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BE BRY5T FRAEARK 0 18 CLCA #9235 5 2h 4%, 35 ARDS /s R IR 3R 45 A2 5 69 % vy , 5t 38 18 AR 9 4m JAT AR 4T L4 o
7k )% LPS i 549 ARDS > RAEA (ARDS 41), S s A b o 3] 345 F 7R, 6136 2 FALBN CLCA 4k 45 54 [ 7] R A
R 8 (NFA )(NFA+ARDS 41 ), 4,38 7% 72 CLCA #% 5 M 44k (ab-CLCA3 )(ab-CLCA3+ARDS 41 ), HE % & S &40/ R 3R % 52
B K AR, T EMARA5 RS, 5 hCLCA1-siRNA 34| A B4 ¥ &% L & 2mf % 16HBE ¥ hCLCA1 & % ik, £ real-time
RT-PCR % B 37 %) OB J& , ¥ 28 20 i b ik % AF % 5% B F mRNA K-F 65 £ 5%, 458 .HE # & 27 ,ARDS 215 NFA+ARDS
AL, AR R P B T R K R dm B3 AR R R R EF B R oL R et £ F(JER 41:2.08 0.71;ARDS 42.6.8% 0.45,
NFA+ARDS 41 7.4+ 0.89,P>0.05). 5 ARDS 2848}k, ab-CLCA3+ARDS 48 3R 5% B33 45 B K J5 tm JoLiz H A2 5 9 B &, MR 45
ol (B 40 1.8 0.83; ARDS £1:7.6% 0.55,ab-mCLCA3+ARDS 41 9.8+ 0.83,P<0.05), real-time RT-PCR # il iE 52 3%, 35
#13% hCLCA1 & %k ik # 16HBE #m it % , F] &) real-time RT-PCR % £ 2 7~ TNF-a #= IL-1B 4 mRNA % ik K- 4+ 5 (P<0.05), &5
1B B 538 CLCA Zh Ak K3, 7T A& ARDS /I R 3R 5% B 45145 42 B & K E 40 I iz 8 K F |, 42 = A i ARk aa # CLCA /£ ARDS
N RIER KR R AT AR P R AR R A AE R .
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Effects of Intervention Airway Goblet Cell CLCA on the Injury Degree and

Inflammatory Mechanism of ARDS mice*
GUO Xiao-ya, SONG Li-qiang, LIANG Jia-ning, YANG Xue-min, CHEN Jie*
(Department of Respiratory Medicine, Xijing Hospital, Air Force Military Medical University, Xi'an, Shaanxi, 710032, China)

