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Cigarette Smoke Extract Regulates Cytosolic Phospholipase
A, Expression Via NADPH Oxidase/MAPKs/AP-1 and
p300 in Human Tracheal Smooth Muscle Cells
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ABSTRACT

Up-regulation of cytosolic phospholipase A, (cPLA,) by cigarette smoke extract (CSE) may play a critical role in airway inflammatory
diseases. However, the mechanisms underlying CSE-induced cPLA, expression in human tracheal smooth muscle cells (HTSMCs) were not
completely understood. Here, we demonstrated that CSE-induced cPLA, protein and mRNA expression was inhibited by pretreatment with the
inhibitors of AP-1 (tanshinone IIA) and p300 (garcinol) or transfection with siRNAs of c-Jun, c-Fos, and p300. Moreover, CSE also induced
c-Jun and c-Fos expression, which were inhibited by pretreatment with the inhibitors of NADPH oxidase (diphenyleneiodonium chloride and
apocynin) and the ROS scavenger (N-acetyl-L-cysteine) or transfection with siRNAs of p477"°" and NADPH oxidase (NOX)2. CSE-induced
c-Fos expression was inhibited by pretreatment with the inhibitors of MEK1 (U0126) and p38 MAPK (SB202190) or transfection with siRNAs
of p42 and p38. CSE-induced c-Jun expression and phosphorylation were inhibited by pretreatment with the inhibitor of JNK1/2 (SP600125)
or transfection with JNK2 siRNA. CSE-stimulated p300 phosphorylation was inhibited by pretreatment with the inhibitors of NADPH oxidase
and JNK1/2. Furthermore, CSE-induced p300 and c-Jun complex formation was inhibited by pretreatment with diphenyleneiodonium
chloride, apocynin, N-acetyl-L-cysteine or SP600125. These results demonstrated that CSE-induced cPLA, expression was mediated through
NOX2-dependent p42/p44 MAPK and p38 MAPK/c-Fos and JNK1/2/c-Jun/p300 pathways in HTSMCs. J. Cell. Biochem. 112: 589-599,
2011. © 2010 Wiley-Liss, Inc.
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C igarette smoking is a risk factor in the pathogenesis of
chronic obstructive pulmonary disease (COPD) which is
characterized by inflammatory responses in the lungs [Moodie et al.,
2004]. Moreover, the detrimental effects of cigarette smoke (CS)
in lung inflammation may result from enhancing prostaglandin
(PG) generation in the lungs [Martey et al., 2005]. Airway smooth
muscle (ASM) is considered as an end-response effector mediating
regional differences in ventilation by contraction in response to
various pro-inflammatory mediators and exogenous substances
under homeostatic or pathologic conditions [Hirst et al., 2004].

A number of lipid mediators, such as ecosanoids generated from
arachidonic acid (AA) have been identified in situ in airway secretion

of asthmatics [Barnes, 1989]. These AA metabolites play an important
role in the inflammatory pathogenesis, including asthma [Henderson
et al., 2002]. The generation of ecosanoids is first initiated through the
release of AA from membrane phospholipids hydrolyzed by the action
of phospholipase A, (PLA,) enzymes [Balsinde et al., 1999; Bonventre
and Sapirstein, 2002]. AA is further converted to PGs, such as PGE, by
the constitutive enzyme cyclooxygenase (COX)-1 or the inducible
COX-2 in various cell types [DeWitt, 1999; Yang et al., 2002]. The PLA,
superfamily is composed of three main types of lipolytic enzymes,
including secretory PLA,, the 85 kDa cytosolic group IV PLA, (cPLA,),
and a calcium-independent group VI PLA, in mammalian cells [Six
and Dennis, 2000]. Although several subtypes of PLA, have been
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described, cPLA, is the only one that exhibits specificity for AA, and its
role in mediating agonist-induced AA release for eicosanoid production
in various cell types is well studied [Leslie, 1997]. cPLA, has been shown
to be implicated in acute lung injury induced by sepsis [Nagase et al.,
2000] and bronchial reactivity associated with anaphylaxis [Uozumi
et al,, 1997]. Furthermore, increased synthesis of PGE, is dependent on
an increase in cPLA, activity in various cell types [Dieter et al., 2002;
Ghosh et al., 2004]. Tracheal smooth muscle cells also synthesize these
lipid mediators that exert physiological or pathological actions under
various conditions. These results demonstrate that cPLA, plays an
important role in mediating AA release for production of PGE, by
inflammatory cells and airway resident cells.

