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M EERFAKTF, ERKA2IkBa &8, A% ERK ## NF-k B mRNA #9 &k, R BAME 5w HFRF,
p—ERK #o p—I1k Ba %@, A& ERK 4= NF- k B mRNA & ik 35385 ; A 2520 bk 35 AR A8 R R 3 4 P&
12 L R E £ F AT FEL (P >0.05), &V, PDI8059 T /e p—ERK %& & &% ERK. NF-k B
mRNA K-FH K, M4 F EGF TG LR AR R T S AA e, I8 AT S a4t Kok TH L
MR HEAEE S, A YRS F R G TH6 T AR 1554585, SCBBE L 4 F ) 30 2L
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Effect of Carbocisteine on inflammatory factor levels in human
16HBE cells and its regulatory mechanisms

Ying Guo', Jian Kang®, Wen-shu Chai', Dian-zhu Pan', Li-yan Che',
Rong Wang', Jing Li', Xue Yan', Xiao-qin An'
(1. Department of Respiratory Medicine, the First Affiliated Hospital of Jinzhou Medical University,
Jinzhou, Liaoning 121001, China; 2. Institute of Respiratory Diseases, the First Affiliated Hospital of
China Medical University, Shenyang, Liaoning 110001, China)

Abstract: Objective To compare the anti-inflammatory effect of Carbocisteine alone or combined with
Budesonide in the airway epithelial cell model, and identify the regulatory mechanisms. Methods MTT method
was used to determine cell survival rate after treatment with cigarette smoke extract (CSE). After various drugs
and inhibitor/stimulator treatment, ELISA was used to detect the inflammatory factor levels, Western blot was used
for determination of ERK and IkBa proteins, and RT-PCR was used to detect the transcription abundance of ERK
and NF-kB. Results The model group showed significant elevation of inflammatory factors, increased ERK and
IxBa protein abundance, and upregulation of ERK and NF-kB mRNAs. Although treatment with Carbocisteine and
glucocorticoid respectively showed anti-inflammatory effect, no statistical significance was detected when these two
drugs were combined. Further study showed the significant decrease of p-ERK protein and ERK mRNA and NF-xB
mRNA abundance after Carbocisteine and the inhibitor (PD98059) treatment. The effect was partially reversed by
the application of the stimulator (EGF). Conclusions Carbocisteine has similar anti-inflammatory mechanism as
glucocorticoid. Combination of these two drugs doesn’t show significant synergistic effect due to suppression of the
same signal transduction pathway.
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T AR R 2

5 28 &

I b B 0 AR S SRS R B £ — 1
Bk, WRARIAIEARZS 15509 2 4, 5 Sl R
FRARAE SN, RS R SEREAT BRI A 1~ Horp
FI4IE A% 8 (Interleutin-8, 1L-8) S A H E A4l
WL, A4 B e ) TP R A0 A L TR T
JE PR AN TS AL AOAR AR . AN A iR AL 1
a (tumor necrosis factor—a , TNF—a ), 1L-6. IL-10
SRS RAE A IR " HAREA SO B 40 M
Wigfe (B NF-« B FHALSE S ), SFEBR AL
A FAHSCIEAR Y 7 A

R P R SHER T A g — il PR T A b W Y
AL B BENBIRIEM. PR, SRIE
FRIZGY), AR FH wIEH A N- 2 kP e 2 iR 45 BE 5 sl
DR A F (TNF-a | IL-6, IL-8) A4 Y,
CL A R BRI RATSEIESS, R mIH A5 R A
P A By B4R IR E T SE g 350 I 4R A Il R AE 5
B, TR Y ) $E AT A g 2 4 L S i
( chronic obstructive pulmoriary disease, COPD ) B
AV, SEROEAEREER ™. H ESME SRR A TR
I R BRI IRCR A, b 2 52
225, RILESN COPD fB 2 FLaH LN FH A
BB R, TR E PEACE B8 s A £ COPD
FH AU 16.7% AU A VERE B RR . i
S5 IR AT B S0 3R P e 22 e 7 AR Y 2L
JL R ARFI R, WE R BUSMER BA 2B iR, U
HIZ M ANNE  BTR 8 12 W T IR 7 12 i
COPD & . B4, WERFUMER LT ITRIN “KAEMR
RONL” SRR P R R RE A AR PG SRR 7
B SRR S R T R 3 R AR T AL S AT 487
PR, AE9E Bl RSN SR ] R Y R]4H
AIBT R AL T e SR PR AR T, FERI B
B TR B T o T AR 055 A S i s 48
IE R RS2 , PR S HTR F RSN R A

