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Conditioned media from (pre)adipocytes stimulate fibrinogen
and PAI-1 production by HepG2 hepatoma cells
DR Faber1, E Kalkhoven2, J Westerink1, JJ Bouwman3, HM Monajemi1 and FLJ Visseren1

BACKGROUND: Obesity is associated with a prothrombotic state, which may contribute to the increased risk of thrombotic events.
OBJECTIVE: To assess the effects of (pre)adipocyte-derived adipokines on fibrinogen, plasminogen activator inhibitor-1 (PAI-1) and
tissue factor (TF) production by hepatocytes.
METHODS: HepG2 hepatocytes were incubated with conditioned media (CM) derived from preadipocytes and adipocytes, which
had been untreated or prestimulated with tumor necrosis factor (TNF)-a, interleukin (IL)-1b or IL-6. After 24 h, supernatants and cell
lysates were harvested for measurement of fibrinogen, PAI-1 and TF.
RESULTS: (Pre)adipocyte CM significantly enhanced the production of PAI-1 by HepG2 cells 2.5- to 4.4-fold. CM from cytokine-
stimulated (pre)adipocytes significantly induced fibrinogen secretion 1.5- to 4.2-fold. TF production was not affected by the CM.
After specific depletion of TNF-a, IL-1b or IL-6 from the CM, IL-6 was shown to be the most prominent stimulus of fibrinogen
secretion and IL-1b of PAI-1 secretion. In addition, fibrinogen, PAI-1 and tissue factor production was evaluated by direct stimulation
of HepG2 cells with TNF-a, IL-1b or IL-6. IL-6 enhanced fibrinogen synthesis 4.3-fold (Po0.01), whereas IL-1b induced PAI-1
production 5.0-fold (Po0.01). Gene expression analyses showed that TNF-a and IL-1b stimulate the adipocyte expression of TNF-a,
IL-1b and IL-6. Cytokine stimulation of adipocytes may thus have induced an inflammatory response, which may have stimulated
fibrinogen and PAI-1 production by HepG2 cells more potently.
CONCLUSIONS: SGBS (pre)adipocytes release cytokines that increase the production of fibrinogen and PAI-1 by HepG2 cells. IL-6
and IL-1b produced by (pre)adipocytes were the strongest inducers of fibrinogen and PAI-1 secretion, respectively.
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INTRODUCTION
Abdominal obesity is strongly related to insulin resistance, type 2
diabetes mellitus, non-alcoholic fatty liver disease and vascular
complications.1–3 In addition to metabolic derangements,
resulting in insulin resistance and low-grade inflammation,
obesity is characterized by abnormalities in hemostasis, coagu-
lation and fibrinolysis, contributing to arterial and venous
thrombosis.4 The prothrombotic state in obesity is reflected by
platelet dysfunction, elevated levels of fibrinogen, tissue factor
(TF), factor VII and the fibrinolysis inhibitor plasminogen activator
inhibitor-1 (PAI-1).5–8

It has been suggested that dysfunctional adipose tissue with a
proinflammatory microenvironment has an important role in the
development of the prothrombotic state.7,9–11 The adipose tissue
secretoma, which consists of a wide range of functionally different
proteins together called adipokines, may exert autocrine,
paracrine and endocrine effects.12 These adipokines may
originate not only from the stromal vascular fraction, infiltrating
inflammatory cells but also from the adipocyte fraction. Adipose
tissue is directly involved in coagulation and fibrinolysis by
adipocyte secretion of TF, PAI-1 and possibly thrombin-activatable
fibrinolysis inhibitor.8,13–16 Adipose tissue may also influence
platelet function by secretion of adipokines eventually leading to
platelet activation.17,18

Owing to the close anatomical relation between visceral
adipose tissue (VAT) and the liver, the primary source of
coagulation factors, it has been suggested that adipokines and
free fatty acids secreted by VAT into the portal vein may influence
the hepatic production of coagulation proteins. The close
interaction between VAT and the liver through the portal vein
was demonstrated by Fontana and co-workers,11 who
demonstrated 50% higher portal concentrations compared with
the systemic circulation. The amount of IL-6 in the portal vein was
associated with the amount of C-reactive protein derived from the
liver.11 Although the association between the VAT–liver interac-
tion and inflammation has been established, the pathophysiolo-
gical mechanisms by which adipose tissue may induce a
hypercoaguable and hypofibrinolytic state are largely unknown.

