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Vascular Endothelial Growth Factor Is Induced by the
Inflammatory Cytokines Interleukin-6 and Oncostatin
M in Human Adipose Tissue In Vitro and in Murine

Adipose Tissue In Vivo

G. Rega, C. Kaun, S. Demyanets, S. Pfaffenberger, K. Rychli, P.J. Hohensinner, S.P. Kastl,
W.S. Speidl, T.W. Weiss, J.M. Breuss, A. Furnkranz, P. Uhrin, J. Zaujec,
V. Zilberfarb, M. Frey, R. Roehle, G. Maurer, K. Huber, J. Wojta

Objectives—It is believed that adipose tissue acts as an endocrine organ by producing inflammatory mediators and thereby
contributes to the increased cardiovascular risk seen in obesity. A link between adipose tissue mass and angiogenesis
has been suggested. Vascular endothelial growth factor (VEGF) seems to be implicated in this process. Members of the
glycoprotein (gp)130 ligand family regulate VEGF expression in other cells.

Methods and Results—We used tissue explants as well as primary cultures of preadipocytes and adipocytes from human
subcutaneous and visceral adipose tissue to investigate whether the gp130 ligands oncostatin M (OSM), interleukin-6
(IL-6), leukemia inhibitory factor (LIF), and cardiotrophin-1 (CT-1) regulate VEGF expression in human adipose tissue.
Human subcutaneous and visceral adipose tissue responded to treatment with IL-6 and OSM with a significant increase
in VEGF production. Human preadipocytes were isolated from subcutaneous and visceral adipose tissue. Adipocyte-
differentiation was induced by hormone-supplementation. All cell types responded to IL-6 and OSM with a robust
increase in VEGF protein production and a similar increase in VEGF-specific mRNA. Furthermore, IL-13 synergisti-
cally enhanced the effect of OSM on VEGF production. AG-490, a JAK/STAT inhibitor, abolished the OSM-dependent
VEGEF induction almost completely. In mice, IL-6 and OSM increased serum levels of VEGF and VEGF mRNA and

vessel density in adipose tissue.

Conclusion—We speculate that the inflammatory cytokines IL-6 and OSM might support angiogenesis during adipose
tissue growth by upregulating VEGF. (Arterioscler Thromb Vasc Biol. 2007;27:1587-1595.)

Key Words: obesity m angiogenesis m inflammation m cytokines

besity is the primary metabolic disorder in Western

industrialized countries. Obese patients are at higher
risk of developing cardiovascular diseases, and several stud-
ies suggest obesity as an independent risk factor. Obesity is
characterized by an increased adipose tissue mass with
increased size and number of mature adipocytes. Adipose
tissue— besides its role in energy storage—is now also seen
as an endocrine organ that produces and secretes a variety of
cytokines, hormones, and other proteins such as interleukin
(IL)-6, IL-8, leptin, resistin, and plasminogen activator inhib-
itor (PAI)-1." Elevated plasma levels of several adipose
tissue—derived factors, also called adipokines, such as IL-6
and PAI-1 are found in obese patients and are associated with
the development and progression of cardiovascular diseas-
es.23 It should be noted that extensive vascularization is

required for adipose tissue to act as an endocrine organ
efficiently. Thus a complex relationship between adipose
tissue growth, vascularization, and adipokines and thus pos-
sibly also cardiovascular diseases seems to exist. In fact, a
recent study found that adipose tissue mass could be regu-
lated through the vasculature.* Angiogenesis—the formation
of new blood vessels from preexisting vessels—provides
efficient supply with nutrients and oxygen and thus is crucial
for tissue development and growth. In the case of adipose
tissue, also differentiation of preadipocytes into adipocytes
seems to be dependent on new blood vessel formation.’
Treatment with different angiogenesis inhibitors resulted in
reversible weight reduction and adipose tissue loss.*%7 Vas-
cular endothelial growth factor (VEGF), a key agonist of
angiogenesis and major permeability factor, is expressed and
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secreted by adipose tissue, preadipocytes, and adipocytes.®°
A recent article showed that overexpression of VEGF is
associated with increased angiogenesis during rebound
weight gain after restricted food intake.!°

