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Abstract

Background: Human adipose stem cells (hASCs) can promote angiogenesis through secretion of proangiogenic factors
such as vascular endothelial growth factor (VEGF). In other cell types, it has been shown that induction of VEGF is mediated
by both protease activated receptor 2 (PAR2) and hypoxia inducible factor 1(HIF-1). The present study hypothesized that
PAR2 stimulation through activation of kinase signaling cascades lead to induction of HIF-1 and secretion of VEGF.

Methodology/Principal Findings: Immunohistochemistry revealed the expression of PAR2 receptors on the surface of
hASCs. Blocking the PAR2 receptors with a specific antibody prior to trypsin treatment showed these receptors are involved
in trypsin-evoked increase in VEGF secretion from hASCs. Blocking with specific kinase inhibitors suggested that that
activation of MEK/ERK and PI3-kinase/Akt pathways are involved in trypsin-eveoked induction of VEGF. The effect of the
trypsin treatment on the transcription of VEGF peaked at 6 hours after the treatment and was comparable to the activation
observed after keeping hASCs for 24 hours at 1% oxygen. In contrast to hypoxia, trypsin alone failed to induce HIF-1
measured with ELISA, while the combination of trypsin and hypoxia had an additive effect on both VEGF transcription and

secretion, results which were confirmed by Western blot.
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Conclusion: In hASCs trypsin and hypoxia induce VEGF expression through separate pathways.
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Introduction

The transplantation of human adipose-derived stem cells
(hASCs) to induce angiogenesis is increasingly recognised as
a therapeutic modality in the treatment of ischemic disease [1,2,3].
In a previous study, we found that both hypoxic culture as well as
treatment with trypsin increases the pro-angiogenic potential of
hASCs [4]. The angiogenic effect induced by hASCs is mainly
paracrine, exerted through cytokines, such as the vascular
endothelial growth factor (VEGF) [5]. Hence, there is great
interest in attempting to increase VEGF expression in order to
optimise the effect of transplanted mesenchymal stem cells [6-8].

VEGF has been shown to be induced both by activation of
protease activated receptor 2 (PAR2) signalling and by the
transcription factor hypoxia inducible factor 1 (HIF-1) [9,10,11].
PAR2 is a G-protein coupled receptor that is activated by
proteolytic cleavage of a tethered ligand, and is known to be
activated by trypsin [12,13,14]. Previous studies have found that
different kinase cascades are implicated in PAR2 signaling
[9,15,16]. Thus, PAR2 was found to activate both the PI3K/
Akt and MEK/ERK pathways in GI epithelial cells [17], mainly
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the Rho/ROCK pathway in lung epithelial cells [18], and only
the MEK/ERK pathway in glioblastoma cells [19]. PAR2 is not
expressed in all tissues [20], and so far it is unclear whether PAR2
are expressed in mesenchymal stem cells.

In contrast, HIF-1 has so far been found in most cell types and
tissues. HIF-1 is a master regulator in oxygen homeostasis and
drives the expression of a plethora of genes involved in metabolism
and angiogenesis, including VEGF. HIF-1 is a heterodimer
comprised of the subunits HIF-loo and the aryl hydrocarbon
receptor nuclear translocator (ARNT). In normoxic conditions
HIF-1a is continuously degraded. In hypoxia, however, HIF-1o is
stabilized, and dimerizes with ARNT to form HIF-1 [21].
Interestingly, is has recently been shown, that even in normoxia
activation of PI3K and ERK pathways may stabilize HIF-1a thus
leading to induction of VEGF [22,23]. Moreover, that hypoxia
and PAR2 activation may act synergistically in the promotion of
angiogenesis and that there could be possible crosstalk between the
protease-activated and the hypoxia-activated pathways [24,25].
Therefore, we hypothesized that PAR2 stimulation through
activation of kinase signaling cascades may lead to induction of
HIF-1 and secretion of VEGF. To address the hypothesis we
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examined in hASCs the expression and the effect of stimulating
and blocking PAR2 receptors on VEGF, inhibitors of Rho kinase
(ROCK), PI3K, and MEK were applied and phosphorylation of
the downstream kinases and VEGF induction was examined.
Finally, the interaction of PAR2 activation and hypoxia on VEGF
and HIF-1 activation was investigated.