1 RS

FEAFSNE
PRI AL A A (B R A ), R
HERTFE I (1R3F, SEFE R AR ), RPMI 1640
K35k (3£ Hyclone AH] ), JRAFITG . WHERRIR
AW (AE5T Solarbio A H] ), EGF ( 32[H Pepro Tech 24
Al ), PD98059 ( FE[H Selleck A ] ), MTT, DMSO ( 3

1.1

[ Sigma 23 F] ), ELISA il & ( 28 E R&D A H ),
ERK. p-ERK. Ik Ba . p-Ik Ba ik (HE Abcam
ovED), Zh CEBUNRL FEdi) (e A2 ek
/A ), B-actin, ERK, NF-k B 5% ( FifFA T8
#) ), Jo7K RNA ( Z[H Thermo 2AF] ), RNAiso Plus
( HZR TaKaRa A ] ), SEHF G BEEE N (real-time
PCR) & ( HA TaKaRa A F] ), CO, 45 FR46
( 22 Thermo Scientific HERA cell 150i ), R ( 35
% Bioteck 23] ), HLUKAL ( 3 Bio-Rad AH] ), PCR
A (HEE Techne 23] ), SERFHEERE I A MEHE SN
(qRT-PCR) 1% (TP800, HZ TaKaRa /A7 ).

1.2 ASELREHAMESR. EEZREHER
!

121 A&E gtk (16HBE 28/2)
= 2 b2 B e e A L 2

122 AFRpEGE S SR (6] ik, A%
— LA 50 ml FEGERESAML, A AEERSEHE 2
15 min/ 37, WA AHINZE 22 =0 R A A 10 ml
RPMI 1640 55559 1% BP s R, #2  5E
DR, JEEE pH 7.4, £ 0.22 wm THFLIERRIS JERR
W, ATk, HEm ( cigarette smoke extract, CSE )
WEEBLE N 100.00% , AR CSE 30 min
A5

123 4 SRS TARETHEEZER, 24 h JFIEE
M Facs, OXBA (N4 IEFEFEAE. @
BRI (CN4) : MR TR A CSE. @R H A
WA (CCH): AMMBEFRW P INA CSE #1110 ~ 4 M
BH A, WA fEd (CB4l) : gikssmhm
A CSE #1110 ~ 8 mol/L fii #1 Zs 7, @Bt 44 (CCB
41) : SeinAn HhZs AEANFRAN AR 1 d J5 IR Rl
i, @FHIFILAL (CNP 2 )« AREFRB A CSE
1100 pmol/L ERK1/2 #11 il 75 PD98059. (@ i 2 71
4 (CCE4L ). £ R W Rl 41 3 Al A 10 ng/ml
ERK1/2 #85 EGF.

WA

1.3 MTT sk MR B R B CSE X4AM &£ 7KK
2

WCSEXT RO AN M, B, SR 2 A0t 2 Al
LK, AR EE CSE (435124 80.00% . 40.00% .
20.00% . 10.00%. 5.00%. 2.50%. 1.25%. 0.63% Fl
0.00% ), 433 FFHijE 1. 3. 6. 12, 24 F148 h 4t
PRANAEL, FEFLANA 20 w1 MTT W, 464015354 h
ZRREFE, BALINA 150 wl W LR, 4R R AR
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P 10 min, i bR ASCRE W0 WG o B, AR A H =
A570 nm—A630 nm, ZHMIAELFR (%) =A InZ54L /A
XHRFL x 100% .
1.4 ELISA #&M & AEEF IL-8. IL-6 KFHIZE

