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Summary
Objectives: Members of the glycoprotein 130 (gp130) receptor–gp130 ligand family play a role
in angiogenesis in different tissues. We tested the effect of this cytokine family on the
angiopoietin (Ang)–Tie system, which is involved in blood vessel maturation, stabilization, and
regression.

Results: Oncostatin M (OSM) increased Ang2 expression in human umbilical vein endothelial
cells via Janus kinase/signal transducer and activator of transcription (JAK/STAT) and mitogen-
activated protein (MAP) kinase activation. Furthermore, OSM induced Ang2 expression in
macrovascular endothelial cells isolated from the human aorta and in microvascular endothelial
cells isolated from human heart. Our in vivo experiments revealed that mRNA expression of Ang2
in hearts of mice injected with OSM increased significantly, and levels of OSM mRNA
significantly correlated with mRNA levels of Ang2 in human hearts. In addition, OSM increased
the expression of its own receptors, gp130 and OSM receptor, in endothelial cells in vitro and in
mice in vivo, and levels of OSM mRNA significantly correlated with mRNA levels of gp130 and
OSM receptor in human hearts.

Conclusion: Our data, showing the effects of OSM on the Ang–Tie system in endothelial cells,
in hearts of mice, and in human heart tissue, provide yet another link between inflammation and
angiogenesis.
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Introduction
Angiogenesis, the formation of blood vessels from pre-existing vessels, is a highly regulated
process that is essential in embryogenesis, and normal physiologic growth and repair.
Pathologic angiogenesis causes or contributes to diseases such as cancer, atherosclerosis,
obesity, arthritis, diabetic retinopathy, and ischemic heart disease [1].

There is evidence that angiogenesis and inflammation are associated processes in pathologic
situations, including rheumatoid arthritis, diabetes, and cancer [2], owing to the facts that
inflammatory mediators such as tumor necrosis factor-α (TNF-α), interleukin (IL)-1 and
IL-6 act directly and indirectly on the vasculature, and that angiogenesis sustains
inflammation [3].

Members of the glycoprotein 130 (gp130) receptor–gp130 ligand family have been shown to
have, in addition to their inflammatory properties, direct and indirect roles in angiogenesis in
different tissues [4-6]. For example, IL-6 increases the expression of vascular endothelial
growth factor (VEGF) in cervical cancer and gastric carcinoma [7,8]. Oncostatin M (OSM),
another gp130 ligand, produced mainly by activated T lymphocytes, monocytes, and
macrophages, and which is involved in the regulation of inflammation, tissue remodeling,
and cell growth, upregulates VEGF in cardiac myocytes, astroglioma cells, preadipocytes,
adipocytes, and smooth muscle cells, as shown by us and others [9-11].

Besides VEGF, the angiopoietin (Ang)–Tie system plays an important role in the regression,
maturation and stabilization of blood vessels [12,13]. Ang1 and Ang2 have been identified
as ligands for the endothelial receptor tyrosine kinase Tie2 [14-16]. Ang1 activates Tie2;
Ang2, predominantly expressed by endothelial cells, primarily binds the receptor without
inducing signal transduction, therefore acting mainly as a functional antagonist of Ang1 by
an autocrine mechanism [1,17]. Ang2, stored in Weibel–Palade bodies [18], destabilizes the
vasculature. This results in the absence of VEGF in vessel regression, whereas in concert
with VEGF Ang2 induces endothelial cell migration and proliferation [19]. Ang2 also plays
a role in the induction of inflammation by sensitizing endothelial cells to TNF-α [20].

In this study, we wanted to investigate the link between the Ang–Tie system and the gp130
receptor–gp130 ligand system. Therefore, we studied the effect of gp130 ligands, namely
OSM, cardiotrophin 1 (CT1), IL-6, leukemia inhibitory factor (LIF), IL-11, ciliary
neurotrophic factor (CNTF), and cardiotrophin-like cytokine (CLC), on Ang2 expression in
endothelial cells isolated from human umbilical vein, human aorta, and human heart tissue.
In addition, we studied the effects of OSM on Ang2 expression in umbilical vein explants ex
vivo and in hearts of mice in vivo, and the correlation between OSM and Ang2 levels in
human hearts.