Methods

Donors

This study conforms to the Declaration of Helsinki. All patients
gave written informed consent and the clinical protocol was
approved by the regional Committee on Biomedical Research
Ethics of Northern Jutland, Denmark (project no. VN 2005/54).
The adipose tissue was obtained during elective liposuction from
three healthy patients without cardiovascular disease and not
receiving any medication. The patients were one male and two
females aged 42, 58, and 52 years, respectively. The hASC cell
lines (ASC12, 21, and 23) were established as described previously,
[26] and have been characterized extensively [27,28].

Cell Culture

The hASCs were cultured in o-MEM medium with Glutamax
(Invitrogen, Taastrup, Denmark), 10% fetal bovine serum (FBS)
(Europa Bioproducts Ltd., Cambridge, United Kingdom),
100 IU/ml penicillin, 100 pg/ml streptomycin, and 50 pg/ml
gentamicin (all from Invitrogen). All experiments were performed
with cells from all three patients using cells at passages two to five.

FACS Analysis

Subconfluent cultures of hASCs at P2 were harvested and
strained through a 70 wm filter before they were resuspended in
2% FBS and 0.1% sodium azide in PBS. The incubation with
a particular antibody-fluorophore complex took place at 4°C for
30 min, after which the cells were fixed in 1% formaldehyde.
Antibodies were pre-labeled with Alexa 488, R-Phycoerythrin,
and Alexa 647 fluorophores using the Zenon labeling technology
(Invitrogen). Primary antibodies were directed against CD24,
CD29, CD73, CD117, CD133, CD146, CD200, CD271, HLA-
DR (all from Abcam, Cambridge, UK), CD34, CD44, CD45,
CD105, HLA-ABC (all from Dako, Glostrup, Denmark), CD90,
ABCG?2 (both from Santa Cruz Biotechnology, Heidelberg,
Germany), and Stro-1 (Millipore Chemicon, Copenhagen, Den-
mark). Validity of analysis was supported by testing for viability
using a LIVE/DEAD Reduced Biohazard Viability/Cytotoxicity
Kit (Invitrogen). At least 10* events were recorded per sample on
a FACSCanto flow cytometer (BD Bioscience, Brendby, Den-
mark). Data were analysed using FlowJo 7.2 software package

(TreeStar, Ashland, OR).
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Immunofluorescence Assay

For detection of PAR2, hASCs were seeded at 3x10° per cm?
in 8-well glass CultureSlide (Falcon; BD Bioscience) and main-
tained in 20% oxygen for three days before they were fixed in 4%
formaldehyde for 30 min. The cells were then reacted with 100-
fold diluted mouse monoclonal antibody specific for PAR2
(SAM11; Santa Cruz Biotechnology) or matching isotype control
(Dako) at 4°C overnight. The epitope sites were visualised with
Alexa 488 conjugated goat anti-mouse IgG and the nuclei were
counterstained with 1:1,000 Hoechst 33342 (both from Invitogen)
at 37°C for two hours. Microscopy was done using an Axio
Observer Z1 (Zeiss, Gottingen, Germany) and image acquisition
and processing with the aid of AxioVision 4.7 software (Zeiss).

Treatment with Varying Concentrations of Trypsin

The cultures were passaged using a standard trypsinisation
procedure based on a mixture of 0.125% trypsin and 0.01%
EDTA for 5 min at 37°C. Based on manufacturers information
regarding trypsin activity (3,600 BAEE U/myg), the 0.125% trypsin
was estimated to have a concentration of 9,000 nM, using a 1 U/
ml~2 nM conversion. For the studies on effect of trypsin
concentration, the hASCs were seeded in six-well plates (Costar)
at 3x10 cells per cm?, cultured for three days, and subsequently
treated by either 9 nM, 90 nM, or 9,000 nM trypsin for 4 min,
after which the trypsin was neutralized through addition of fresh
media. Twelve hours after the trypsin treatment mRNA was
harvested for transcriptional analysis. For all other experiments
9,000 nM of trypsin was used.

Varying Length of Incubation after Trypsin Treatment

To determine the optimal length of incubation after trypsin
treatment, the hASCs were seeded in six-well plates (Costar) at
8x10% cells per cm? cultured for three days, and subsequently
treated by trypsin for 4 min at 37°C, after which the trypsin was
neutralized through addition of fresh media. Two, six, and
12 hours after the trypsin treatment, mRNA was harvested for
transcriptional analysis. For all other experiments, cells were
incubated for six hours after trypsin treatment unless otherwise
stated.

