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Beta-adrenoceptor Activation by Norepinephrine Enhances
Lipopolysaccharide-induced Matrix Metalloproteinase-9 Expression
Through the ERK/JNK-c-Fos Pathway in Human THP-1 Cells
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Aim: Atherosclerosis is a chronic inflammatory disease, which leads to thrombosis and acute coro-
nary syndrome. Matrix metalloproteinase-9 (MMP-9) is involved in the stability of the extracellular
matrix (ECM) and atherosclerosis plaque. Until now, it is established that lipopolysaccharide (LPS)
and norepinephrine (NE) are associated with the pathological process of atherosclerosis. However, the
combined effect of LPS and NE on MMP-9 is unclear. We investigated the combined effect of LPS
and NE on MMP-9 expression in human monocytes and the mechanism involved in the process.
Methods: THP-1 cells were cultured and treated with LPS and/or NE. MMP-9 and TIMP-1 gene
and protein expression were detected by real time PCR and ELISA, respectively. MMP-9 activity was
detected by gelatin zymography. Adrenoceptor antagonists and MAPKs inhibitors were used to clar-
ify the mechanism. Pathway-related proteins were detected by Western blot.

Results: We found that NE enhances LPS-induced MMP-9 and TIMP-1 expression as well as
MMP-9 activity in THP-1 cells. This effect is reversed by the beta (8)-adrenoceptor antagonist pro-
pranolol, extracellular signal-regulated kinases (ERK) inhibitor U0126, and c-Jun N-terminal kinase
(JNK) inhibitor SP600125. NE enhances LPS-induced ERK/JNK phosphorylation. NE up-regulates
LPS-induced c-Fos expression, which is counteracted by propranolol, U0126, and SP600125. Fur-
thermore, c-Fos silence reverses the effect of NE on MMP-9 activity.

Conclusions: Our results suggest that NE enhances LPS-induced MMP-9 expression through S-adren-
ergic receptor and downstream ERK/JNK-c-Fos pathway. This study may help us to understand the
combined effect and mechanism of NE/LPS on MMP-9 expression.
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contain many monocytes, leads to coronary thrombo-

1)

Introduction -
sis and acute coronary syndrome".

Atherosclerosis is recognized as a chronic inflam-
matory disease. Considerable evidence supports that
immune cells, such as monocytes, are involved in this
process. Monocytes and macrophages accumulate in
the growing lesion, ingest lipids, and contribute to the
development of atherosclerosis. Rupture of atheroscle-
rosis plaques, which frequently occurs in regions that
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Rupture of atherosclerosis plaques always occurs
when there is severe inflammation response and stress
stimulation, which leads to the structure of the thin
fibrous cap being destroyed. Matrix metalloprotein-
ase-9 (MMP-9) is involved in this process. MMP-9
and its natural inhibitor, which is called the tissue
inhibitor of matrix metalloproteinase-1 (TIMP-1),
play an important role in the regulation of extracellu-
lar matrix (ECM) metabolism. Studies have shown
that MMP-9 is related to plaque instability?. High
expression of MMP-9 is observed in atherosclerotic
plaques, particularly in the shoulder regions, which
are more prone to instability and rupture 9.
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Table 1. Primers used for real-time PCR

Target Forward-Primer (5’-3’) Reverse-Primer (5°-3)
MMP-1 AAAATTACACGCCAGATTTGCC GGTGTGACATTACTCCAGAGTTG
MMP-3 AGTCTTCCAATCCTACTGTTGCT TCCCCGTCACCTCCAATCC
MMP-9 TGTACCGCTATGGTTACACTCG GGCAGGGACAGTTGCTTCT
MMP-12 GGAATCCTAGCCCATGCTTTT CATTACGGCCTTTGGATCACT
TIMP-1 CTTCTGCAATTCCGACCTCGT ACGCTGGTATAAGGTGGTCTG
B-actin ATTGGCAATGAGCGGTTC GGATGCCACAGGACTCCAT
Lipopolysaccharide (LPS) and norepinephrine Cell Culture

(NE) are associated with atherosclerosis. In various tis-
sues, LPS has been shown to accelerate atherosclero-
sis”. On binding the toll like receptor 4 (TLR4), LPS
triggers signaling cascades and upregulates the expres-
sion of pro-inflammatory chemokines and cytokines.
An activated TLR4-signaling pathway in monocytes
plays an important role in the progression of athero-
sclerotic disease®”. In addition, activation of the sym-
pathetic nervous system could contribute to endothe-
lial dysfunction and atherogenesiss). NE, the neu-
rotransmitter released from the sympathetic neurons,
contributes to thrombopoiesis and participates in the
pathogenesis of atherosclerosis”.