Material and methods
Isolation and cultivation of human cells

Human umbilical vein endothelial cells (HUVECs) were isolated from fresh umbilical cords
by mild collagenase treatment, and characterized as recently described [21,22]. Human
aortic endothelial cells (HAECs) were isolated from fresh aortas obtained from patients
undergoing heart transplantation by collagenase treatment, and cultivated and characterized
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as previously described [23], or obtained from PromoCell (Heidelberg, Germany). Human
heart microvascular endothelial cells (HHMECs) were isolated from human hearts from
different donors undergoing heart transplantation, and characterized and cultivated as
described recently [24]. Human aortic smooth muscle cells were isolated, characterized and
cultivated as described recently [25].

All human material was obtained and processed according to the recommendations of the
hospital's Ethics Committee, including informed consent.

Cell treatment
Human endothelial cells were incubated in M199 containing 1.25%, 2.5% or 5% fetal
bovine serum (FBS), depending on the incubation time. For stimulation experiments,
recombinant human (rh) OSM, rhIL-11, rhCNTF, rhCLC (R&D Systems, Minneapolis, MN,
USA), rhIL-6,rhLIF (Biotrend, Cologne, Germany) or rhCT1 (Calbiochem/Merck,
Darmstadt, Germany) was added at a concentration of 100 ng mL−1, if not indicated
otherwise, for time periods between 4 h and 72 h. Additionally, we used cycloheximide (1
μg mL−1; Sigma, St. Louis, MO, USA) and the phosphorylation blockers U0126 (10 μM),
piceatannol (200 μM), WHI-P131 (30 μg mL−1), SB-202190 (10 μM) and LY-294002 (10 μM;
Merck, Darmstadt, Germany). For blocker experiments, cells were preincubated for 1 h with
the respective blocker before stimulation with OSM (100 ng mL−1). For RNA stability
experiments, cells were stimulated for 12 h with rhOSM (100 ng mL−1), and incubated with
actinomycin D (5 μg mL−1; Sigma) for time periods between 30 and 240 min.

Small interfering RNA (siRNA)-mediated gene knockdown
siRNA targeting signal transducer and activator of transcription (STAT) 1 and STAT3, and
control siRNA, were obtained from Dharmacon-Thermo Fisher Scientific (Waltham, MA,
USA). HUVECs were transfected with 100 nmol L−1 siRNA, using polyethylenimine
(Sigma) according to the manufacturer's instructions. Seventy-two hours after transfection,
the cells were treated with OSM. The efficiency of STAT1 and STAT3 knockdown was
confirmed by western blot analysis.

Tissue samples
Fragments of fresh umbilical vein were incubated for 48 h in
M199containing2.5%FBSwithorwithout100 ng mL−1 OSM. Pieces were embedded in
Tissue-Tek OCT Compound (Sakura Finetek, Zoeterwoude, The Netherlands) and stored at
− 20 °C.

Human heart tissue was obtained from the left ventricles of explanted hearts from donors
undergoing heart transplantation, and stored at − 80 °C.

Animals
Male C57/BL6 mice were injected intraperitoneally with recombinant murine OSM or with
0.9% NaCl. Detailed information on animal experiments is given in Doc. S1.

Immunohistochemistry
OCT-embedded frozen fragments of umbilical cord were cut into 10-μm cryosections, fixed
in chilled acetone, and air-dried for 10 min. The sections were rinsed with phosphate-
buffered saline (PBS) containing 0.1% bovine serum albumin (BSA; Sigma), and incubated
with goat anti-human Ang2 polyclonal antibody (15 μg mL−1; R&D Systems) and rabbit
anti-human von Willebrand factor (VWF) antibody (1 : 500; DakoCytomation Dako,
Glostrup, Denmark) for 4 h at room temperature. After being washed with PBS/BSA, the
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sections were incubated with Northern Lights NL-493 anti-rabbit IgG and Northern Lights
Nl-557 anti-goat IgG (both 1 : 1000; R&D Systems) for 1 h, washed three times with PBS/
BSA, and coverslipped. Images were taken by a blinded investigator.