Members of the glycoprotein 130 (gp130) receptor/gp130
ligand family have been shown to play a direct and indirect
role in angiogenesis in different tissues.!':'2> For example,
IL-6 increases the expression of VEGF in myeloma cells,
gastric carcinoma, epidermoid, and cervical cancer.'>"'> An-
other gp130 ligand, namely oncostatin M (OSM), mainly
produced by activated T lymphocytes, monocytes, and mac-
rophages and involved in the regulation of inflammation,
tissue remodeling, and cell growth, upregulates VEGF in
cardiac myocytes, astroglioma cells, and smooth muscle cells
as shown by us and others.'®~'® Furthermore we could
demonstrate recently that human preadipocytes and adipo-
cytes express receptors for gp130 ligands.'®

In the present study we investigated the impact of the
gp130 ligands OSM, IL-6, leukemia inhibitory factor (LIF),
and cardiotrophin-1 (CT-1) on VEGF expression in human
adipose tissue in vitro and ex vivo. These effects were studied
in subcutaneous and visceral white adipose tissue and in the
human brown adipose tissue derived cell-line PAZ6. Further-
more we determined possible effects of IL-6 and OSM on the
expression of VEGF in adipose tissue in mice in vivo.

Materials and Methods

Primary cultures of human visceral and subcutaneous preadipocytes,
adipocytes, and ex vivo cultures were prepared from adipose tissue
and characterized as described previously.'® The human brown
adipose tissue—derived cell line PAZ6 was treated under the same
conditions as freshly isolated preadipocytes.?®

Mice were injected with recombinant murine (rm) OSM or rm
IL-6. Serum was stored at —80°C. Organs were perfused with saline
and epididymal and visceral adipose tissue were excised and stored
in liquid nitrogen (LN,) or embedded in Tissue-Tek OCT Compound
and stored at —20°C.

VEGF was determined by specific enzyme-linked immunosorbent
assays (ELISAs). Real-time-polymerase chain reaction (PCR) was
performed using LightCycler-RNA Master SYBR Green I (Roche)
according to the manufacturers instructions. Primers were designed
using the LightCycler Probe Design Software Version 1.0 (Roche)
and the Primer3 Software (http://frodo.wi.mit.edu/).

Mouse adipose tissue sections were stained with anti-CD31 goat
IgG and with Alexa Fluor 546 donkey anti-goat IgG.

Data were compared statistically by ANOVA. Values of P<<0.05
were considered significant.

For details please see supplemental data, available online at
http://atvb.ahajournals.org.

Results

Effects of gp130 Ligands on VEGF Secretion by
Ex Vivo Culture of Adipose Tissue

Human adipose tissue fragments of subcutaneous and visceral
fat were incubated with the gp130 ligands OSM (100 ng/mL),
IL-6 (100 ng/mL), LIF (10* U/mL), and CT-1 (100 ng/mL),
respectively, for 48 hours. In subcutaneous and visceral
adipose tissue, OSM induced a significant increase of VEGF
production up to 6.5-fold and 9-fold, respectively. IL-6 also
significantly increased VEGF secretion up to 2.5-fold in
subcutaneous and visceral fat. In both tissue types, LIF led

only to a minor increase of VEGF (1.5-fold, not significant),
whereas CT-1 had no effect (Figure 1A and 1B).

Effects of gp130 Ligands on VEGF Production by
Preadipocytes and Adipocytes

Preadipocytes of subcutaneous and visceral adipose tissue
were treated with OSM (100 ng/mL), IL-6 (100 ng/mL), LIF
(10* U/mL), and CT-1 (100 ng/mL), respectively, for 48
hours. VEGF secretion was significantly increased by OSM
and IL-6 in both subcutaneous and visceral adipose cell
cultures up to 6.5-fold and 7-fold (OSM) and up to 3-fold
(IL-6). LIF significantly upregulated VEGF by 3-fold in
subcutaneous and visceral preadipocytes. CT-1 led to a
minor increase of VEGF production in visceral preadipo-
cytes and had no effect in subcutaneous preadipocytes
(Figure 1C and 1D).

We stimulated adipocytes of subcutaneous and visceral
adipose tissue under the same conditions to investigate a
possible cell-dependent effect within the adipose tissue. OSM
and IL-6 induced a significant increase of VEGF secretion in
subcutaneous adipocytes up to 4.5-fold and 2-fold, respec-
tively, and up to 15.5-fold and 3.5-fold in visceral adipocytes.
LIF led to a minor increase (1.5-fold) in adipocytes of both
tissue types, whereas CT-1 induced VEGF production up to
3-fold in visceral adipocytes, but had no effect in subcutane-
ous adipocytes (Figure 1E and 1F).

