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The production of coagulation factor VII by adipocytes is
enhanced by tumor necrosis factor-a or 1soproterenol

N Takahashi'?, T Yoshizaki®, N Hiranaka', O Kumano'*, T Suzuki'“, M Akanuma®, T Yui®, K Kanazawa® M Yoshida’, S Naito”, M Fujiya?,

Y Kohgo? and M leko'

BACKGROUND: A relationship has been reported between blood concentrations of coagulation factor VIl (FVII) and obesity. In
addition to its role in coagulation, FVII has been shown to inhibit insulin signals in adipocytes. However, the production of FVII by
adipocytes remains unclear.

OBJECTIVE: We herein investigated the production and secretion of FVII by adipocytes, especially in relation to obesity-related
conditions including adipose inflammation and sympathetic nerve activation.

METHODS: C57BI/6J mice were fed a low- or high-fat diet and the expression of FVIl messenger RNA (mRNA) was then examined in
adipose tissue. 3T3-L1 cells were used as an adipocyte model for in vitro experiments in which these cells were treated with tumor
necrosis factor-a (TNF-a) or isoproterenol. The expression and secretion of FVII were assessed by quantitative real-time PCR,
Western blotting and enzyme-linked immunosorbent assays.

RESULTS: The expression of FVIl mRNA in the adipose tissue of mice fed with high-fat diet was significantly higher than that in mice
fed with low-fat diet. Expression of the FVII gene and protein was induced during adipogenesis and maintained in mature
adipocytes. The expression and secretion of FVII mRNA were increased in the culture medium of 3T3-L1 adipocytes treated with
TNF-a, and these effects were blocked when these cells were exposed to inhibitors of mitogen-activated kinases or NF-kB
activation. The B-adrenoceptor agonist isoproterenol stimulated the secretion of FVII from mature adipocytes via the cyclic AMP/
protein kinase A pathway. Blockade of secreted FVII with the anti-FVIl antibody did not affect the phosphorylation of Akt in the
isoproterenol-stimulated adipocytes.

CONCLUSION: Obese adipose tissue produced FVII. The production and secretion of FVII by adipocytes was enhanced by TNF-a or

isoproterenol via different mechanisms. These results indicate that FVII is an adipokine that plays an important role in the

pathogenesis of obesity.

International Journal of Obesity (2015) 39, 747-754; doi:10.1038/ijo.2014.208

INTRODUCTION

Obesity is characterized by the excessive accumulation of fat.
Recent studies reported that obesity was associated with a
dysregulation in adipokines and the infiltration of inflammatory
cells, which has been linked to the upregulation of tumor necrosis
factor-a (TNF-a). Furthermore, the neural networks of multiple
organs including sympathetic nerve activation have been shown to
contribute to the pathogenesis of obesity.' The incidence of many
cardiovascular risk factors such as lipid abnormalities, hypertension
and diabetes is higher in obese patients.” In addition to these risk
factors, a previous study demonstrated that hemostatic and
fibrinolytic disturbances had a role in the pathogenesis of
cardiovascular diseases as a consequence of obesity and its related
complications.” Plasma concentrations of fibrinogen, factor VI,
factor VIIl, von Willebrand factor and plasminogen activator
inhibitor-1 (PAI-1) were shown to be significantly higher in obese
subjects than in non-obese subjects.®

Coagulation factor VII (FVII) is a vitamin K-dependent glyco-
protein that is mainly produced by the liver. FVIl is crucially

involved in the extrinsic pathway of blood coagulation.” It is
present in the circulation primarily as an inactive zymogen. When
vascular wall injuries occur, FVII forms a complex with its cell
surface receptor and cofactor, tissue factor (TF). Once in a complex
with TF, FVII is rapidly cleaved to its active form (FVlla), which
subsequently converts zymogen factor IX and factor X into active
enzymes. Activated factor X accelerates the formation of
thrombin, which, in turn, mediates the formation of fibrin to
produce blood clots. Thus, FVII has a pivotal role in initiating the
TF-induced coagulation pathway. In addition to this crucial role of
FVIl in blood coagulation, Badeanlou et al.® recently reported that
FVII has other roles in metabolism by inhibiting insulin signals via
the TF-protease activating receptor 2 pathway in adipocytes.®
These aforementioned roles implicate FVII as a multi-functional
molecule in vivo.