In some clinical scenarios, such as sepsis, plasma
levels of both LPS and NE are evaluated. Recent stud-
ies have shown that sepsis accelerates atheroma devel-
opment'?. However, the combined effect of LPS and
NE on the expression of MMP-9 is unclear. Based on
these facts, we intended to clarify whether NE affects
LPS-induced MMP-9 expression in human mono-
cytes and the mechanism involved in the process.

Materials and Methods

Reagents and Antibodies

RPMI 1640 medium and Fetal Bovine Serum
(FBS) were purchased from Gibco. Penicillin and strep-
tomycin were purchased from HyClone. A lymphocyte
separation kit, norepinephrine, propranolol, phentol-
amine, and lipopolysaccharide (from Escherichia coli,
serotype B6:055) were obtained from Sigma-Aldrich.
SB203580 (p38 mitogen-activated protein kinase inhib-
itor, p38 MAPK inhibitor), U0126 (extracellular sig-
nal-regulated kinase inhibitor, ERK1/2 inhibitor), and
SP600125 (stress-activated protein kinase/c-Jun N-ter-
minal kinase inhibitor, JNK inhibitor) were obtained
from the Beyotime Institute of Biotechnology. All pri-
mary and secondary antibodies were purchased from

Cell Signaling Technology.
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Primary monocytes from healthy donors were
isolated using a lymphocyte separation kit and the
density gradient separation method. Informed consent
was obtained from all participants. The studies were
approved by the Ethics Committee of the First Affili-
ated Hospital, College of Medicine, Zhejiang University.
The monocytic cell line THP-1 was obtained from the
Cell Bank of Chinese Academy of Science (Shanghai,
China). Cells were maintained in RPMI-1640 con-
taining 10% FCS as well as 100 U/ml penicillin and
100 pg/ml streptomycin at 37°C in a humidified
atmosphere of 5% COz, 95% air. Experiments were
performed after a 24 h cell starvation in RPMI-1640
with 1% FBS. These cells were centrifuged and resus-
pended in fresh RPMI-1640 with 1% FBS and seeded
into 24-well plates at a density of 1x10° cells/ml for
treatment.

ELISA

The levels of MMP-9 and TIMP-1 in the cell
supernatants were determined using MMP-9 and
TIMP-1 ELISA kits (eBioscience, USA) according to

the manufacturer’s instructions.

Real-time PCR (RT PCR)

Total RNA was isolated from primary monocytes
and THP-1 cells using Trizol reagent (Life Technol-
ogy) and was reverse transcribed using Transcriptor
First Strand ¢cDNA Synthesis Kit (Roche, Switzer-
land). RT PCR was performed with the FastStart Uni-
versal SYBR Green Master (Roche), and the reactions
were conducted in ABI 7500 FAST RT PCR system.

The nucleotide sequences of primers used are shown

in Table 1.

Western Blot Analysis

THP-1 cells were harvested in RIPA lysis buffer
(Bioteke Co, Beijing, China) containing 1 mM phenyl-
methylsulfonyl fluoride (PMSF) and then centrifuged
at 12,000 g for 15 min at 4°C. Whole cell lysates were
used for analysis. Equal amounts of protein were sepa-
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Fig.1. LPS upregulates MMPs and TIMP-1 expression in human monocyte cells