OSM and IL-1 Induce VEGF Synergistically

The inflammatory cytokine IL-18 is expressed in and se-
creted by human adipose tissue.?! Combined treatment with
OSM and IL-1f3 has been shown to synergistically upregulate
VEGF release in astroglioma cells and smooth muscle
cells.'”18 Visceral and subcutaneous preadipocytes, adipo-
cytes, and adipose tissue explants were stimulated with
OSM (100 or 10 ng/mL) and IL-13 (1 ng/mL) for 48 hours.
IL-18 enhanced significantly OSM-induced VEGF secre-
tion in all cell and tissue types (Figure 2A through 2F).
These results were confirmed on the level of mRNA
(supplemental Table I).

Dose-Dependent Effect of OSM and IL-6

When preadipocytes and adipocytes of subcutaneous and
visceral fat were treated with increasing concentrations of
OSM (0.1 to 100 ng/mL) or IL-6 (0.1 to 100 ng/mL) for 48
hours, VEGF secretion was stimulated in a dose-dependent
manner. The maximum response to OSM and IL-6 was
observed at a concentration of 100 ng/mL, respectively
(Figure 3A through 3F).

Effects of gp130 Ligands on VEGF mRNA

Preadipocytes and adipocytes of visceral and subcutaneous
adipose tissue were incubated with OSM (100 ng/mL), IL-6
(100 ng/mL), LIF (10* U/mL), and CT-1 (100 ng/mL),
respectively, for 8 hours. As shown in supplemental Table I,
OSM and IL-6 induced a significant increase of VEGF-
specific mRNA in all cell types. LIF upregulated VEGF
mRNA in subcutaneous preadipocytes and adipocytes and in
visceral preadipocytes, but had no effect in visceral adipo-
cytes. VEGF mRNA was increased by CT-1 in subcutaneous
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preadipocytes and visceral preadipocytes and adipocytes, but
not in subcutaneous adipocytes.

Effects of gp130 ligands on VEGF Expression by
PAZ-6 Preadipocytes and Adipocytes

We stimulated preadipocytes and adipocytes of a human
brown adipose tissue cell line, PAZ-6, with OSM (100
ng/mL), IL-6 (100 ng/mL), LIF (10* U/mL), and CT-1 (100
ng/mL). OSM, IL-6, and CT-1 significantly increased VEGF
secretion in both PAZ-6 preadipocytes and adipocytes up to
4-fold and 3.5-fold (OSM), up to 3.5-fold and 2-fold (IL-6),
and up to 3-fold and 2-fold (CT-1). LIF led to a minor
increase of VEGF in PAZ-6 preadipocytes (1.5-fold) and
adipocytes (1.5-fold, n.s.; Figure 4A and 4B). The effect of
OSM and IL-6 on VEGF secretion was dose-dependent with
a maximum response at a concentration of 100 ng/mL,
respectively (Figure 4C through 4F). All gpl130 ligands
induced a significant increase of VEGF mRNA in PAZ-6
preadipocytes and adipocytes, except for LIF in PAZ-6
adipocytes (supplemental Table I).

OSM Upregulates VEGF Secretion Independent of
IL-6 in Adipocytes

To investigate a possible autocrine effect of IL-6 produced by
adipocytes on OSM-induced VEGF production, subcutaneous
adipocytes were stimulated with OSM (100 ng/mL) or 1L-6
(100 ng/mL) for 24 hours in absence or presence of an IL-6
neutralizing polyclonal goat antibody (4 pg/mL, R&D Sys-
tems). As shown in Figure 5A, increased VEGF secretion by
OSM in subcutaneous adipocytes was not abolished by neutral-
izing IL-6 whereas increased secretion of VEGF by IL-6 was
reduced significantly by this antibody.