Furthermore, CS has been implicated in initiating inflammatory
responses in the airways through the activation of transcription
factors, such as NF-«kB, AP-1, and other signaling transduction
pathways, such as MAPKSs, leading to enhancing expression of
inflammatory genes [Rahman and Adcock, 2006]. In a previous study,
we have shown that cigarette smoke extract (CSE) enhances the
generation of ROS and induces the expression of cPLA, in human
tracheal smooth muscle cells (HTSMCs) through the activation of
NADPH oxidase/MAPKs/NF-«B and AP-1 mechanisms [Cheng et al.,
2009]. AP-1 is a transcriptional regulator and composed of members
of the Fos and Jun families of DNA binding proteins [Zenz et al., 2008].
The Fos proteins (Fos, FosB, Fra-1, and Fra-2) can only heterodimerize
with members of the Jun family. In contrast, the Jun family members
can homodimerize themselves and heterodimerize with Fos members.
Moreover, MAPKs have been shown to regulate AP-1 activation [Zenz
et al., 2008]. Oxidative stress is an important initiator in the
pathogenesis of COPD. We have also shown that CSE-induced MAPKs
activation is mediated through NADPH oxidase/ROS in HTSMCs
[Cheng et al., 2009]. Moreover, ROS have been shown to regulate AP-1
activation [Cheng et al.,, 2009]. These findings imply that these
signaling components such as AP-1 subunits (c-Fos and c-Jun) might
be independently or cooperatively implicated in the expression of
cPLA, induced by CSE in HTSMCs.

Histone acetyltransferases (HATS), such as p300 and CBP (CREB-
binding protein) functioning as transcriptional co-activators and
signal integrators have been proven to play a vital role in expression of
inflammatory genes. Our previous study has demonstrated that IL-13
induced p300 activation and recruitment to the promoter region of
cPLA, [Luo et al., 2008]. In addition, CS has been shown to increase
histone acetylation in A549 cells [Moodie et al., 2004]. Although
several lines of evidence address the involvement of AP-1 and p300 in
cPLA, expression, the roles of p300 and AP-1 (c-Fos and c-Jun) in
cPLA, expression in response to CSE remained to be determined.

Therefore, the experiments were performed to investigate the
mechanisms of intracellular signaling pathways involved in CSE-
induced cPLA, expression in HTSMCs. We report here that in HTSMCs,
CSE-induced cPLA, expression was, at least in part, mediated through
NADPH oxidase/MAPKs/c-Foc and c-Jun as well as p300.

MATERIALS
PP1, diphenylene iodonium chloride (DPI), U0126, SB202190,
SP600125, and tanshinone IIA were from Biomol (Plymouth

Meeting, PA). Anti-cPLA,, anti-c-Jun, anti-c-Fos, anti-p300,
anti-p42, anti-p38, anti-JNK2, anti-phospho-p300, anti-p47°"°%,
and anti-NOX2 antibodies were from Santa Cruz (Santa Cruz, CA).
Anti-phospho-c-Jun antibody was from Cell Signaling (Danver,
MA). N-acetyl-L-cysteine (NAC) was from Sigma (St. Louis, MO).
Apocynin (APO) was purchased from ChromaDex (Santa Ana, CA).
Luciferase assay kit was from Promega (Madison, WI).

PREPARATION OF CIGARETTE SMOKE EXTRACT

CSE was prepared by a method previously described with some
modifications [Mur et al., 2004; Ramage et al., 2006; Nagaraj and
Zacharias, 2007]. In brief, 10 cigarettes (Long Life™ Taiwan
Tobacco and Liquor Production, Taipei, Taiwan; 0.9 mg nicotine/
cigarette) were combusted and the smoke was sucked through a
standard glass-fiber Cambridge filter with a constant flow (0.3L/
min) by an air compressor. The Cambridge filters have been reported
to trap >99% of the smoke particulate matter [Mur et al., 2004].
The smoke filter was quickly dried with a hot plate and the raised
weight in each filter was defined as the amount of CSE. On average,
each CS generated ~39.5mg of CSE using this method. The CSE
was dissolved by soaking the filter in DMSO for 30 min at room
temperature. The solution containing CSE was centrifuged and the
supernatant was collected and filtered using a 0.22-p.m filter column
(Millipore, Bedford, MA). The CSE stock solution (20 mg/ml of CSE
containing 0.36 mg/ml of nicotine) was kept in microtubes (each
15ul) and was immediately stored in a —80°C freezer. Before
each experiment, the frozen CSE stock solution was defrosted and
further diluted to the desired concentration with cell medium. The
quality of the CSE solution was assessed based on the absorbance
at 302 nm, which is the specific absorption spectrum of peroxyni-
trite. Our preliminary study indicated that DMSO less than 1% had
no effect on HTSMCs. Therefore, the concentration of DMSO in the
testing solution was always <1% to prevent possible cytotoxicity
or other effects.

