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Effect of Celecoxib on Lung Injury Improvement
by Controlling Epithelial-Mesenchymal Transition(EMT)

in Chronic Obstructive Pulmonary Disease(COPD)
Sun-Kyung Lee

Professor, Dept. of Biomedical Laboratory Science, Donggang University

2 % £ At IHAAAHESHCOPD)Y 55 B 08519 Celecoxib?] ¥ &4 7RAEIE Aot
COPDE LPSe} G 7|32EE(CSE)E F=519] in vitro2} in vivoollA W3 A4Lst9ith. In vitro= QAZF A-Got
HZMRC5)°1A] MTT assay, real-time PCRE 3}1l in vivor mRNA &, 7|HA|H|ZA|ZH(BALF),
collagen content, A &S FRlsrt. AHS B0l Celecoxibie BALFOA HFAIE 4=9] 740} AlO|E
7121, soluble protein?] &8 HAAF I TR = AFH 1 FAE LA oH, | S 4% 7
Aottt & Y48 E28 T} real-time PCRE £ EMT HX A A4S &Qlstt. 21402 Celecoxibe=
EMTE Z4sto] LPS+CSEZ =% COPDY ¥ &4dolA MAAZ 282 5= & Zo& AlmErh

FHO - T A AR, JHStold, EFAIE (Celecoxib), HIAHZOIEA FEA, dF

Abstract This study confirmed the effects of improving lung damage of celecoxib using an animal
model of chronic obstructive pulmonary disease(COPD). It was induced in models LPS + CSE and
performed in vitro and in vivo. MTT assay and real-time PCR were performed in MRC5 cells as in
vitro, and mRNA expression, BALF, collagen content, and protein expression were confirmed as in
vivo. Celecoxib reduced the number of inflammatory cells, cytokine and soluble protein
accumulation in BALF, decreased body weight and lung weight in animal models, and improved
lung collagen deposition. In addition, the reduction of EMT markers was confirmed through
Western blotting and real-time PCR. Consequently, celecoxib is thought to improve lung damage
of COPD induced to LPS+CSE by regulating EMT.
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EMT)E f&ste] H75 445 72t g=iA
ATH3-5].

o] & EMT& SU7tA0 9t A=0= x| 4
WA E7} 2RO R E@Fo] AE = AXyor
AzEAde] e ARIEZIRIY EH|E {EEEH
TGF-81(Transforming growth factor)e] t#Z{o]
t}. HEo] vimentin, e-SMA(smooth muscle actin)
2 FeHl9] v el F2J0] F7tE o] COPDE
L3ttt v AHRo|EA FAA(Non-steroidal anti-
inflammatory drugs; NSAID)= #HY, A, 24
9 EAe ok AgolA A=z BRREAR] E-
cadherin ¥&E 3EAIA EMTE 243 iy
TH6-9]. 1Evk EMT 2 COPDOlA H]AHZ0]E4
FEA] o3t Ale|E7RI, F2Hdl 4 9 E-cadherin
U 240 izt 83} dAqe B35 Aot

Aol AH&H Celecoxibe NSAID &7 % sty
o|HA COX-29 A¥4 AAA=Z AL, dat, 7
HYgA PAY, ZHEF 5ol4 T E FERE
it a7t dEA Qieh webA 2 At in vitro9t
in vivog ¥3goto] AAttdF(Lipopolysaccharide,
LPS)et HHjA7|5&E(Cigarette smoke extract,
CSEZ =% EMT ¥ COPD EHojAl COX-29]
AE1Z NSAID £ 51492l CelecoxibE A g|sto] Alo]
E7}0l, EMT BARHTGF-A1, Collagen 1, vimentin,
@-SMA) @ E-cadherin®] %4 35 &9l5ta] ¥
&4 MAAZA ] AME 7S dAtstaAt sHqlt

2. Mz 3 2y

2.1 XM=z
Celecoxib® GIBCO(Grand Island, NY, USA)9]
Al Fafietor, B 3#&E (Cigarette smoking

extract, CSE)} Murty Pharmaceuticals, Inc.