Protein determination and western blotting
Cell culture supernatants were collected or cells were lysed in PBS containing 0.1% Triton.
Ang1 and Ang2 protein concentrations were determined using a specific enzyme-linked
immunosorbent assay according to the manufacturer's instructions (R&D Systems). For
detailed information about western blotting, see Doc. S1.

Real-time polymerase chain reaction (PCR)
Frozen human or mouse heart tissue was homogenized using a ball mill (Retsch, Haan,
Germany), and mRNA was isolated using a High Pure RNA Tissue Kit (Roche, Basel,
Switzerland). mRNA of cell culture was isolated using a High Pure RNA Isolation Kit
(Roche). Real-time PCR was performed using a LightCycler system (Roche), as described in
detail in Doc. S1.

Statistical analysis
Data were compared statistically by t-test (independent variables). P-values < 0.05 were
considered to be significant; a Pearson correlation was calculated for mRNA correlation
using SPSS 16.0 (SPSS, Chicago, IL, USA).

Results
OSM increases Ang2 expression in HUVECs in vitro and in umbilical vein explants ex vivo

To test the effect of the gp130 ligands on Ang2 expression, we incubated HUVECs for 48 h
with or without the gp130 ligands OSM, CT1, IL-6, LIF, IL-11, CNTF, and CLC. In the
supernatant of cells treated with OSM, we detected up to three-fold increased levels of
Ang2, whereas the other gp130 ligands did not alter Ang2 production (Fig. 1A). The effect
of OSM was concentration-dependent, as a significant inducing effect of OSM on Ang2
production was already seen at concentrations of 1 ng mL−1 (Fig. 1B). This stimulating
effect of OSM was confirmed by western blot analysis (Fig. 1C,D). Furthermore, we
observed increased intracellular expression of Ang2 in OSM-treated cells (Fig. 1C). This
effect was concentration-dependent (Fig.1D). Figure 1E shows significant induction of
Ang2 secretion after 24, 48 and 72 h, respectively.

As shown in Fig. 1F, specific mRNA for Ang2 was induced significantly in HUVECs
treated with OSM for 12 h. Treatment of cells with cycloheximide did not have any effect on
OSM-induced Ang2 expression (Fig. 1G), suggesting a direct effect of OSM. Furthermore,
we tested the effect of OSM on Ang2-specific mRNA stability by treating HUVECs with
actinomycin D. Our data (Fig. 1H) revealed that OSM did not alter mRNA stability.

OSM increases Ang2 expression in umbilical vein explants ex vivo
Performing immunocytochemical staining for Ang2 and VWF, we observed stronger
staining for Ang2 of the endothelial layer in umbilical vein explants treated for 48 h with
OSM than in control explants (Fig. 2).

OSM regulates Ang2 expression via Janus kinase (JAK)/signal transducer and activator of
transcription (STAT) and mitogen-activated protein (MAP) kinase activation

OSM downstream signaling events include activation of the JAK/STAT, p44/42 MAP
kinase (extracellular signal-regulated kinase 1/2), p38 and phosphoinositol-3-kinase (PI3K)/

RYCHLI et al. Page 4

J Thromb Haemost. Author manuscript; available in PMC 2010 April 21.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Akt pathways [6]. Stimulation of HUVECs with OSM for 30 min resulted in the
phosphorylation of STAT1, STAT3, and p44/42, whereas Akt and p38 phosphorylation
could not be detected (Fig. 3A). To elucidate the pathway involved in the regulation of Ang2
in more detail, we performed blocking experiments. Figure 3A shows the blocking effect of
WHIP131 (30 μg mL−1) on STAT1 phosphorylation, of piceatannol (200 μM) on STAT3
phosphorylation, and of U0126 (1 μM) on p44/42 phosphorylation. Blocking the
phosphorylation of STAT1, STAT3 or p44/42 eliminated the effect of OSM on Ang2
expression (Fig. 3B), whereas blockers of the p38 (10 μM SB-202190) and PI3K/Akt (10 μM