Evidence is accumulating to show that FVII is related to obesity
and its associated conditions. Body mass index and the waist-to-
hip ratio are independently associated with circulating levels of
fibrinogen and FVII as well as those of anti-fibrinolytic proteins
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including PAI-1.° FVII levels were also found to be higher in
subjects with metabolic syndrome than in healthy subjects.”
High-fat meals induce the postprandial activation of plasma FVIL."!
Elevated values of plasma FVII due to obesity were decreased by
weight reductions in both humans'*'* and mice."® These lines of
evidence indicated that FVII has a pivotal role in obesity. Plasma
FVII levels have been closely associated with serum triglyceride
levels, and were attenuated by interventions with anti-
dyslipidemic agents,'® which may be explained by FVII partly
binding to very low-density lipoproteins in plasma.'” Moreover,
increased plasma FVII levels have been reported in patients with
diabetes and have been associated with an increase in systemic
blood coagulation activity.'®2° A glucose clump study revealed
that the mechanism by which FVII levels were modulated in
diabetes was mediated, at least in part, by hyperglycemia, not
hyperinsulinemia.?' FVIl activity has been proposed as an
independent cardiovascular risk factor, was shown to be higher
in various atherosclerotic diseases.>> Overall, FVIl has been
associated with the pathophysiology of obesity, dyslipidemia
and diabetes.

FVII is mainly produced by the liver and is secreted into the
blood.” However, several studies described the extra-hepatic
production of FVIL2*?* Mihara et al.?> showed that the expression
of FVIl messenger RNA (mRNA) in the adipose tissue of db/db mice
was higher than that in control mice. db/db mice are leptin
receptor-deficient mutant mice that spontaneously become
obese.?® The cell components of adipose tissue include pre-
adipocytes, fibroblasts, endothelial cells and immune cells in
addition to adipocytes. However, it currently remains unclear
whether FVII gene expression is higher in the adipose tissue of
obese wild-type mice and also which kinds of cells in adipose
tissue produce FVII.

We herein investigated whether the upregulated expression of
FVII in the adipose tissue of wild-type obese mice was also present
in mutant db/db mice. We then focused on adipocytes, which
comprise the vast majority of cells in adipose tissue, to examine
the production and secretion of FVII. We determined whether and
how adipocytes produced and secreted FVII, especially in two
obesity-related conditions: adipose inflammation and sympathetic
nerve activation.

MATERIALS AND METHODS

Chemicals

Mouse recombinant TNF-g, interleukin-13 (IL-1B), IL-6, isoproterenol,
sodium salicylate, isobutyl-methyl-xanthine, 8-bromo-cyclic AMP (8-bromo-
cAMP) and H-89 (N-[2-(p-bromocinnamylamino)ethyl]-5-isoquinoline-sulfo-
namide) were purchased from Sigma (St Louis, MO, USA). U0126 was
purchased from Cayman Chemical (Ann Arbor, MI, USA), and SB202190,
SP600125 and 6-amino-4-(4-phenoxyphenylethylamino) quinazoline were
from ENZO Life Sciences (Farmingdale, NY, USA).

Animals

Male C57BL/6J mice (Charles River Japan, Tokyo, Japan) were maintained in
a temperature- and light-controlled room. After a 2-week acclimation
period, mice were fed with a low-fat (LF; D12450B, Research Diets, New
Brunswick, NJ, USA) or high-fat diet (HF; D12492, Research Diets) for
10 weeks. Epididymal adipose tissue was removed and frozen at — 80 °C for
further analysis. All animal interventions were performed in accordance
with the Animal Care and Use Committee of Asahikawa Medical University.

Cell culture and adipocyte differentiation

3T3-L1 fibroblasts were purchased from the American Type Culture
Collection (Manassas, VA, USA). In each experiment, cells were seeded
into six-well culture plates. The cells were induced to differentiate
into adipocytes according to the standard protocol using isobutyl-
methyl-xanthine, dexamethasone and insulin (MDI) as described
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previously.?” Fully differentiated adipocytes were used 12-14 days after
the induction of differentiation.