(Lexington, USA)IA  Fuistdiy, AAUH
(Lipopolysaccharide, LPS)= List Biological

Laboratories, Inc.(Campbell CA, USA)olA a5}
At 1A FAZ ARESH E-cadherind vimentine
Cell Signaling Technology(Beverly, MA, USA)ol|A]

TUHH A, @-SMA, Collagen I, TGF-81¥& cam,
Inc.(Cambridge, UK)IAH I3t GAPDHS 2
2} A (IgG-conjugated horseradish peroxidase,
HRP)= Bethyl(TX, USA)ollA Y43t

2.2 MIE HHQF

o7t  mdfotd|E(human lung fibroblast,
MRC5)= &=t AlEF 23 (Seoul, Korea)ollA £
drorch AlZ wiS 93l 100 units/mL penicillin,
0.1 mg/mL streptomycin, 10% calf serum®] %%t
= DMEM Bj#]o]lA 5% CO,, 37°C2] F75to] wj%¥
stolth. MRC5 AlEol 1PS(1 ug/nf) + CSE(200 ug/
nd)2}F Celecoxib(150 ug/m)S Aot ct.

23 3= % COPD 2 Xt

779 C57BL/6 AF ¥R AFEB6 ~ 107125
o s HEPA oate 371(12 AlZF F/0F 2A)2}
Al 4 o] AREA AT = = AR B

AthSamtako, Osan, Korea). COPDE LPS9}
CSEE ©o]&3F BdZ A&sto] AdS APstct. &
ERIE 379 IFCE Hiro] A

(1) A QxS NH(phosphate buffer saline,
PBS) o

(2) COPD &&3t =& : LPS + CSE &9

(3) Celecoxib Foj#+ : LPS + CSE 5o &

Celecoxib &o]

Ol

LPS + CSE 152 1 mg® CSEQ25 ulE PBSO| 3]
ADE i B Foiskal 10 ug®] LPS(0 pl& PBSO]
SADE 277 F 13 71F W Fofeigith 1 F,
Celecoxib 20 mg/ml= 2 F7F A7 Fostoh

24 ME MZE(MTT assay) &8

MRC5 AIZZ 96well plated] 1X10°08 B33}
1 24A17F %, Celecoxib& 0 ~ 4000 ug/m= A5}
Aok 2447 &, MTT Al9k& A 2jstal 4A17F ¥HgA|
71 H, ¥iRE AASL DMSOE A&lstact. &5
EA(microplate reader, Titertek Multiskan; Flow
Laboratories, North Ryde, New South Wales,
Australia) g AMEStO] 595 nmolA FEEE S5t
k.
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25 ME ¥ o 2 58
A& COPD & ZHoA Celecoxib Fof At
Eo] T Q=9 7tAo0g 245 Ho] Zko A

¥ol 32 B 5 43 PAS Y5,

2.6 Real-time PCR &H

MZQ}L H%29] mRNA(TGF-81, collagen I, «
-SMA, E-cadherin, vimentin)s &743}7] Y3l SYBR
Green system(Bioneer, Daejeon, Korea)& AM&3}
o] 3443t cDNAS] Real-time PCRE 439, A
29 primers Table 13} Zth DenaturationZ 9
5Co)A 1087t 39, annealing 95COolA] 5%,
elongation 60T A 30&7t =5t =H] o] & 40
H HFESIRATE E Melting= 55CHE 95T7HA] A4
5] REE ST st

A&E MRC5 AlEE= LPS(1 yg/ml)2F CSEQ00 ug/
m)2 £33 Celecoxib(150 pg/ml)& A8 & F4
ZJoto] 48A17F & EQIstSlal HF A2 5& HEofA
A5t real-time PCRS &Q15}AL)