LY-294002) pathways did not inhibit OSM-induced Ang2 expression, suggesting the
involvement of the JAK/STAT and MAP kinase pathways.

siRNA-mediated gene knockdown of STAT1 and STAT3 resulted in reduced expression of
STAT1 and STAT3 72 h after transfection in HUVECs (Fig. 3C). No effect of OSM on
Ang2 expression was observed in cells transfected with siRNA against STAT1 and STAT3
(Fig. 3D).

OSM induces Ang2 expression in HAECs and HHMECs
As there is evidence for heterogeneity of endothelial cells isolated from different vascular
beds [26], we tested the effect of gp130 ligands on HAECs and HHMECs. We detected
gp130, OSM receptor (OSMR), LIF receptor (LIFR), IL-6 receptor, IL-11 receptor and
CNTF receptor mRNA expression in HAECs and HHMECs by real-time PCR (data not
shown). Similar to what was found in HUVECs, OSM induced Ang2 production in HAECs
and HHMECs up to 2.5-fold (Fig. 4A). None of the other gp130 ligands tested showed any
effect under these conditions (data not shown). These data were confirmed by western blot
analysis (Fig. 4B,C). Furthermore, we detected increased intracellular Ang2 expression in
HAECs and HHMECs incubated with OSM (Fig. 4B,C). It is of note that OSM also induced
Ang2 at the level of specific mRNA expression (Fig. 4D).

Effect of OSM on the expression of gp130 and OSMR
In humans, OSM signal transduction occurs via receptor complexes composed of LIFR or
OSMR and gp130 [27]. We tested the effects of OSM on the receptors gp130, OSMR and
LIFR in HUVECs, HAECs, and HHMECs. OSM induced gp130 and OSMR at the protein
level (Fig. 5A) and mRNA level (Fig. 5B,C) in all cell types, whereas LIFR expression was
not altered (data not shown).

OSM increases the expression of Ang2, gp130 and OSMR in heart tissue in mice in vivo
To test the effects of OSM on Ang2 and the OSM receptors in vivo, we injected OSM
intraperitoneally into C57/Bl6 mice. The animals were killed 12 or 24 h after injection.
Real-time PCR analysis revealed significant increases in the levels of mRNA specific for
Ang2, gp130, and OSMR, 12 h after injection, in heart tissue of the left ventricles of OSM-
injected mice as compared with control animals (Fig. 6A), and increased Ang2 and gp130
mRNA levels 24 h after injection (Fig. 6B).

Correlation of OSM, Ang2, gp130 and OSMR expression in human heart tissue
To determine whether OSM expression is linked to Ang2, gp130 and OSMR expression in
human cardiac tissue in vivo, we analyzed the levels of mRNA specific for OSM, Ang2,
gp130 and OSMR in the left ventricles of explanted failing human hearts from 13 donors
undergoing heart transplantation. OSM mRNA levels correlated significantly with Ang2
(Pearson correlation coefficient, R2 = 0.768; P = 0.002), gp130 (R2 = 0.700; P = 0.008) and
OSMR (R2 = 0.760; P = 0.003) expression.
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Discussion
The role of the gp130 ligand system in angiogenesis is emphasized by different studies
demonstrating effects of gp130 ligands on angiogenesis in vitro and in vivo [28,29]. In
particular, OSM has been shown to stimulate expression of the major angiogenic factor
VEGF in different cell types and tissues [9-11]. Here, we provide evidence for a link
between the gp130 ligand system and yet another system of biomolecules involved in the
regulation of angiogenesis, namely the Ang–Tie system. We have shown that, of all the
gp130 ligands tested, only OSM increases Ang2 expression in HUVECs in a concentration-
dependent and time-dependent way, via the JAK/STAT and MAP kinase pathway. Blocking
of either STAT1 or STAT3 alone completely abolished the effect of OSM on Ang2
expression, in line with previously reported findings [30,31]. It is thought that the formation
of STAT1–STAT3 heterodimers could be responsible for these effects. Furthermore, our
experiments with cycloheximide and actinomycin D suggest that OSM directly increased the
levels of mRNA specific for Ang2 without affecting its stability.