Treatment by Trypsin and Hypoxia

Normoxic cultures were performed in a standard incubator in
an atmosphere containing 5% COy and 20% O,. Hypoxic culture
experiments were performed in a hypoxic workstation (Xvivo;
BioSpherix, Redfield, NY) at 37°C in an atmosphere containing
5% €Oy balanced with nitrogen to reach oxygen concentration of
1%. The workstation allowed incubation and manipulation of the
cells at continuous hypoxic conditions.

For the studies on VEGF induction, the hASCs were seeded in
six-well plates (Costar) at 8x10° cells per cm?, cultured for three
days, and subsequently treated by either trypsin, hypoxia or

Table 1. Primer sequences for primers used in quantitative real-time RT-PCR analysis.

Gene Forward Primer Sequence Reverse Primer Sequence

PPIA 5" TCC TGG CAT CTT GTC CAT G 3/ 5" CCA TCC AAC CAC TCA GTC TTG 3’
YWHAZ 5" ACT TTT GGT ACA TTG TGG CTT CAA 3’ 5’ CCG CCA GGA CAA ACC AGT AT 3’
VEGF 5' CGA TTC AAG TGG GGA ATG G 3’ 5’ CAT TGA TCC GGG TTT TAT CC 3’
PAR2 5 TCC TCA CTG GAA AAC TGA CC 3’ 5" GGA AAA GAA AGA CCC ACA GG 3’

doi:10.1371/journal.pone.0046087.t001
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Figure 1. Inmunophenotypical analysis of hASC lines at passage 2. (A) Representative distributions of positive markers expressed on the
ASC12 cells are presented. (B) Surface markers profile was obtained as an average from ASC12, 21, and 23 lines.

doi:10.1371/journal.pone.0046087.g001

a combination of both. For the trypsin-only and treatment, cells
were treated with trypsin for 4 min at 37°C, after which the
trypsin was neutralized through addition of fresh media. Six hours
after the trypsin treatment, either mRNA was harvested for
transcriptional analysis or the media was changed and the cells
incubated an additional 12 hours, after which the media was
collected for analysis of secretion of VEGF. For the hypoxic
treatment, cells were transferred to 1% oxygen for 24 hours after
which either mRNA was harvested or the media was changed and
the cells incubated an additional 12 hours at 1% oxygen, for the
analysis of the VEGF secretion. For the trypsin-hypoxia combi-
nation, the cells were cultured for 18 hours in hypoxia, treated
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with trypsin and refed with neutralizing media as described above,
all taking place under hypoxic conditions. After 6 hours the cells
were either harvested for transcriptional analysis or incubated in
fresh media for 12 hours under hypoxia for analysis of VEGF
secretion.

For studies on HIF-1a stabilisation by trypsin and hypoxia, the
cells were seeded in T75 cell culture flasks (Costar) at a density of
8x10° cells per cm? and otherwise treated as described above. In
addition, samples were harvested for analysis of trypsin effect 4
and 12 hours after the treatment.
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Figure 2. Expression of PAR2 in hASCs and its association with
transcriptional activation of VEGF. (A) Detection of PAR2 in hASC
lines by immunoblotting. (B) Expression of PAR2 by indirect immuno-
fluorescence using SAM11 antibody. Representative pattern as detected
on the surface of ASC12 cells is presented. (C) SAM11 antibody blocked
trypsin-induced PAR2 activation, measured using real-time RT-PCR to
determine VEGF expression levels 12 hours after trypsin exposure
(n=15). Expression levels were corrected for basal VEGF activity in
hASCs cultured at 20% oxygen and normalised to the levels induced by
trypsin. Values are represented as the mean and SEM. Scale bar
indicates 200 um. Abbreviations: PAR2, protease-activated receptor 2;
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VEGF, vascular endothelial growth factor; Ctrl, control (NIH 3T3 cells).
doi:10.1371/journal.pone.0046087.9002

Blocking of PAR2

Cells were seeded in 12-well plates (Costar) at a density of
8x10° cells per cm? and after three days the blocking of PAR2 was
assayed using PAR2 (SAMII1) (Santa Cruz Biotechnology)
antibody at 25 ug/ml both before and during trypsin exposure
for a total of 15 min. Cultures exposed to trypsin were used as
positive controls and cultures exposed to PBS were used to
normalise to the steady-state VEGF gene expression. After
replenishing with complete growth medium, the cultures were
allowed to recover for additional 12 hours, and finally processed
for total RNA to enable real-time RT-PCR analysis.