In this study, we investigated the effects of conditioned media
(CM) from adipocytes and preadipocytes on the production of
fibrinogen, PAI-1 and TF by HepG2 hepatoma cells. We
hypothesized that proinflammatory cytokines/adipokines present
in the CM from adipocytes and preadipocytes stimulate the
production of fibrinogen, PAI-1 and TF by hepatocytes. Confirma-
tion of this hypothesis would support the concept of an adipose
tissue–liver axis in which adipose tissue influences the hepatic
production of coagulation factors and fibrinolysis inhibitors by
releasing adipokines into the portal circulation.
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METHODS
SGBS cell culture
SGBS cells were generously provided by Dr Martin Wabitsch from the
University of Ulm (Ulm, Germany) and differentiated to adipocytes using
a procedure modified from previous publications.19,20 Briefly, SGBS cells were
grown to confluence in Dulbecco’s modified Eagle’s medium/Nutrient
Mixture F-12 Ham’s (Gibco Life Technologies, Blijswijk, The Netherlands)
supplemented with 10% fetal bovine serum (Gibco Life Technologies),
33mM biotin, 17 mM pantothenate, 100mg ml� 1 streptomycin and
62.5mg ml� 1 penicillin (Gibco Life Technologies) at 37 1C and 5% CO2. At
2 days post-confluence, SGBS cells were stimulated to adipogenic
differentiation with serum-free growth medium supplemented with
20 nM insulin, 200 pM triiodothyronine, 1 mM cortisol, 500mM

isobutylmethylxanthine, 25 nM dexamethasone, 0.01 mg ml� 1 human
transferrin and 2 mM rosiglitazone. After 4 days, the medium was
replaced by differentiation medium without isobutylmethylxanthine,
dexamethasone and rosiglitazone. The degree of differentiation was
assessed microscopically 10 days after differentiation counting the ratio
between preadipocytes and differentiated adipocytes. Also, the levels of
peroxisome proliferator-activated receptor-g gene expression were
measured as a marker of differentiation showing a 14-fold increase in
peroxisome proliferator-activated receptor-g gene expression in
differentiated SGBS adipocytes compared with preadipocytes. When at
least 80% of the SGBS cells displayed an adipocytic phenotype, the
medium was replaced by serum-free medium. Local inflammation in
adipose tissue was mimicked by replacing the serum-free medium by
serum-free medium containing different concentrations of the
proinflammatory cytokines (tumor necrosis factor (TNF)-a or interleukin
(IL)-1b) during 24 h. Unstimulated controls were SGBS cells incubated in
the medium without cytokines during 24 h. Preadipocyte conditioned
medium was harvested in a similar manner, except that the medium was
harvested from undifferentiated SGBS cells, which had reached near
confluence.

HepG2 cell culture
HepG2 human hepatoma cells were obtained from the European
Collection of Cell Cultures (no. 85011430). The cell line was grown in
80 cm2 tissue-culture flasks (Nunc, Roskilde, Denmark) using Eagle’s
minimal essential medium (Life Technologies Ltd, Paisley, UK) supple-
mented with 10% fetal bovine serum (Life Technologies) and 2 mmol l� 1

L-glutamine (Life Technologies), 5 ml of non-essential amino acids (Life
Technologies) and 4 mg l� 1 fungizone (Bristol-Meyers Squibb, Woerden,
The Netherlands). Before the experiments, HepG2 cells were propagated
and maintained for at least three passages. In the experiments, cells were
seeded in 48-well plates (Corning Costar; Corning Inc., Corning, NY, USA)
and grown to confluence at 37 1C under 5% CO2. To determine the number
of cells per well, cells were detached using trypsin solution and afterwards
cells were counted in suspensions using a Bürker–Türk chamber.