It should be noted that, in a recent study, OSM stimulated angiogenesis but did not induce
Ang2 expression in rheumatoid synovial tissue cultured alone or in combination with
synovial fibroblasts [32]. This difference from our findings could result from cell-specific
patterns of response to OSM and/or from the particular microenvironment of the synovial
tissue.

Furthermore, we also observed an increase in Ang2 expression induced by OSM in
macrovascular human endothelial cells isolated from the aorta and microvascular endothelial
cells isolated from human heart tissue. Our in vitro data are supported by the findings that
Ang2 expression is increased in endothelial cells in tissue cultures of pieces of human
umbilical veins treated ex vivo with OSM. Our in vivo data, showing an increase in Ang2
mRNA in hearts of mice injected with OSM and a strong correlation between OSM and
Ang2 mRNA levels in explanted human hearts, emphasize a possible impact of OSM on
Ang2 expression in the heart in vivo. With respect to our experiments in mice, it should be
noted, however, that the increase in Ang2 mRNA in the hearts of mice 12 and 24 h after
OSM injection was smaller than the increase seen in the in vitro experiments. This could be
because 100 ng of OSM was injected into each mouse and this amount was diluted in, and
probably also partially cleared, from the body fluids before it reached the heart. Thus, the
actual concentration of OSM in the hearts of the mice might have been much lower than the
concentrations of OSM that were shown to give maximal induction of Ang2 in the in vitro
experiments. In agreement with our data, the expression of OSM in the human heart has
recently been shown in explanted hearts from patient with end-stage heart failure and in
samples of inflamed aorta [28,29]. Involvement of the gp130 ligand system in maintaining
cardiac function has been suggested by studies showing that cardiac deletion of gp130
results in severe cardiac defects [33].

Increased Ang2 expression was seen in the infarct region of the myocardium in a rat model
of myocardial infarction [34] and in the plasma of patients suffering from myocardial
infarction or congestive heart failure [35,36]. Cardiovascular diseases such as heart failure
or myocardial infarction are strongly associated with inflammation. Given our results
showing an OSM-induced increase in Ang2 expression in microvascular endothelial cells of
the human heart and in heart tissue of mice, and a significant correlation between Ang2 and
OSM levels in human failing hearts, one could speculate that OSM might also contribute to
increased Ang2 levels in response to such cardiovascular pathologies as described above
[35,36].
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As shown in Doc. S1, in contrast to its effects on Ang2, OSM decreased Ang1 expression
not only in macrovascular endothelial cells, but also in perivascular cells such as smooth
muscle cells, which are thought to be the main sources of Ang1 [14,37]. Thus, we provide
evidence for antagonistic regulation of Ang1 and Ang2 in vascular cells.

Furthermore, we have described a positive autocrine feedback loop in which OSM increases
the expression of its own receptors, OSMR and gp130, in human endothelial cells. It should
be noted that such an effect of OSM has also been described for fibroblasts and epithelial
cells [38,39]. In addition, we show that OSM increases gp130 and OSMR expression in
mice in vivo, and that OSM levels correlate with gp130 and OSMR expression in human
heart tissue. Such increased receptor expression could, in turn, lead to enhanced
responsiveness of the affected cells to the receptor ligand OSM.