Inhibition of Kinase Activity

The cultures were initiated at a density of 8x10® cells per cm
and allowed to progress for three days, when the trypsin exposure
was carried out. The selected kinase inhibitors, including 100 nM
Wortmannin and 50 pM LY294002 (both phosphoinositide 3-
kinase (PI3K)), 40 uM UO0126 (mitogen activated protein kinase
MEK), and 10 pM Y27632 (Rho-associated protein kinase
(ROCK)), were allowed to take effect from one to two hours
prior to enzymatic exposure. After supplementing with complete
medium, the cultures were processed for protein analysis by
immunoblotting and total RNA within 15 min and 12 hours,
respectively.

2

Immunoblotting

The cells were lysed in 50 mM Tris, 150 mM NaCl,
2 mM EDTA, 0.5% NP40, 0.5 mM phenylmethylsulfonyl fluo-
ride, 50 mM NaF, 0.04% B-mercaptoethanol, 1 mM NazVO,
and 1 Complete Mini protease inhibitor cocktail tablet (Roche
Diagnostics, Hvidovre, Denmark) per 10 ml total lysis solution.
Protein concentration was measured in the lysates using the BCA
Protein Assay Kit (Thermo Fisher Scientific, Rockford, IL).
Samples amounting to 40 to 60 pg of total protein were heat
denatured, separated by SDS-PAGE using a 10% gel, and
transferred to nitrocellulose or PVDF membranes using the iBlot
transfer equipment (Invitrogen). Membranes were incubated at ic
overnight with primary antibodies including rabbit polyclonal to
HIF-1oo (Abcam) diluted 1:500, mouse monoclonal to B-actin
(Sigma-Aldrich, Brondby, Denmark) diluted 1:10.000, rabbit
monoclonals to Erk1/2, phospho-Erk1/2, Akt, and phospho-Akt
(all from Cell Signaling Technology, Danvers, MA) diluted 1:500,
and finally mouse monoclonal to PAR2 (SAM11; Santa Cruz
Biotechnology) diluted 1:100. PBS containing 5% skimmed milk
and 1% Tween 20 (Sigma-Aldrich) was used for all dilutions.
Membranes were then incubated at room temperature for 1 hour
with HRP-conjugated secondary polyclonal antibodies rabbit anti-
mouse (Dako, Glostrup, Denmark) or goat anti-rabbit (Santa Cruz
Biotechnology) diluted 1:10.000 and 1:2.500, respectively. The
target proteins were visualised using chromogenic deposition
(tetramethylbenzidine; Sigma-Aldrich) or enhanced chemilumi-
nescence (Amersham ECL Plus; GE Healthcare Europe, Brondby,
Denmark). Signal acquisition in the latter case was accomplished
in a Kodak Image Station 4000 mm Pro (Carestream Health
Denmark, Skovlunde, Denmark).

Real-time RT-PCR

Total RNA was isolated using the NucleoSpin RNA XS kit
(Macherey-Nagel, Diiren, Germany) and the purity and concen-
tration were determined spectrophotometrically (Nanodrop;
Thermo Science, Wilmington, DE). Reverse transcription was
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Figure 3. Trypsin-activated PAR2 intracellular signaling in hASCs. (A) Schematic rendition of signal-transduction pathways linking PAR2 and
VEGF. (B) The effect of specific kinase inhibitors on suppressing trypsin-induced VEGF activation after 5 min trypsin exposure was assessed by real-
time RT-PCR (n=6). Expression levels were normalized to the levels induced by trypsin (Ctrl). (C) The effect of PI3K and Mek inhibitors on
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phosphorylation of Akt and Erk1/2, respectively, as a result of 5 min trypsin exposure was determined by immunoblotting. PI3K and Mek inhibitors
were added 2 hours prior to trypsin exposure. Cells after a 4-day culture at 20% oxygen were used as controls (Ctrl). Representative data obtained
from ASC12 cells are presented. Values are represented as the mean and SEM. Abbreviations: PAR2, protease-activated receptor 2; VEGF, vascular

endothelial growth factor; Ctrl, control.
doi:10.1371/journal.pone.0046087.g003

performed with the iScript c¢cDNA synthesis kit (Bio-Rad,
Copenhagen, Denmark). All primers (Table 1) were designed
using the open source software Primer3 and produced by DNA
Technology (Aarhus, Denmark). The amplification reactions were
performed on a My-Cycler real-time PCR system (Bio-Rad) in
a final volume of 25 ul containing 5 pmol of each primer, 0.25 pl
cDNA using the SYBR Green PCR supermix (Bio-Rad). The
thermal cycling protocol involved initial denaturation at 95°C for
3 min and was followed by 40 cycles of denaturation at 95°C. for
10 sec and primer annealing and elongation for 30 sec at
predetermined optimal temperature. To test for the specificity of
the product, a melt curve function of the IQ5 Optical System
Software 2.1 (Bio-Rad) was invoked. A four-fold serially diluted
standard curve derived from a pool of all the cDNA samples was
used to calculate relative expression of each gene. For normal-
isation purposes, the geometric mean of two reference genes,
cyclophilin A (PPIA) and tyrosine 3/tryptophan 5-monooxygenase
activation protein (YWHAZ), was used [29].