Incubation
Before incubation with CM, HepG2 cells were cultured with serum-free
medium during 24 h. Serum-free medium was then replaced by the
differential CM from preadipocytes and adipocytes and incubated for 24 h.
After incubation of HepG2 cells with CM, supernatants were harvested and
fibrinogen and PAI-1 were measured. TF was measured in HepG2 cell
lysates, after lysis of HepG2 cells with Triton X-100 (2%) solution.

Immunoassays
Enzyme-linked immunosorbent assays (ELISAs) were conducted for
fibrinogen (Kordia–Biopool, FG-EIA Affinity Biologicals Inc., Leiden, The
Netherlands), PAI-1 (PAI-1 antigen ELISA reagent kit, no. TC11070;
Technoclone GmbH, Vienna, Austria), TF (Imubind Tissue Factor ELISA kit,
product no. 845; American Diagnostica GmbH, Pfungstadt, Germany), IL-1b
(Pelikine compact human IL-1b assay M1934; Sanquin Reagents, Amster-
dam, The Netherlands), IL-6 (Pelikine IL-6 assay M1916; Sanquin Reagents)
and TNF-a (Pelikine compact human TNF-a kit M1923; Sanquin Reagents)
according to the manufacturer’s instructions. For fibrinogen a standard
curve was constructed from normal hemostasis reference plasma (no.
50720; Kordia-Biopool). Standard curves for IL-1b, IL-6, TNF-a, PAI-1 and TF
were constructed from reference samples supplied with the kits. All
parameters were measured in cell culture supernatants, except for TF that
was measured in lysates of cultured HepG2 cells.

Cytokine depletion
For selective cytokine depletion of (pre)adipocyte CM, the corresponding
antibodies were precoated to the wells of a 96-well plate during at least
24 h. After washing the wells, 1000ml of CM was incubated in these wells
during 24 h. After incubation, cytokine-depleted CM were collected and
stored at � 20 1C until further analysis. Depletion efficiency was
determined by testing differential predepletion and postdepletion CM in
corresponding cytokine ELISAs. Using the described method of cytokine
depletion from the CM, 85% of IL-1b, 82% of IL-6 and 80% of TNF-a could
be removed from the CM, as was determined with ELISA measurements
before and after cytokine depletion (data not shown).

Quantitative reverse transcription-polymerase chain reaction
SGBS preadipocytes were differentiated as described above. SGBS
were lysed using Qiazol Lysis Reagent (no. 79306; Qiagen, Venlo,
The Netherlands). After chloroform treatment, total RNA was isolated from
the aqueous phase using the RNeasy Lipid Tissue Mini Kit (no. 74804; Qiagen).
Yield and purity of isolated RNA were determined using photospectro-
metric analysis (BioSpec-nano; Shimadzu Biotech, Seattle, WA, USA). cDNA
was synthesized using Superscript II Reverse Transcriptase (Invitrogen,
Blijswijk, The Netherlands), according to the manufacturer’s protocol.
Expression levels of human IL-1b, IL-6 and TNF-a were determined by real-
time polymerase chain reaction (PCR) using the LightCycler (Roche Applied
Science, Almere, The Netherlands). Briefly, the relative expression of the
housekeeping gene 36B4 was used to calculate the relative expression of IL-
1b, IL-6 and TNF-a. The PCR reactions were performed using the DNA
Master SYBR-green 1 kit (Roche Applied Science) and contained 5.0ml of
1:10 diluted cDNA, 0.25 pmolml� 1 primer, DNA master SYBR-green I
solution and MgCl2 (3.5 mM). For each sample, PCR reactions were carried
out in duplicate. Primer sequences were as follows: human IL-1b—sense
primer, 50-TACCTGTCCTGCGTGTTGAA-30 , antisense primer, 50-TCTTTGG
GTAATTTTTGGGATCT-30 ; human IL-6—sense primer, 50-TACCCCCAGGAG
AAGATTCC-30 , antisense primer, 50-TTTCAGCCATCTTTGGAAGG-30 ; human
TNF-a—sense primer, 50-TCTTCTCGAACCCCGAGTGA-30 , antisense primer,
50-CCTCTGATGGCACCACCAG-30 ; human 36B4—sense primer, 50-CGGGAAG
GCTGTGGTGCTG-30 , antisense primer, 50-GTGAACACAAAGCCCACATTCC-30 .