OSM Increased VEGF Release in Human Adipose

Tissue Cells via JAK/STAT Pathway

It is known that gp130-130 ligand interaction activates Janus
kinase/signal transducer and activator of transcription (JAK/
STAT), mitogen activated protein kinase (MAPK) and the
phosphatidylinositol 3 kinase (PI3K)-Akt pathways. We and
others could show that OSM induction of VEGF is mediated
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by STAT-3 in cardiac myocytes, astroglioma cells, and
human airway smooth muscle cells.!°-!8 To investigate which
of these pathways was involved in OSM-induced VEGF
expression in adipose tissue we preincubated visceral preadi-
pocytes for 60 minutes with a JAK/STAT inhibitor, AG-490,
with a PI3K inhibitor, 1.Y294002, with a MEK-1 inhibitor,
PD98059, and with an inhibitor of p38MAPK, SB202190 (all
at 30 wmol/L, Calbiochem/Merck). Thereafter medium was
removed and cells were treated with fresh DMEM/F-12 in the
presence or absence of OSM at a concentration of 100 ng/mL
for 24 hours. The subsequent ELISA showed that OSM-
mediated induction of VEGF was highly dependent on the
JAK/STAT pathway. The OSM-mediated increase of VEGF
was reduced by 78% on treatment with AG-490 in visceral
preadipocytes whereas LY294002 reduced VEGF secretion
by 27%, and PD98059 and SB202190 by 42% under these
conditions (Figure 5C). No evidence of a toxic effect of the

- *%
0

OSM

adipose tissue obtained from 3 different
donors with similar results. A representative
S experiment is shown. ***P<0.0005,
**P<0.005, *P<0.05; n.s., not significant.

-
|
=

OSM+IL-1

inhibitors was observed during the incubation, as assessed by
morphology and by measuring lactate dehydrogenase leakage
as described previously.'” Similar results were seen when
subcutaneous adipocytes were treated with OSM and differ-
ent inhibitors as described above (Figure 5B).

VEGF mRNA in Adipose Tissue and VEGF
Serum Levels Are Upregulated by OSM

and IL-6 in Mice In Vivo

After intraperitoneal injection of OSM or IL-6 as described
under Materials and Methods, a significant increase of VEGF
mRNA levels in adipose tissue in these mice was observed. In
epididymal adipose tissue VEGF mRNA levels increased up
to 4.5-fold and 2.5-fold and in visceral adipose tissue an up to
2-fold and 1.5-fold increase was seen (Figure 6A and 6B). In
addition, serum levels of VEGF in such treated mice were
significantly increased as shown in Figure 6C.
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Expression of CD31 Positive Cells in Mouse
Adipose Tissue Is Increased by OSM

and IL-6 In Vivo

Immunohistochemistry with an anti-CD31 antibody, a spe-
cific endothelial cell marker, revealed a significant increase
of CD31-positive cells in retroperitoneal adipose tissue, when
mice were injected with OSM or IL-6 intraperitoneally over
a period of 18 days (Figure 6D). The presence of adipose
tissue was verified by staining with Sudan III and hematox-
ylin (Figure 6E). Figure 6F shows a typical example of CD31
staining.

Discussion
Earlier studies have demonstrated that VEGF is expressed in
adipose tissue and that its expression is upregulated during
adipocyte differentiation and modulated by hypoxia, norepi-
nephrine, dexamethasone, and insulin.®22-24 Furthermore in-
creased VEGF mRNA and protein levels were found in
adipose tissue of obese animal models.® In the present study
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we provide evidence that VEGF is produced ex vivo by
human subcutaneous and visceral adipose tissue explants.
VEGF production in these explants was significantly in-
creased by the gp130 ligands IL-6 and OSM whereas LIF and
CT-1 had no effect. Furthermore we show that primary
human preadipocytes and adipocytes isolated from visceral as
well as from subcutaneous adipose tissue constitutively ex-
press VEGF. We published previously that human preadipo-
cytes and adipocytes of subcutaneous and visceral adipose
tissue express gp130, the common receptor unit for all gp130
ligands, and the specific receptor subunit for IL-6 receptor,
LIF receptor, and OSM receptor.'® Here we show that similar
to the results obtained with adipose tissue explants, OSM and
IL-6 led to a robust increase of VEGF protein in all cell types
studied. In contrast to adipose tissue explants also LIF
significantly increased the production of VEGF in preadipo-
cytes and adipocytes of visceral and subcutaneous origin,
whereas CT-1 only upregulated VEGF production in visceral
adipose tissue cells. It should be emphasized that the OSM-
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induced increase in VEGF production by adipocytes and
preadipocytes was further significantly amplified in the pres-
ence of IL-1f3, another well-known inflammatory cytokine. In
correlation with the data obtained on the protein level, IL-6
and OSM also increased VEGF-specific mRNA levels in all
subcutaneous and visceral cells as shown by real-time-PCR
whereas VEGF-specific mRNA was upregulated by LIF only
in subcutaneous preadipocytes and adipocytes and in visceral
adipocytes and by CT-1 only in subcutaneous preadipocytes
and visceral preadipocytes and adipocytes. We also provide
evidence that the effect of OSM on VEGF production is
independent of autocrine IL-6 production in these cells,
because it was not affected by neutralizing anti—IL-6 antibod-
ies. Using the JAK/STAT inhibitor AG-490 we could show
that the effect of OSM on VEGF release was mainly mediated
by activating the JAK/STAT pathway. This is in line with
previous papers demonstrating an OSM-induced upregulation
of VEGF in a STAT-3-dependent manner in human adult

cardiac myocytes, human astroglioma cells, and human air-
way smooth muscle cells.!6-18