ABSTRACT Objective: To investigate the effect of interfering with the expression and function of CLCA in airway goblet cells to
the lung injury degree of ARDS mice, and to explore its mechanism through cell research. Methods: The lipopolysaccharide (LPS) in-
duced ARDS mice through trachea drip.HE staining was employed to observe pulmonary inflammatory cell infiltration and pathological
change of the lung tissue in mice challenged NFA or mCLCA3 antibody. Real-time RT-PCR was used to test the mRNA and the protein
expression levels of h(CLCA1 in 16-HBE cell lines, which were transfected hCLCA1-Si-RNA. Real-time RT-PCR was used to examine the
mRNA expression levels of multiple inflammatory factors. Results: HE staining showed that there was no different between NFA mice
and control mice in the levels of lung tissue inflammation infiltration (Control group: 2.0 0.71; ARDS group: 6.8+ 0.45; NFA+ARDS
group: 7.4 0.89, P>0.05). However, the infiltration degree of lung tissue inflammation infiltration is more noticeable in mice administrated
mCLCA3 antibody than the ARDS group (Control group: 1.8+ 0.83; ARDS group: 7.6% 0.55; ab-mCLCA3+ARDS group: 9.8+ 0.83,
P<0.05). Real-time RT-PCR results confirmed that there was a significant reduce in the mRNA expression levels of hCLCA1 in 16-HBE
cell lines transfected hCLCA1-Si-RNA, revealling a successful suppressed of hCLCAT1 in 16-HBE cell lines. And Real-time RT-PCR re-
sults showed that the mRNA expression levels of TNF-a and IL-18 increased obviously in 16-HBE cell lines(P<0.05). Conclusions: The
decrease of mCLCA3 can aggravate the lung pathological damage degree and the pulmonary inflammatory response in ARDS mice.
These results revealed that CLCA secreted by airway goblet cells inhibit the inflammatory response in the process of ARDS.
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ARDS) S ZF B 5 R A i B . R M RAE S I
N PR B DL A AR R R S REE , SR L LA
U 23 P35 72 R i K e A R FIE 1, R G W 4P s (ICU)
D& , IR IR B SR T (30% ~ S0%)Mi 4532 0GR, R
IEAEEXT ARDS BIVR AR R I, “ 54T 42 ARDS 4 577 iX
— S B RZECEE FrATTY, BRI, Mok 4 B
I K I P R A A 43I B 2 Bl R PR T 2 5 /& ARDS
KR EBHLS 2 —PY, L, il ARDS &4 5 % il
G HERE SN 2 RTA TR 1) G o, B o I 47 SR
FELNRE, SIEDRERSE T3 ARDS B35 fii 4 19— 4
EEF RS (HRSTE - AR A B BT o 76
ANFERF BRI , A5 T B 4R 57 B 5 — S AR IR 4 i i
BUTIMAREH, IFS 58 - A BERREMBDIEYIGE 95tk
Fh, DR AS B IR R 3 A — i Re S P A VT SRS T T A
(Calcium-activated chloride channel, CLCA ) ,CLCA #E A\ FI/
B LR 03 51) 2 hCLCAL il mCLCA3 (P SRR ). Bk
FEZ WA FTIESS , CLCA FEREKG (COPD ., i g1 £F 4k Ak 2518 vk
R P FRIEKERE 5, IR B R R S IE AR TR
J, FCAE X SN M S AE AR LR Hh B AR B M R 2 s
A4, BHBZERE CLCA RYTIREXT ARDS 2 FI i 0 &40 il
fER , AT RS, JE KR (niflumic acid,NFA )J& H
FIER T 22 A AR S ARk 2, R SCg b 8 H i —Fh
CLCA BHWH . A, &8T5z H] NFA Fl mCLCA3 #¢ 5 M4t
& (ab-mCLCA3) E4AT /N, (R HBE 40l &
hCLCA1 B33k, BAEMEL CLCA 5/ U506 B K, 28 K 121
PR AR R S A0 M S AE R K B &R AATTIESE CLCA
TE ARDS HPER it — 2P IR T 11 ARDS 2L R4 .

L bR ik

1.1 #F

1.1.1 zh¥ 544  SPF %% 6-8 J& M4 C57TBL/6 /N 30 H,
BEALAY A 2 FRA S0, R 3 4, e 5 LS —H R IEw
Xf Ff2H (Control 2H ) \LPS(10 mg/kg )55 (ARDS 2H ) . T-Fii2H
(NFA-ARDS 4 ) ; 55 — &4 J2 1E % %t #8241 (Control 21 ) .LPS(10
mg/kg )i ) (ARDS 4 ) . T-15i2H (ab-mCLCA3-ARDS #)., %
SN A 28 AR R R AE LI S O

1.1.2 4%k Al E R A SRS L 4 HBE 41
F,W A ATCC If- i LI = B IR A

1.1.3 ##HKXF  LPS(Escherichia coli055:B5 ) [ Sigma 2%
Al 5 1% M 2400 17 Sigma A 7] 5 AR 7K (saline ) [ Sig-
ma A A ; JE KR (NFA)IE H Sigma A 7] ; mCLCA3 ¢ PEHt
& (ab-mCLCA3) Il | Abcam /] ; DMEM $:3: 350 | GIB-
CO A+l s B4 1l (FBS ) H GIBCO A w5 ki 5 GIBCO
/N ; Lipofectamine 2000 4 H Invitrogen 23 ) ;hCLCA 1-siRNA
W BTN BTN B 54 %2 B SRS WA A Sigma 43 /] ; DEPC
FKIW A5 KA I AR 23 ] 5 Trizol 4 2% W H Invitro-
gen A IO SRR & H TOYOBO /A ] ; SYBR Green Re-
al-time PCR Master I |§ TOYOBO /» ] ;real-time RT-PCR
hCLCAL 5% : i Primer5.0 #f5 i1 hCLCA1(Gene _ID 1179)
WSk 5-CCTAGTCCTGATGAAACGTC-3 ; FUET 41N