Quantitation of Secreted VEGF

For all treatments, after the medium was harvested the cells
were lysed in 0.02% sodium dodecyl sulfate. The levels of VEGF
were assessed using a commercially available ELISA VEGF kit
(R&D Systems Europe, Abingdon, United Kingdom) and the cell
numbers were determined using a PicoGreen dsDNA Quantita-
tion Kit (Invitrogen). The fluorescence was measured using
a Wallac 1420 Victor Multilabel Counter (PerkinElmer, Hvidovre,
Denmark) with excitation and emission at 485 nm and 535 nm,
respectively. The secretion of VEGF was normalised with respect
to cell numbers.

Quantitation of HIF-1

To investigate the influence of trypsin treatment on the
activation of HIF-1, the ASCs were seeded in duplicates in 175
Cellstar® Tissue Culture Flasks (Greiner Bio-One, Cat.
no. 658175) and incubated under standard culturing conditions
for three days. Half of the cells were transferred to an incubator in
the BioSpherix glove box to receive hypoxic treatment. 6 h before
the hypoxic treatment was completed a group of cells from each
incubator system were treated with trypsin. After completion of
the hypoxic treatment, all cells were lysed and nuclear proteins
isolated using a Nuclear Extract Kit (Active Motif, Cat. no. 40010)
and the concentration of nuclear extract determined using a Pierce
BCA Protein Assay Kit (Thermo Scientific, Cat. no. 23227)
according to manufacturer’s instructions. Nuclear extract was kept
at —80°C.

The HIF-1 activation was measured in technical replicates using
a TransAM HIF-1 kit (Active Motif, Cat. no. 47096). For each
sample 20 pg was used per well. The absorbance was measured
using a Wallac 1420 Victor Multilabel Counter (PerkinElmer,
Hvidovre, Denmark) at a wavelength of 450 nm.

Statistics

When comparing more than two groups a one-way analysis of
variance (ANOVA) with Bonferroni’s post hoc test was used and
when comparing two samples, a Student’s t-test was used
(SigmaPlot 11.0; Systat Software, Erkrath, Germany). When
necessary, data were logarithmic transformed to display normal
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distribution. Data are presented as mean * standard error of the
mean (SEM). Statistical significance was assigned to p values
<<0.05. The experiments were done using all three cell lines and
when quantitative parameters were assessed the experiments were
repeated at least twice and replicates were involved.

Results

Characterization of hASCs

FACS analyses of all three cell lines demonstrated that the
hASC cell lines were positive for the surface markers CD29,
CD44, CD73, CD90, CD105, and HLA-ABC and negative for
CD24, CD34, CD45, CD117, CD133, CD146, CD200, CD271,
ABCG2, HLA-DR, and Stro-1 (Fig. 1A and 1B). Moreover,
a narrow distribution of the marker values indicated a phenotypical
relatedness of the cell lines. In addition, the particular cell lines
displayed plastic adherence and have previously been demon-
strated to have a multilineage potential. [28,30] These character-
istics apply with the general accepted definitions of ASCs [31,32].

Role of PAR2 in Trypsin-mediated Upregulation of VEGF

Initially, we investigated whether PAR2 is expressed by hASCs.
Immunoblot analysis revealed the presence of the PAR2 protein
(Fig. 2A) and, furthermore, immunofluorescence indicated that
PAR2 was localised at the plasma membrane (Fig. 2B). After
having confirmed the expression of PAR2, we aimed to link its
activation to upregulation of VEGF. To that end, we carried out
experiments where PAR2 was blocked by applying a specific
antibody. Blocking of PAR2 receptors resulted in a significant
suppression of trypsin-induced VEGF transcriptional upregulation

(Fig. 2C).

