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Muchbac  Gene Expression Induced by Cigarette Smoke 1s Mediated

Via a Pathway Involving ERK1/2 and p38 MAPK

Yong Hyun Kim, MD. Hyoung Kyu Yoon, MD. Chi

Hong Kim, MD., Joong Hyun Ahn, MD., Soon Seog Kwon, MD,

Young Kyoon Kim, MD., Kwan Hyoung Kim, MD. Hwa Sk Moon, MD, Sung Hak Park, MD., Jeong Sup Song, MD,

Kyung Sook Cho'

Division of Pulmonology, Department of Internal Medicine and nstitute of Respiratory Disease, St. Mary's Hospital,

College of Medicine, the Catholic University of Korea, Seoul, Korea

Object : Cigarette smoking is a major cause of mucus hypersecretion, which is a pathophysiological feature of many
inflammatory airway diseases. Mucins, which are an important part of the airway mucus, are synthesized from the
Muc gene in airway epithelial cells. However, the signaling pathways for cigarette smoke-induced mucin synthesis
are unknown. The aim of this study was to determine the signal pathway for smoking induced Mucbac gene

expression.

Methods : A549 cells were cultured and transiently transfected with the Mucbac promoter fragment. These cells
were stimulated with 5% cigarette smoke extract (CSE) alone or with CSE after a pretreatment with various signal
transduction pathway inhibitors (AG1478, PD98059 and SB203580). The Mucbac promoter activity was examined
using the luciferase reporter system, and the level of phosphorylated EGFR, ERK1/2, p38 MAPK and JNK were all
examined using Western blot analysis. Mucbac mRNA expression was also examined using reverse transcriptase

polymerase chain reactions (RT-PCR).
Results :

1. The peak level of luciferase activity of the Mucbac promoter was observed at 5% concentration and

after 3 hours of incubation with the CSE. The level of EGFR phosphorylation and the luciferase activity of the
transfected cells caused by the CSE were significantly suppressed by AG1478 or PD98059 (P<0.01).
2. CSE phosphorylated ERK1/2 or p38 MAPK but not JNK. The Mucbac mRNA expression level was increased by

the CSE but that was suppressed by PD98059 or AG1478.

3. The CSE-induced phosphorylation of ERK1/2 was blocked by PD98059 and that of p38 MAPK was blocked by
either PDI8059 or SB203580. Either PDI8059 or SB203580 suppressed the luciferase activity of the transfected cells

(P<0.0001).

Conclusion : The Mucsac mRNA expression level was increased by the CSE. The increased CSE-induced transcriptional
activity was mediated via EGF receptor activation, which led to ERK1/2 and p38 MAPK phosphorylation.

(Tuberc Respir Dis 2006: 58 590-59%9)

Key words : Cigarette smoke, MUC5AC, MAPK, Signal transduction
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1. M|ZHiQk

Abete] w9k AIAEFQIAB9 Al XE (KCLB, A
X323 Korea)E 10% $ Elo}&3 (Glbco-BRL,
California, USA), penicillin (Glbco-BRL) 100 U/mL,
streptomycin (Glbco-BRL) 100 pg/mL, HEPES 640
(Sigma, St. Louis, USA) 25 mmol ¥jX]oA 37T,
5% COy ©f wjF7]ell A v sttt

2. CHoi7| =& 29 (cigarette smoke extract
solution)

25 mL2] RPMI1640 medium (10% -$- ejo}& A,
HEPES 50 mmol without penicillin and streptomy-
cin)WZ one puff/min®] )&= 5% FoF g7 E
2okl pH 747} =% A4S stat, 022 mm filter
unit (Millipore, Bedford)S AF&-3le] o35 st
oluf wh=olxl Hfl”] 5842 ARgstr] 304
of whso] Ak E3 o] §A2 FUS wjA = 5%
22 10%% 3]43ke] Aol A2sich

3. Transient transfectionz} M= A}=

AMOAEE 6-well ZZH|% €7] (Nunc, Roskilde,
Denmark)ell 1x10° A1 Z/mL9] %o.2 2mL¥ HE F
ABAIZE F}F w ke, 8719 80% A= A sk
] Muchac®) transfection 28-S A A5 th Trans
fections 3 PGL3-Muchac-3752pro luciferase
reporter plasmid®} PGL3-basic vector= 23S —)F
&sl7] Aol 47 200 ng/ul = A=t aL, =
° 2 A3 B-galactosidase?] %2 100 ng/il= %
23} &9tk Transfection@oll Al HAo] Qi
A = AlA S skal ZF 87 9 800pee] I ol Oib
A& Yol wje] A8 AT g FH= d%
A= wA# 300u0, PGL3-Muchac-3752pro luciferase
reporter plasmid b, plus reagent (Gibco-BRL) 54,
B-galactosidase 3ulE &3] 18t & 3 H