Taken together, our findings provide evidence that the inflammatory cytokine OSM is
involved in modulation of the Ang–Tie system by increasing Ang2 expression in human
endothelial cells in vitro, and in murine hearts and human hearts in vivo. As OSM has been
shown to induce VEGF expression in various cells and tissues, and as Ang2 only acts in
concert with VEGF to induce endothelial cell migration and proliferation, two key events in
the formation of new blood vessels, one could speculate that these effects might contribute
considerably to the angiogenic properties of OSM [19].

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Oncostatin M (OSM) induces angiopoietin 2 (Ang2) expression in human umbilical vein
endothelial cells (HUVECs). Confluent monolayers of HUVECs were incubated in the
absence (C) or presence of OSM, cardiotrophin 1 (CT1), interleukin (IL)-6, leukemia
inhibitory factor (LIF), IL-11, ciliary neurotrophic factor (CNTF), or cardiotrophin-like
cytokine (CLC) (all 100 ng mL−1) (A), or in the absence (C) or presence of different OSM
concentrations (0.01-100 ng mL−1), for 48 h (B). HUVECs were incubated for 24, 48 or 72
h in the absence (C, white bars) or presence of 100 ng mL−1 OSM (black bars) (E). Ang2
protein was determined in the supernatant by specific enzyme-linked immunosorbent assay,
and is given in pg/100 000 cells. Values represent mean values ± standard deviations (SDs)
of three independent determinations. Each experiment was repeated at least three times. A
representative experiment is shown. Ang2 expression was determined in the supernatant
(SN) and cell lysate (CL) of HUVECs incubated in the absence (C) or presence of OSM,
CT1, IL-6, LIF, IL-11, CNTF, or CLC (all 100 ng mL−1) (C), or in the absence (C) or
presence of different OSM concentrations (0.01–100 ng mL−1) (D), by western blot
analysis. β-Tubulin was used as a loading control. HUVECs were incubated in the absence
(C) or presence of OSM, CT1, IL-6, LIF, IL-11, CNTF or CLC (all 100 ng mL−1) for 12 h
(F). HUVECs were preincubated for 1 h with or without cycloheximide (CHX), and
incubated in the absence (white bars, C) or presence of OSM (black bars, 100 ng mL−1) for
12 h (G). Real-time polymerase chain reaction (PCR) for Ang2 was performed, employing
specific primers. Values, given as fold change from control, represent mean values ± SDs of
three independent determinations, and were normalized according to the glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) levels. Each experiment was repeated at least three
times. A representative experiment is shown. HUVECs were incubated in the absence (C,
black line) or presence (gray line) of OSM for 12 h before actinomycin D was added for 30,
60, 120 or 240 min (H). Real-time PCR for Ang2 was performed, employing specific
primers. Results are expressed as percentage of Ang2 mRNA remaining after being
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normalized to GAPDH. Values represent mean values ± SDs of three independent
determinations. **P < 0.005, *P < 0.05.
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Fig. 2.
Oncostatin M (OSM) induced angiopoietin 2 (Ang2) expression in umbilical vein explants.
Fragments of umbilical vein explants were incubated without (C) or with OSM (100 ng
mL−1) for 48 h. Immunhistochemical staining was performed for Ang2 (red) and von
Willebrand factor (VWF) (green). This experiment was repeated three times with similar
results. One representative experiment is shown. Scale bars: 10 μm.

