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Abstract
Placental development occurs under a low oxygen (2–8% O2) environment, which is critical for
placental development and angiogenesis. In this study, we examined if hypoxia affected fibroblast
growth factor 2 (FGF2)- and vascular endothelial growth factor (VEGF)-stimulated cell proliferation
via the mitogen-activated protein kinase kinase 1/2 (MEK1/2)/extracellular signal-regulated kinases
1/2 (ERK1/2) and phosphatidylinositol-3 kinase (PI3K)/v-akt murine thymomaviral oncogene
homologue (AKT1) pathways in human placental artery endothelial (HPAE) cells. We observed that
under normoxia (~20% O2), FGF2 and VEGF dose-dependently stimulated cell proliferation.
Hypoxia (3% O2) significantly promoted FGF2- and VEGF-stimulated cell proliferation as compared
to normoxia. Under both normoxia and hypoxia, FGF2 rapidly induced ERK1/2 and AKT1
phosphorylation, while VEGF induced ERK1/2, but not AKT1 phosphorylation. However, hypoxia
did not significantly alter FGF2- and VEGF-induced ERK1/2 and AKT1 phosphorylation as
compared to normoxia. PD98059 (a MEK1/2 inhibitor) at 20 μM and LY294002 (a PI3K inhibitor)
at 5 μM attenuated FGF2- and VEGF-induced phosphorylation of ERK1/2 and AKT1, respectively.
PD98059, even at doses that drastically inhibited FGF2-induced ERK1/2 phosphorylation (20 μM)
and caused cell loss (40 μM), did not affect FGF2-stimulated cell proliferation, which was confirmed
by U0126 (another potent MEK1/2 inhibitor). PD98059, however, dose-dependently inhibited
VEGF-stimulated cell proliferation. Conversely, LY294002 dose-dependently inhibited FGF2-, but
not VEGF-stimulated cell proliferation. These data suggest that in the MEK1/2/ERK1/2 and PI3K/
AKT1 pathways differentially mediate FGF2- and VEGF-stimulated HPAE cell proliferation. These
results also indicate that hypoxia promotes FGF2- and VEGF-stimulated cell proliferation without
further activation of the PI3K/AKT1 and MEK1/2/ERK1/2, respectively.
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INTRODUCTION
Placental development is associated with significant increases in both angiogenesis and
vasodilatation, giving rise to a dramatic elevation of placental blood flow during pregnancy.
This increased blood flow is directly correlated with fetal growth and survival as well as
neonatal birth weights and survivability [1–3]. Placental development during normal
pregnancy takes place within a low oxygen (~2–8 % O2) environment [4–6]. This physiological
hypoxia is critical for early placental development and angiogenesis [4–6]. Fibroblast growth
factor-2 (FGF2) and vascular endothelial growth factor (VEGF) are two potent angiogenic
factors, both of which have been implicated to play important roles in placental angiogenesis
[6–9].

The cells sense changes in oxygen concentrations by a family of oxygen sensitive
transcriptional factors, hypoxia inducible factors (HIF) [5,10]. Numerous in vitro studies have
shown that hypoxia (2–5% O2) promotes endothelial cell proliferation [11–15], migration
[12], and formation of capillary-like tube structures [16]. These stimulatory actions of hypoxia
are generally mediated via altering expression of angiogenic factors and their receptors [17].
For example, it is well illustrated that hypoxia increases expression of VEGF and its receptors
VEGF receptor-1 and -2 in endothelial cells [17]. Hypoxia also increases expression of FGF
receptors [18] and alters distribution of FGF2 inside different cellular compartments [16]. On
the other hand, hypoxia could also enhance angiogenesis without involvement of angiogenic
factors (e.g., VEGF), suggesting alternative mechanisms underlying hypoxia-regulated
angiogenesis [13,19].