5-GTTCTCCTATCCACTTCCAC-3, 7= #j K & 7 103 bp, f1 I
34 T AW T RE A A3 PR W 45 7 s real-time RT-PCR B-actin
I H i T A TR A RAF; %biil mCLCA3
—PHilg [ Abcam 23] ; FHT R B-actin —FiI H Abcam 23 ;
WEHT S P A Abcam A F] 5 WAEPLER S0 H Abcam 2
&) 3 2 BRI Cocktail I H Sigma /A 7] ; RIPA S @ 0 H
A KA F] ; Western Blot A1 SCIFI e B 35 = KA F] ;4%
Laemmli Sample Buffer Il [ Bio-Rad 7\ #] ;Millipore chro-
mogenic kit i 52k W [ Billerica 2\ &),

1.2 7%k

12.1 EAREARER(NFA)SEZEMH/NE 4 15 LiEH: 6-8
JA C57 /INERBENL 5y =4 - Xt B ZH (Control 21 ) \LPS Hil32H
(ARDS 41 )FI T4l (NFA-ARDS 41), %4 T/NEUE B S 1 %
I E2 FL 2244 Control 41 /INBUAE I VE saline 50 wL; ARDS 4 /)N
FUETRTE LPS10 mg/kg, SRR 50 wL; NFA-ARDS 20/ R 5E
SIEFAL NFA (20 pL/mL) 2P /haf, BREEJS SCETH 2 LPS10
mg/kg, BAR 50 pL, 24 h JEUEREAS

1.2.2 iZ Fl mCLCA3 $ R H & (ab-mCLCA3 ) S EM@iE /MR
1 15 FUEME 6-8 JAE C57 /NEUBEN LA =41« X i 2H ( Control
2H ) LPS il ¢ (ARDS #1) Fi+ #i4H (ab-mCLCA3-ARDS
Mo BT/NFERES 1 % E tZa, fFHE%5 Control
2 /NS B TR T saline50 wL; ARDS 21 /)N B TE % v LPS(10
mg/kg), MUAFH 50 wL;abCLCA3-ARDS 20/ BG5S 38 i i
abCLCA3(4 pnL)#1 LPS(10 mg/kg), 24 h J5 SRz 21,

123 WBUNBHIMALR A/ RERESRA G, RN R
Wk , 43 B /N BROBUIT A0 20, PRAE T 4 % T B AR, B0
id, AP WA

1.2.4 HE $eNE/NRHRFEEER, TEMIRGTES B
LM, BT 4 %2 R BERh e, A any 4
HE Y] 5 e J5 76 8 6B T LR i 3 I 5 . Z R Katsuya
Mikawal 55 () J7 i LA 4 TRARARIEATIliB 4521 2 f vy« I i 7S
i 5 HH i D Bt A5 R A 4T 9 A 4 5 9 ] o 344
HOBE AT e 0 2 ARBREES0 ;1 43 AR5 2 43 TP EE AR
153 B ;4 4 TTEG . 4 TSRS AHIE A 40,
125 FEAESE FFAE HBE A RIEFH AT
WA L HBE 41 R B2 T3 A 10 %G440
i (FBS).100 UmL %5 % % 100 pg/mL #%HZE (WH) K
DMEM K4, BT 5 % CO,.37 C WEAE 3555