Cell treatment

Messenger RNA and intracellular protein were extracted at each time point
as indicated in the figure legends and then used in the experiments.?’
Fully differentiated 3T3-L1 adipocytes were treated with TNF-a, IL-13 or
IL-6 at a dose of 20 ng mlI™" for 24 h, and total RNA was then extracted for
the expression analysis of FVII. The effects of TNF-a on FVII expression were
investigated using multiple concentrations (0-20 ng ml™") of TNF-a for 36 h
or at different time points (0-36h) at a dose of 20ng ml™". Cells were
treated with a mitogen-activated protein kinase (MAPK) inhibitor, U0126
(10 pum), SB202190 (10 um) or SP600125 (20 um) 0.5 h before the treatment
with TNF-a. Cells were also treated with a NF-kB inhibitor, sodium salicylate
or quinazoline 0.5h before the treatment with TNF-a. After cells were
treated with these inhibitors, TNF-a at a dose of 20 ngml™" was added to
the medium, and the cells were then incubated for an additional 36 h.
Sodium salicylate was dissolved in water, whereas the MAPK inhibitors and
quinazoline were dissolved in dimethyl sulfoxide. The experiments with
inhibitors were performed with an adjustment to a final concentration of
0.1% dimethyl sulfoxide in the medium.

Isoproterenol was dissolved in endotoxin-free sterile water (Sigma) to
make a stock solution. Cells were treated with isoproterenol at different
doses or at serial time points as indicated in the figure legends. Cell culture
media were saved and used for further analysis using Western blotting and
enzyme-linked immunosorbent assay (ELISA). Intracellular protein and total
RNA were extracted for further analyses. 3T3-L1 adipocytes were treated
with several combinations of isoproterenol (3 um) and isobutyl-methyl-
xanthine (0-100 pum) for 2 h. 3T3-L1 adipocytes were also treated with
8-bromo-cAMP for 2 h. The cells were treated with H-89, a specific inhibitor
of cAMP-dependent protein kinase A (PKA) activation 0.5h before the
treatment with isoproterenol at a dose of 10 um for 2 h. Cells were cultured
in the presence of the anti-FVIl antibody (1 ugml™) for 0.5h before
isoproterenol (3 pm, 24 h) was added. At the end of the treatment, insulin
(5nm) was added for 10 min. In these experiments, the culture medium
was saved and intracellular protein was extracted for further analyses.

Quantitative real-time PCR analysis

RNA extraction and complementary DNA synthesis were performed as
described previously.?” Briefly, quantitative real-time PCR analysis were
performed with an Applied Biosystems 7500 Sequence Detection System
using the TagMan Gene Expression master mix, according to the
manufacturer's instructions (Applied Biosystems, Foster City, CA, USA).
Validated TagMan Gene Expression Assays containing gene-specific
TagMan probes and primers (Applied Biosystems) for mouse coagulation
factor VIl (Mm00487333_m1) were used for assay-on-demand gene
expression products. Amplification was determined using the comparative
threshold cycle (Ct) method and Sequence Detection Software version 1.4
(Applied Biosystems). The 2799t method was used to calculate the relative
expression of mMRNA.?” 18S ribosomal RNA was used as the endogenous
reference gene because its expression did not significantly change
between samples. Results were normalized by the expression levels of
the eukaryotic 18S ribosomal RNA gene (Hs99999901_s1) and were then
calculated as fold changes relative to the vehicle control. All experiments
were performed at least in triplicate.

Protein extraction and Western blotting

Protein extraction and Western blotting were performed as described
previously.?’” Briefly, to analyze the culture medium, 10 ul out of 1 ml of
culture medium (cell culture area of 10 cm? per well) was subjected to
SDS-polyacrylamide gel electrophoresis (SDS-PAGE). To analyze cell
lysates, equal amounts of extracted protein (20 pg per lane) were resolved
on SDS-PAGE. Western blotting was performed using an antibody against
FVII (Novus Biologicals, Littleton, CO, USA), PPAR-y, C/EBP-a, p-PKAa/B/y
catalytic subunits (Thr 198), B-actin (Santa Cruz Biotechnology, Santa Cruz,
CA, USA), phospho-Akt (Ser 473) or Akt (Cell Signaling Technology,
Danvers, MA, USA). Immunoreactive bands were visualized with enhanced
chemiluminescence (GE Health Care, Tokyo, Japan) using a Light Capture Il
system (ATTO Co., Tokyo, Japan).
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Mouse FVII ELISA