It is well established that FGF2- and VEGF-induced cellular responses are mediated via binding
to their specific tyrosine kinase receptors and downstream activation of mitogen-activated
protein kinase kinase 1/2 (MEK1/2)/extracellular signal-regulated kinases 1/2 (ERK1/2) and
phosphatidylinositol-3 kinase (PI3K)/v-akt murine thymomaviral oncogene homologue
(AKT1) pathways [20–22]. We have reported that FGF2- and VEGF-activated MEK1/2/
ERK1/2 and PI3K/AKT1 pathways actively participate in FGF2- and VEGF-stimulated ovine
placental endothelial cell responses including proliferation [23] and endothelial nitric oxide
expression [24,25].

Hypoxia can directly activate the MEK1/2/ERK1/2 and PI3K/AKT1 pathways in many cell
types [26–29]. Nuclear translocation of activated ERK1/2 and/or AKT1 leads to
phosphorylation of several transcription factors (e.g. Egr-1, c-Jun, Elk-1, c-Fos, and Ets-1),
which in turn regulate expression of some key genes involved in cell proliferation, migration,
and survival [30,31]. For example, it has been shown that hypoxia (3% O2, 24 h) stimulates
bovine pulmonary artery adventitial fibroblast proliferation via activation of ERK1/2 and PI3K/
AKT1, which does not require other exogenous stimuli [28].

Little is known regarding the effects of hypoxia on FGF2- and VEGF-stimulated placental
angiogenesis and the underlying signaling mechanisms. Herein, we tested a hypothesis that
hypoxia enhanced FGF2- and VEGF-stimulated proliferation via increasing activation of the
MEK1/2/ERK1/2 and PI3K/AKT1 pathways in human placental artery endothelial (HPAE)
cells.

METHODS
HPAE Cell Preparation

Primary HPAE cells were isolated and cultured in our laboratory as previously described
[10]. After isolation, these cells were expanded in MCDB131 media containing 5% FBS, 5%
CS, 1% P/S under normoxia (37° C, 5% CO2, 95% air [~20% O2]). All HPAE cells used in
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this study were at passages 5–6. Protocols for placental artery collection and endothelial
isolation were approved by the Institutional Review Boards, Meriter Hospital and University
of Wisconsin-Madison, and followed the recommended guidelines for using human subjects.

Hypoxic Culture
Cells grown in 35-mm dishes were cultured in 1 ml of MCDB131 media containing serum in
an incubator (Sanyo Electric Co., Japan) under hypoxia (37° C, 5% CO2, 3% O2, 92% N2). To
confirm the hypoxic condition, O2 tension in media was real-time monitored using a
SevenGo™ dissolved oxygen meter (Mettler Toledo, Columbus, OH). We found that once the
cultures were placed in the hypoxic condition, O2 tension in media was rapidly reduced,
reaching ~ 3% after 2 hr in culture, and maintained at this level afterward. We also verified
hypoxia in cells by determining cellular HIF-1α protein levels using Western blot analysis as
described [24,33,34]. Briefly, cells cultured under hypoxia were washed twice with cold PBS,
harvested, and lyzed by sonication in buffer (20 mM imidazole-HCl, 2mM EGTA, 2mM
EDTA, pH7.0, 0.1 mM PMSF, 0.01% Triton X-100, 5 mg/ml leupeptin, 5 mg/ml aprotinin).
The lysates were centrifuged and protein concentrations of the supernatant were determined.
Proteins (15 μg) were separated on 10% SDS-PAGE gels and electroblotted onto Immobilon-
P membrane (Millipore, Bedford, MA), probed with an antibody against HIF-1α (1: 500; BD
Biosciences, San Jose, CA). The proteins were detected using ECL-plus detection systems
(Amersham Biosciences, Piscataway, NJ). The membranes were re-probed with β-actin (1:
5000; Ambion, Austin, TX). Changes in HIF-1α and β-actin protein levels were quantified by
a scanning densitometer. Data on HIF-1α were normalized to β-actin.