F [‘1 O_Lz

2
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Holl= @3] gl viA] 300ul, LIPOFECTAMINETM
reagent (Gibco-BRL) 4ulE 98 3 Z}7te] FHE
GOl A 1517 WHEAIZL & 7 e FEE & 4]
of A 2ol A 158 5

5 stk Fuld
710l 200p0# F3F 9§, 20% FBSE 1 mLS v
& &0l H7kste] 24X 3 F<F vt th Trans
fectiondt M3 F5 @A o] §

3 3 5% Hujd7] & 8943 mitogen—activated
protein kinase kinase (MAPKK)2] &J#)#]¢1 PDIR0SI
40 mmol (Sigma), epidermal growth factor receptor
(EGFR) kinase®] JA|AIQl AG1478 (Calbiochem,
Bad Soden, Germany) 50 gmol, p38 MAPK <A A<l
SB203580 (Calbiochem) 50 molS- o] 3023+ A A
23k & tA] 5% Huld7] FEE& Ao ® AT A=
3}At}. phosphate buffer solution (PBS) 2.2 211 A
213}l reporter lysis buffer (Promega, Madison, USA)
S YWl 2o A 20 B7F 9HeA1A 12,000 rpmell A
15 %37+ 94

Bl 5 AT Bude ag,

4. Luciferase receptor assay

Aol 100109 luciferase assay substrate (Promega)
£ Yo vh-g-A171 & luminometer (Turner Designs,
Turku, Finland)& ©]-&3to €43t =& 433
o} 3k 7}7be] g == B-galactosidases ©]-&-3}

o] BASI.

5. YXAlgA PIIEEHES (Reverse transcription
polymerase chain reaction)

A9 AIEZF i 8719 80% B A Asks
|, transient transfection 283} FLgk 2A 02 Tri-
ZolTM reagent (Invitrogen, California, USA) 500
2 2ol 5zt WA 71 AL Al 22 7E Al A S
S 2 RNAE FE3th %3 RNAT spectropho-
tometer (Bio-RAD, California, USA)E o]-&-al 1 pg/ul
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= AgeFsl shalaL, of 7)ol A 1 wE AFsF] GHA
4 (SUPERSCRIPT I, Invitrogen) 0.5x0% BioNeer
Accupower PCR premix (BioNeer, Seoul, Korea)&
ol-gato] JHALE A AHTHRES TSI &
d3t Y= GAPDHE AHgato] HASHS om ALE-
S Muchac 2 GAPDHS] primer 1714 €2 o5
iy
Muchbac; (F) 5 - TCOGGCCTCATCTTCICC - 3
(R) 5 - ACTTGGGCACTGGTGCIG - 3
GAPDH ; (F) 5 - ACCACAGTCCATAOCATCAC - 3
(R) 5 - TCCACCACCCTGTTACIGTA - 3

6. Western blot

AS49 NEZE FlellA Awsh o= A ste] uf
%5}l Bradford assay (Bio-RAD) W o2 A s}
of Al eSS FHEGITE FHE A T 30
1g 10% SDS-polyacrylamide geloll A 120Vl A <F
IA17F 307 71955 a3t ©]o] PVDF menr
brane (Bio-RAD) . & 4T, 250mA°| A 1A 7F 3087+
A719E st dldS dojA7]aL At §Ho=E
ZPA)ZAT) Phosphorylated EGFR (P-EGFR/EGFR),
phosphorylated extracellular signal-related kinase
(P-ERK/ERK), phosphorylated p38 MAPK (P-p38
MAPK/p38 MAPK), phosphorylated c-Jun N-ter-
minal kinase (P-JNK/JNK)ell thgt &2} (rabbit
anti-~human, Santacruz, California & Cell signaling,
Beverly, MA, USA)Z 4Col A 5] ¥H-8-A] 7] A3
% o|x}gA| (anti-rabbit IgG HRP-linked antibody
I+ anti-mouse IgG HRP-linked antibody, Cell si-
gnaling) = 1A17F 303 &<t WA A4 §, ECLTM
reagent (Amersham-Pharmacia Biotech, Seoul, Korea)
£ o]&sto] AZATE A WHOE RESAIZL
X-ray 5ol 73FA7|13L 2bs A7) E o] &35t d