3T3-L1 adipocytes were cultured in six-well culture plates and treated as
described in each experiment. A 100 ul aliquot of the culture medium
(1.0-ml per well) was applied to the Mouse Coagulation Factor FVII ELISA
Set (SEK50034, Sino Biological, Beijing, China) using a 96-well ELISA plate
(MS-8796F, Sumitomo Bakelite Co. Ltd., Tokyo, Japan), according to the
manufacturer's instructions with slight modifications. Color development
was performed using 3,3',5,5'-tetramethylbenzidine (Sigma). The absor-
bance of each well was read at a wavelength of 450 nm with a microplate
reader (MTP-120, Corona Electric, Hitachinaka, Japan). The concentration of
FVII was calculated from the standard curve in each experiment.

Statistical analysis

The results are expressed as means*s.e. Two-tailed unpaired Student’s
t-tests were used for comparison of the two groups. To compare more than
two groups, analysis of variance was performed followed by Turkey’s
multiple comparison tests using GraphPad PRISM software version 5
(GraphPad Software Inc.,, San Diego, CA, USA). P < 0.05 was considered
significant.

RESULTS

FVII expression was increased in the adipose tissue of obese
wild-type mice fed with HF diet

Male C57BL/6J mice were fed a LF or HF diet for 10 weeks. At the
end of the experiment, mice fed with HF diet became obese; the
body weights of mice fed with HF diet were higher than those fed
with LF diet (n=4, 39.4 vs 28.4 g, P < 0.05). Gene expression levels
of FVII in epididymal adipose tissue were significantly higher
(55-fold) in HF diet mice than in LF diet mice, as analyzed by
quantitative real-time PCR (Figure 1a).

3T3-L1 adipocytes expressed FVII

In addition to adipocytes, adipose tissue consists of endothelial
cells, smooth muscle cells and circulating blood cells. We next
attempted to investigate whether adipocytes expressed FVII. We
examined the expression of FVII during adipocyte differentiation
in 3T3-L1 cells. The expression of FVII mRNA was rapidly and
significantly induced during the treatment with a differentiation
cocktail (MDI) and was ~100-fold higher than that before the
induction (day -2; Figure 1b). FVIl mRNA levels had decreased on
day 2, but were maintained at higher levels in mature adipocytes
up to day 20. The protein expression of FVIl in cell lysates was also
detected in mature adipocytes by immunoblotting (Figure 1c). The
differentiation of adipocytes was assessed based on the expres-
sion of the adipocyte markers, PPAR-y and CEBP-a.?® These results
indicated that adipocytes expressed FVII.

FVII expression was increased by TNF-a at the gene level in 3T3-L1
adipocytes

Fully differentiated adipocytes were exposed to various cytokines
related to the pathogenesis of obesity, such as TNF-q, IL-13 and
IL-6. As shown in Figure 2a, TNF-a significantly increased FVII gene
expression levels (P < 0.05), while IL-1B and IL-6 did not. The
increase observed in the expression of FVIl mRNA was both dose
and time dependent (Figures 2b and c). The secretion of FVII in
conditioned medium was also increased, as confirmed by
immunoblotting (Figures 2d and e) and ELISA (Figures 2f and g).
These results demonstrated that TNF-a increased the expression
and secretion of FVII in 3T3-L1 adipocytes.

MAPK and NF-kB signaling may be involved in the TNF-a-induced
expression of FVII in 3T3-L1 adipocytes

To investigate the mechanism by which TNF-a increased the
expression of FVI, we examined the possible involvement of
MAPK and NF-kB signaling. MAPKs are a family of three distinct
protein kinases called MEK-ERK1/2, p38 and c-Jun N-terminal