Data analyses
Gene expression results are expressed as means±standard error of the
mean (s.e.m.). Differences in quantitative measures were tested for
significance using the unpaired two-tailed Student’s t-test. Significance
was established when Po0.05.

RESULTS
Effects of (pre)adipocyte CM on production of fibrinogen, PAI-1
and TF by HepG2 cells
To investigate changes in TF, fibrinogen and PAI-1 production
induced by adipokines secreted by preadipocytes and adipocytes,
HepG2 cells were cultured with CM derived from preadipocytes,
differentiated adipocytes or control media for 24 h. To mimic
adipose tissue inflammation, (pre)adipocytes were incubated with
medium supplemented with TNF-a (1 or 10 ng ml� 1) or in
medium without the cytokine.

As presented in Figure 1, fibrinogen synthesis by HepG2 cells was
not affected by adipocyte CM from unstimulated adipocytes.
However, adipocyte CM from adipocytes cultured with 1 ng ml� 1

TNF-a for 24 h caused a significant 1.5-fold increase in fibrinogen
production to a level of 1010±114 ng ml� 1 (Po0.05). CM from
preadipocytes stimulated with TNF-a (1 and 10 ng ml� 1) induced
a significant increase in fibrinogen production by HepG2 cells
(2745±41 and 2251±382 ng ml� 1, respectively, vs 654±26 ng ml� 1

in the untreated HepG2 cells, Po0.01). Fibrinogen synthesis by HepG2
cells did not significantly increase after incubation with CM from
unstimulated preadipocytes (1802±500 ng ml� 1, P¼ 0.08).

PAI-1 production by HepG2 cells was stimulated upon incuba-
tion with unstimulated and TNF-a-stimulated preadipocyte or
adipocyte CM: CM from adipocytes caused a significant 2.5- to 3.0-
fold increase in PAI-1 production compared with untreated HepG2
cells. In addition, preadipocyte CM induced a 3.2- to 4.4-fold
increase in PAI-1 production.
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There was no increase in TF production by HepG2 cells after
incubation with either preadipocyte or adipocyte CM.

As a control, fibrinogen, PAI-1 and TF concentrations were also
measured in the (pre)adipocyte CM before incubation with HepG2
cells; there was no significant contribution of adipocytes and
preadipocytes to the levels of FG, PAI-1 or TF in the harvested
conditioned medium (data not shown).

In conclusion, PAI-1 production by HepG2 cells is promoted by
CM from unstimulated as well as stimulated adipocytes and
preadipocytes. Significant increases in fibrinogen synthesis could
be demonstrated only in CM derived from (pre)adipocytes after
stimulation with TNF-a. Synthesis of TF was not altered by
culturing HepG2 cells with any (pre)adipocyte CM.