CELL CULTURE

HTSMCs were purchased from ScienCell Research Lab (San
Diego, CA) and grown as previously described [Lee et al., 2008].
Experiments were performed with cells from passages 4-8. The
cytotoxicity of each inhibitor at the incubation time was checked
using an XXT assay kit. The cell viability was more than 90% after
treatment with DMSO, these inhibitors, and/or CSE during the period
of observation (data not shown).

TRANSIENT TRANSFECTION WITH SIRNAS

SMARTpool RNA duplexes corresponding to human NOX2, p477"°~,
p38, p42, JNK2, c-Jun, c-Fos, p300, and scrambled #2 siRNA
were from Dharmacon Research, Inc. (Lafayette, CQ). Transient
transfection of siRNAs was carried out using Metafectene transfec-
tion reagent. siRNA (100nM) was formulated with Metafectene
transfection reagent according to the manufacturer’s instruction.

WESTERN BLOT ANALYSIS

Growth-arrested HTSMCs were incubated with CSE at 37°C for
the indicated times. The cells were washed, scraped, collected, and
centrifuged at 45,000¢ at 4°C for 1h to yield the whole cell extract,
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as previously described [Lee et al., 2008]. Samples were denatured,
subjected to SDS-PAGE using a 12% running gel, transferred to
nitrocellulose membrane, incubated with an anti-cPLA, antibody
for 24h, and then incubated with an anti-mouse horseradish
peroxidase antibody for 1 h. The immunoreactive bands detected by
ECL reagents were developed by Hyperfilm-ECL.

RT-PCR ANALYSIS

Total RNA was isolated with Trizol according to the protocol of the
manufacturer. The cDNA obtained from 0.5 pg total RNA was used
as a template for PCR amplification as previously described [Lee
et al., 2008]. The primers used were as follows:

B-Actin
5'-TGACGGGGTCACCCACACTGTGCCCATCTA-3' (sense)
5'-CTAGAAGCATTTGCGGTGGACGATG-3' (anti-sense)

cPLA,
5'-CTCACACCACAGAAAGTTAAAAGAT-3' (sense)
5/-GCTACCACAGGCACATCACG-3' (anti-sense)

c-Jun
5'-GGTACAAGGCGGAGAGGAAG-3’ (sense)
5'-GCGTTAGCATGAGTTGGCAC-3' (anti-sense)

c-Fos
5'-GGAGAATCCGAAGGGAAAGG-3' (sense)
5'-GCTTGGGCTCAGGGTCATTG-3’ (anti-sense)

ISOLATION OF CELL FRACTIONS

Cells were harvested, sonicated for 5s at output 1.5 with a sonicator
(Misonix, Farmingdale, NY), and centrifuged at 8,000 rpm for
15min at 4°C. The pellet was collected as the nuclear fraction. The
supernatant was centrifuged at 14,000 rpm for 60 min at 4°C to yield
the pellet (membrane fraction) and the supernatant (cytosolic
fraction).

CO-IMMUNOPRECIPITATION ASSAY

Cell lysates containing 1 mg of protein were incubated with 2 pug
of anti-p300 or anti-c-Jun antibody at 4°C for 24 h, and then 10 pl
of 50% protein A-agarose beads was added and mixed at 4°C for
24 h. The immunoprecipitates were collected and washed three times
with a lysis buffer without Triton X-100. Five times Laemmli buffer
was added, subjected to electrophoresis on 12% SDS-PAGE,
transferred to nitrocellulose membrane, and then blotted using
an anti-c-Jun or anti-p300 antibody.

CHROMATIN IMMUNOPRECIPITATION ASSAY

To detect the association of nuclear proteins with human
cPLA, promoter, chromatin immunoprecipitation (ChIP) analysis
was conducted as previously described [Nie et al., 2003]. DNA
immunoprecipitated by using an anti-p300 or anti-c-Jun was
purified. The DNA pellet was re-suspended in H,0 and subjected
to PCR amplification. PCR products were analyzed on ethidium
bromide-stained agarose gels.

MEASUREMENT OF cPLA, LUCIFERASE ACTIVITY

For construction of the cPLA,-luc plasmid, human cPLA, promoter,
a region spanning —2,375 to +75 bp, was cloned into pGL3-basic
vector (Promega). cPLA,-luc activity was determined as previously
described [Lee et al., 2008] using a luciferase assay system

(Promega). Firefly luciferase activities were standardized for
B-gal activity.

ANALYSIS OF DATA

All the data were estimated using the GraphPad Prism Program
(GraphPad, San Diego, CA). Data were expressed as the mean + SEM
and analyzed by one-way ANOVA followed with Tukey’s post
hoc test. P <0.05 was considered significant.