HERR . FEAR, e LU BIRR REbRAESD 5 EE (g
HES BFEAR )25 100 1, IR 2 h W, Vit 4 1K
JNEEFRAIGTIR 200 w1, EEMBFE 2h 5 WH, Ytk 4
W MR AJKRY) 200 pl, ZEHEPFE 30 min ; M ERK
501, 450 nm A EEHRONE OD {H, 540 nm AL
IEPK .
1.5  Western blot # il ERK, p-ERK. Ik Ba .
p-lk B EHKFHEZH

RIPA %! % Wi ( RIPA 75%. PMSF 10%. cocktail
15% ) Z4f40iE, B0 B THRCR I BCA 3:5E A
WerE . 5 FHZPRIEG S [ FE, SDS-PAGE (10%
OYEIE, 5% VRARNE ) FUK, MG E PVDF R, 55—
W% JE MK ERK. p-ERK., Tk Ba . p-Ik Ba ¥
HLACHR ., AT © 2500 B0 —Hisihn FeE .,
VRS e, THENR A SR T R4 PR, A
Image J BRI BT S0 HEA T 0K B (RN 5
1.6 gRT-PCR #illl ERK. NF-«k B mRNA 7k

Trizol VEHEHUAR ML E RNA, $% <DNA & ik &
VLR E S NAARZ , 7E PCR AXH 37°C 15 min, 85°C 5s
W S B eDNA G DA R BEAR 43 5 A NF-k B
ERK1/2, B —actin [J5[#) ( B -actin-F:5'-ATAGCACA
GCCTGGATAGCAACGTAC-3' ; B —actin—R : 5'-CACC
TTCTACAATGAGCTGCGTGTG-3' ; ERK1/2-F : 5'-
CAACGTGCTCCACCGAGAT-3' ; ERK1/2-R : 5'-TCA
TGCTCAGGATCGGCAAT-3'; NF— k B=F : 5'-CAATCGT

GCCCCCAACACT-3' ; NF-k B-R : 5'-GTCCTCTTTC
TGCACCTTGTCAC-3") FIZIEYRTE qRT-PCR X I i
AP 88, 95°CHIAENE 30 s, 95CAENE 55, 60°CIH A /
FE 30 s, 40 MG FE AR AL 270 40 HT
Bl A ACt= (Ct HEYEER —Ct WS ) S22 - (G
HEIIER —Ct WS FEN ) XFIEL . K42l ik 2
SR 270 R
1.7 Hit=ERHiE

Bl bR SPSS 19.0 Geitaitt, HHE YR
B+ BRifEZE (xxs) Fon, ZUUREA R BRI
R, AEPIP SR - LSD— £ 5%, P <0.05
h2ERAGI R L

2 #HE

21 A EAEARERE CSE 3} HBE £ EFR
EA1

CSE #FEAE 0.63% ~ 5.00% I, % HBE 2 it i) 410
VR VAR, AN TR T] 22 S e e 4 5 (P >0.05 ),
Bl CSE 9T , HBE 4 A A= 170 5 PRt .
CSE W JELE 10.00% ~ 80.00%, Bt VE AR ] IFE K,

120 7

100

b =% 80.00%
== 40.00%
~o=20.00%
o= 10.00%
o 5.00%
o 2.50%

== 1.25%
== 0.63%

HAES 1%

lh 3h 6h 12h 24h 48h

1 ARERE CSE X HBE iR 477 19220

#1 FEIRE CSE {EA TARREME HBE MAMERRE (%, Xts)

e 1h 3h 6h 12h 24 h 48 h F{E P
0.63% 99.54 + 0.44 99.27 + 1.08 99.22 +0.95 99.30 + 0.36 98.90 +1.23 99.30 +0.78 0.128 0.968
1.25% 9221 +1.75 92.94 +2.02 94.88 +2.91 94.97 +1.55 95.57 + 1.87 92.97 +1.50 1.443 0.278
2.50% 93.52 +14.93 91.39 +47.32 100.00 + 37.29 95.44 +2.82 95.02 +3.06 95.73 +2.49 0.053 0.998
5.00% 88.41 + 14.46 90.14 + 15.42 95.23 +24.60 90.32 +4.46 85.61 +£3.72 87.80+2.53 0.198 0.960
10.00% 89.00 = 13.56 94.62 + 13.94 90.14 + 15.42 95.23 +24.60 28.68 + 10.81 9.18 +3.00 24.822 0.000
20.00% 77.73 +19.47 91.24 +26.46 78.81 + 18.00 4.25+8.30 6.29 +3.79 8.67 +5.41 15.826 0.000
40.00% 66.21 + 4.84 80.33 +27.84 51.76 + 12.60 40.38 + 14.47 550+ 1.74 7.83 +3.00 14.993 0.000
80.00% 5321 +8.44 54.46 +7.16 25.49 +5091 18.40 +4.13 595+ 1.77 8.47 +2.61 50.898 0.000
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®