Expression of proinflammatory cytokines and cytokine receptors
in adipocytes
To evaluate the expression of the cytokines TNF-a, IL-1b, IL-6 in
SGBS adipocytes after 24 h stimulation with TNF-a or IL-1b,

quantitative RT–PCR analyses of gene expression were performed.
Gene expression of IL-1b and IL-6 was significantly increased after
stimulation with IL-1b (1 ng ml� 1) (Figure 2a). Incubation of
adipocytes with TNF-a (10 ng ml� 1) for 24 h resulted in a
significant increase in the gene expression of the proinflammatory
cytokines TNF-a, IL-1b and IL-6 (Figure 2b).

The current data indicate that adipocyte stimulation with TNF-a
and IL-1b induces expression of the proinflammatory cytokines
TNF-a, IL-1b and IL-6, which may lead to increased production and
secretion of these cytokines into the medium.

Effects of cytokine depletion on adipocyte conditioned medium-
mediated production of fibrinogen and PAI-1 by HepG2 cells
To evaluate the contribution of the adipocyte-produced proin-
flammatory cytokines TNF-a, IL-1b and IL-6 to the CM effects on
prothrombotic factors (Figure 1), antibody-mediated depletion of
these cytokines was performed. Depletion of IL-6 led to significant
reductions in fibrinogen synthesis in CM derived from

Figure 1. Effects of adipocyte and preadipocyte conditioned medium on fibrinogen (a), PAI-1 (b) and tissue factor (c) synthesis by HepG2 cells. The
(pre)adipocytes were either cultured with medium (CM) or medium supplemented with TNF-a (CM TNF-a 1 or CM TNF-a (10ngml� 1)) (n¼ 3).
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unstimulated adipocytes (regular CM vs IL-6-depleted CM: 347±2
vs 315±5 ng ml� 1 (Po0.01)) and adipocytes stimulated with
IL-1b (1 ng ml� 1) (regular CM vs IL-6-depleted CM: 1829±211 vs
660±78 ng ml� 1 (Po0.01)) (Figure 3A). Also, fibrinogen synthesis
was reduced after depleting preadipocyte CM of IL-6: unstimu-
lated preadipocyte regular CM vs IL-6-depleted CM, 1015±14 vs
506±24 ng ml� 1 (Po0.001); TNF-a (1 ng ml� 1) stimulated pre-
adipocyte regular CM vs IL-6-depleted CM, 1709±230 vs
850±104 ng ml� 1 (Po0.05); and TNF-a- (10 ng ml� 1) stimulated
preadipocyte regular CM vs IL-6-depleted CM, 1773±293 vs
958±54 ng ml� 1 (Po0.05) (Figure 3a). Specific removal of IL-1b or
TNF-a from the CM did not induce changes in fibrinogen synthesis
(data not shown).

PAI-1 concentrations generally decreased significantly after
depletion of IL-1b from the CM: TNF-a-(1 ng ml� 1) stimulated
adipocyte regular CM vs IL-1b-depleted CM, 589±27 vs
429±17 ng ml� 1 (Po0.01); TNF-a- (10 ng ml� 1) stimulated adi-
pocyte regular CM vs IL-1b-depleted CM, 700±19 vs
392±58 ng ml� 1 (Po0.01); unstimulated preadipocyte regular
CM vs IL-1b-depleted CM, 612±54 vs 447±27 ng ml� 1 (Po0.05);
and TNF-a- (10 ng ml� 1) stimulated preadipocyte regular CM vs
IL-1b-depleted CM, 1041±34 vs 504±88 ng ml� 1 (Po0.01)
(Figure 3B).

In general, there were no alterations in PAI-1 production after
depletion of IL-6 from CM.

TNF-a depletion of (pre)adipocyte CM resulted in significant
PAI-1 reductions in CM derived from unstimulated adipocytes:
unstimulated adipocyte CM vs TNF-a-depleted CM, 463±22 vs
323±39 ng ml� 1 (Po0.05).

In conclusion, depletion of predominantly IL-1b and, to a lesser
extent, TNF-a in preadipocyte and adipocyte CM led to important
reductions in PAI-1 production by HepG2 cells, whereas IL-6
depletion reduced fibrinogen production.