© 2015 Macmillan Publishers Limited
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Figure 1. Factor VII expression in the adipose tissue of mice and
during adipogenesis in 3T3-L1 cells. (a) Male C57BL/6J mice were fed
a low-fat (LF) or high-fat (HF) diet for 10 weeks (n =4). Total RNA was
extracted from epididymal fat tissue and FVII mRNA expression
levels were measured using quantitative real-time PCR. Expression
values were normalized to 18S ribosomal RNA (rRNA) and fold
changes were expressed relative to LF. Data are represented as
mean + s.e. *P < 0.05 significantly different from LF. (b, ¢) 3T3-L1 cells
were induced to differentiate, as described in the Materials and
methods section. MDI represents the duration of differentiation
induction. The gene (b) and protein (c) expression of FVII was
determined at various time points during adipogenesis by
quantitative real-time PCR and immunoblotting. (b) FVII gene
expression levels were normalized with the expression levels of
18S rRNA. Results were calculated as fold changes relative to the
values on day -2 and expressed as meanz+s.e. (n=3). *P <0.05
significantly different from day -2. (c) FVII protein expression in cell
lysates [FVII (lys)] during the course of adipocyte differentiation
(n=3) was visualized. Representative blots are shown. PPAR-y and
C/EBP-o protein expression was used as markers of adipocyte
differentiation. $-actin was used as an internal loading control.

kinase (JNK), and are involved in the intracellular signaling of
TNF-a.?° To clarify whether each MAPK was involved in the
increased expression of FVII mRNA by TNF-a, we examined the
effects of each kinase inhibitor for MEK (U0126), p38 (SB202190) or
JNK (SP600125) on the mRNA expression of FVII by TNF-a in
3T3-L1 adipocytes. As shown in Figure 2h, all three MAPK
inhibitors blocked the induction of FVII mRNA by TNF-a. We next
employed two kinds of inhibitors of NF-kB activation, sodium
salicylate and quinazoline. Pretreatment with these inhibitors
canceled the induction of FVII expression induced by TNF-a
(Figure 2i). These results indicated that the TNF-a-induced
expression of FVIl may be mediated by MAPK and NF-kB signaling.
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Figure 2.

Gene expression and secretion of FVII induced by TNF-a in 3T3-L1 adipocytes. (a) Fully differentiated 3T3-L1 adipocytes were treated

with either TNF-q, interleukin (IL)-1B, IL-6 or vehicle (Veh) for 24h (n=3). (b, d and f) 3T3-L1 adipocytes were treated with different
concentrations of TNF-u at doses of 0, 2 and 20 ng ml™" for 36 h (n=3). (c, e and g) 3T3-L1 adipocytes were treated with 20 ng mI™" of TNF-« for
12, 24 and 36 h (n=3). (h) Fully differentiated 3T3-L1 adipocytes were cultured in the presence of U0126 (10 um), SB202190 (SB, 10 um) or
SP600125 (SP, 20 pm) for 0.5 h before the addition of TNF- (20 ng ml™", 36 h; n = 3). (i) Cells were also cultured in the presence of salicylate (Sal,
10 mM) or quinazoline (QNZ, 20 nm) for 0.5 h before the addition of TNF-a (20 ng mI™", 36 h; n=4). Dimethyl sulfoxide (DMSO) was used as a
vehicle control. FVII gene expression (a-c, h and i) was analyzed by quantitative PCR and normalized to the expression of 18S ribosomal RNA.
The secretion of FVII into the medium [FVII (m)] was analyzed by immunoblotting (d, e) and ELISA (f, g). Representative blots are shown. Data
were calculated by fold changes vs vehicle control (a, b and f), time 0 (¢, g) or control without TNF-« (h, i) and expressed as the mean +s.e.

*P < 0.05 vs control.

Isoproterenol-induced FVII secretion in 3T3-L1 adipocytes

Sympathetic nerve activation is a feature in the pathogenesis
of obesity."™ We attempted to stimulate 3T3-L1 adipocytes by
isoproterenol, an agonist of the B-adrenergic receptor. As shown
in Figure 3a, isoproterenol dose dependently increased the
secretion of FVII in the medium. Time-course analysis revealed
that isoproterenol significantly increased the secretion of FVII after
60 min, as confirmed by immunoblotting and ELISA (Figures 3b
and ¢). The treatment with isoproterenol did not appear to affect
the secretion of FVII in cell lysates. Isoproterenol did not alter the
mRNA expression levels of FVII (Figure 3d). These results indicated
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that isoproterenol stimulated the secretion of FVII in 3T3-L1
adipocytes.