Our in vitro evidence for a role of particular gp130 ligands
in the regulation of VEGF expression by adipocytes is further
supported by our findings that IL-6 and OSM upregulate the
levels of mRNA specific for VEGF in adipose tissue in mice
in vivo. This increase of VEGF mRNA levels in adipose
tissue was accompanied by a concomitant increase in VEGF
serum levels in these animals. Furthermore it should be
emphasized that a significant increase in blood vessel density
in adipose tissue samples obtained from these mice was
observed.

In addition to our results obtained with white adipose tissue
we could also show that IL-6 and OSM dose-dependently
increase VEGF production in preadipoctyes and adipocytes
of the brown adipose tissue cell line PAZ-6. Brown adipose
tissue exhibits a completely different capacity of metabolic
activities compared with white adipose tissue. In that respect
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Figure 5. VEGF upregulation by OSM in
human adipose tissue cells is independent
of IL-6 and mainly induced via JAK/STAT
pathway. Human subcutaneous adipocytes
were prepared from subcutaneous adipose
tissue as described under Materials and
Methods and were incubated for 24 hours
in the absence or presence of rh OSM (100
ng/mL) or rh IL-6 (100 ng/mL) without and
with an IL-6-neutralizing polyclonal goat
antibody (4 png/mL; A). Human subcutane-
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ous adipocytes (B) and human visceral
preadipocytes (C) were prepared from vis-
ceral and subcutaneous adipose tissue as
described under Materials and Methods and
were preincubated for 60 minutes with JAK/
STAT inhibitor AG-490, PI3K inhibitor
LY294002, MEK-1 inhibitor PD98059, and
p38MAPK inhibitor SB202190 (all at

30 pumol/L). Thereafter medium was
removed, fresh medium with or without
OSM (100 ng/mL) was added, and the cells
were incubated for 24 hours. Conditioned
media were collected and VEGF was deter-
mined as described under Materials and
Methods. Values represent mean
values*SD of 3 independent determina-
tions. Experiments were performed 3 times

0OSM +
SB202190
OSM +
PD98059

800
6004
400+

2004

0
2
=
c
(=]
o

VEGF in pg/10000 cells/48 hours

osM
AG-490 ]*
0OSM +
AG-490
OSM +
LY294002

o
o
o
+
@
o
>
=

SB202190 ]"
PD98059 }*

it should be noted that Burysek et al>> reported an up to
40-fold increase of IL-6 in brown adipocytes stimulated with
norepinephrine, a main inducer of thermogenesis. The au-
thors of this article speculated that IL-6 produced by brown
adipose tissue could play a paracrine role in the regulation of
thermogenesis in this tissue. We could show in the present
work that IL-6 stimulates the expression of VEGF in PAZ-6
preadipocytes and adipocytes up to 3.5-fold. We speculate
that elevated levels of IL-6 and local accumulation of this
cytokine might improve vascularization by upregulating
VEGF and thus could support the increased blood flow
required for extensive oxygen delivery to brown adipose
tissue during thermogenesis.

As discussed above, evidence from studies showing that
angiogenesis inhibitors caused adipose tissue loss and a
reduction in weight and prevented diet-induced and genetic
obesity in mice, supports the notion that adipose tissue mass
and thus obesity can be regulated through neovasculariza-
tion.*¢ Our findings provide a possible link between the

for each cell type prepared from adipose
tissue obtained from 3 different donors,
respectively, with similar results. A repre-
sentative experiment is shown. ***P<0.0005,
**P<0.005, “P<0.05 compared with control,
###P<0.0005, #P<0.005, #P<0.05 compared
with OSM, §P<0.05 compared with IL-6
and not significant compared with control.
n.s., not significant; IL-6 AB: IL-6 neutraliz-
ing antibody.