Table 1. Primer sequences used for RT-qPCR
Gene Forward(5'-3’), Reverse(3'-5)
F - AAGGACCTCGGCTGGAAGTG
R - CCGGGTTATGCTGGTTGTA
F - CAGCCGCTTCACCTACAGC
R - TTTTGTATTCAATCACTGTCTT
F - CCGACCGAATGCAGAAGGA
R - ACAGAGTATTTGCGCTCCGAA
F - CCACCAAAGTCACGCTGAAT
R - GGAGTTGGGAAATGTGAGC
F - GAGAACTTTGCCGTTGAAGC
R - CTCAATGTCAAGGGCCATCT
F - GACAGTCAGCCGCATCTTC
R - CAACAATATCCACTTTACCAG
F - ACCTGCAAGACCATCGACATG
R - CGAGCCTTAGTTTGGACAGGA
F - ACGGCTGCACGAGTCACAC
R - GGCAGGCGGGAGGTCTT
F - CTGACAGAGGCACCACTGAA
R - CATCTCCAGAGTCCAGCACA
F - GGTTTTCTACAGCATCACCG
R - GCTTCCCCATTTGATGACAC
F - GAAATTGCAGGAGGAGATGC
R - TCCACTTTCCGTTCAAGGTC
F - AGGTCGGTGTGAACGGATTTG
R - GGCCTCACCCCATTTGATGT

human TGF-41

human collagen-I

human a-SMA

human E-cadherin

human vimentin

human GAPDH

mouse TGF-81

mouse collagen |

mouse a-SMA

mouse E-cadherin

mouse vimentin

mouse GAPDH

2.7 YIAEH =2El(Western blotting)
AYo] T § ¥ & 9 AEE Ao RIPA Lysis
A9KATTO, Tokyo, Japan)& AH&sto] Tid S =

919t} o]& 10% SDS-polyacrylamide gel %7]

FoE EAT g £8E oWdEE PVDF
(polyvinylidene difluoride membranes) WEH<QI
o &71al @EdSo] A% PVDF HEHRIE 1X
TBST 5% skim milkZ2 3|43t E27] &4&58Ho|
A AT S EE50 EEAAR the, 1A A

anti-TGF-B1 antibody, anti-Collagen I antibody,

of

anti-e-SMA antibody, anti-E-cadherin antibody,
anti-vimentin antibodyE® £27 &%5-&%°] 1000
H] 3l&sto] HhA) BESA| T Hhgo] B WE I
A3gHoz ARSI 22 FA(IgG-conjugated
horseradish peroxidase(HRP)E £27] &5 0]
20008 3]&5tod 1A7F 5t BHEAIA T ¥hgo] Ed
el AF8Hoz AAHSHL AlZE HE
ECL(Amersham, Bucking- hamshire, UK)Z ¥h&
AlA Flstr.

2.8 HAMESIEA Immunocytochemistry)

MRC5 A|Zo]] LPS9} CSEE A28t COPD fleatt
Celecoxib Ag|tol|l A A|ZWof TGF-813} collagen
9] d WIS gRlsty| {Js HAA| Z3eHFANE o
¥tk MRC5 Ml ZZ chamber slide®]] B33} 244]
7t &, LPS(5 ug/ml) + CSE(B00 ug/mi)e} Celecoxib
(150 ug/ml)yE A 2IstFict. 48A17F &, 4% £S5t
o|ER 287 1At PBSE 584 31 AlFEHct.
5% 4 @302 1X7F 5 blockingstal 12} A
9] anti-TGF-41, anti-Collagen & 4TCoJA] HFS-A|
Zch. PBSZ 524 3% Al&stal 22 A< Dylight
488-conjugated goat anti-rabbit IgG(Bethyl, TX,
USA)E 1A17F &< 9EgA1Z1 F PBSE 584 39 A
sl dg DAPIZ FAsto], F3gHvIF(ECLIPSE
Ti; Nikon, Tokyo, Japan).& 3235}t

2.9 7 [HX|H A2 (Bronchoalveolar lavage fluid,
BALF)
mReA YRS TR F A V|ERY] EE
Aot 7128 =EAA 71 HE PBS 800 WE ¥
o} AlFsled 500 WS thAl 353kl 4T, 1,200 rpm,
57 AR & ASHE At AU R
Hs1A, BALFOA £e]3t AZE 7| HA|H 2 A2
50 w¥} sircol AI9F 1 mlS 3087+ &9sich 4T,
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ol

12,000 rpmO.Z 1087+ Y& &, AEde He
1, Diff-Quik A|9k& ARESHo] MRS E75H3iT
NEFE & MZS(total cells)E EQlety Hut
(lymphocytes)?t 47 (macrophages)?| AZ$E