Farsink
7. £

SAA AL SPSS T2 I13E ARS8t one-way



ANOVAS$} independent sample T-test= AHE-3131.C
o P gte] 0.05 olskel A5 A4 ool A&
ACR Sk

zd
=
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1. EHlied7| &2 A=20| 2Ist Mucsae X}
AL 2t zo| B71 & FI|MAOIX +=2X| 2
o|
—

gjeto] A9 AEE

A55ke W 5% Fid7] FEE A W 7Y =&

luciferase B EE Ho] o] XA Mudac pro-

moter®] AAZL 7V Z74ES & S 9lo] o] A

X}:L Al 5% Fufd7] F& &S ARSI (1H
/Ké};;

). AFA T B AwE o2 A7k
7;14% B} o F7kse AGS wgov] 347
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PGI_-3' CTL 5% CSE 10% CSE
basic

luciferase activity

Figure 1. FEffect of cigarette smoke extract solution
(CSE)  concentraton on  the transcriptional  activity  of
Mucsac  promoter. MUCSAC  reporter  plasmid  was
fransfected  into A9 cells and transfected cells  were
freated with CSE for one hour. The transcriptional
activity of Mucsac  promoter  was  the  highest  when
the transfected cells were exposed to 5% CSE
Luciferase  activity was expressed as a relaive value
to a PG3basc vaue (PG3basc PGL3-basic vector
without  Mcdac  promoter region,  CTL: control/Mucsae
promoter  transfected, CSE:  cigarette  smoke  extract
solution, = P<<0.01).
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A= Al 7 =2 RS BT (1" 2). Western
blots o]&3te] EIAZGR/AA} FEA ] Aits), =
st FEAE & A diZzatol vlsl wHujd”]

Q
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X
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P
T

FE2E X}JOH ol Aol szt Sk H AL
ol &4 Q1tELE AAlekE AGL47890 ©f3) A
w3det (29 3).

0 +
3\
% 30
-'E 10
h 0

PGL3-basic Ohr o Thr 3hr Ahr

Figure 2 Hfect of incubation time on the CSE-induced
Muicsac transcriptional activity. Transcriptional activity
of Mucsac promoter was the highest when cells were
exposed to 5% CSE for three hours (PGL3-basic

PGL3-basic  vector without Mucsac  promoter  region,
* P<001).

5% CSE
il CTL 5%C3E PD9G05Y AG147E

< P-EGFR

<—— EGFR

Figue 3. Westen blot analysis of epidermal growth
factor receptor (EGFR) and  phosphorylated  epidermal
growth  factor  receptor  (P-EGFR).  Western  blot  analy-
sis was performed under condtions as described in
methods. A9 cells were incubated with 5% CSE  for
three  hours. EGFR phosphorylation was increased by
CSE and decreased by EGFR tyrosine kinase inhibitor,
AG1478 or mitogen—activated protein  kinase  kinase
innibtor,  PDOB0BY pretreatment (M marker,  CTL: oontrol/
MUCSAC promoter  transfected, 5% CSE: 5% cigarette
smoke extract solution)

593



YH Kim, et al.: The signal transduction pathway for the Mucsac gene expression

2. M= W MasME H22M MAPKR} Muchac
At

TR MAL s

Muchac +7337Fe] Aol AE W AleE A
gobed 2I9gRNA FEA7E Holsh 1 Sk
Aoz Ad 3Ao] MAPK, 53] ERK1/27} &4 U

o] AdHA o] AAEL FIPANAL =849 tyr
A A9 AG1478, MAPK kinase 2} Al
Al PDIR059E A8l Mucbac 7 Ake] HARF
AA = =A] luciferase TAEE Fdlo] HEsIch
A7) FEE A5 A S Mudbac #3749
AAR= o5 AAAlel eJste] B A= AT (1| 4).
Western blot< o]-&3to] 37F4 MAPK<S] €/ sh¥l
e, & Ak} # kinase 245 £ Ay} @7
FZE9 Aol Ql4tsl © ERK1/29F p38 MAPK
o] st HEE ot INKO| €43t & + 8l
Atk T IR FEA Y] QitEE AAlsh=
AG1478) 2J3l] ERK 1/29} p38 MAPK &A%+ 4
AR 9 A¥ 3 MAPK kinase 94| #¢1 PDI8059
#12]A] ERK 1/29} p38 MAPK &4 %= 9] 744319
o (19 5). o5 T ERleh] ffste] A tEA F

ol

osine kinase

L
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luciferase activity

PGL3-basic + - - —
MUCBAC - +
5% CSE — -
PDO8059 — -

AG1478 - - - -

+ o+
+ o+
-+

!
+ 4+

Figure 4. The effect of cel signal transduction inhibi-
tors on Iuciferase  activity.  Mitogen-activated  protein
kinase kinase inhibitor, PDO8059 and EGFR  tyrosine
kinase inhibitor,  AG1478  suppressed  the  CSE-induced
lucferase  activity  (PGL3-basic  PGL3-basic  vector  with
-out Mubac promoter  region, MUCSAC:  Mucbac  pro
-moter  transfected, 5% CSE 5% cigarette  smoke
extract solution, * P<Q.01).
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£3+] Muchac mRNA 28-S 33
3 By ujdr] FEE A= Al Muchac mRNA 2
1 AG14783} PDIS059eN 2@l Muchac
AA=H ATt (17 6).