YU AEAFRERAR, iR, ZRAZIFE X
(P <0.05 ), BASLEBERE 5.00% CSE HE47T LT 5256 .
DL 1 A 1,
2.2 #Hfm biEd IL-8, IL-6 /K

AT ELISA Y5 R 240 L3 i 2 8E - 7K1 45
R, CNZH IL-8. IL-6 /K45 N AT, ZRA
Yiit# 8 L (P <0.05), CC4. CB4 M CCB 41 I
RAEIR IRV A FREAR, ZRIAGIFE X
(P<0.05), {A 34118, 1L-6 KTAEHM i, %5

*F2 WA LEiEFIL-8, IL-6KF  (pg/ml, X+s)
2151 1.-8 1.6
N 254.67 £29.32 241.73 + 30.88
CN 4 608.76 + 71.55 602.12 + 11.57
CC 361.60 £ 42.70 466.21 + 39.60
CB %4 373.05 + 30.13 481.73 +7.80
CCB 4 400.40 = 14.66 464.72 + 49.18
F1E 28.110 49.650
PiA 0.000 0.000

700 7 0

600 7

500 7
_é . SO
£ 400 )

(=% ,00

— i o
= 300 2
% el
= [R5
= 2007
[585255]
KRS
i K]
100 s
Hret
o Ll R
N4l CN#H CC4H CB#4H CCBAH
1) 5 NA#, P<0.05; 2) 5 CN4E, P<0.05
2 ¢ApE EFEH IL-8 KF
700 ]
1)
600
2)
500

E 400

20

[=¥

300
hi
= 200
100
0 SO0 ] ] ,
N4 CNZ4 cCc4  CB4 B4

1) 5 N4IE, P<0.05; 2) 5 CN4HLLE, P<0.05
3 HpaEiFd IL-6 KT

TGt FE L (P>0.05), W2 ME 2, 3,
23 AFREEYWFFX HBE 488 ERK, |k Ba &
i3t = 0pA |

5 N ZHH#, CN 44 HBE 40l p-ERK . p-Ik Ba
EARRI S, ZRA5IMFE X (1=5.041, P=
0.000) ; CC 41, CB 41/ CCB 41 it 4555 CN 411y
B, 22 A 41225 X (p-ERK:3 41+ =3.355.,2.306
12.896, P =0.004, 0.023 1 0.012 ; p-Ik Ba : 3 4
t =2.896. 2.764 F12.228 ; P =0.012, 0.015 F1 0.020) ;
CC#15 CB4L P-ERK LA, 2R geit = (1 =3.013,
P =0.034), CCB45 CB 4L, ZRILi¥E L
(P >0.05); p-1x Ba HFHFRIAG Y 3 4 A] LK 2
SIGFE S (P>0.05), WWHE 4, 5,
2.4 PD98059. EGF X} HBE ZHAf ERK BEER LAY
A

5 N4 %, CN 20 HBE 41 /ifd p—ERK FEiA 850 ( 1 =
2.718, P=0.016), 43545 TR R . PD98059 +-Hil/
p-ERK ¥JR#AE (1 =1.999 F12.201,P =0.038 1 0.022 ),
M4 T EGF THiJ5, p-ERK Uik CN 415 cC 4kt
B, ZRESIFEX (1=1.812, P=0.041), CN 44
frmiFt. WL 6,
25 KLAMA ERK, NF-k B mRNA 7K ERIZEL

