEC-1 after 3 h incubation of cells with 15d-PGJ, and
analyzed using TransAM ELISA. (B) Effect of 15d-PGJ, on the HIF-1
activity in hypoxia—test for assay specificity. Analyses were performed
in the presence of wild-type HIF-1 (WT-HIF1) or mutated HIF-1
(mut-HIF1) oligonucleotides. Data are presented as percentage of the
control value (control: untreated cells in hypoxia). The mean of three
(A) or two (B) experiments. *P < 0.05 in comparison to control,
#P < 0.05 in comparison to cells untreated with WT-HIFI.

posite way in normoxia and hypoxia. Under normoxic
conditions, 15d-PGJ, at concentrations of 1-10uM
significantly upregulates VEGF promoter activity and
VEGF protein synthesis. In contrast, in the case of hy-
poxia, 15d-PGJ, at the same doses strongly reduces
VEGF promoter activity and decreases VEGF protein
generation by 50%. Interestingly, transcription of the
reporter gene regulated by a fragment of the VEGF
promoter containing the HRE sequence, as well as the
binding of HIF-1 to HRE, is inhibited by 15d-PGlJ,
both under normoxic and hypoxic conditions.

The effects of 15d-PGJ, are usually considered to
be mediated by the activation of the PPARY transcrip-
tion factor. It is well known that ligands of PPARY can
induce expression of VEGF in many cell types, e.g., in
the RT4 papillary tumor cell line, macrophages, VSMC,
and in arterial or microvascular endothelial cells
[5,8,9,11,22]. The upregulation is observed both at
mRNA and protein levels [8,11] and is dependent on
activation of VEGF transcription [5,8]. PPARY activa-
tors probably only have an indirect influence, as the
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VEGF promoter does not contain a PPAR response
element [11,22].

We have already shown that PPARY is expressed
in HMEC-1 and can be activated by its specific ligands:
TZDs (troglitazone and ciglitazone) and 15d-PGJ, [23].
In accordance with earlier reports [3] we have found that
15d-PGJ, is a much weaker PPARYy activator than
TZDs [23]. The upregulation of VEGF synthesis in
HMEC-1 in response to 15d-PGJ, was, however, much
stronger compared to ciglitazone or troglitazone. It in-
dicates that, in addition to the possible involvement of
PPARY transcription factor, some PPAR-independent
pathways can be involved in regulation of VEGF by
15d-PGJ, in these cells.

Apart from activation of PPARY, 15d-PGJ, is one
of the strongest inducers of the expression of the HO-1
enzyme. Induction of HO-1 is independent of PPARY,
but is mediated through stimulation of Nrf-2, a tran-
scription factor which forms heterodimer with the Maf
protein and binds to the stress-response element (StRE)
in the HO-1 promoter [24].

HO-1 oxidizes heme to biologically active mole-
cules: CO, iron ions, and biliverdin, the latter being
converted in most tissues to bilirubin. Among HO-1
products, CO is an important cellular messenger, with
the signaling functions resembling those of nitric oxide
[25]. The HO-1 pathway is involved in regulating VEGF
expression. In earlier experiments, we have shown that
activation or overexpression of HO-1, followed by
generation of CO, leads to the upregulation of VEGF
synthesis in VSMC and in microvascular endothelium
[5,16,26]. The stimulatory impact of HO-1 overexpres-
sion on VEGF production has very recently been cor-
roborated using in vivo models [27,28].

In the present study, we have shown that 15d-PGJ,
strongly induces HO-1 expression by HMEC-1 both in
normoxia and hypoxia. In experiments performed in
normoxic conditions we confirmed our earlier observa-
tions [5,12] that augmentation of VEGF synthesis by
HMEC-1 in response to 15d-PGlJ, is probably mediated
by induction of HO-1. Pretreatment of cells with
SnPPIX, a competitive inhibitor of HO-1, significantly
reduced the stimulatory effect of 15d-PGJ,.

In the case of hypoxia, however, in spite of HO-1
induction, synthesis of the VEGF protein was reduced
in the presence of 15d-PGJ,. Interestingly, pretreatment
of HMEC-1 with SnPPIX in hypoxic conditions addi-
tively strengthened the inhibitory influence of 15d-PGJ,
on VEGF production. Thus, it seems that HO-1 in-
duction can upregulate generation of VEGF regardless
of the oxygen concentration but, in hypoxic conditions,
the stimulatory effect of HO-1 is masked by other
pathway(s) regulated by 15d-PGJ,.