Primary human monocytes and THP-1 cells (1 % 10° cells/ml) were dispensed on 24-well plates until 70%—80% confluent and then treated
with LPS (1 pg/ml). The MMPs mRNA level was detected by RT-PCR 3 h after stimulation in (A) primary human monocytes (B) THP-1
cells. TIMP-1 mRNA and protein levels were detected for the indicated time using RT-PCR and ELISA KIT in THP-1 cells (C and D). The
cell-free supernatants were assayed for MMP-9 activity by gelatin zymography (E). Data are expressed as mean = SD from three independent

experiments. *P<0.05, **P<0.01, ***P<0.001.

rated by SDS-PAGE and transferred onto a PVDF
membrane. The membranes were incubated with pri-
mary antibodies, followed by incubation with a horse-
radish peroxidase-conjugated goat anti-rabbit or mouse
IgG secondary antibody. Detection was performed with
ECL (Thermo). The bands were quantified by optical
density ratio using GAPDH as a control.

Assay of MMP-9 by Gelatin Zymography

MMP-9 activity was assessed by gelatin zymogra-
phy. In brief, we cultured cells (1x10° cells/ml) for
different treatments, collected culture supernatants,
added buffer without reducing the agent to the super-
natants, and subjected the supernatants to electropho-
resis on 10% SDS-polyacrylamide gels containing
0.1% gelatin. After electrophoresis, we incubated the
gels in 1% Zymogram Renaturing Buffer (LC2670,
Life Technology) for 30 min with gentle agitation. To

assess gelatinolytic activity, the gels were incubated for
24 h at 37°C in a developing buffer (LC2671, Life
Technology) and stained with Coomassie Brilliant
Blue solution.

RNA Interference

c-Fos siRNA (catalog number sc-29221) and neg-
ative control siRNA (catalog number sc-37007) were
purchased from Santa Cruz Biotechnology, Inc. For
the transfection procedure, cells were grown to 70% —
80% confluence, and c-Fos siRNA and control siRNA
were transfected using LipofetamineTM2000 (Invit-
rogen, Carlsbad, CA) according to the manufacturer’s
instructions. At 24 h post-transfection, the cells received
different treatments. Then, cells were harvested for
Western blot analyses and gelatin zymography.

57



Yin et al.

A _ 259
2 0 LPs 1
£ 207 mm LPs+NE B 1401
L]
> 154 120+ l CJ 24h
[}]
9 - @l 48h
% = 100+ ..
o 101 £ 20-
E wir  (2F g
2 51 |_| |_| a:; 154 okk
= o
= 0- . = Iy ’—‘ﬁ
NIRRT o 2
C 2501
04
CJ 24h | pg(1pg/ml) = - - -
2004 Hg/ml) + + + + + + + +
= Em 48h

TIMP-1 (ng/ml)
>
2

"1
I

0
LPS (1 pg/ml) -++++- - + + + + =
NE (uM)

(<))
o
1

= =0.01011.010 = =10.01011.0 1.0

MMP-9
MMP-2

LPS (1 ug/ml) =
NE(M) = = 001 01 1.0 001 01 1.0

NE(MM) = =0010110 10 = =0010.1 1.01.0

3_

N
1

THP-1 Viability (OD)
L

0-
LPS(ugml) = + + + + = = =
NE(UM) = = 0.01 01 1.0 0.01 0.1 1.0

Fig.2. NE enhances LPS-induced MMP-9 and TIMP-1 expression

THP-1 cells were treated with NE (1.0 pM) and LPS (1 pg/ml) for the indicated time, and MMP-9 mRNA level was detected by RT-PCR
(A). THP-1 cells were exposed to different concentrations of NE or a vehicle for 40 min, and then with LPS for another 24 h or 48 h.
MMP-9 and TIMP-1 expressions were detected by an ELISA kit (B and C). MMP-9 activity was measured by gelatin zymography 48 h after
LPS stimulation (D). THP-1 cells viability was detected by CCK8 kit after 48 h stimulation (E). *P<0.05, **P<0.01, **P<0.001. NS

indicates no significant difference.

Statistical Analysis

Data were expressed as mean+SD and analyzed
using statistical software SPSS 20. The significance of
the differences among the two groups was determined
by # test. One-way ANOVA followed by Bonferroni’s
Multiple Comparison was used for analysis of more
than two groups. All experiments were repeated at
least three times. P values <0.05 were considered sta-
tistically significant.