The cAMP/PKA signaling pathway was involved in the
isoproterenol-induced secretion of FVII by 3T3-L1 adipocytes

We next investigated the involvement of the cAMP/PKA signaling
pathway in the isoproterenol-induced secretion of FVII by
adipocytes. Fully differentiated 3T3-L1 adipocytes were treated
with a combination of isoproterenol and an inhibitor of cyclic
guanosine monophosphate phosphodiesterase isobutyl-methyl-
xanthine, thereby enhancing the concentration of endogenous
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Figure 3. Isoproterenol-induced secretion of FVII by 3T3-L1 adipocytes via the cCAMP-PKA pathway. (a) Fully differentiated 3T3-L1 adipocytes
were treated with isoproterenol at a dose of 0, 1, 3 or 10 um for 24 h. (b-d) 3T3-L1 adipocytes were treated with 3 pm of isoproterenol at
different time points, and the culture medium was then collected. Total intracellular protein and total RNA were then extracted. (e) Fully
differentiated 3T3-L1 adipocytes were treated with a combination of isoproterenol (Isop, 3 um) and isobutyl-methyl-xanthine (IBMX, 0-100 pm)
as indicated for 2 h. (f) 3T3-L1 adipocytes were treated with 8-bromo-cAMP (8BrcAMP) for 2 h. (g) 3T3-L1 adipocytes were pretreated with the
cAMP-dependent PKA inhibitor H-89 for 0.5 h and were then treated with isoproterenol (Isop, 10 pm) for 2 h. An equal volume (10 pl) of the
culture medium (1 ml per well) was analyzed by immunoblotting. The protein expression of FVII in the medium (a, b, e, f and g) and cells (b)
was visualized using Western blotting. Phosphorylated PKA (p-PKA) was used as a positive control, and f-actin was used as a loading control.
Representative blots of secreted FVII in the medium [FVII (m)] and cellular FVII [FVII (lys)] are shown. (c) Secreted FVII in the culture medium
were evaluated using murine FVII ELISA (n = 3). *P < 0.05 significantly different from time 0. (d) FVIl mRNA expression was analyzed at different
time points after the treatment with isoproterenol by quantitative real-time PCR (n = 3). No significant difference was observed in FVIl mRNA
levels between the time points examined.

attenuated the insulin-stimulated phosphorylation of Akt
(Figure 4). The phosphorylation of Akt was not increased by the
blockade of secreted FVII with the anti-FVII antibody.

cytosolic cCAMP. As demonstrated in Figure 3e, isobutyl-methyl-
xanthine amplified the isoproterenol-induced secretion of FVII by
3T3-L1 adipocytes. A treatment with an analog of cAMP, 8-bromo-
cAMP stimulated the secretion of FVII by 3T3-L1 adipocytes in
parallel with the increased phosphorylation of PKA (Figure 3f). A

treatment with the cAMP-dependent PKA inhibitor H-89 canceled DISCUSSION

the isoproterenol-induced increase in the secretion of FVII
(Figure 3g). Collectively, these results showed that the
isoproterenol-induced secretion of FVII was mediated by the
cAMP/PKA signaling pathway.

Effect of blocking secreted FVII induced by isoproterenol using the
anti-FVIl antibody on insulin signaling.

We investigated whether secreted FVII by the stimulation with
isoproterenol affected insulin signaling in cells. Isoproterenol

© 2015 Macmillan Publishers Limited

In the present study, we first showed that the mRNA expression
levels of FVII in the adipose tissue of diet-induced obese mice
were higher than those of lean control mice. Taken together with
the findings of a previous study using obese db/db mutant mice,*
our results using wild-type mice reinforced FVII gene expression
being increased in obese adipose tissue. We next determined
whether adipocytes, which account for the vast majority of cells in
adipose tissue secreted FVII using 3T3-L1 cells and demonstrated
that adipocytes produces and secretes blood coagulation FVII.
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Figure 4. Effect of blocking the secretion of FVII induced by
isoproterenol using an anti-FVIl antibody on insulin signaling. Fully
differentiated 3T3-L1 adipocytes were cultured in the presence of an
anti-FVIl antibody (1ugml™") for 0.5h before the addition of
isoproterenol (Isop, 3 um, 24 h; n=3). At the end of the treatment,
insulin (5nm) was added for 10 min. The protein expression of
phospho-Akt (Ser 473) by cells was visualized using Western
blotting. Total Akt was used as a loading control. Representative
blots are shown.

We further confirmed that the gene expression of FVII was
induced in the early stage of adipocyte differentiation and this
increase in expression was maintained to a late stage in mature
adipocytes, which suggested that FVIl may be an adipokine.