RYCHLI et al. Page 12

J Thromb Haemost. Author manuscript; available in PMC 2010 April 21.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Fig. 3.
Oncostatin M (OSM) regulates angiopoietin 2 (Ang2) expression via activation of the Janus
kinase/signal transducer and activator of transcription (STAT) and mitogen-activated protein
kinase pathway. Human umbilical vein endothelial cells (HUVECs) were incubated with or
without the respective blockers WHI-P131 (30 μg mL−1), piceatannol (200 μM), U0126 (1
μM), LY-294002 (10 μM), or SB-202190 (10 μM). Blockers were administered 1 h before
OSM addition (100 ng mL−1). Cells were incubated for 30 min with OSM, and STAT1,
STAT3, p44/42, Akt and p38 phosphorylation was determined by western blotting (A).
Real-time polymerase chain reaction (PCR) for Ang2 (B) was performed, employing
specific primers. Values, given as fold change from control, represent mean values ±
standard deviations (SDs) of three independent determinations, and were normalized
according to the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) levels. HUVECs
were transfected with small interfering (si)RNA against STAT1 or STAT3, or control
siRNA. Gene knockdown after 72 h was analyzed by western blot (C). Transfected cells
were stimulated for 12 h with OSM (100 ng mL−1), and real-time PCR for Ang2 (D) was
performed, employing specific primers. Values, given as fold change from control, represent
mean values ± SDs of three independent determinations, and were normalized according to
the GAPDH levels. **P < 0.005, *P < 0.05. C, control; NS, not significant.
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Fig. 4.
Oncostatin M (OSM) increases angiopoietin 2 (Ang2) expression in human aortic and
human microvascular endothelial cells. Confluent monolayers of human aortic endothelial
cells (HAECs) and human heart microvascular endothelial cells (HHMECs) were incubated
in the absence (white bars, C) or presence (black bars, 100 ng mL−1) of OSM for 48 h. Ang2
(A) protein was determined in the supernatant by specific enzyme-linked immunosorbent
assay. Values, given in pg/100 000 cells, represent mean values ± standard deviations (SDs)
of three independent determinations. Each experiment was repeated at least three times. One
representative experiment is shown. Ang2 expression was determined in the supernatant
(SN) and cell lysate (CL) of HAECs (B) and HHMECs (C) incubated in the absence (C) or
presence of OSM by western blot analysis. b-Tubulin was used as a loading control. HAECs
and HHMECs were incubated in the absence (white bars, C) or presence (black bars, 100 ng
mL−1) of OSM for 12 h. Real-time polymerase chain reaction for Ang2 (D) was performed,
employing specific primers. Values, given as fold change from control, represent mean
values ± SDs of three independent determinations, and were normalized according to the
glyceraldehyde-3-phosphate dehydrogenase levels. Each experiment was repeated at least
three times. One representative experiment is shown. *P < 0.005.
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Fig. 5.
Oncostatin M (OSM) induces the expression of glycoprotein 130 (gp130) and OSM receptor
(OSMR). Human umbilical vein endothelial cells (HUVECs), human aortic endothelial cells
(HAECs) and human heart microvascular endothelial cells (HHMECs) were incubated in the
absence (C) or presence of OSM (100 ng mL−1) for 24 h, cells were lysed, and gp130 and
OSMR expression were determined by western blot. β-Tubulin was used as loading control
(A). Each experiment was repeated at least three times. One representative experiment is
shown. HUVECs, HAECs and HHMECs were stimulated in the absence (C) or presence of
OSM (100 ng mL−1) for 12 h, and real-time PCR for gp130 (B) and OSMR (C) was
performed, employing specific primers. Values, given as fold change from control, represent
mean values ± standard deviations of three independent determinations, and were
normalized according to the glyceraldehyde-3-phosphate dehydrogenase levels. **P <
0.005, *P < 0.05.
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Fig. 6.
Effect of oncostatin M (OSM) on angiopoietin 2 (Ang2), glycoprotein 130 (gp130) and
OSM receptor (OSMR) expression in mice in vivo. Mice (n = 9 in each group) were injected
with vehicle (200 μL of 0.9% NaCl; white bars, C) or recombinant murine OSM (100 ng per
200 μL of 0.9% NaCl; black bars, OSM) intraperitoneally, and killed after 12 h (A) and 24 h
(B), respectively. mRNA from heart tissue of the left ventricle was extracted, and real-time
polymerase chain reaction was performed for Ang2, gp130, and OSMR. Values, given as
fold change from control, represent mean values ± standard deviations, and were normalized
according to the glyceraldehyde-3-phosphate dehydrogenase levels. *P < 0.05, **P < 0.005.
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