Cell Proliferation
Cell proliferation was assayed as described [24,33,34]. Cells were cultured in 75 cm2 cell
culture flasks in MCDB131 media under normoxia until reaching confluence. Cells were split
into 96 well plates (5000–6000 cells/well) and cultured for 24 hr under hypoxia (37° C, 5%
CO2, 3% O2, 92% N2) or normoxia (37° C, 5% CO2, 95% air). After serum starvation for
another 24 hr, cells were treated with FGF2 or VEGF (0–100 ng/ml) for 72 hr under hypoxia
or normoxia, followed by determining the number of cells using the crystal violet method.
Briefly, wells were rinsed with PBS, fixed in methanol, air-dried, and stained with 0.1% (w/
v) crystal violet. Wells were rinsed with distilled water, and air-dried again. Cells were lyzed
with 2% (w/v) sodium deoxycholate solution with gentle agitation. Absorbance was measured
at 570 nm on a microplate reader (Bio-TEK Instrument, Winooski, VT). Wells containing
known cell numbers (0, 1000, 2000, 5000, 10000, 20000 or 40000 cells/well; 6 wells/cell
density) were treated in the similar fashion to establish standard curves.

To determine the roles of the MEK1/2/ERK1/2 and PI3K/AKT1 pathways in FGF2- and
VEGF-stimulated cell proliferation, additional cells were subjected to the cell proliferation
assay under normoxia as described above. After deprivation from serum for 24 hr, cells were
treated with 10 ng/ml of FGF2 or VEGF in the absence or presence of PD98059 (a selective
MEK1/2 inhibitor, 1 hr pretreatment; CalBiochem, San Diego, CA), U0126 (a selective
MEK1/2 inhibitor; 1 hr pretreatment; Promega, Madison, WI) or LY 294002 (a selective PI3K
inhibitor, 1 hr pretreatment; Cell Signaling Technology, Beverly, MA). After an additional 72
hr of growth factor treatments, the numbers of cells were determined as described above.

Western Blot Analysis for ERK1/2 and AKT1
Western blot analysis was performed as described [24,33,34]. Cells were cultured as described
above. After reaching confluence, cells were split into 3.5 cm culture dishes and cultured for
24 hr under hypoxia or normoxia. After serum starvation for additional 24 hr, FGF2 or VEGF
was added to the dishes (final concentrations of FGF2 and VEGF were 10 ng/ml). Cells were
cultured for 0, 5, 10, 30, or 60 min. For the hypoxia group, all cell treatments after cells were
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split into 3.5 cm dishes were carried out inside a specially designed heated hypoxic glove box
(Coy Laboratory Products, Grass Lake, MI).

To verify activation of ERK1/2 and AKT1, additional cells were treated with FGF2 for 5 min
or with VEGF for 10 min in the absence or presence of PD98059 (20 μM; 1 hr pretreatment)
or LY294002 (5 μM; 1 hr pretreatment). Controls included cells cultured with the inhibitors
alone. Cells were washed twice with cold PBS, and then harvested and lyzed by sonication in
buffer (4 mM sodium pyrophosphate, 50 mM HEPES, pH 7.5, 100 mM NaCl, 10 mM EDTA,
10 mM sodium fluoride, 2 mM sodium orthovanadate, 1 mM PMSF, 1% Triton X-100, 5 mg/
ml leupeptin, 5 mg/ml aprotinin). Proteins (10–15 μg) were subjected to Western blot analysis
as described above. For each set of samples, at least two gels were run simultaneously. One
membrane was blotted with a phospho-ERK1/2 antibody, followed by reblotting with a total
ERK1/2 antibody (both were at 1: 2000). Another membrane was blotted with a phospho-
AKT1 antibody (1:500) followed by reblotting with a total AKT1 antibody (1:2000). All four
antibodies were purchased from Cell Signaling Technology, Beverly, MA. Changes in total
and phospho-ERK1/2 and AKT1 protein levels were quantified. Data on phospho-ERK1/2 and
AKT1 were normalized to total ERK1/2 and AKT1.

Statistics Procedures
Data were analyzed using one-way ANOVA (SigmaStat; Jandel Co., San Rafael, CA). When
an F-test was significant, data were compared with their respective control by the Bonferroni’s
multiple comparison test or Student t-test.