Adipose tissue is an active endocrine and paracrine organ that
releases a large number of cytokines and bioactive mediators such
as leptin, adiponectin, IL-6 and TNF-a, which influence not only
body weight homeostasis, but also insulin resistance, diabetes,
lipid levels, blood pressure, coagulation, fibrinolysis, inflammation
and atherosclerosis.® Obesity is associated with metabolically
unfavorable changes in the expression of these adipokines:
increased levels of TNF-a, IL-6, resistin, PAI-1 and leptin, and
reduced levels of adiponectin. One important reason for the
altered profiles of adipokines is adipose inflammation, which is
characterized by the infiltration of immune cells into obese
adipose tissue. Although adipocytes secrete TNF-q, infiltrated
macrophages predominantly secrete TNF-q, thereby worsening
adipose inflammation. Thus, TNF-a has been identified as a key
cytokine that alters the metabolic function of adipocytes. For
example, TNF-a was shown to reduce the production of
adiponectin, but increased PAI-1 levels in adipocytes.”® Therefore,
we speculated that TNF-a may have a role in the increased
expression of FVII in adipose tissue. We herein demonstrated that
TNF-a increased the expression of FVII in adipocytes through the
MAPK-NF-kB pathway, which suggested that chronic inflamma-
tion may promote the secretion of FVII from adipocytes. Since
plasma levels of FVII have been positively associated with obesity,?
adipose FVII may contribute, at least in part, to the increased levels
of FVII observed with obesity. The degree to which adipocyte-
derived FVII contributes to the systemic concentration of FVII
needs to be validated.

In our study, obese adipose tissue expressed 55-fold higher
levels of FVII mRNA than non-obese adipose tissue. Even though
TNF-a is also known to stimulate an increase in the expression of
FVII mRNA by 3T3-L1 adipocytes, our results revealed only a
several-fold increase in the expression of FVII mRNA. One
possibility is that infiltrated macrophages may also synthesize
FVII because macrophages in atheroma have been shown to
produce FVII.>® Another possibility is that the production of FVII in
response to inflammatory stimuli may be higher in the isolated
adipocytes of adipose tissue from obese mice or in vivo than in the
cultured cell line used in the present study. Most of our studies
have relied on cultured murine adipocytes; therefore, further
investigations with other cell lines or in vivo studies are warranted.
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Sympathetic nerve system (SNS) activation is a feature in the
pathogenesis of obesity.' Compared with subcutaneous fat,
abdominal visceral fat is a prime adipose tissue depot that links
obesity with elevated sympathetic nerve activity.>'*? Anato-
mically, sympathetic nerves innervate adipose tissue.33*
Therefore, the increased activation of sympathetic nerves via
B-adrenoceptors in adipocytes is critical for the regulation of
lipid mobilization.®® Previous studies with sympathetic nerve
denervation revealed that SNS regulated cell proliferation in
adipocytes.3® Moreover, the chronic activation of Bs-adreno-
ceptors was associated with the transformation of white fat to
brown fat.>”® Thus, SNS has pivotal roles in adipocyte physiology.
Therefore, we explored the effects of SNS activation on the
secretion of FVII by adipocytes. In the present study, we showed
that stimulating 3T3-L1 adipocytes with isoproterenol, an agonist
of B-adrenergic receptor, increased the secretion of FVIL
The activation of [-adrenergic receptors generally triggers
adenylyl cyclase to release cAMP, as in adipocytes. The release
of cAMP activates PKA, which, in turn, phosphorylates triglyceride
lipase, hormone-sensitive lipase and perilipins in adipose tissue,
ultimately resulting in the lipolysis of stored triglycerides.
Our results indicate that the mechanism by which isoproterenol
increases the secretion of FVIl in adipocytes was mediated by the
cAMP-PKA pathway, similar to the pathway for lipolysis.

