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BT 3¢ TNF- fEF Y A549 0B ENaC-g mRNA F13E B RiX K0T

RE R, T (400010 & Pk, 0 PR BE MR- IR &5 — BE BT g Rl )

[HE] HM Eid P m b T 4 TNF-o fEHIE AS49 4 ENaC-B %5 e AR B05m. J5ik 4 AS49 41
M43 2H M 28 I 2H 2 Bl T 4 TNF-o A Bl T + TNF-o 2H , TNF-o Y JE 2 100 ng/ml, £ 4146 FHI )44 6,12 .24 h,
LR TR S EM T + TNF-oo 407 12 h B ] 5 =431 2502 5005 000 U/ml 3 g i 5 w1 T 76 A549 400, % FH
WeE 5000 U/ml 12 &)l T4 BIVEH] 6.24 h, RT-PCR - 5 S A&l ENaC-B mRNA 223k 5, Western blot 2 5 f 4 l] ENaC-B
B, 858 OFEAARREEE, 2Rl T % ENaC-B mRNA FI2E [R5 KF AR 525 B4 22 R 400
FEX(P>0.05), @5000 U/ml w4 T + TNF-o 2050 5I4/EH 6.12 .24 h J§ ENaC-B mRNA 22 6 8%8 TNF-o 2441
AR (P<0.01), OEMI12 h 5,48 WE L EMT + TNF-o 4] ENaC-B mRNA J 2 H ik 5 TNF-o I BI85 (P <
0.01), HA&HZ 4] ENaC-B mRNA REFAREZFUARIHTHEL(P<0.05), & SHEfb T AREEEE EH A549
YA ENaC-B e SR BHFIK T, (HRE LA BE AR 7 0T A RE J2 8 % ENaC-B 3k M i £ FH o

[XiR] Db T ; LR ahmin 2R ; Bisi RPE R F-a
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Effect of ulinastatin on expression of ENaC- mRNA and protein in A549 cells trea-
ted with TNF-«

Deng Jia, Li Changyi, Wang Daoxin ( Department of Respiratory Diseases, Second Affiliated Hospital, Chongqing Medical University,
Chongqing, 400010, China)

[ Abstract ] Objective To study the effect of ulinastatin on transcript and translation of ENaC-f
mRNA and protein of human alveolar epithelial A549 cells treated with TNF-a and its mechanism of action in
treatment of acute respiratory distress syndrome. Methods A549 cells were divided into normal control group,
ulinastatin group, TNF-a group and ulinastatin + TNF-a group. TNF-a concentration was 100 ng/ml. A549
cells in each group were treated with ulinastatin, TNF-a or ulinastatin + TNF-a for 6, 12 and 24 h, respective-
ly. A549 cells in ulinastatin and ulinastatin + TNF-a groups were treated with ulinastatin at the concentration
of 1250, 2 500 and 5 000 U/ml for 12 h, and then at the concentration of 5 000 U/ml for 6 and 24 h, respec-
tively. ENaC-B mRNA and protein expression levels were measured by semi-quantitative RT-PCR and Western
blotting. Results No significant difference was found in effect of ulinastatin on ENaC-B mRNA and protein
expression level in A549 cells in 6, 12 and 24 h after treatment with it between treatment group and control
group(P >0.05). The ENaC-B mRNA and protein expression level in A549 cells in 6, 12 and 24 h after treat-
ment with ulinastatin ( at the concentration of 5 000 U/ml) + TNF-a was significantly increased compared with
that after treatment with TNF-a (P <0.01). However, it was significantly different 12 h after treatment with
different concentrations of ulinastatin + TNF-o from that after treatment with TNF-o alone (P <0.01). The
ENaC-B mRNA and protein expression level was different at different time points after treatment with different
concentrations of ulinastatin + TNF-a( P <0.05). Conclusion Ulinastatin can not directly up-regulate the
transcription and translation of ENaC-B in A549 cells, but can reverse the inhibitory effect of inflammatory re-
sponse on ENaC-B expression in a concentration-dependent manner.

[Key words ] ulinastatin; epithelial sodium channel; acute lung injury; tumor necrosis factor-a
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T B BT A R AE o B 4 PN TR AR RE 75 33 R R IR T
ARDS fOCHE . HHTAFFE I R Il 6 o o A4 s ok 1) 32 22
ML 2 308 3k il 360 b Bz 40 Jf % b iz 494 38 38 ( epithelial
sodium channel, ENaC) ¢ i M\ TH R 21 5 iC RN 1Y) 3 50
BhEg 745" ENaC 26 3k ol 2 6 Bl B K S B0 K i
Fe Mt o o ml b T A8 2k B4 4 o ] LR
VAR A PR A ML DR BORG B o3 - 2R3k IR @ o ] 2
Fob e A A T3 5 W) P 1 00 1 1 R A A
IR EN I A A0 A A K B VR . (B
KR T S itk b B AL A5 5 ENaC AH YA
FEMD o ARSEAE N T AU b f7 AS49 4l fifg 25 T
TNF-o J&5 , W28 5 &) i T X} ENaC-B mRNA F1# H %
KR