Analysis of the VEGF promoter region reveals
several potential binding sites for transcription factors
AP-1, AP-2, SP-1, and HIF-1 [19]. In the case of nor-

moxia, the basal and cytokine-enhanced VEGF expres-
sion is mediated mainly by the SP-1 protein, which
interacts with four SP-1 binding sequences located in the
proximity of the transcription start site [29]. In contrast,
the most important transcription factor responsible for
hypoxia-induced generation of VEGF is HIF-1 [21].

In the present study, we showed for the first time
that treating cells with 15d-PGJ, reduces HIF-1 activity.
This was illustrated by two independent methods: (i)
measuring luciferase activity in HMEC-1 transfected
with a pGL2-HRE plasmid harboring the reporter gene
driven by an HRE-containing fragment of a VEGF
promoter and (ii)) measuring the binding of an HIF-1
heterodimer from HMEC-1 nuclear extracts to HRE
oligonucleotides. This inhibitory effect does not seem to
be characteristic for all prostaglandins, since, e.g.,
prostaglandin E, was found to upregulate HIF-1 activ-
ity, thereby augmenting the expression of VEGF [30].

15d-PGJ, downregulates HIF-1 both in normoxia
and hypoxia. Under hypoxic conditions it inhibits the
activity of a full-length VEGF promoter and reduces the
transcription of VEGF mRNA. In contrast, in nor-
moxia, when HIF-1 is not a major factor regulating
VEGF transcription, 15d-PGJ,;-mediated inhibition of
HIF-1 was outweighed by stimulation of other, still
unidentified transcription factor(s). As a result, under
normoxic conditions, the full-length VEGF promoter
activity was higher and transcription of VEGF mRNA
was stronger in the presence of 15d-PGJ, than in
untreated cells.

The mechanism underlying inhibited HIF-1 activ-
ity through 15d-PGJ, is not known. As was demon-
strated in the experiments performed in cardiomyocytes,
PPARY pathway is not directly involved in regulating
the HIF-1a [31]. On the other hand, however, 15d-PGJ,
(but not TZDs) induces interaction of the PPARY pro-
tein with the p300 co-activator [32]. It was postulated
that competition for p300 is one of the mechanisms
through which PPARY regulates the activities of other
transcription factors, namely NFkb, AP-1, and STATs
[33]. As the transactivation activity of HIF-1 requires
recruiting the p300/CREB-binding protein [34], we can
speculate that 15d-PGJ,-induced interaction of PPARYy
and p300 could play a role in inhibition of HIF-1.

15d-PGlJ, is regarded as a very potent blocker of
cell proliferation, influencing the very basic regulators of
the cell cycle, namely p21 and cyclin D [35]. By sup-
pressing the proliferation of endothelium it acts as an
efficient inhibitor of angiogenesis [36]. Also in our hands
15d-PGJ, strongly and dose-dependently reduced pro-
liferation of endothelial cells both in normoxic and
hypoxic conditions (data not shown).

Because of its anti-mitogenic potential, 15d-PGJ,
was implicated as a possible agent in cancer therapy
[15,37]. In this case, however, increased VEGF synthesis
in response to 15d-PGJ, in normoxia, as reported in
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earlier studies, could be a disadvantage. VEGF is a
fundamental regulator of angiogenesis regulating mul-
tiple endothelial cell functions, including mitogenesis,
morphogenesis, vascular permeability, or the produc-
tion of vasoactive molecules [1] and its upregulation is a
bad predictive biomarker in cancer patients (e.g., [38]).

Our present study indicates, however, that in hy-
poxia, 15d-PGlJ, is an inhibitor of VEGF production.
Such conditions are detected in most tumors, where O,
concentrations are usually lower than 0.5% [39]. Thus,
the inhibition of VEGF synthesis might be an additional
benefit of 15d-PGJ, treatment.

In summary, we demonstrated that 15d-PGJ, in-
duces HO-1 expression in HMEC-1 both in normoxia
and hypoxia. Under normoxic conditions, this induction
results in upregulation of VEGF synthesis. In the case of
hypoxia, however, the stimulatory effect of HO-1 is
masked by 15d-PGlJ,-mediated inhibition of the HIF-1
pathway, which leads to decrease in VEGF generation.
It appears that the results obtained in hypoxic condi-
tions may better reflect the situation in vivo and may
shed light on the role played by 15d-PGJ, in ischemic
tissues.
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