5 N4 H#, CN 4140/ ERK. NF-k B mRNA &
IR E (r=2.262 F11.940, P =0.025 F10.031) ; 43

N4l CN41 cc4l  CB4l B4l
-ERK —— S — —
: T T — —
ERK — —
o o — — —

[ — — — —

1.8 7 1)
1.6 T
1.4 1
1.2 1
1.0
0.8
0.6
0.4
0.2
0

p-ERK/ERK

CB 41
1) 5 N4, P<0.05; 2) 5 CN4LE, P<0.05; 3) CC
H5 CB AL, P<0.05
E 4 p-ERK BARE

N4l CN4l cc4l CCB 41
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TR A TS PIZhEG & PD98059
i)ii ERK mRNA (1 =1.999, 1.940. 1.895 f12.896, P =
0.038. 0.030. 0.045 F10.011 ) K NF-«k BmRNA (f=
1.812, 2.005, 1.857 #12.998, P =0.042. 0.036. 0.043

N4l CN4 CCH4l CB4l CCB4
p-IkBa ™ -y . .- -
L o o D om0
- ——
0.25 0
0.20 7
3
=
X 0.15 7
3
=
¢ 0.10
L
0.05
0

N4l  CN4l cc4l CcB4l ccB4l
1) 5N4E, P<0.05; 2) 5CN4LL#, P<0.05

B 5 p-lkBa EHRIE

CSE - + + + +
mpEs _ . o,
PD98059 - - - + -
ECF - - - - +
p-ERK TR SN — —

ERK e e —— a— —

CC4l CNP4l CCE4

B —actin

N#4 CN4H

1.2 A
1.0
0.8
0.6

p-ERK/ERK

0.2

0 [ ] i i
N#H CN#H
1) 5 NZHE, P<005; 2) 5 CN4L#, P<005; 3) CC4H
5 CCE 4lLb#s, P<0.05
E 6 PD98059. EGF Xt ERK HEEA{L i 240

F10.009 ) FIXACEREAL, 145 T EGF T-Hi)5 ERK Al
NF-«k BmRNA CN 415 CC 41 IbE:, 25 A58 X
(1 =2.764 F112.228,P =0.015 £10.021 ), CN 414 fr[nl Ft,
WLE 7, 8.

2.0 7
B |

18 1)
1.6 | A7
— i sk
- b
<o 14 P
3 .
ol
g 12 RS
i b
— b
RG]
= 1.0 B
B= i psesd
- K25
S K
06 K5
.6 | b2
@ Koot
& 5
2 04 ] B4
= e
= X bescsed
02 4| b
: b
0 o b

NZl CN4] CC4l CB#l CCB4 CNP 4l CCE 41

1) 5 N4W®, P<0.05; 2) 5CN4HE, P<0.05; 3)CC
215 CCE 41tb4s, P <0.05
7 ERK mRNA 7k

3)

2.5 7 1

2.0 1

1.5 1

NN

\

_

1.0

0.5

ERK/B —actin ( A A Ct)

N4 CNZi CC41 CBZl CCB4L CNP4 CCE 4

1) 5N4HE, P<0.05; 2) 5CN4HE, P<0.05; 3)CC
15 CCE 4l b4, P<0.05
8 NF-« B mRNA 7kF

3 It

CSE J2 DA 40 55 Hh 12 3P4 V5 1 400 i 5 o S 11
Y, Hrp S EWIEEE . Je T e, AN
PER (ROS) SFiidr, HEG 2 RSN SLE LI
FAMAEAMACERVER ™ ABFFER A MTT 4
DA Rl He B CSE X HBE 4 A= A7 R A5 MR, K P p
% CSE #FERY T, HBE 40MAY AR FERE R Rt s.
CSE HPETE 0.63% ~ 5.00% ), %} HBE 4 A /E
G, ARRINE 225 T80 248 L. 1 CSE WRETE
10.00% ~ 80.00% I, BEEVEMHBIHIER, 404
TEREIE, A KRIET .
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5 28 &