CSE INDUCES cPLA, EXPRESSION VIA AP-1

The importance of AP-1 on the regulation of cPLA, gene expression
is strongly supported by finding the AP-1 binding motif on cPLA,
promoter region [Morri et al., 1994]. Thus, the role of AP-1 in
CSE-induced cPLA, expression in HTSMCs was examined. As
shown in Figure 1A, CSE-induced cPLA, expression was attenuated
by pretreatment with tanshinone ITA (an AP-1 inhibitor) in a
concentration-dependent manner. To further confirm the role of
AP-1 in these responses, HTSMCs were transfected with siRNA of
c-Jun or c-Fos for 24 h, serum-freed for 24 h, and then incubated
with 50 pg/ml CSE for another 24 h. The expression of cPLA, protein
was detected by Western blotting. As shown in Figure 1B, down-
regulation of c-Jun or c-Fos protein expression by transfection
with siRNA of either c-Jun or c-Fos reduced CSE-induced cPLA,
expression in HTSMCs. In addition, CSE-stimulated cPLA, promoter
activity and mRNA expression was inhibited by pretreatment with
tanshinone ITA (Fig. 1C,D). These results suggested that CSE-induced
cPLA, expression was, at least in part, mediated through AP-1 in
HTSMCs.

CSE STIMULATES AP-1 EXPRESSION AND c-JUN

PHOSPHORYLATION THROUGH NADPH OXIDASE/MAPKS PATHWAY
AP-1 is composed of c-Fos/c-Jun or c-Jun/c-Jun dimmers and
is transcriptionally regulated by various stimuli [Vesely et al., 2009].
Thus, we investigated whether CSE could induce either c-Jun or
c-Fos expression on HTSMCs. As shown in Figure 2A, CSE markedly
stimulated both c-Jun and c-Fos protein expression and c-Jun
phosphorylation in a time-dependent manner with a maximal
response within 3 h and 30 min, respectively. It has been reported
that up-regulation of c-Fos or c-Jun protein is mediated through
activation of p42/p44 MAPK, p38 MAPK, and JNK1/2 [Lin et al.,
2009; Tung et al., 2010]. Thus, whether activation of MAPKs
contributed to the expression of AP-1 complex in CSE-stimulated
HTSMCs was investigated. In this study, pretreatment with the
inhibitor of MEK1/2 (U0126) or p38 MAPK (SB202190) significantly
attenuated CSE-induced c-Fos mRNA and protein expression
(Fig. 2B,C). However, pretreatment with SP600125 (an inhibitor
of JNK1/2) only attenuated c-Jun mRNA and protein expression and
c-Jun phosphorylation induced by CSE (Fig. 2B,C). Furthermore,
transfection with siRNA encoding p42, JNK2, or p38 was applied to
confirm these results. As shown in Figure 2D, transfection with
either p42 siRNA or p38 siRNA inhibited CSE-induced c-Fos
expression. On the other hand, transfection with JNK2 siRNA
reduced CSE-induced c-Jun expression in HTSMCs. These results
suggested that CSE-induced c-Fos expression is mediated through
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expression of cPLA2 was determined by Western blot. B: HTSMCs were transfected with siRNA of c-Jun, c-Fos or scrambled (Scrb), and then incubated with CSE (50 pwg/ml) for
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(10 wM) for 1h, and then incubated with CSE (50 pg/ml) for 4 h. The RNA samples were analyzed by RT-PCR for the levels of cPLA2 mRNA expression. Data represent as
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p38 MAPK and p42/p44 MAPK and c-Jun expression through JNK1/
2 in HTSMCs.

CSE-INDUCED AP-1 EXPRESSION THROUGH ACTIVATION OF
NADPH OXIDASE AND ROS GENERATION

NADPH oxidase/ROS have been shown to regulate MAPKs and
AP-1 activation which mediate CSE-induced cPLA, expression
in HTSMCs [Cheng et al., 2009]. Thus, in this study, we further
examined the roles of NADPH oxidase/ROS in CSE-induced c-
Fos and c-Jun expression and activation. As shown in
Figure 3A, pretreatment with the inhibitors of NADPH oxidase
(APO and DPI) or a ROS scavenger (NAC) attenuated CSE-induced
c-Jun and c-Fos expression and c-Jun phosphorylation. In
addition, CSE-induced c-Jun and c-Fos mRNA levels was also
reduced by pretreatment with these inhibitors (Fig. 3B). The
phagocyte NADPH oxidase centers around a membrane-associated
flavocytochrome bssg (composed of gp917"°*/NOX2 and p22°"**
subunits) which contains two hemes as well as binding sites for
NADPH and FAD, and cytosolic components [Chowdhury et al.,
2005; Abid et al., 2007]. Activated NADPH oxidase is a multimeric
protein complex consisting of at least three cytosolic subunits of

p47P"or p67P"% and p40P"°~, It has been demonstrated that p477"°*
predominates the complex translocation to membrane [Bedard and
Krause, 2007]. Therefore, the roles of p47°"* and NOX2 in CSE-
induced c-Jun and c-Fos expression were investigated in HTSMCs
transfected with either p477"°* siRNA or NOX2 siRNA. As shown in
Figure 3C, transfection with siRNA of either NOX2 or p47°"°* down-
regulated the expression of respective proteins and markedly
inhibited CSE-regulated c-Jun and c-Fos expression. These data
suggested that CSE-induced c-Fos and c-Jun expression is mediated
through activation of NADPH oxidase/ROS generation in HTSMCs.