24590,

2.10 AO|EFIRI(Cytokine) X

BALF W9 IL-6(BD, san Diego), IL-18(BD, san
Diego) and TNF-a(eBioscience, USA)9] & =4
5171 9ol Enzyme-Linked Immunosorbent Assay(ELISA)
£ Yot SHGAE S H| S35t 7 well
F 100 WA ¢ar, 4ToA ) §HSAIZ] &, Al E &
FHoZ 43] Mgt ¥-g SHAE welld 200

A Yy ARoA A7 5 EEAS T 7, Al
HHoT 43] AHsHrh ZF Ad#o @3 4
standardE §Hg 34 2-10919 L& FATH
L 279 SHIAR coating® 96 well plated]
100 wA H7¥sto] A2ofA 2A17F §ESAIZTE A4
ASHoZ  43] AFSk, biotin- conjugate
antibody reagent® ZtZt] well] 100 w4 A5}
of 1AZF &3t A2 WA & 43] AlHstar,
streptavidine-HRP solution& Z} welloll 100 w¥ %
gfsto] ARoflA 1417F BREAIZ] & ThA] 43] A6t
t}. of7]e] 71 A HE 100 wA H=ste] 5-3087F Bhs
ANZ Z 50 w9 stop solutionS AFslo] HH-S &
ZAI71AL 450 nmolA =S SASHITh

2.11 Soluble collagen &%X

Soluble collagen©l T3t Celecoxib? &IE &
ol5}7] 98fl, BALFOA] sircol assays 3oFTh.
BALF 50 @} sircol Al 1 m(-& 3087 #3417
47T, 12,000 rpmollA 1087 YAE sk, A4
W21, Acid-salt A 750 wdol Al-siE <,
12,000 rpmolA 1087+ 94 sttt FS5HE
HE 1 Alkali A|E 1 mf ¥ol Eo1& ¥, 555 nmell
A FBEE S

18 F
o

N ol
o

2.12 AEA

7 A2 33] o} El e BE g AEY
Bt £ SDE EASIH ZF & 7H9] Aoli= one
way-ANOVA 4 & tf& t-test2 SAF FI48=

3. &7 2t

3.1 CelecoxibZl MEZ HZ=0] O|Xl= &

QI7F HAfroFA|ZQl MRC59 Celecoxib
4000 pg/ml F== Asto] Az B2 &
7}, 250 wg/ml ©l5te] FEOA AlE =4S YE
ASITHpC0.05). webA o129 in vivo AR F54%
Bl = 150 pg/ml sE=F AHste] AHS A3
sholal BEE EFES 2+ 7k Aol one
way-ANOVA £4 3 t-testZ2 A4 Fo42 23
sttt 23+ Fig. 13 £t
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Fig. 1. Effects of Celecoxib on cell viability.

The data provided are the mean SD of the values obtained from
three independent experiments. ANOVA, *p {0.05 versus the
control.

3.2 LPS2t CSEO]| 2ol =& M=ES| COPDEE
Ol Celecoxibel EMT XX St

MRC5 A|Zo] LPS9} CSE A2 & HAN Zo}st
AR &l DAPL ¥Asto] o<kl s TGF-p13%
collagen 1 ¥do] Z7}=o] EMT ¥ COPD %5
oletH . o]F A3t Celecoxibol| 98] F7Hd
TGF-B13 collagen 19] &d A 835 9lst
ot A3tE= Fig. 2A, 2B9 2t

E MRC5 AlZEo|A LPS9 CSEE EF3h1
Celecoxib(150 wg/ml)= A= 2 FAZ st 48A1%F
%, real-time PCRe 43519t} A3k= LPS} CSE
of 9sf S7F=|A" TGF-B1, collagen I, a-SMA,
vimentin®] mRNA ®&o] Celecoxib A gZollA 7
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Ao, LPSeF CSES] 9loff 4T E E-cadherin®]
mRNA gdo] Celecoxib AgollA Z7FsFch
Fig. 2ColAe} Zo] Z+7+9] mRNA &2 LPS+CSE
Aol FAHET ] Hls] fostA 571 2 A
3192 (*p<0.05), Celecoxib A2l A LPS+CSE 4
Stof vgf s Za ¥ ST tH#P<0.05).