Results

LPS Upregulates MMPs and Tissue Inhibitor of
Metalloproteinase-1 (TIMP-1) Expression in
Human Monocytes

As shown in Fig. 1A and Fig. 1B, LPS at 1 pg/ml

significantly increased the gene expression of several
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main matrix metalloproteinases (MMP-1, MMP-3,
MMP-9, and MMP-12) (P<0.001) in primary iso-
lated human monocytes and THP-1 cells. LPS could
also upregulate TIMP-1 gene and protein expression,
which is more obvious at the time point of 12 h and
24 h, respectively (Fig.1C and Fig.1D). We also
assessed gelatinolytic activity of MMP-9 in the culture
supernatants after LPS stimulation. As shown in
Fig. 1E, LPS-treated cells had strong gelatinolytic activ-
ity 24 h and 48 h post-LPS treatment. In contrast, the
activity of MMP-2 was unchanged by LPS treatment.

NE Enhances LPS-induced MMP-9 and TIMP-1
Expression
MMP-9 plays an important role in the stability

of atherosclerotic plaque. To investigate whether NE
could affect LPS-induced TIMP-1 and MMP-9 expres-
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Fig.3. NE enhances LPS-induced MMP-9 expression through f-adrenergic receptor

THP-1 cells were pre-treated with propranolol (Pro), phentolamine (Pht), or a vehicle for 30 min, NE
(1.0 pM) for 40 min, and then with LPS for another 3 h for RT-PCR analysis (A) 48 h for ELISA (B)

and zymography (C). **P<0.01, ***P<0.001.

sion, THP-1 cells were exposed to different concentra-
tions of NE (0.01 uM, 0.1 pM, and 1.0 pM) for 40
min, and then with LPS for another 24 h and 48 h.
As shown in Fig.2B and Fig.2C, NE enhanced LPS-
induced MMP-9 and TIMP-1 secretion at 24 h and
48 h. Furthermore, the effect was more obvious when
the concentration of NE was 1.0 pM. NE also enhanced
LPS-induced MMP-9 gene expression (Fig.2A) and
gelatinolytic activity (Fig.2D). However, NE alone
could not induce MMP-9 expression. The CCKS8
assay showed that neither NE alone (0.01 pM, 0.1
pM, and 1.0 pM) nor NE with LPS affected THP-1
cell viability (Fig.2E).

Contribution of -adrenergic Receptor Activation
to the Effect of MMP-9 Expression by NE in LPS-
challenged THP-1 Cells

NE could activate alpha (a)- and beta (f)-adren-
ergic receptors; hence, we further investigated the role
of adrenergic receptors in MMP-9 expression by NE
and LPS. THP-1 cells were pre-treated with the j-

adrenergic antagonist propranolol (Pro), the a-adren-

ergic receptor antagonist phentolamine (Pht) for 30
min, and then with NE and LPS. Gene and protein
expression of MMP-9 were measured in THP-1 cells
and cell supernatants, respectively. As described in
Fig.3A and Fig.3B, NE significantly increased LPS-
induced MMP-9 mRNA (P<0.001) and protein
expression (P<0.01), which were reversed by pre-
treatment with propranolol. Furthermore, gelatino-
lytic activity of MMP-9 enhanced by NE in LPS-chal-
lenged THP-1 cells was reversed by propranolol, but
not by phentolamine (Fig.3C).

The Expression of MMP-9 Induced by NE and LPS
is Dependent on ERK/JNK

It is well recognized that MAPKs activation is
involved in the regulation of LPS-induced MMPs
expression. Thus, we investigated the effect of extracel-
lular regulated protein kinases (ERK) inhibitor U0126,
c-Jun N-terminal kinase (JNK) inhibitor SP600125,
and P38 MAPK inhibitor SB203580 on MMP-9
expression after NE and LPS stimulation. As shown in
Fig.4A, U0126 and SP600125 not only reversed the
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Fig.4. U0126, SP600125 reverse the effect of NE on MMP-9 expression in LPS-Challenged THP-1 cells

After being pre-treated with U0126, SP600125, SB203580, or a vehicle for 30 min, THP-1 cells were stimulated with NE for 40 min, and
then with LPS for another 48 h (A) (B) (C). MMP-9 level and enzyme activity were detected by ELISA kit (A) and zymography (B) (C).