CSE INDUCES cPLA, EXPRESSION VIA p300

CBP (CREB-binding protein) and p300 are versatile co-activators
that link transcriptional activators to the basal transcriptional
apparatus [Luo et al.,, 2008]. p300 has been shown to regulate
the expression of cPLA, induced by IL-18 [Luo et al., 2008].
Therefore, the involvement of p300 in cPLA, expression induced by
CSE was investigated using a pharmacological inhibitor of p300,
garcinol. As shown in Figure 4A, pretreatment with garcinol for 1h
prior to CSE exposure caused an attenuation of cPLA, protein
expression in a concentration-dependent manner. The involvement
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CSE induces c-Jun and c-Fos expression via MAPKs in HTSMCs. A: Cells were incubated with CSE for the indicated time intervals. The levels of c-Jun and c-Fos

expression and c-Jun phosphorylation were determined by Western blot using an anti-phospho-c-Jun, anti-c-Jun, anti-c- Fos, or anti-B-actin antibody. B: Cells were
pretreated with U0126 (10 M), SB202190 (10 M), SP600125 (1 uM), or tanshinone IlA (10 wM) for 1 h, and then incubated with CSE for 15 min (for c-Jun) or 30 min (for c-
Fos). The RNA samples were analyzed by RT-PCR for the levels of c-Jun and c-Fos mRNA. C: Cells were pretreated with U0126 (10 M), SB202190 (10 M), or SP600125
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of p300 in this response was further confirmed by transfection with
p300 siRNA. As shown in Figure 4B, down-regulation of p300
protein expression by transfection with p300 siRNA markedly
inhibited CSE-induced cPLA, expression in HTSMCs. In addition,
pretreatment with garcinol also reduced CSE-stimulated cPLA,
promoter activity (Fig. 4C). CS has been shown to regulate p300
activity in human breast cancer cells [Connors et al., 2009]. Thus,
CSE-stimulated p300 phosphorylation was investigated in HTSMCs.
We found that CSE stimulated p300 phosphorylation in a time-
dependent manner with a maximal response within 2-3 h (Fig. 4D).
Pretreatment with APO, DPI, NAC, or SP600125 significantly
inhibited CSE-stimulated p300 phosphorylation in HTSMCs
(Fig. 4E). These data showed that CSE-stimulated increase of cPLA,
expression was mediated through an NADPH oxidase/ROS/JNK1/2/
p300 pathway in HTSMCs.

NUCLEAR LOCALIZATION OF AP-1 BOUND TO cPLA,

PROMOTER REGION

Further, we investigated whether CSE could stimulate the nuclear
translocation of c-Jun and c-Fos in HTSMCs. We found that
pretreatment with SP600125, APO, DPI, or NAC attenuated CSE-
induced c-Jun nuclear translocation (Fig. 5A). On the other hand,
CSE-induced c-Fos nuclear translocation was reduced by pretreat-
ment with U0126, SB202190, APO, DPI, or NAC (Fig. 5A). The in
vivo recruitment of c-Jun to the cPLA, promoter region was
assessed by a ChIP assay. In vivo binding of c-Jun to the cPLA,
promoter occurred as early as 15min following CSE stimulation
(Fig. 5B). The binding of c-Jun to the cPLA, promoter stimulated
by CSE was attenuated by pretreatment with SP600125, APO, DP],
NAC, or tanshinone ITA (Fig. 5C). These results suggested that
CSE-stimulated c-Jun or c-Fos nuclear translocation is mediated
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CSE induces c-Jun and c-Fos expression via NADPH oxidase/ROS. A: Cells were pretreated with APO (100 M), DPI (10 M), or NAC (1 mM) for 1 h, and then incubated

with CSE for the indicated time intervals. The expression of c-Jun and c-Fos and c-Jun phosphorylation were determined by Western blot. B: Cells were pretreated with APO
(100 M), DPI (10 M), or NAC (1 mM) for 1 h, and then incubated with CSE for 15 min (for c-Jun) or 30 min (for c-Fos). The RNA samples were analyzed by RT-PCR for the
levels of c-Jun and c-Fos mRNA. C: Cells were transfected with p47phox siRNA or NOX2 siRNA, and then treated with CSE for 3 h. The expression of c-Jun, c-Fos, p47phox, and
NOX2 was determined by Western blot. Data represent as mean of three independent experiments (n = 3). 'P< 0.05; “P< 0.01 as compared with the cells exposed to CSE alone.

through activation of NADPH oxidase linking to JNK1/2 or p42/p44
MAPK and p38 MAPK, respectively, in HTSMCs.