A B
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Relative expression of mRNA

Fig. 2. Inhibitory Effect of epithelial mesen— chymal
transition of celecoxib in the COPD model of
cells induced by LPS and CSE.

Data are presented as mean + SD, n=5. *X 0.05, compared with
the PBS group. #p{ 0.05, compared with the CSE+LPS group

3.3 SEZZ0M Celecoxib?t =22 254
ool FA DXz I

LPSet CSEOl 98] #+&® COPD RHojA
Celecoxib® ETE 81Q15}7] 8l 1 mg2] CSES
d 7 Folstal 10 pg® LPSE 273t 5 13] 71
W Eojstg o, Celecoxib 20 mg/mE 2 57+ A+
Solsigirh. 23 2 257 AR FAE 2 Aol
7F 9L, At Blste] LPSeF CSESl| 9l 57}
FAA H9] FA7} Celecoxib Aol 7HAsHich
o|2]gt A= Fig. 3A, 3B AA5+ATh

A
25 | p <005
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Fig. 3. Effects of celecoxib on animal weight and

lung weight in animal models.
Data are presented as mean + SD, n=5. *p{ 0.05, compared with
the PBS group. #p{ 0.05, compared with the CSE+LPS group

3.4 LPS2t CSEO| 2fof R=E s=2 COPD 2
0ilM Celecoxib2| EMT x| &1t

Celecoxib7} LPS2F CSE] 9fsf f=H EMT
v X JFE dRlsl7] el real-time PCRI}
western blot& &3] mRNAS} protein &S &3
staick. LS9 CSEel o8 F7Ffd  TGE-B1,
collagen I, @-SMA, vimentin® mRNA &o]
Celecoxib AgtollA F4astRlar, LPSeF CSEo
8 ZAPA E-cadherin® mRNA ¥&o] Celecoxib
Ao A Z7HATHp<0.05). mRNA & wiglzt
el Il A3t fARHA UEReH ol2gt A
£ Fig. 4A, 4Bol|l AAlotF .
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Fig. 4. The inhibitory effect of celcoxib on EMT and
soluble collagen in the COPD model of
animals induced by LPS and CSE.

Data are presented as mean + SD, n=5. *X 0.05, compared with
the PBS group. #X 0.05, compared with the CSE+LPS group

3.5 LPS2} CSEX| 2folf F= COPD S=ZH0f|A
Celecoxib?| soluble- collagen K| g1t
EMT% collagen?] H]7944Q1 &4 o] EXJo|ng
BALF4] Soluble collagen®] 93t Celecoxibd &
IE FRIstTh Fig. 4ColA1LF 2ol ZAdtol Hlsh
LPS®} CSEol 9Ja &713H soluble collagen©]
Celecoxib A2 74384 tHp0.05).
3.6 LPS2t CSEO]| 2ol f=& =2 COPDEE
OlA Celecoxibel H EZ M| &t
LPS9t CSEol o8 f=® ¥ F3Fol ot
Celecoxib?] BIHE &RI517] 8], BALFOIA FSAl

29 & &A1t 2= Fig. 5A-C3 Zo] 34
ol I3 LPSe} CSE]l 9ol S7Hd & Al2ES:, of
AT, 7} Celecoxib AE] Al o7t ZH4stgia
o] &, BALFIlA €34 cytokines(TNF-e(Tumor
necrosis factor-e), IL-6(interleukin-6), IL-18
(nterleukin-18))< &7stAE=dl 84oll Hls] LPS
@} CSEf| sl 715t Hdo| Celecoxiboll oaf 74
MQ'(]J(0.0S).

p <005 wegleels 2 p <005 i alymphacys
-
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" s
2 Z 08
L 2
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310 2
o s
g 8 ]
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-] =
4 1]
H
] 0
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B0 5 <005 L p <005 0
8
Ey £
t g
3 3

80 s
] I

) I
85

LPSHCSE LPSSCSE Calecori IPSeCSE  LPS-CSE-Celocont

Fig. 5. The inhibitory effect of Celecoxib on
pulmonary inflammation in COPD models
in animals induced by LPS and CSE.