OSM +
SB202190
OSM +
PD98059

gpl130/gp130 ligand system and the local expression of
VEGEF in adipose tissue. Increased levels of VEGF in adipose
tissue could result in better vascularization, necessary for
proper function of adipose tissue as an endocrine organ.
Subsequently, increased VEGF levels, induced by gpl30
ligands in the fat, could then indirectly lead to elevated levels
of adipokines associated with the development of cardiovas-
cular disease such as PAI-1 and IL-6.23 On the other hand,
IL-6 and OSM by acting on adipose tissue could also
contribute to increased serum levels of VEGF seen in obese
patients.2%?7 A possible link between increased plasma levels
of VEGF and the development of cardiovascular disease is
discussed after two reports showed that administration of
VEGF in mice and rabbits induced the progression of
atherosclerotic plaques.?8-2° It should be mentioned, however,
that the impact of adipose tissue VEGF to the serum VEGF
level is still controversially discussed. Here we show that the
inflammatory mediators IL-6 and OSM upregulate the ex-
pression of VEGF in human and murine adipose tissue and
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Figure 6. Effect of OSM and IL-6 on VEGF
production and CD31 expression in mouse
adipose tissue in vivo. Mice were injected
with rm OSM (100 ng in 200 uL 0.9% NaCl),
rm IL-6 (100 ng in 200 uL 0.9% NaCl), or
200 pL 0.9% NaCl intraperitoneally, rein-
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jected using the same procedure after 12
hours, and euthanized after 24 hours. Epi-
didymal (A) and visceral (B) adipose tissue
and blood samples (C) were collected and
processed as described under Material and

IL-6

Methods. VEGF mRNA and VEGF antigen,
respectively, were determined as described
* under Material and Methods. VEGF mRNA
levels were normalized according to the
respective GAPDH mRNA levels and are
given as percent of control, which was set
as 100%. In a separate experiment, rm
OSM (100 ng in 200 pL 0.9% NaCl), rm IL-6
(100 ng in 200 pL 0.9% NaCl), or 200 pL
0.9% NaCl were daily injected intraperitone-
ally. Animals were euthanized after 18 days

| & 2
c o c
[=] (=]
o oy
» 150 » 250
2 C 8 D
3 i s 2 200
5 3
€ 100+ 1
ki A 150+
& T b T
=4 g 1004
c 507 5
L e
o] g 509
=
0
A )
4 5
5
Q

that both mediators increase serum levels of VEGF in mice.
Whereas plasma levels of IL-6 are elevated in obese patients,
no such data are yet available for OSM.? In that respect it
should be noted that IL-6 concentrations in the interstitial
fluid of human subcutaneous adipose tissue are markedly
higher than in the peripheral blood and IL-6 is also upregu-
lated during adipocyte differentiation and correlates with
adipose cell size.?*3! Furthermore, it should be emphasized
that macrophages are known to accumulate in adipose tissue
and are thought to contribute to elevated levels of inflamma-
tory mediators such as IL-6 also locally in the fat.2627
Macrophages, however, also produce OSM and thus it is
tempting to speculate that these cells by producing IL-6 and
OSM in adipose tissue might contribute to the upregulation of
VEGF in obese patients.3>33

In conclusion, we present evidence for the first time for a
link between selected gp130 ligands and VEGF production in
adipose tissue. We show that the gp130 ligands and inflam-
matory mediators IL-6 and OSM significantly upregulate the
expression of VEGF in human preadipocytes and adipocytes
of visceral and subcutaneous origin in vitro and in murine

and retroperitoneal adipose tissue was col-
lected. CD31 antigen was visualized in cryo-
sections and CD31-stained cells were quan-
tified as described under Material and
Methods and are given as percent of con-
trol, which was set as 100% (D). The pres-
ence of adipose tissue was verified by
staining with Sudan lll and hematoxylin (E).
F shows a typical example of CD31 stain-
ing. Values represent mean values=SD
Experiments were performed with 5 different
mice. **P<0.005, *P<0.05.

adipose tissue in vivo. We speculate that these cytokines, by
upregulating VEGF in adipose tissue, could contribute to
vascularization preceding adipose tissue growth, subse-
quently resulting in elevated levels of adipokines linked to
cardiovascular disease on the one hand and on the other hand
possibly to increased serum levels of VEGF in obese patients.
Thus we hypothesize that the link between particular gp130
ligands and VEGF in adipose tissue could contribute to the
increased cardiovascular risk associated with obesity.
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