When we compared the stimulations used on 3T3-L1 adipo-
cytes, the mechanism underlying the secretion of FVII mediated
by B-adrenergic receptor activation was found to be distinct from
that by TNF-a. Moreover, the time-course and magnitude of the
secretion were different between both stimulations; the secretion
of FVII by the activation of 3-adrenergic receptors was greater and
faster than that by TNF-a. Regarding differences in the regulatory
mechanisms of FVII, several studies indicated that the production
of FVII was regulated by multiple mechanisms. For example,
insulin has been shown to reduce the expression and secretion of
FVII mRNA by hepatocytes through the transcription factor, C/EBP-
B.3° Glucose deprivation in the culture medium results in an
increase in the expression of FVII in hepatocytes by activating
transcription factor 4.*° The extra-hepatic expression of FVII has
been reported in addition to that in the liver. For example, some
mammary cancer cell lines express FVII.>* FVIl mRNA and protein
were also detected in the macrophages and aortic smooth muscle
cells of advanced atherosclerotic lesions.”® Collectively, these
findings indicate that the expression of FVIl may not be restricted
to hepatocytes, it may also occur in extra-hepatic cells including
adipocytes, and is regulated by multiple mechanisms.

Adipose tissue has been implicated in hemostasis, coagulation
and fibrinolysis."’ Adipose tissue induces platelet activation
through the secretion of adipokines such as leptin and
adiponectin, and may contribute to hypercoagulation through
the production of TF. The hypertrophic adipocytes observed in
obesity produce and secrete PAI-1, which is the most important
endogenous inhibitor of tissue plasminogen activator and
urokinase-type plasminogen activator.*> PAI-1 inhibits fibrinolysis,
thereby promoting blood coagulation. Our results suggest that
adipocytes similarly increasing FVII and PAI-1 levels to facilitate
blood coagulation. However, the activation of B-adrenergic
receptors and other cAMP-elevating agents has been shown to
suppress the production of PAI-1 in adipose tissue,”*** in contrast
to the production of FVII. Thus, the effects of catecholamines on
the secretion of PAI-1 may be incompatible with that of FVII.

FVII was previously shown to inhibit insulin signals in
adipocytes,® indicating that FVIl secreted from adipocytes may
exacerbate local insulin resistance in an autocrine manner.
Therefore, we tested the direct effects of secreted FVII on insulin
signaling in our adipocyte model by evaluating the phosphory-
lation of Akt when FVII secretion was blocked using an anti-FVII
antibody. The results obtained showed that the inactivation of
secreted FVII did not affect the phosphorylation of Akt.
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Figure 5. Schematic illustration of the expression and secretion of
FVII in adipocytes. The expression of FVIl is programmed during the
differentiation of 3T3-L1 cells from fibroblasts to adipocytes. The
expression of FVII is maintained in mature adipocytes. In obesity,
infiltrated inflammatory cells such as macrophages (M¢) predomi-
nantly secrete TNF-a. The results of the present study indicated that
TNF-a induced the expression and secretion of FVII from adipocytes
by affecting gene expression levels presumably via the MAPK
and NF-xB pathways. On the other hand, the stimulation of
B-adrenoceptors using isoproterenol rapidly induced the secretion
of FVII via the cAMP-PKA pathway without affecting gene
expression levels. FVII secreted by adipocytes may influence the
pathogenesis of obesity because FVII acts locally to inhibit insulin
signaling. Thus, FVII secreted by adipocytes may contribute to the
higher concentrations of FVII observed with obesity.

Isoproterenol apparently inhibited basal levels of phosphorylation;
therefore, suppressive effect may have canceled the blocking
effect of FVII. Badeanlou et al.® demonstrated that exogenous FVila
inhibited the phosphorylation of Akt in 3T3-L1 adipocytes at a
concentration of 25nm. In our experiments, the maximum
concentration of secreted FVII was ~800 pgml~', which corre-
sponded to 0.015nm, suggesting that the concentration of
secreted FVII in our model was too low to affect insulin signaling.
Therefore, we cannot confirm the definite effects of FVII on local
insulin resistance at this stage. In the future, the pathophysio-
logical significance of adipocyte-derived FVII will be revealed by
using other models, for example, adipocyte-specific FVII knock-
out mice.

In summary, the results presented herein substantiate the
expression of FVII being induced during adipocyte differentiation
and maintained in mature adipocytes. The secretion of FVII from
adipocytes was stimulated by either TNF-a or isoproterenol, which
suggested that FVII in adipocytes could have a pivotal role in
obesity (Figure 5). A clearer understanding of the mechanism
underlying the production of FVII by adipocytes may lead to the
amelioration of the deleterious aspects of obesity. Taken together,
the present study provides the first evidence that FVII is an
adipokine associated with coagulation, inflammation and obesity.
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