RESULTS
Hypoxia Increased HIF-1α Protein Levels in HPAE Cells

In HPAE cells cultured in media containing serum, hypoxia rapidly increased (≤ 0.5 hr; p <
0.05) HIF-1α protein levels (~ 2.9 fold of the time 0 control), which were maintained at
relatively high levels up to 24 hr (~ 3.6 fold), without changing β-actin levels (Fig. 1A). When
HPAE cells were cultured in serum free media, HIF-1α protein levels were increased (p < 0.05)
in hypoxia as compared with normoxia (average ~ 5.6 fold) and these relatively high HIF-1α
levels were maintained for at least three days (Fig. 1B).

Hypoxia Enhanced FGF2- and VEGF-Stimulated Cell Proliferation
Both FGF2 and VEGF dose-dependently stimulated (p < 0.05) HPAE cell proliferation under
normoxia and hypoxia (Fig. 2). However, hypoxia significantly enhanced (p < 0.05) both
FGF2- and VEGF-stimulated HPAE cell proliferation by ~ 20% at all doses tested as compared
with normoxia. Interestingly, the minimum concentration of each growth factor which
stimulated cell proliferation under hypoxia (0.01 ng/ml FGF2 and 0.1 ng/ml VEGF) was at
least 10 fold lower than those under normoxia (0.1 ng/ml FGF2 or 10 ng/ml VEGF). These
data suggest that cells become more sensitive to FGF2 and VEGF stimulation under hypoxia
(Fig. 2).

Both FGF2 and VEGF Induced Phosphorylation of ERK1/2 and AKT1
Under normoxia and hypoxia, FGF2 and VEGF rapidly induced (≤ 5 min; p < 0.05) ERK1/2
phosphorylation (Fig. 3A and B). FGF2-induced ERK1/2 phosphorylation was maintained at
relatively high levels up to 60 min even though it declined slightly after 10 min of FGF2
treatments (Fig. 3A). VEGF-induced ERK1/2 phosphorylation began to decrease after 10 min
and returned to the basal levels after 30 min of VEGF treatments (Fig. 3B). Under normoxia
and hypoxia, FGF2 also rapidly induced (≤ 5 min; p < 0.05) AKT1 phosphorylation; however,
this phosphorylation declined to the basal level after 30 min of FGF2 treatments (Fig. 3C). In
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contrast, VEGF did not significantly increase AKT1 phosphorylation at any time point
examined (Fig. 3D). Hypoxia slightly enhanced FGF2-induced ERK1/2 phosphorylation as
compared to normoxia; however, this stimulatory effect did not reach the statistical significance
(Fig. 3A). Similarly, hypoxia also did not alter VEGF-induced ERK1/2 phosphorylation (Fig.
3B) as well as FGF2- and VEGF-induced AKT1 phosphorylation (Fig. 3C and D) as compared
to normoxia. No significant change was observed for total and phospho-ERK1/2 or AKT1
levels between normoxia and hypoxia at the time 0 controls (Fig. 3). PD98059 at 20 μM
significantly inhibited (p < 0.05) FGF2- and VEGF-induced ERK1/2 phosphorylation (Fig.
4A), while LY294002 at 5 μM blocked (p < 0.05) FGF2-induced AKT1 phosphorylation (Fig.
4B). PD98059 at 20 μM (Fig. 4A) and LY294002 at 5 μM (Fig. 4B) did not significantly affect
FGF2-induced and VEGF-induced phosphorylation of AKT1 and ERK1/2, respectively,
confirming the specificity of these kinase inhibitors and also suggesting that no cross-talk exists
between these two pathways in HPAE cells.

Effects of PD98059, U0126, and LY294002 on FGF2- and VEGF-Stimulated Cell Proliferation
Both PD98059 (Fig. 5A) and U0126 (Fig. 5C) at any dose studied did not affect FGF2-
stimulated cell proliferation; however, they both dose-dependently inhibited (p < 0.05) VEGF-
stimulated cell proliferation (Fig. 5B and 5D). In contrast, LY294002 dose-dependently
inhibited (p < 0.05) FGF2- (Fig. 6A), but not VEGF-stimulated cell proliferation (Fig. 6B). In
the absence of FGF2 and VEGF, PD98059 up to 20 μM and U0126 up to 2.5 μM (Fig. 5) as
well as LY294002 at any dose studied (Fig. 6) did not significantly change basal cell numbers;
PD98059 at 40 μM and U0126 at 5 and 10 μM decreased (p < 0.05) cell numbers (Fig. 5),
indicating that these inhibitors at these relatively high concentrations were toxic to HPAE cells.