CSE-INDUCED cPLA, EXPRESSION IS MEDIATED BY THE
FORMATION OF A c-JUN/P300 COMPLEX

Previous studies have shown that the association between AP-1 and
p300 leads to the enhancement of p300 transcriptional activity and
increases the expression of proinflammatory genes [Nelson et al.,
2006; Cascio et al., 2007]. Thus, we further investigated the physical
association between c-Jun and p300 in CSE-induced cPLA,
expression. As shown in Figure 6A, cells were incubated with
CSE for the indicated time intervals, the cell lysates were subjected
to immunoprecipitation using an anti-p300 or anti-c-Jun antibody,
and then the immunoprecipitates were analyzed by Western blot
using an anti-c-Jun or anti-p300 antibody. The protein levels of c-
Jun and p300 were time-dependently increased in a p300- or c-Jun-

immunoprecipitated complex, which were inhibited by pretreatment
with APO, DPI, NAC, SP600125, or tanshinone IIA, but not with
U0126 and SB202190 (Fig. 6B,C). The in vitro recruitment of p300 to
the cPLA, promoter was assessed by a ChIP assay. The binding of
p300 to the cPLA, promoter occurred as early as 15 min following
CSE stimulation (Fig. 6D), which was attenuated by pretreatment
with SP600125, APO, DPI, NAC, or tanshinone ITA (Fig. 6E). These
results suggested that CSE-stimulated cPLA, expression is mediated
via the formation of a c-Jun/p300 complex in HTSMCs.

CS has been shown to play an important role in the expression of
many genes involved in various lung inflammatory diseases
[Arredondo et al., 2008; Deshmukh et al., 2008]. Up-regulation of
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Fig. 4. CSE induces cPLA2 expression via p300 in HTSMCs. A: Cells were pretreated with garcinol for 1 h, and then incubated with CSE for 24 h. The expression of cPLA2 was
determined by Western blot. B: Cells were transfected with p300 siRNA, and then incubated with CSE for 24 h. The expression of cPLA2 and p300 were determined by Western
blot. C: Cells were transiently transfected with cPLA2-luc reporter gene, pretreated with garcinol, and then incubated with CSE for 4 h. The promoter activity of cPLA2 was
determined. D: Cells were treated with CSE for the indicated time intervals. The cell lysates were subjected to Western blot using an anti-phospho p300 antibody. E: Cells were
pretreated with APO (100 M), DPI (10 M), NAC (1 mM), U0126 (10 M), SB202190 (10 M), or SP600125 (1 M) for 1 h, and then incubated with CSE for the indicted time
intervals. The cell lysates were subjected to Western blot analysis. Data represent as mean of three independent experiments (n = 3). 'P< 0.05; P < 0.01 as compared with the

cells exposed to CSE alone (A-C,E) or with the basal level (D).

cPLA, expression by mesenchymal cells in several extra-pulmonary
sites leads to generation of PGE,, known as an important lipid
mediator implicated in inflammatory responses [Khanapure et al.,
2007]. Our previous study showed that CSE induced cPLA,
expression via NADPH oxidase/ROS/MAPKs, AP-1 and NF-«B
pathways in HTSMCs [Cheng et al., 2009]. CBP (CREB-binding
protein) and p300 are versatile co-activators that link transcrip-
tional activators to the basal transcriptional apparatus [Luo et al.,
2008]. p300 has been shown to regulate the expression of cPLA,
induced by IL-18 [Luo et al., 2008]. Thus, in this study, we
investigated whether CSE induced cPLA, expression via AP-1
subunits (c-Fos and c-Jun) and p300 in HTSMCs. Here, by Western
blot, RT-PCR, and promoter activity analyses coupled with
pharmacological inhibitors and transfection with siRNAs revealed
that CSE-induced cPLA, expression was mediated through NOX2-
dependent p42/p44 MAPK and p38 MAPK/c-Fos and JNK1/2/c-Jun/
p300 pathways in HTSMCs.

Many transcription factors like AP-1 and NF-kB have been shown
to be involved in regulation of gene expression in asthmatic and
COPD inflammation [Adcock et al., 2006]. AP-1 is a heterodimer of
Fos and Jun oncoproteins which bind to the TPA (tetradecanoyl-
phorbol-13-acetate) response element (TRE) [Barnes, 2006]. AP-1
is a collection of related transcription factors belonging to the Fos
(c-Fos, FosB, Fra1, Fra2) and Jun (c-Jun, JunB, JunD) families, which
dimerize in various combinations by formation of leucine zipper
[Barnes, 2006]. Indeed, our previous study has shown that CSE
induced cPLA, expression via AP-1 and NF-kB in HTSMCs [Cheng
et al., 2009]. To further confirm the role of c-Fos and c-Jun in CSE-
induced cPLA, expression, pretreatment with the inhibitor of AP-1
or transfection with siRNA of either c-Jun or c-Fos markedly
attenuated CSE-induced cPLA, expression in HTSMCs.