1.2.6 hCLCAI-siRNA %63t HBE 1% 528043 B X I
ZH(NC 41) .25 1% 2H (Control 21 ) %% Y4 4H (hCLCA1-siRNA
2H). HlJ4H (ARDS 4 ) Fi¥E 4 + 438 2 (hCLCA1-siR-
NA+ARDS 4 ). ¥ HBE 44T 12 LA, HA S HiE R W
DMEM 3% 3% SL 35 32 A0 ML, #7240 i K & 80 % -90 % % 4
hCLCA1-siRNA, FHANE 7% ) DMEM 5 32 360 B S0k, A
Lipofectamine 2000, 542182 ; 7£ 5 min 2 N5 B Lipofec-
tamine 2000 43 %] 5 hCLCA1-siRNA 242185, =R E 20
min ;B 58 PR FR A B A BN FLIN R B FLARTR 20537
C ) CO, ME4E HIEE 4-6 h, 4l & M 75 DMEM % 37 5L F e
JEREFE 48 /NI NMEAR N LPS ZLBEZRAN 24 h, T4 mRNA 5
MEEA IR
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1.2.7 real-time RT-PCR ¥ 7 hCLCAl EEEB#H S H &
B e HBE 40/ & 55 RNA, #:0 HBE 4 j & & RNA ¥k
B, Gl sk e 8 SRR B PCR Al hCLCAT mRNA 7K
HIFRIEEA
1.2.8 real-time RT-PCR #& il ¢ fiE FF TNF-a 1 IL-18 BIRIE
$2H HBE i & 5. RNA, #illl HBE 4l & &L RNA Ik &, &
3907 57 el ok SR R B PCR AN 48 4iE [ TNF-or JIL-13 mR-
NA KRB
L3 Git=oHh

GEIT2EAb PR SPSS 19.0 Seit-# -k 1 7 5ei =08, it
WORL x+ s o, AL FLBCR ¢ A 50, AS R4 i) B3R

=
7

FHILHZ 207, P<0.05 AR5 HA e 2438 X
2 R

2.1 HE W NFA SEZ /MR IERE R R GITE S

/NERIHES HE Y] 558 T g 07 - X HR AL/ U R 2%
TS ; ARDS 2/ BUI A ZUIE B S5 pemie R, v - pz ik 12
PEBAG , i ) 5 HE I A R 1 4 M A IR, I 493 174
WIE . AT NFA Z4bn/h RN S ARDS 4/ R AE
A, AER EJCRE AR L s PR IR 1T G 2E 5 F
(Control #H :2.0+ 0.71;ARDS #H :6.8 + 0.45,NFA+ARDS #H
7.4+ 0.89,P>0.05)(|& 1),

o

(=]

g —

g &

£

o 4

c

=2

o o

=

- g :
& N &
< v

o

1 HE e W22/ FBH SRR IR 5 R B Ff#R {575 1551 ( A: Control 48; B: ARDS 4; C:NFA+LPS £48; D: fififi{5iF4% ). HE LBER=HZ A
MRS EA—E, LPS fl# 2850 NFA FHAR/MRRGTITES T4t %= H( Control £H:2.0+ 0.71; ARDS £H:6.8+ 0.45,NFA+LPS 40 7.4+
0.89,P>0.05),

Fig.l HE staining was used to observe the pulmonary pathology and lung injury score of mice (A: Control group; B: ARDS group; C: NFA+LPS group;

D: lung injury score). HE staining showed that there was no different between NFA mice and control mice in the levels of lung tissue inflammation

infiltration(Normal group: 2.0+ 0.71; ARDS group: 6.8+ 0.45; NFA+ARDS group: 7.4+ 0.89, P>0.05).

2.2 HE &N ab-mCLCA3 S i& i iE /)\ R B 7 28 T2 i 451
GiEs

/NEUIS HE e ) 545 T WREE R < X IR /N Bt 45
KU ; ARDS 41/ U ZUIE 5 25 P e IR, iyt I fz ki
PSS, i ) 5T 1 P R 1 2 M A R i, i 4545 74
15 0 25T ab-mCLCA3 J5 /)N BRI 4 i B IR S i, Tt
13 3T 4+ T8 % (Control #H :1.8+ 0.83; ARDS 4 :7.6% 0.55,
ab-mCLCA3+ARDS #H 9.8+ 0.83,P<0.05)(/& 2),
2.3 ) mRNA 4 FkELE hCLCAl EEE BRI H

real-time RT-PCR XF 4l § hCLCAT P k8600, 4714
ZER IR . Y hCLCA1-siRNA & ,HBE 4t & o ,hCLCA1
B mRNA kK FAE T NC 4 (P<0.05), hCLCA1 A ik
W 52 B0, hCLCA1-siRNA Xt H A FE BB A 40 i 2 5k 5]