DISCUSSION
It has become clear that the biological actions of FGF2 and VEGF are tightly mediated by a
complex signaling network involving multiple protein kinases and phosphatases [20–23].
However, such a signaling network mediating FGF2- and VEGF-induced placental
angiogenesis under hypoxia is poorly defined. Herein, using HPAE cells as a model, we have
demonstrated that physiological hypoxia (3% O2) enhances FGF2- and VEGF-stimulated cell
proliferation without altering FGF2- and VEGF-induced ERK1/2 and AKT1 activation,
suggesting that hypoxia-enhanced FGF2- and VEGF-stimulated HPAE cell proliferation is
independent of activation of these two signaling pathways. Moreover, we have also shown that
the MEK1/2/ERK1/2 and PI3K/AKT1 pathways differentially mediate FGF2- and VEGF-
stimulated HPAE cell proliferation.

Hypoxia alone is capable of promoting several major steps of angiogenesis including cell
proliferation [11–15], migration [12], and formation of capillary-like tube structures [16].
Nonetheless, little is known about the effects of hypoxia on FGF2- and VEGF-regulated
placental endothelial functions and needless to mention, the underlying signaling mechanisms.
In one of a few relevant studies, it has been reported that hypoxia (3% O2) enhances PDGF-
and FGF2-stimulated rat aortic endothelial proliferation and sprouting [14]. Consistent with
this report, we also showed herein that 3% O2 enhanced FGF2-stimulated HPAE cell
proliferation. Further more we found similar stimulatory effects of hypoxia on VEGF-
stimulated HPAE cell proliferation. These data imply that the physiological hypoxia could
enhance both FGF2- and VEGF-stimulated placental angiogenesis. However, it is noteworthy
that opposite effects on angiogenic factor-induced angiogenesis might occur under more severe
hypoxia conditions. For example, it has been reported that 1 % O2 (24 hr) greatly decreases
VEGF-stimulated endothelial cell proliferation, migration, and tube formation in primary
human coronary artery endothelial cells [35]. Thus, hypoxia might differentially modulate
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angiogenic factor-stimulated placental angiogenesis, possibly depending on the severity of
hypoxia and the exposure duration.

A follow-up important question addressed in this study is what are the signaling mechanisms
underlying these hypoxia-enhanced HPAE cell proliferation. Indeed, hypoxia (1–10% O2) can
induce the activation of many protein kinases (e.g., jun-N-terminal kinase, ERK1/2, AKT1,
and p38 MAPK) in endothelial cells [27–30,35]. This activation could lead to phosphorylation
of several nuclear transcription factors (e.g., Egr-1, c-Jun, Elk-1, c-Fos, and Ets-1), which in
turn activate many key genes involved in cell proliferation, migration and survival [30,31]. In
the current study, we focused only on the MEK1/2/ERK1/2 and PI3K/AKT1 pathways since
both are critical for mediating FGF2- and VEGF-stimulated placental endothelial function
including cell proliferation under normoxia [23,24,36–38]. We found that FGF2 and VEGF
induced ERK1/2 activation under both normoxia and hypoxia, in which the actions of FGF2
was more robust and sustained than VEGF in HPAE cells. Moreover, we observed that FGF2
significantly, but VEGF only slightly increased AKT1 activation in HPAE cells under
normoxia and hypoxia. These observations are consistent with our previous reports in ovine
fetoplacental artery endothelial (OFPAE) cells [24,33,34]. However, in the current study,
hypoxia did not significantly increase basal levels of ERK1/2 and AKT1 activation as well as
FGF2- and VEGF-induced activation of ERK1/2 and AKT1 as compared with normoxia. Thus,
although hypoxia alone could upregulate expression of FGF2 and VEGF receptors in
endothelial cells derived from vessels other than human placental arteries [18], hypoxia did
not enhance activation of the receptor-coupled ERK1/2 and AKT1 in HPAE cells, implying
that hypoxia did not increase expression of FGF2 and VEGF receptors in HPAE cells.
Moreover, these data also indicate that the hypoxia-enhanced FGF2- and VEGF-stimulated
HPAE cell proliferation is unlikely due to enhanced activation of MEK1/2/ERK1/2 and PI3K/
AKT1 pathways. Further studies are needed for determining the alternative signaling pathways
that are involved in such hypoxia-enhanced cell responses.