AP-1 may be activated via PKCs, protein tyrosine kinases (PTK)
and MAPKs by cytokines, which themselves activate a cascade of
intracellular kinases [Barnes, 2006]. Certain signals including
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Fig. 5. Nuclear localization of AP-1 bound to cPLA2 promoter region. A:
Cells were pretreated with U0126 (10 M), SB202190 (10 wM), SP600125
(1 wM), APO (100 wM), DPI (10 uM), or NAC (1 mM) for 1h, and then
incubated with CSE for 1 h. The nuclear extracts were prepared and subjected
to Western blot using an anti-c-Jun or anti-c-Fos antibody. B: An enrichment
of the cPLA2 promoter DNA was shown after PCR amplification of immuno-
precipitates of c-Jun-associated DNA from cells treated with CSE for the
indicated time intervals. The ChIP assay was performed. C: Cells were pretreated
with U0126 (10 wM), SB202190 (10 wM), SP600125 (1 M), APO (100 M),
DPI (10 wM), NAC (1 mM), or tanshinone IIA (10 uM) for 1h, and then
incubated with CSE for 2 h. The ChIP assay was performed. Data represent
as mean of three independent experiments (n = 3). 'P<0.05; “P<0.01 as
compared with the basal level (B) or with the cells exposed to CSE alone (A,C).

MAPKs rapidly increase c-fos gene and protein expression and AP-1
activation in various cell types [Chien et al., 2009; Lin et al., 2009;
Tung et al., 2010]. Thus, we investigated the roles of MAPKs in
CSE-regulated c-Fos and c-Jun expression in HTSMCs. CSE
markedly induced c-Jun and c-Fos expression and c-Jun phosphor-
ylation through differential activation of MAPKSs in these cells. We
found that CSE-induced c-Jun protein expression and mRNA levels
were inhibited by pretreatment with the inhibitors of JNK1/2 and
AP-1. On the other hand, pretreatment with the inhibitors of MEK1/2
and p38 MAPK reduced CSE-induced c-Fos protein and mRNA
expression. This note was further confirmed by transfection with
siRNAs of p42 and p38, or JNK2 which specifically inhibited
CSE-mediated c-Fos or c-Jun expression, respectively. These data
suggested that p42/p44 MAPK, p38 MAPK, and JNK1/2 play
differential roles in CSE-regulated c-Jun and c-Fos expression and

activation. The detail mechanisms underlying these MAPKs
regulated c-Jun and c-Fos activities are needed to be investigated
in the future.

CS, allergens, or inflammatory mediator promotes free radicals
production which plays an important role in the development of
asthma and COPD. Oxidative stress occurs when the flux of ROS or
free radical generation exceeds available antioxidant defenses
[Foronjy et al., 2006]. The biological function of NADPH oxidase
enzymes might be attributed to the production of ROS [Lagente
et al., 2008]. In our previous study, CSE-induced cPLA, expression
was mediated via NADPH oxidase/ROS in HTSMCs [Cheng et al.,
2009]. The aim of the present study was to examine whether CSE-
induced expression of c-Fos and c-Jun was mediated through
NADPH oxidase activation. Indeed, our results showed that
pretreatment with the NADPH oxidase inhibitors and a ROS
scavenger suppressed CSE-induced c-Jun phosphorylation and c-
Jun and c-Fos expression. Activated NADPH oxidase is a multimeric
protein complex consisting of at least three cytosolic subunits of
p477ho% p677"° and p40”"°*. The p47”"°* regulatory subunit plays a
critical role in activation of NADPH oxidase [Bedard and Krause,
2007]. Therefore, the involvement of p47”h‘” in CSE-induced
responses was confirmed by transfection with p477"°* siRNA or
NOX2 siRNA. Our results showed that transfection with these siRNAs
inhibited CSE-induced c-Jun and c-Fos expression. Further, we also
investigated whether CSE stimulated c-Jun and c-Fos expression in
the nuclear fraction mediated through NADPH oxidase and MAPKs
in HTSMCs. Pretreatment with the inhibitors of NADPH oxidase or a
ROS scavenger attenuated CSE-induced c-Jun and c-Fos expression
in nucleus and the binding of c-Jun to the cPLA, promoter.
However, CSE-induced c-Jun translocation and the binding of c-Jun
to the cPLA, promoter were inhibited by the inhibitor of JNK1/2, but
not p38 MAPK and p42/p44 MAPK. These results suggested that CSE
stimulated c-Jun translocation via an NADPH oxidase/JNK1/2-
dependent manner.