Data are presented as mean + SD, n=5. *p( 0.05, compared with
the PBS group. #p{ 0.05, compared with the CSE+LPS group

4, 1F

COPDE #3fg At 7k 59 FJoz g
g 45 % V1= HHE SHCR she dgolth
COPDE f¥dhe 7H $8% AB A= FdolH,
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ol stetEd, wlAHA] Fo] Tofgtrial LA
ATH2, 101. o] & Aol A= LPS CSES ©]-83t
COPD H&Z A#sto] A APttt Hof A5
2 COPD 7] @A fEEH o] AZFA] HH
b &4, RSl uERdTHIL 12 1L-6, IL-8,
TNF-a, [FN-y, TGF-8 5% 22 95744 AR|&E71<]
4 Ax7}Qlo] COPD 2&of Fofgtcta &a# Qlrt
[13,14]. Zt APo]E7RRIS] 28-S AT EH TNF-e=
-85 FEAlA T3577F S716laL, S71R 25+
olef detAetAel 22 Ty Ref a471 2H]Eof
w2 eo] wIHcH15-17]. EAsE TGF-p= 7%=
FH AR5E Pk, #H 2A APl Hofgtt
(18,19]. IL-6%= TNF-¢<} IL-18°] 2J8f A== o] A
A Z, A-RotAzet 22 v A4 AZ9 75l
283201 A 275 &9 LPSe CSEE A3
< 4, 7|=5FHos FeHlo] 4=, ¥ Fgo] I
7Folh= A& Ist3 o Celecoxib Foiwtol Al 714

= AL Uit £, F7HE 954 cytokine
9l IL-6, IL-18, TNF-¢9] ¥&do] Celecoxib £+
oA A

EMTE A A, % 34 2 ofefgt A/l &
ofgttia A QUrH21, 22]. ThA] T3 EMT+ A=
Q] 714 gilld g vEste] Afot Rt Eojrl= I}
golata & &= Qirt. olgt AfotMl Rt AulE A=
sto] EMTE f=stal 7|% @2 9 7|7 340 2-&
Sty dets]ojZIH22,23]. A S8 COPD7F %
P 7| A gl A @-SMAZF 716k, 7= AE| o
vimentin®| W@o] S7Fste] EMT7F &/} Ettal 2
NEITH24]. 2 Atolld= LPS CSEoll 9fsf R
% COPDOIA EMT7} o] A=A ERlsr] flsl,
COPD &5 ®d9] %AS 0|83} real-time PCR
3} western blot 3314th. LPS9 CSESl| 9J3f EMT
B EARHTGF-B1, collagen 1, @-SMA, vimentin)
dFeo] F7lelRa, AlE7E F2HEAQ] B-cadherine
Z2-5o] EMTo] 23t COPD f-=7} ER1= it o]
COX-20] A8d nAH 2ot A (NSAID)E &
#H7 CelecoxibE A28t oA T EXARQ] &Hd
#49} E-cadherin® ®do] S71EJ. In vitrool
M 22 e HojF=A] gRlshr| s, Ao
Q1 MRC5 A|ZE o]&sto] A AFstl=dl, &
Al in vivoSt T2 AIE HoFch

# A= LPS9F CSEQl 93k COPD HEojA in
vitro®t in vivos 9 Celecoxib¥ 9A] 714& &
013}9itt. Celecoxib® LPS2} CSECl 93l &71& A
O|E7RRIS AAAA BFZ AAlStaL, EMTS #AA
o] TGF-81, collagen, e-SMA ¥ vimentin®] &
Z7Fe Z4AA7I12 E-cadherin F7HA1# A1 9
Afot R @Y HE =4sto] o &2 A
Mok A0 E YEHH

5. 22
# 97 B9 59 B ATl Q8 S
TGF-p1°] 98| fE&+= EMTIA NSAID % shl

Celecoxib®] #HAHS ERlst o=t ZAxrt
COPDY "X FFE A5t A =3sqich
LPSe}t FHj¢d7|F&E0] 93t COPD ZE-Z A &oto]
in vitro%} in vivoE B3l Celecoxib® A 7]4S
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