Direct effects of proinflammatory cytokines on fibrinogen, PAI-1
and TF production by HepG2 cells
Having established that depletion of IL-6 ablated CM-mediated
induction of fibrinogen production, while IL-1b (and to lesser
extent TNF-a) depletion reduced the effects on PAI-1 production
(Figure 3), we wished to establish whether these proinflammatory
cytokines are by themselves sufficient to alter prothrombotic
factor production. Fibrinogen production was increased upon
incubation with IL-6 (1, 10 and 100 ng ml� 1) for 24 h, reaching an
optimum at an IL-6 concentration of 10 ng ml� 1 (2840±2 vs
654±26 ng ml� 1 in untreated HepG2 cells). Incubation with IL-1b
(1, 10 and 100 ng ml� 1) for 24 h resulted in a small albeit
significant decrease in fibrinogen synthesis by HepG2 cells
(Figure 4). PAI-1 production was greatly enhanced by IL-1b
treatment, with the strongest effect at 10 ng ml� 1 (1574±78 vs
310±14 ng ml� 1 in untreated HepG2 cells). IL-1b treatment
resulted in a stronger increase of PAI-1 production than adding
TNF-a and IL-6, which also increased PAI-1 levels. In agreement
with the CM data (Figure 1), TF concentrations remained relatively
constant after the addition of cytokines; only high-dose TNF-a
(100 ng ml� 1) and IL-1b (10 ng ml� 1) induced significant increases
in TF concentrations.

Thus, IL-6 and IL-1b, which are produced by adipocytes, can
directly stimulate the production of fibrinogen and PAI-1,
respectively, whereas TF production by HepG2 cells remains
largely unaltered after direct addition of cytokines.

DISCUSSION
As a model for investigating the potential of adipose tissue to
influence the production of procoagulant factors by the liver, this
study evaluated the effects of CM from preadipocytes and

Figure 2. (a) Gene expression of the proinflammatory cytokines TNF-a, IL-1b and IL-6 in SGBS adipocytes after 24 h incubation with IL-1b
(1 ngml� 1) (n¼ 3). (b) Gene expression of the proinflammatory cytokines TNF-a, IL-1b and IL-6 in SGBS adipocytes after 24 h incubation with
TNF-a (10 ngml� 1) (n¼ 3).
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Figure 3. (A) Effects of (pre)adipocyte conditioned medium on the
production of fibrinogen by HepG2 cells before and after removal
of IL-6. The conditioned media (CM) were derived from either
unstimulated adipocytes and preadipocytes (CM) or from adipo-
cytes and preadipocytes stimulated with TNF-a (1 or 10 ngml� 1)
and IL-1b (1 ngml� 1) during 24 h (n¼ 3). (B) Effects of (pre)adipo-
cyte conditioned medium on the production of PAI-1 by HepG2 cells
before and after the removal of (a) IL-1b, (b) IL-6 or (c) TNF-a.
The CM were derived from either unstimulated adipocytes
and preadipocytes (CM) or from adipocytes and preadipocytes
stimulated with TNF-a (1 or 10 ngml� 1) and IL-1b (1 ngml� 1)
during 24 h (n¼ 3).

Figure 4. Effects of proinflammatory cytokines on the production of
fibrinogen, PAI-1 and tissue factor by HepG2 cells (n¼ 3). *Po0.05,
**Po0.01 and ***Po0.001.
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adipocytes on the production of fibrinogen, PAI-1 and TF by
HepG2 cells in vitro. The current results demonstrate that IL-6 in
(pre)adipocyte CM stimulates the production of fibrinogen by
HepG2 cells and that IL-1b and TNF-a in (pre)adipocyte CM induce
an increase in PAI-1 production by HepG2 cells (Figure 5).
Although several cytokines such as TNF-a, IL-1b and IL-6 act as
important inducers of TF production in different cell types,21,22

only marginal increases in TF production by HepG2 cells after
cytokine stimulation were observed in this study. There was no
change in TF production after incubation with adipocyte or
preadipocyte CM, suggesting that cytokine-induced production of
TF is tissue/cell type dependent.