Another intriguing finding of the current study was that PD98059, as well as U0126, did not
affect FGF2-stimulated HPAE cell proliferation although it greatly inhibited FGF2-induced
activation of the MEK1/2/ERK1/2 pathway. Similar phenomenon was also reported by
Willcocks and colleagues who demonstrated that in T cells PD98059 abolished interleukin-2
(IL-2)-induced ERK1/2 activation, but had no effects on IL-2 stimulated proliferation [40].
However, this finding differed from our recent report in which PD98059 significantly inhibited
OFPAE cell proliferation [24]. It is noteworthy that even in OFPAE cells FGF2-stimulated
cell proliferation is much less sensitive to PD98059 as compared to VEGF [24]. For example,
in OFPAE cells the concentration of PD98059 required to inhibit FGF2-stimulated cell
proliferation is ~ 4 fold higher than that required for inhibiting VEGF-stimulated cell
proliferation, and PD98059, at a maximal concentration (20 μM) without toxic effect inhibits
FGF2-stimulated cell proliferation only by approximately 38% while abolishing VEGF-
induced cell proliferation [24]. Thus, together with our previous report [24] and current data
that LY294002 completely abrogated FGF2-stimulated OFPAE and HPAE cells proliferation,
it is concluded that the PI3K/AKT1 pathway is likely a major signaling pathway in FGF2-
induced placental endothelial cell proliferation, whereas the MEK1/2/ERK1/2 plays a less
important role in such FGF2-induced cell responses.

In contrast to FGF2, VEGF-stimulated HPAE cell proliferation is mediated primarily via the
MEK1/2/ERK1/2 pathway. These findings suggest that the MEK1/2/ERK1/2 pathway is a
major signaling pathway in VEGF-stimulated HPAE cell proliferation. This contradicts our
recent reports, in which both of these two pathways actively mediate VEGF-stimulated OFPAE
cell proliferation [24,26]. What causes this discrepancy between HUAE and OFPAE cells is
still not clear. However, this discrepancy could be partially explained by the fact that VEGF
induced AKT1 activation only in OFPAE, but not in HPAE cells.
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Of note is that although activation of ERK1/2 and AKT1 does not have a critical role in
mediating HPAE cell proliferation stimulated by FGF2 and VEGF, respectively, their
activation may be required for mediating other function of HPAE cells such as endothelial
migration and tube formation, and NOS expression as we have shown in OFPAE cells under
normoxia [24,25,41], which is awaiting further investigation.