70%LL (&l 3),
2.4 real-time RT-PCR #&il HBE #H ff1 Z& H & fiE [Hl F+ TNF-« #0
IL-1p MIRIATE R

real-time RT-PCR XJ 4 f Py TNF-o Fl IL-1B Jik K Fe3k 4600
(B 4), P g8 B8 ARDS 2H 40P i TNF-o #1 IL-18 1Y
mRNA ik 7K B 5 25 F Control 41 ,hCLCA1-siRNA+ARDS
ZH 40 A TNF-o 1 IL-1B A9 mRNA F kK F 40 B & T
ARDS A 4fif1(P<0.05).

3 g
S PEEIE 8 2550 (Acute respiratory distress syndrome,

ARDS )& —Fh 2 IR E AR TERH 1, ARDS (14 %555 %475
F AT OCHE I R AR LRI AR e A B ] . JCie I E
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The lung injury score

;\?

B2 HE @i /RIS IEE SR A: Control £H; B: ARDS £8;C: ab-mCLCA3+LPS #H; D:BfiRf5i%E45 ). HE B RA FHtk/E/NR L
RGEMAE, REEFREEMBE, MHIRGITENERETR ab-mCLCA3 FHIZA/MREE LPS Rl A/NRAEFH( Control £0: 1.8+ 0.83;
ARDS #H:7.6x 0.55,ab-mCLCA3+LPS £ 9.8+ 0.83,P<0.05),

Fig.2 HE staining was used to observe the pulmonary pathology in mice (A: Control group; B: ARDS group; C: ab-mCLCA3 +LPS group; D: lung injury

score). HE staining showed that infiltration degree of lung tissue inflammation infiltration is more noticeable in mice administrated mCLCA3 antibody

than the control mice. The infiltration degree of lung tissue inflammation infiltration is more noticeable in mice administrated mCLCA3 antibody than the
ARDS group( Control group: 1.8+ 0.83; ARDS group: 7.6x 0.55; ab-mCLCA3+ARDS group: 9.8+ 0.83, P<0.05).

1.5+

Relative mRNA expression level of CLCAI

<~ Qg."‘
o
3 real-time RT-PCR #ill 4R hCLCAl EERXRIER . HE
hCLCA1-siRNA J&,HBE 48 % s2 hCLCAI i mRNA FiAKFEF
NC £8(P<0.05)
Fig.3 Real-time RT-PCR results confirmed that there was a significant
reduce in the mRNA expression levels of hCLCA1 in 16-HBE cell lines
transfected hCLCA1-Si-RNA(P<<0.05)

PRI 2 R PERFR I35 | L ARDS, 580 K2 AR 28 BT 2R B A~
ARDS 2 J e, h G AR BRI R B R AR PR 5SS 3 Ml
SIS [ OCHER, 9K ARDS S A 1 Jt ShBLINAT A L
AR DA ] R PR AR 25 & ARDS g B A PRI (9 G

B3 contral
EZE arps
E= sipma+arns

& Y
4 real-time RT-PCR #&ZRAI A TNF-o $0 IL-18 EEHIR KB
YRS TNF-o 71 IL-18 B mRNA Fikk EHHEF 5 (P<0.05)
Fig.4 Real-time RT-PCR results showed that the mRNA expression levels
of TNF-« and IL-1@ increased obviously in 16-HBE cell lines(P<0.05)