This is the first study to evaluate and demonstrate the effects of
adipocyte/adipose tissue CM on the synthesis of coagulation and
fibrinolysis proteins by HepG2 hepatocytes. Other studies have
reported metabolic alterations in hepatocytes induced by
adipokine containing CM. Conditioned medium from in vitro
differentiated adipocytes induced insulin resistance in HepG2

hepatocytes.23 Addition of resistin, which is primarily synthesized
by macrophages in humans, induced stronger insulin resistance
than CM alone, indicating that local adipose tissue inflammation
with macrophage infiltration may have an important role in the
pathogenesis of insulin resistance. Also, lipid accumulation in
hepatocytes could be stimulated by culturing hepatocytes in
conditioned medium derived from white adipose tissue explants.
Monocyte chemoattractant protein-1 secreted by adipose tissue
was shown to be responsible for the triglyceride accumulation in
the hepatocytes, as incubation of conditioned medium with
antimonocyte chemoattractant protein-1 antibodies prevented
lipid accumulation.24 In addition to experiments using CM from
adipose tissue or adipocytes, co-culture experiments using
transwell systems demonstrated that insulin signaling in primary
hepatocytes was significantly impaired by adipocyte-derived
adipokines.25

Whereas there is a paucity of experimental data on the
pathophysiological mechanisms linking adipose tissue with an

Figure 5. Potential mechanisms by which TNF-a- and IL-1b-stimulated adipocytes induce PAI-1 and fibrinogen production by liver cells: TNF-a
stimulation leads to a strong increase in IL-1b and IL-6 gene expression in adipocytes, which may ultimately lead to elevated levels of IL-1b
and IL-6 in the conditioned medium. IL-1b and IL-6 thereafter stimulate the production of, respectively, PAI-1 and fibrinogen in hepatocytes
after incubation with the adipocyte CM. Stimulation with IL-1b will also lead to an enhanced adipocyte IL-1b and IL-6 gene expression. The
increase of IL-1b gene expression by IL-1b is less potent than TNF-a, however. Stimulation of adipocytes with IL-1bmay thus lead to enhanced
production of PAI-1 and fibrinogen in hepatocytes after incubation with adipocyte CM.
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increased hepatic synthesis of coagulation factors and fibrinolysis
inhibitors, clinical studies have demonstrated a strong association
between abdominal obesity and elevated plasma concentrations
of TF, factor VII, fibrinogen and the fibrinolysis inhibitors PAI-1 and
thrombin-activatable fibrinolysis inhibitor.8,15,26–28 Furthermore,
independent of obesity and VAT amount, the extent of fat
accumulation in the liver, known as non-alcoholic fatty liver
disease, is strongly associated with a proinflammatory and
prothrombotic state.29 Levels of the proinflammatory factors
C-reactive protein and IL-6, as well as the prothrombotic factors
fibrinogen and PAI-1, were shown to increase with more severe
degrees of hepatic steatosis.29,30 As it has been shown that VAT
volume is directly associated with hepatic steatosis,31 these data
underline the close metabolic interconnection between VAT and
the liver.