5% C3E

M CTL 5%CSE FD980%9 sgpa7g

P-ERE 44EDa
P-ERK 4ZKDa

5% CSE
1
CTL 5%CSE PD93059 AG1478

< P-p38

‘%pSS

5% CSE
[ 1
CTL 5%CSE PD98059 AG1478

Figure 5. FEffect of CSE and signal transduction i
hibtors on the phosphorylation of ERK p38 MAPK
and JNK Western blot analysis was performed to as
sess  the  phosphonylation  of  mitogen—ectivated  protein
kinases under same condtions above described. CSE
phosphorylated both ERKs and p38 MAPK but not
JNK Phosphorylations  of ERKs and p38 MAPK were
inhibited by PDIB05Q or AG1478 (M- marker, CITL:
control, 5% CSE 5% cigarette smoke extract solution,
MAPK: mitogen-activated protein kinase, P-ERK:
phosphorylated extracellular signal—related kinase,
P-JNK: phosphorylated c-Jun N-terminal kinase).



Tuberculosis and Respiratory Diseases Vol. 58. No. 6, Jun. 2006

RT-PCR

150

100

Densitometry

o

CTL 5% CSE FD930EY AGT4ATS

5% CSE

CTL E%CSE  PD980BY  AG147%

MUCLAC

GAPDH

Figure 6. Reverse franscripion polymerase chain  re-
acon (RT-PCR  analysis of Muesae mRNA  expression
in A9 cells. PCR reaction was run on a 1% agarose
gel and the band density was expressed as a relative
vaue using densitometry measurement.  CSE  increased
the Mesae nRNA  exqpresson. Prefreatment of  PDOSO®
or  AG1478 suppressed the Muchac  expression  near
to the control levels (CTL: control, 5% CSE 5% cigar-
ette smoke extract solution).

3. SB203580 A2| Al M= L AlSXNE H=e}
Muchac A} Bsd

7] FEE 23 Mucbac 2 Eddl &
o]5H= MAPK % ¥ A9lol|A] ERK1/29} p38 MAPK
o] ¢11k37E ghels o] p38 MAPKS] 8% #1411
SB203580.2-= A 2]k % p38 MAPK {11kate} Mucbac
promoter & =5 #2351t} PDI&059SH SB203530
< dPddl= p38 MAPK QIitsts SAstsion (1
2 7) SB203580->-PDI’059N wlste] A 7k Al u
ciferase &4EE AAAZA (19 8).

GTL CSE PDY8059 SB203580
— S |« P-FRE 11KDa
- e— e— » «+—F-ERE 42KDa
_4_]5:RK

CTL
i

— - - - -4—P38

CSE FPDOg05Y  SB203580

- .* -« P-p38
4

Figure 7. Western blot analysis of ERK and p38
MAPK.  PDO80B9  inhibited  phosphorylation  of  both
ERKs and p38 MAPK SB203580 also inhibited p38
MAPK  phosphorylation as much as to the level of
control and CSE treatment group (CTL: control, CSE:
5% cigarette smoke extract solution).

40 ; -
=
30

20

luciferase activity

B PGL3-basic @CSE mMPDYS0GY  m SB203580

Figure 8 The effect of cell signal pathway inhibitors
on luciferase activity. PDO8059 and SB203580  signi-
ficantly ~ suppressed  CSE-induced luciferase  activity,
respectively  (PGL3-basic: PGL3-basic  vector  without
Muchac  promoter  region, CSE: 5% cigarette  smoke
extract solution, * P< 0.0001).

SR Gt v s g dge] AL of
o 7HAZE 4 slew a2 F Fdol M Ta%
Ao o= 7]= ) o] S 4ol 7
Ul Aol Frtel Z]ejgePl, sl ole] AR
< A2 (mucin)eh= B @ BA=A 29
WS o] F= ofe] djdo] Z4zte] o] friaje|

[6x)
O
o



YH Kim, et al.: The signal transduction pathway for the Mucsac gene expression
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£ FE3 & Muchac primerE o]8314 HdAlaL

A28 8ol Mucsae mRNA 23 ¥
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e ofN
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