FHAMAZS T & A R FE YT, BRI X A
i 25 W 7, (RO RAE, TEALAE R
I, IR RECRAEA BT, TNF-o . IL-8 J& IL-6
J& COPD HERYSREAN i, HoRIE) 1z, DZRE
B ARG 6 B L AR A2 S 32, #E COPD [ &SIl
R AR, AT SE R %W, HBE 404 T
CSE T, HARIERT 1L-8, IL-6 KT FE, MR
P RTEH | A A 1 I L A REAS )RR AR 3k 4%
FEPHF K-, 3 AN HA R 22 o Ge 240 L
UEW CSE BB 3 S RE N F AR T, R WD
il B SORE VR R S A b A AR, 2GR & R IR
REHE— DA 4 S AR

CAMIMERAER, FAEZE S (CSE) 5l
i IL-8 45 40 K+ 1 B 5 ERK Fil NF- « B {55 5%
S A O T AN B B ( ERK)
1A MAPK 38 B — 58, 55 AR Z IR ME 5
2 AMEAZ A OCHE . HALHS ERK1 A1 ERK2 2 A4~ AY,
SiFRON ERK1/2. BEFRACIHTE 9 ERK2 Hi i S 4 2]
¥, #Emif S ELK-1, NF-« B, AP-1 255 55K 1
W SEiEf, S 55 550k . A E T RDRAR
PR, S5OSO . A PRI B A
B A2 N, X 2B ERK I8 & 4 0% 5 480 U
HEZEVFEZ ", MR ERK 8 5 A E: S A7),
PD98059 3 4+ i S b 40 i) - e g MEK1/2, iF
MM ERK1/2 B930S SRk, 1 EGF &5 M
) ERK 3l B3 sl . AHFSE 0 ERK 38 4 A0 34 5h
FFHM AR 78 52 B R AOFE FAIMLE], 2558 5K CSE
I3 N B9 HBE 40 ifg p-ERK % 4 M ERK mRNA 33k
W, A TR A, AR, WA K
PD98059 T-1i)i5 L iRFEFRIIFEAL, Migh T EGF T-Hi)5
p—ERK & ERK mRNA 5% ml3HA A fr [0l 71, kW]
2 W R 3H AE % 8 1 P8 45 ERK OB 1L & 35 HA 41
Mo IS, ARSCEAMER s, M g R RS S
YA N ERK-MAPK {556 38 B M i S RE A o,
X5 CLARK %5 ™ JiRil—2.

NF- k B {555 5% S B2 RAE RN 9 5 1A G
W5, RN Z A ESRENILFESIC A . ETE
L AVRRAE N R R A A O, S A R i 3R
TR ] LR P oA, 7= AR ARAE B 1) SRR
KA " NF= B S 1 2 A4~ 20 i i) [l s — 28
PRl SR AR, AR E WL R U B Pes il
P50 41 A1) SR AR, EHERAE T, NF-kB 5

HAMHIHF kB o ZEATEAMI . MHLAZ EIN &
. TINF-o . 4008 . EESFRNHET, kB o sk
WERR1L, NF-« B 90805 BEAAIMIRZ , 5 HAREERS 2
TFEEEIFFATHEE ™, AL, NF-« B BHA)
PR R A A E WA, RS A T SR R
HE— 25T T 20 A R R A ™ E R
Ak NF-k B 5 COPD Jiff ™ SRR AHE ™™, &
BWFFRUESE, W5 BOMER AR NF-« B A93E PEHh &
FETHEEAEH " AR R, R H AHIRRERE
ik CSE #5519 p-1k Ba 8 4 M NF-k B mRNA %35
I, HLA5 A 2518 R I 2 AR 22 R Ge 20 L
Vi AT B T P A & A il i NF-« B R
S IE BT, XTSRRI AR FH AL
FAAEE S

ZE LAk, R R ARSI A AR 25 S HU) 5
S AGE RAE, B E]IE R A b 23 7 R i B o
ERK Fl NF-« B {55 8 B A 00 B0m B 48
iE, XU 2 HIVE IR T E a5y, PRIl
N TR e, o AR G S A, P
A R R R RE AR BN A VR, s i T 2
D TR AL s A S et e 2 10 55 17 H R A
JPA. XS A T HE—2 IR AT .
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