A, H R 2T A A T 45 S B 3 il v 1) B A A s , & ARDS
A BB, T EE CXCL Z5#a b R B T 58 . o B
T ) PR AT DR R R SR TR | SRk B R A DU
FRSARII ™ , L M (B0 A3 oI Jiz 2 e i oo =6 240 1
PR AR . [T 6 55 M i) o I FR R B & R 1 2 R S S A
4T K S, il 2 T P s, 5 RS T AN, il PR - 1
i, AR S o IR PRAFSTIESE , ARDS #3 BALF Fikiam
JL A B S AE AT SR R IE Lo R P 4 gl BT P
P AN A R T R T, BT LA BA ke ARDSU ) A3 iz 41 i
REEMNNEES AN, B 5 MRSl 2 E i 25—
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TE B B . R A 22 UE TS 2B, E B R AN AN R A A
YIHLRE R, 1 52 B SRR 00 55 sad B0 R S B, B A 2
YA R T S AP B (F34E IL-18 . TNF-u IL-6 . IL-11 . GM-CSF
A EGF %), Jg sh AR I 58 5 AR i & AR 5 ke, BT
SO L ANAAE ARDS & AR iy B A ELEAE  Hoh , SUE
LR P ARR AR A 0 H 25 2 BI0C . TESMNAR TR T B
S5 RMIENFI - FEERRETIE, NMEURES T LR
“BE AU — T S A RS CL i 3B & [ (Calcium-activated
chloride channel, CLCA ), J#JiA N CLCA J&E M 1, HAiiH
ik CLCA 23T ik 1, FLBLR I N s IRBOG Cl- 5@ i BA A
AR, GE AT R AR F A A S, CLCA 7EBE R .COPD 4§
PR AR M v BV R, R EE B R A RE AR T
A, AR BEP 18 1 S i & A v ) R B BB AT DG R
SEN  ARE ST 45 4R CLCA [ T RERS TR AR 40 o8 2k
SEBRRA I , A BENS 7R LR ) [ 78 G 1 225 h A il 21 20
PRE 11,

A SLIAFFE R, FRATIRE MEE CLCA WIREIL S 5 0E B F
REEARE MR, MM H CLCA 7 ARDS H & #E1 /2&
R A FH I SZAN I 5 S T AR IR BAE o JE UK R (NFA) 2
H R )iz AR SRR R 24, U2 B Rrsc s b a i
—Ff CLCA BHITHIPY, ARSI 058, 5 % IRA /N BRUAH EE
NFA <3825 b/ B a0 28 A s BRIE DU T B0 A W b 25 5 T
25T F M mCLCA3 Hi4k (ab-mCLCA3) J5 , /) BRUITHS 4 JiE
TR SR, I P o B T o AT T R DR, BE
AR IATHREAF ST 7~ , CLCA SHESIEG B Fil iR M, )5
SR IIN CLCA <G b AR AT S i B BR AR
gAY T LA 22 P 400 A (A 955 2 S5 40 it R 4 200
Jifg ot Horp FR AE T FALE] (AR Cl &3 3 1 I
[, LA KT i MAPK NF-kB 453542 )1 FH T E W 20 i 45 S e 12
YA, DI K LE2H M & RN S S RE A AR DG R, B
LR T RN Y SRR P NF A E B2 H W 5 il A
ANRRIS D PRARANM,  XoF 58 50 40 1) 7 2 0 43I FETCATATT 5 1,
M%7 ab-mCLCA3 Hipi& )5 , WIE ST 17 CLCA, M4 4
P £ Rl =0 1 o /S W 1 57 v e | G £ B AR
53 FHiE i CLCA 43-Mh L SR J5 VT T+ e 240 1y it K bl B
HIARTERE . itk AT CLCA 7£ ARDS [ &l ]
HE 23 240 R 0 & e A T, CLCA B9 70 i A & T
ARDS [ RAETFIRL N o 3% —FH0 78 31— 25 1) 200 i S 56 v o A5
FESE, FATKRRFPE T I A hCLCAL £k siRNA Bk
YL TEH ARSI HBE 4002 v, WIS Sk
ik hCLCAL 2 1X)5 , FT4R %5 HBE 404 48 A KT TNF-o il
IL-1B [ mRNA Fik/K -, X ST FRFFE 45 R —2, i
—#UESET CLCA 7£ ARDS 119 % 95 i<t A2 rp e B4 48 5E &
HIFER

g5 Tk, FRATAE i A RS M T BT SGE CLCA T
REFTLAINEE ARDS /| BRI 50975 B 45 it B I 4R A 200 R i 7K
-, BEAR b B2 4T A A TNF-oc 11 IL- 13 2 BARR Al o 364 425 7K ()
Ml Zz—, AR SIERRYI CLCA 78 ARDS /)N BRAH 4 i
JE R AR R IR R T AR, eSS e R T 2 1 s sk
Bk — 2B U 3 Ry tE— 25 W B ARDS 48 SR TE P 42 07

HI BRI B o
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