In summary, we have shown that hypoxia enhances FGF2- and VEGF-stimulated HPAE cell
proliferation independent of AKT1 and ERK1/2 and the PI3K/AKT1 and MEK1/2/ERK1/2
pathways differentially mediate HPAE cell proliferation stimulated by FGF2 and VEGF,
respectively. These studies might advance our understanding of the extremely complex
signaling networks mediating placental angiogenesis under both normoxic and hypoxic
conditions.
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Figure 1.
Hypoxia-increased HIF-1α levels in HPAE cells. Cells were cultured in media containing
serum for 24 hr under normoxia, followed by culturing cells under hypoxia in serum containing
media (A) or in serum free media (B). Proteins were subjected to Western blot analysis for
HIF-1α. Representative images are shown. Data normalized to β-actin are expressed as means
± SEM of fold of the time 0 control (in A; n = 4) or normoxia controls (in B; n = 3). *differ
(p < 0.05) from the time 0 control. #differ (p < 0.05) from normoxia on each corresponding
day.
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Figure 2.
Effects of hypoxia on FGF2- and VEGF-stimulated HPAE cell proliferation. Cells seeded in
96-well plates (5000 cells/well) were cultured in serum containing medium for 24 hr under
normoxia and hypoxia. After 24 hr of serum starvation, cells were treated without or with FGF2
(A) or VEGF (B) for additional 72 hr. Cell numbers were then determined. Data are expressed
as means ± SEM percent of the control (no growth factor). Numbers of cells per well in the
controls after 72 hr were 5573 ± 633 and 4728 ± 327 under normoxia and hypoxia,
respectively. a,b Within each growth factor treatment group, means with different letters differ
(p < 0.05). *differs (p < 0.05) from the normoxia at the corresponding dose of growth factor.
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Figure 3.
Effects of hypoxia on FGF2- and VEGF-induced ERK1/2 and AKT1 phosphorylation in HPAE
cells. Cells plated in 6 cm culture dishes were cultured under normoxia until reaching 70–80%
confluence, followed by normoxic or hypoxic culture for 24 hr and serum starvation for
additional 24 hr. Cells were then treated with 10 ng/ml of FGF2 (A and C) or VEGF (B and
D) for 0–60 min. Proteins were subjected to Western blot analysis for total ERK1/2 (tERK1/2)
and total AKT1 (tAKT1) or phospho-ERK1/2 (pERK1/2) and phospho-AKT1 (pAKT1). Data
normalized to tERK1/2 and tAKT1 are expressed as means ± SEM fold of the time 0 controls
(n = 6). *differ (p < 0.05) from the corresponding time 0 control.
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Figure 4.
Effects of PD98059 and LY294002 on FGF2- and VEGF-induced phosphorylation of ERK1/2
and AKT1 in HPAE cells. Cells were cultured under normoxia for 24 hr. After serum starvation,
cells were treated with FGF2 (A) for 5 min or VEGF (B) for 10 min in the absence or presence
of PD98059 (20 μM) or LY294002 (5 μM) (1 hr pretreatment). Proteins were subjected to
Western blot analysis for total ERK1/2 (tERK1/2) and total AKT1 (tAKT1) or phospho-
ERK1/2 (pERK1/2) and phospho-AKT1 (pAKT1). Data are expressed as means ± SEM fold
of the control (no growth factor and kinase inhibitor; n = 4). a,b,c,d Means with different letters
differ (p < 0.05).

Wang et al. Page 13

Placenta. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Effects of PD98059 and U0126 on FGF2- and VEGF-stimulated HPAE cell proliferation. Cells
were cultured under normoxia for 24 hr. After 24 hr of serum starvation, cells seeded in 96-
well plates were treated with 10 ng/ml of FGF2 (A and C) or VEGF (B and D) in the absence
or presence of PD98059 (2.5–40 μM) or U0126 (0.625–10μM; 1 hr pretreatment). Cells were
counted after 72 hr of treatment. Data are expressed as means ± SEM percentage of the control
(n = 4). The number of cells per well in the control was 6029 ± 457.4 and 4407 ± 139.6,
respectively, for the PD98059 (A and B) and U0126 (C and D) treatments. a,b,c Means with
different letters differ within each growth factor and kinase inhibitor treatment (p < 0.05).
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Figure 6.
Effects of LY294002 on FGF2- and VEGF-stimulated HPAE cell proliferation. Cells were
cultured under normoxia for 24 hr. After 24 hr of serum starvation, cells seeded in 96 well
plates were treated with 10 ng/ml of FGF2 (A) or VEGF (B) in the absence or presence of
LY294002 (0.625–10 μM; 1 hr pretreatment). Cells were counted after 72 hr of treatment. Data
are expressed as means ± SEM percentage of the control (n = 5). The number of cells per well
in the control was 6550 ± 467.8. a,b Means with different letters differ within each growth
factor and kinase inhibitor treatment (p < 0.05).
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