The transcriptional co-activator p300 is a ubiquitous nuclear
phosphoprotein and transcriptional cofactor with intrinsic acetyl-
transferase activity. p300 regulates the expression of numerous
genes in a cell-type and signal-specific manner, and plays a pivotal
role in cellular proliferation and apoptosis [Ghosh and Varga, 2007].
Accumulating evidence suggests that abnormal p300 activity is
associated with inflammation, cancer, cardiac hypertrophy, and
genetic disorders [Ghosh and Varga, 2007]. Thus, p300 involved in
CSE-regulated cPLA, expression was investigated in HTSMCs. In
this study, pretreatment with a p300 inhibitor or transfection with
p300 siRNA reduced CSE-stimulated cPLA, protein levels and
mRNA expression. Not surprisingly, the activity of p300 was
regulated by post-translational modification including phosphor-
ylation, methylation, acetylation, and sumoylation [Ghosh and
Varga, 2007]. We also found that CSE stimulated p300 phosphor-
ylation in HTSMCs. Site-specific p300 phosphorylation was
catalyzed by various intracellular signal pathways, including
MAPKs which resulted in structural and functional modifications
and consequently regulated target gene expression [Ghosh and
Varga, 2007]. Moreover, we also found that JNK1/2 was involved in
CSE-induced p300 phosphorylation. On the other hand, pretreat-
ment with the inhibitor of NADPH oxidase also inhibited CSE-
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Fig. 6.

CSE-enhanced cPLA2 expression is regulated by the formation of a c-Jun/p300 complex. A: Cells were incubated with CSE for the indicated time intervals. The cell

lysates were subjected to immunoprecipitation using an anti-p300 or anti-c-Jun antibody, and then the immunoprecipitates were analyzed by Western blot using an anti-c-Jun
or anti-p300 antibody. B,C: Cells were pretreated with APO (100 M), DPI (10 M), NAC (1 mM), U0126 (10 M), SB202190 (10 M), SP600125 (1 M), or tanshinone IIA
(10 M) for 1 h, and then incubated with CSE for 2 h. The cell lysates were subjected to immunoprecipitation using an anti-p300 or anti-c-Jun antibody, and then the
immunoprecipitates were analyzed by Western blot using an anti-c-Jun or anti-p300 antibody. D: An enrichment of the cPLA2 promoter DNA was shown after PCR
amplification of immunoprecipitates of p300-associated DNA from the cells incubated with CSE for the indicated time intervals. The ChIP assay was performed. E: Cells were
pretreated with U0126 (10 wM), SB202190 (10 M), SP600125 (1 M), APO (100 M), DPI (10 M), NAC (1 mM), or tanshinone IIA (10 M) for 1 h, and then incubated with
CSE for 2 h. The ChIP assay was performed. Data represent as mean of three independent experiments (n =3). 'P<0.05; *P<0.01 as compared with the basal level (D).

'P<0.05; “P<0.01 as compared with the cells exposed to CSE alone (E).

induced p300 phosphorylation. These data showed that CSE induced
p300 activation via NADPH oxidase/ROS/JNK1/2 in HTSMCs.
Further, we found that NADPH oxidase and JNK1/2 regulated p300
activation and promoted association between p300 and c-Jun.
Although the detailed protein-protein interactions between p300
and c-Jun are not known, our results show a novel role of c-Jun/
p300 complex formation in CSE-induced cPLA, expression in

HTSMCs. CSE-induced binding of p300 to the cPLA, promoter was
inhibited by the inhibitors of NADPH oxidase and JNK1/2, but not
p38 and p42/p44 MAPK. In the future, we will further determine
which domains of c-Jun and p300 are involved in protein-protein
interactions stimulated by CSE.

In conclusion, as depicted in Figure 7, our results showed that CSE
induced c-Jun expression and phosphorylation or c-Fos expression
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Fig. 7. Schematic diagram illustrating the proposed signaling pathways
involved in CSE-induced cPLA2 expression in HTSMCs. CSE stimulates c-
Jun phosphorylation via a NADPH oxidase/ROS/MAPK signaling, in turn
initiates the activation of c-Fos and c-Jun. MAPKs also enhances p300
phosphorylation. Activated AP-1 and p300 are recruited to the promoter
region of cPLA2 leading to an increase of cPLA2 expression.

via a NADPH oxidase-dependent JNK1/2 or p42/p44 MAPK and p38
MAPK, in turn initiated the activation of AP-1 and p300. Activated
AP-1 and p300 were recruited to the promoter region of cPLA,
leading to an increase of cPLA, expression in HTSMCs.
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