*P<0.05, **P<0.01. **P<0.001

effect of LPS-induced MMP-9 expression but also
counteracted the effect of MMP-9 expression by NE
and LPS. In contrast, SB203580 increased MMP-9
expression induced by LPS alone and LPS combined
with NE. Furthermore, gelatinolytic activity of
MMP-9 enhanced by NE in LPS-challenged THP-1
cells could also be partly reversed by U0126 and
SP600125 (Fig. 4B, Fig. 4C). To demonstrate the effect
of NE on LPS-induced MAPKSs activation, THP-1
cells were exposed to NE (1.0 umol) for 40 min, and
then with LPS for another 30 min. P-ERK, P-JNK,
and P-P38 expression were detected by Western blot.
As shown in Fig.5, NE could enhance LPS-induced
ERK and JNK phosphorylation as well as inhibit LPS-
induced P38 phosphorylation. All the results indicate
that JNK/ERK' phosphorylation is involved in the
expression of MMP-9 induced by NE and LPS.

NE Enhances LPS-induced c-Fos Expression,
which can be Reversed by Propranolol, U0126,
and SP600125

Much evidence indicates that activator protein 1
(AP-1) plays an important role in the expression of
MMP-9. We further investigated the effect of LPS and

NE on c-Fos expression, which forms the AP-1 tran-

60

scription factor. c-Fos expression increased immedi-
ately after LPS-stimulation (Fig.6A). NE increased
c-Fos expression in LPS-challenged THP-1 cells
(Fig.6B). Then, we investigated the role of proprano-
lol, SP600125, and U0126 on c-Fos expression after
NE and LPS stimulation. As shown in Fig.6C and
Fig.6D, Pro, U0126, and SP600125 pretreatment
almost completely inhibited c-Fos expression induced

by NE and LPS.

NE Enhances LPS-induced c-Jun Phosphorylation

c-Jun is another component of AP-1. We investi-
gated the effect of NE/LPS on c¢-Jun and P-c-Jun
expression. LPS increased c-Jun expression. However,
different concentrations of NE (0.01 pmol, 0.1 pmol,
and 1.0 pmol) failed to increase LPS-induced c-Jun
expression (Fig.6E). Next, phosphorylation of ¢-Jun
was measured by Western blot in NE/LPS treated
cells. We found that NE could increase P-c-Jun expres-
sion in LPS-challenged THP-1 cells (Fig. 6F).

c-Fos Silencing Reverses the Effect of NE on

MMP-9 Activity in LPS-challenged THP-1 Cells
To investigate the role of c-Fos in NE and LPS-

induced MMP-9 expression, we used c-Fos siRNA. As
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Fig.5. NE enhances LPS-induced ERK/JNK phosphorylation

After being pre-treated with NE or a vehicle for 40 min, THP-1 cells were stimu-
lated with LPS for another 30 min. MAPKs phosphorylation was detected by
Western blot. P-ERK, P-JNK, P-P38 indicate phosphorylation of ERK, JNK and
P38. T-ERK, T -JNK, T -P38 indicate total of ERK, JNK and P38.

shown in Fig.7A, c-Fos siRNA significantly down-
regulated c-Fos expression. Moreover, c-Fos silencing
partly reversed the increased MMP-9 activity induced
by LPS and NE (Fig.7B).

Discussion

The results of the present study suggest that NE
enhances LPS-induced MMP-9 expression through 8-
adrenergic receptor and downstream ERK/JNK-c-Fos
pathway. It is well established that the expression of
MMPs plays an important role in the pathology of
atherosclerosis diseases'" '?. Recent study has shown
that MMP-9, also known as gelatinase, is strongly cor-
related with plaque instabilitcy. MMP-9 is significantly
higher in patients with coronary artery disease than in
those in the control group'?. Over-expressed MMP-9
is accumulated in the shoulder region of the plaque
where it is vulnerable to rupture; inhibition of
MMP-9 stabilizes the arteries by increasing their colla-
gen content'* 1.