Identification of Molecular Mechanisms Underlying PAR2
Mediated VEGF Induction

In order to identify molecular mechanisms downstream of
PAR2, we explored involvement of the kinase cascades PI3K,
MAPK, and ROCK that are known to be more or less involved in
PAR2-specific signal transduction in other cell lines (Fig. 3A). The
blocking experiments revealed that the transcriptional activation of
VEGF in hASCs in response to trypsin could be attenuated by
blocking the PI3K and MAPK pathways while blocking the
ROCK pathway had only minor effect (Fig. 3B). This finding was
further confirmed by immunoblotting experiments, demonstrating
that trypsin-dependent phosphorylation of Akt and Erkl/2 took
place, and that this effect was blocked by specific inhibitors of
PI3K and MEK (Fig. 3C).

Induction of VEGF in Response to Trypsin and Hypoxia
To determine the optimal conditions of trypsin treatment, first
several concentrations of trypsin were tested. When VEGF
expression levels were normalized to a PBS exposed control,
9 nM, 90 nM, and 9,000 nM trypsin upregulated VEGF 1.12,
1.21, and 1.52 times respectively with only the 9,000 nM trypsin
resulting in a significant upregulation (p<<0.05). (Data not shown).
To determine when the expression of VEGF peaked after
trypsin treatment, cells were incubated for 2, 6, and 12 hours after
trypsin treatment, after which VEGF mRNA levels were de-
termined. In addition, to assess the combined effect of trypsin and
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doi:10.1371/journal.pone.0046087.g005

hypoxia this series of experiments was performed both at ambient
oxygen and under hypoxic conditions. The data demonstrate the
expression of VEGF peaks 6 hours after trypsin treatment (Fig. 4A,
red bars) and that for all time points hypoxia has an additional
effect (Fig. 4A, blue bars).

The additive effect of trypsin and hypoxia was also evident
when looking at the amount of secreted VEGF into the media.
Both trypsin and hypoxic treatments alone led to significantly
higher levels of secreted VEGF than control conditions, and the
combination of the two resulted in the highest level of VEGF
secretion (Fig. 4B).

Effect of Trypsin and Hypoxia on HIF-1 Induction

HIF-1a is responsible for VEGF upregulation in hypoxia,
therefore we investigated the possibility that trypsin-induced
upregulation of VEGF was effectuated through stabilisation of

PLOS ONE | www.plosone.org 8

HIF-la. Cells were either subjected to trypsin, hypoxia or
a combination, after which HIF-1 activation/stabilization was
determined by ELISA (Fig. 5A). Both hypoxia and trypsin +
hypoxia led to significantly increased levels of HIF-1. However,
treatment with trypsin failed to increase HIF-1 compared to
untreated cells. The cells in this first experiment were cultured for
6 hours after trypsin exposure. Thus, to exclude the possibility that
HIF-1a could have been stabilised in short term in the period
preceding or following this time point. cells were exposed to
trypsin and cultured for 4 or 12 hours prior to analysis of HIF-1
levels by immunoblotting (Fig. 5B). Cells cultured for 24 hours in
hypoxic conditions were used as a positive control. As shown in the
panels in figure 5B, for all cell lines HIF-1a was stabilised in 1%
oxygen culture and HIF-1 levels in trypsin-treated cells both 4 and
12 hours after trypsin treatment remained negligible. Cells
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receiving no treatment had HIF-1 levels comparable to the cells
treated with trypsin (data not shown).

Discussion

In this study, we have found that PAR2 is expressed on the
surface of hASCs, that trypsin induces the expression of VEGF via
PAR2 activation and subsequent activation of PI3K and MEK
signalling pathways, and that this mechanism is independent of
HIF-1.

We are the first to demonstrate the presence of PAR2 on
hASCs, and to document that in hASCs the PAR2 activation leads
to downstream activation of PI3K and MAPK pathways, and that
the Rho/ROCK pathway is minimally involved. This finding
underscores the interesting observation that PAR2 activation has
very distinct down-stream effects depending on the cell type, as in
some cell types only the MAPK or the Rho/ROCK pathways are
activated [9,18,19].

Furthermore, the additive effect of hypoxia and trypsin
treatment on VEGF induction has not been described pre-
viously either. Several other groups have shown that activation
of PI3K and MAPK pathways may lead to either stabilization
or increased expression of HIF-1 [33,34]. Therefore, we
speculated that the trypsin-induced expression of VEGF may
be mediated via HIF-1 involvement. However, as we demon-
strate here for the first time in ASCs, trypsin-treatment alone
failed to stabilize HIF-la. Therefore, it can be concluded that
the hypoxia-induced and trypsin-induced VEGF transcription
occurs through separate pathways.
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