Increasing adiposity accompanied by adipocyte hypertrophy
leads to adipose tissue hypoxia and endoplasmic reticulum stress,
which result in local inflammation, increased free fatty acid
secretion and an altered adipokine secretion profile.10,12,32

Enhancement of the proinflammatory state may be induced by
adipose tissue macrophages, which are recruited by increased
local production of monocyte chemoattractant protein-1.33

Release of adipokines and proinflammatory factors by VAT in
the portal circulation along with an increased free fatty acid flux
may eventually lead to hepatic insulin resistance, intrahepatic
triglyceride accumulation and alterations of the hepatic
biosynthetic function with increased synthesis of acute phase
proteins. Indeed, it has been shown previously in morbidly obese
subjects that plasma concentrations of IL-6 were approximately
50% greater in the portal vein than in the radial artery.11 It also
appeared that circulating IL-6 levels were specifically related to
visceral adiposity.34 IL-6, which reaches the liver through the
portal circulation, is a potent stimulus for the hepatic production
of acute phase proteins such as C-reactive protein and
fibrinogen,35 both of which are related to obesity.26,36 Our data
support the notion that inflamed adipose tissue may induce
hepatic fibrinogen synthesis by secretion of IL-6.

However, the exact source of elevated PAI-1 plasma levels in
obesity remains to be elucidated, as there are several sites of PAI-1
secretion37 in contrast to fibrinogen, which is predominantly
synthesized in the liver. Although there have been repeated
reports about PAI-1 production, especially by VAT,37 there was no
significant contribution of the cultured adipocytes to PAI-1 levels
in the adipocyte conditioned medium in this study. PAI-1 was thus
primarily derived from HepG2 cells and IL-1b was the most
prominent stimulus of PAI-1 production. Comparably, stimulatory
effects of IL-1b on PAI-1 production have been observed in murine
hepatic cells38 and subcutaneous human adipocytes.39 As IL-1b is
produced by preadipocytes and adipocytes,40 and also by
macrophages, adipose tissue-derived IL-1b may act as a
regulatory cytokine for hepatic PAI-1 production.

Some limitations of the current experiments have to be
considered. We acknowledge that the use of SGBS (pre)adipocytes
and HepG2 hepatoma cell lines constitute a simplified model of
the adipose tissue–liver interaction and that these cell lines are
not fully representative of adipocytes and hepatocytes in vivo.
Also, although SGBS adipocytes represent a widely used cell line
to mimick adipocyte function in vitro, there are important
morphological and functional differences between differentiated
SGBS adipocytes and normal mature adipocytes in adipose tissue,
which have to be acknowledged. The same limitation holds true
for the use of HepG2 hepatoma cells as a model for hepatocytes.
Therefore, the current data should be interpreted with caution
and cannot be simply extrapolated to the complex in vivo
interaction between adipose tissue and the liver. Furthermore, the
use of selective antibodies to deplete cytokines from CM resulted
in an effective but incomplete depletion of these cytokines.
Although important effects of cytokine stimulation on fibrinogen

and PAI-1 have been described in the current experiments, also
other adipokines present in the CM may have had a significant
contribution in stimulating the production of fibrinogen and PAI-1.

In addition, we acknowledge the fact that the concentrations of
the exogenously added cytokines exceed physiological circulating
concentrations in vivo, which may have elicited responses in the
cultured SGBS cells that would not otherwise occur at lower
concentrations. On the basis of previously published results on
adipocyte stimulation with proinflammatory cytokines, the above-
mentioned concentrations of TNF-a, IL-1b and IL-6 were used to
create a local inflammatory response. Lower more physiological
concentrations of proinflammatory cytokines most likely will not
result in detectable metabolic changes using the current methods.

Finally, some of the exogenously added cytokines used to
stimulate the (pre)adipocytes may have been carried over onto
the HepG2 cells, inducing additional production of proinflamma-
tory cytokines by these cells, which may have led to increased
production of fibrinogen and PAI-1.

In conclusion, proinflammatory cytokines in CM from preadi-
pocytes and adipocytes lead to increased production of fibrinogen
and PAI-1 by human hepatocytes. IL-6 and IL-1b in the CM were
the strongest inducers of, respectively, fibrinogen and PAI-1. These
data support the concept that adipose tissue may enhance the
hepatic production of coagulation proteins by secreting proin-
flammatory cytokines and adipokines in the portal circulation,
thus causing a hypercoagulable state.
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