MMP-9 can be secreted by various cells, such as

endothelial cells, fibroblasts, and monocytes/macro-
phages'®. Monocytes and macrophages, which are
capable of forming foam cells, are protagonists in the
process of atherosclerosis. We intended to clarify the
effect of NE and LPS on MMP-9 expression in mono-
cyte cells. We found that LPS upregulated MMPs
expression in both primary isolated human monocytes
and THP-1 cells and also increased MMP-9 activity,
which is in accordance with previous reports. We also
found that TIMP-1, a natural inhibitor of the MMPs,
was upregulated by LPS-stimulation in THP-1 cells,
which may be a concomitant response of MMP-9.
Although many previous reports have investigated
the interaction between NE and LPS, they mainly
focused on the effect of the cytokines release by NE
and LPS' 9. Speidl et a/. have demonstrated that cat-
echolamines could potentiate LPS-induced expression
of MMP-9 expression in U937 cells'”; however, little
is known about the mechanism and pathway involved
in this process. In the present study, we found that NE
increased LPS-induced MMP-9 gene expression as

well as the protein level and gelatinolytic activity in
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NE enhances LPS-induced
c-Fos and P-c-Jun expres-
sion. NE/LPS induced c-Fos
expression can be reversed
by propranolol, U0126, and
SP600125

THP-1 cells were incubated
with LPS for 0, 5, 10, 20, 30,
40, 50, and 60 min. c-Fos
expression was measured by
Western blot (A). After being
exposed to different concen-
trations of NE for 40 min,
THP-1 cells were stimulated
with LPS for another 30 min.
c-Fos expression was deter-
mined by Western blot (B).
Cells were pre-treated with
Pro, U0126, SP600125, or a
vehicle for 30 min, NE for 40
min, and then with LPS for
another 30 min. c-Fos levels
were detected by Western blot
(C-D). After being exposed to
NE for 40 min, THP-1 cells
were stimulated with LPS for
another 30 min. c-Jun and
P-c-Jun were determined by
Western blot (E-F). NS indi-
cates no significant difference.
*P<0.05, *¥*P<0.01, **P<
0.001.
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THP-1 cells were transfected with 100 nM control siRNA, or c-Fos siRNA. After 24 h post-transfection,
the cells were harvested for Western blot analysis (A). After being treated with NE for 40 min and LPS for
another 48 h, MMP-9 activity was measured by gelatin zymography (B). ***P<0.001.

another monocytic cell line, THP-1 cells. However,
NE alone could not induce MMP-9 and TIMP-1
expression in our experiment, which is inconsistent
with Speidl’s reports. This could be explained by the
fact that various cells have different responses to NE;
furthermore, the concentration of NE used in these
two studies also had minor differences (1 uM and 1
pg/ml). Furthermore, we used macrophages derived
from THP-1 cells for zymography detection. We found
that NE could also enhance LPS-induced MMP-9
activity in macrophages (Supplemental Fig.1). In
addition, we found that NE increased LPS-induced
TIMP-1 expression. Mittal ez al. have proposed that
an extracellular stimulus may cause a concordant
increase in MMPs and TIMP?”. We speculate that
NE/LPS-induced AP-1 activation also upregulates
TIMP-1 expression. We believe this effect is very
important. Meanwhile, extracellular stimulus increases
MMP-9 and TIMP-1 expression to maintain ECM
balance.

NE could activate a- and -adrenergic receptors.
Previous studies have shown that different receptor
stimulations exert different effects?. Thus, we intended
to clarify which type of receptor was involved in the

MMP-9 production process. We found that the -
adrenergic receptor inhibitor propranolol nearly com-
pletely inhibited NE-induced MMP-9 (1) gene expres-
sion, (2) the protein level, and (3) gelatinolytic activ-
ity, whereas phentolamine, an a-adrenergic receptor
inhibitor, had no effect on MMP-9 activity. Hori ez /.
proved that administration of isoprenaline (f-adreno-
ceptor agonist) could increase MMP-9 expression®?.
Another study showed that atenolol (-1 adrenocep-
tor antagonist) attenuates the MMP-9 increment by
Angiotensin I1??. All these studies indicate that B-
adrenergic receptors play an important role in MMP-9
expression.

Accumulating evidence indicates that LPS
increases MMP-9 production by activating MAPKSs in
various cells** %%, We employed MAPKSs inhibitors to
clarify the pathway involved in NE- and LPS-chal-
lenged THP-1 cells. We found that ERK inhibitor
U0126, JNK inhibitor SB600125, reduced MMP-9
expression, and gelatinolytic activity not only induced
by LPS but also by LPS combined with NE. We also
found that NE could enhance LPS-induced ERK and
JNK phosphorylation. This suggests that ERK and
JNK phosphorylation is essential in NE/LPS-induced

63



Yin et al.

MMP-9 expression. On the contrary, P38 inhibitor
SB203580 increased MMP-9 expression by LPS and
NE/LPS. Furthermore, NE inhibits P38 phosphoryla-
tion evoked by LPS. It seems that inhibition of P38
activity may contribute to MMP-9 expression in our
study. However, other studies have shown P38 kinase
phosphorylation is essential in the process of LPS-
induced MMP-9 expression”. The inconsistent
results may be due to the different cell types used. Pre-
vious studies also showed that there is a crosstalk
between P38 and the ERK pathway?”?¥; inhibition of
P38 phosphorylation enhances ERK phosphoryla-
tion?. It is reasonable to speculate that inhibition of
P38 in LPS and NE challenged THP-1 cells enhanced
the ERK signaling pathway, which resulted in the
overexpression of MMP-9.

The most prominent transcription factors impli-
cated in MMP-9 gene activation are AP-1 and NF-xB*".
We detected NE/LPS induced NF-«B P-P65 and P65
expression (Supplemental Fig. 2). However, we found
that NE could not enhance LPS-induced P65 activa-
tion. It seems that the NF-«B pathway is not involved
in the mechanism. c-Fos and c¢-Jun are two important
components of the AP-1 transcription factor. In our
study, we found that LPS increased c-Fos expression,
and NE enhanced this effect. We also employed c-Fos
siRNA to clarify its role in MMP-9 expression. As is
shown, c-Fos knockdown partly abolished MMP-9
gelatinolytic activity which is evoked by NE and LPS.
Interestingly, when we pre-treated THP-1 cells with
ERK and JNK inhibitors, the augmentation of c-Fos
expression is alleviated. When pre-treated with pro-
pranolol, as we expected, the NE-induced augmenta-
tion of c-Fos expression in LPS-challenged cells is also
abolished. However, NE could not affect LPS-induced
c-Jun expression at all. But we found that NE could
also increase P-c-Jun expression in LPS-challenged
THP-1 cells. It seems that c-Jun activation is also
involved in NE/LPS induced MMP-9 expression. This
result could also explain why c-Fos knowdown did not
completely abolish MMP-9 gelatinolytic activity in
Fig.7B. However, more studies are needed to clarify
the role and mechanism of P-c-Jun in NE/LPS induced
MMP-9 expression.

Conclusions

In conclusion, we demonstrated that LPS and
NE, two important factors in the pathologic process of
atherosclerosis, have a synergistic effect on the expres-
sion of MMP-9. This effect is associated with the -
adrenergic receptor, and the ERK/JNK-c-Fos pathway.
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Supplemental Fig. 1. NE enhances LPS-induced MMP-9 activity in the THP-1 derived macrophage

THP-1 cells were incubated with PMA (100 ng/ml) for 72 h. A CD11b-FITC antibody was used to detect macrophages (A). After being
exposed to different concentrations of NE or a vehicle for 40 min, and then to LPS for another 48 h, MMP-9 activity was measured by gela-
tin zymography (B)
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Supplemental Fig.2. NE did not enhance LPS-induced NF-«B P65 phosphorylation

After being exposed to NE for 40 min, THP-1 cells were stimulated with LPS for another 30
min. P-P65 and P-65 expression were determined by Western blot
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