1 #R5F*

1.1 #M#t5EA

AS549 4t F A SL 98 = AR AF, TNF-a T 5 5 8 Sigma 2%
Al B RNA fi 5 &l A bt R A AR AR A AL 8
—fif ¢DNA £ iR 5 & A1 PCR K F & 13 A 55 [E Fermentas
(MBI) A #],ENaC-B J B-actin HLsg BEHTIAN 5 32 [F Abcam 24
A}, ECL AL 0GR & W A m ot L A R B R A BR A
AL SR T H T AR RS R E A A B IR A
1.2 mpaEsi

NI AU fd 3 b f2 AS49 40 M35 3% T &% 10% FBS fiy RP-
MI1640 52 5E9 B A 37 C 5% CO, SO REFRA
2 ~3 RUTEXT B A K AN, AL 2 x 10*/ml S5 5%
1.3 Fi%
1.3.1 4UistEdiE AR P T 96 FLEEFRAR 4
BELARMIEC R 1 x 10*, 52 415 3R L85 97 24 h J5 G I 75 45 9%
W3 24 h, AFLA B A KK E K 1 250.2 500.5 000.7 500,
10 000 U/ml () 5 &) 4th T, /E 1 24 h J5 47 A 356 4 40 mk 26
(MTT) EM5E o FEAR A - 492 nm P4 I 45 FL G2 B
EH[D(492) ], LIASIIN & w) il T 1 A 45 i = LA iy Lo
BRI X B, SO F2 L s LU IR, S SR % HE 3 AN E
FLLBCOPHME, TR AT R, RER 3 R, R IEA—
B ARYE L — Yk ST i A i A AR

HAFTG % = [ SCE0 4 D(492) {8 - 25 FI X R4 D (492)
{6 ]/ [ BAPERS B2 D (492) () - 23 FIXEARAE D(492) fE] x 100%
1.3.2 bR FRHRAE R EL 75% 04 ER,
FREFEIE Y B PBS npyk 2 ¥R, IR £ FBS [ RPMI1640 5%
FrHE Rt IR, AR B FBS ) RPMI1640 B 35 50475 B¢ TNF-o Ve )
100 ng/ml, Lz 1 250 .2 5005 000.7 500,10 000 U/ml 13,
FIL T AW AN M e 45 3R R 7 500,10 000 U/ml 2]
T VRO AS49 AR O S, BE ARSI PR TR, B
3% AL T T RPMIN640 1535 @13 mlfih T 41 : [m] B %
TR P A SR T, 7£ 6 h 124 h ¥k &N 5 000 U/ml,
FE12 h 43k 1 200.2 500.5 000 U/ml; @ TNF-o 41 : ¥ & Hy

100 ng/ml, fEFHBF[A] 4351 2 6,12 .24 h; D5 E il T + TNF-a
2H ) JIT 85 25 A B v W) B A 5 ] At T TNF-o0, TNF-0 Y
23100 ng/ml, ¥E IS [A] 5351 2 6,12 .24 h, B E) T 7E 6 h Al
24 h ¥eBEH 5 000 U/ml, 7£ 12 h 4334 1 200 .2 500 .5 000 U/ml,
WSO 45 AH A AR B S RNA AR, SCIe B E 3 1R,
1.3.3 RT-PCR #:i 24 RNA 323050 A 42 A549 4 fifg
SLRNA BLRRAE R BB 53647 DL 2 pg A RNA SR,
Oligo(dT) 18 Jy 5| %y, 4% B8 W] 45 A 48 19 J7 1 1 cDNA 25 1
B, ENaC-B 51#): IE X4%:5'-TTGTCTCAGGAGCGGGACCA-3’,
X5t 2 5'-GCTGGAAGCCAAAGTTGGTG-3' , B Br I B 354 bp;
B-actin B| ¥ : IE X $f: 5 -CATGAAGATCCTCACCGAGC-3', 7 X
55:5'-GTGGACATCCGCAAAGACCT-3', F Bs & JiF 290 bp, i I+
AT AW, PCR A RRUNT 2l 38654 5% = W B4R . PCR
Master Mix (2 x ) 25 pl IER 518145 2 pl, LI 4K #h 58 2
50 wl, PCR JZ R 4&f4H7:94 °C 5 min;94 °C 30 5,62 °C (ENaC-B)
F157 C(B-actin) 60 5,72 °C 60 s, JEH 35 %, J5 72 °C LA
10 min, PCR F=4# 8 wl 555 x loading buffer 2 wl {2 2)J5,1.2% B
REFHEEIE 20 V/em M AT HL UK 29 30 ming o7 FHBE I A4 &
4 (Bio-Rad) £ 5% , Quantity One HCPFXJ H B9 2641 #EAT 4340, 11
A=Y AT I 5 B - AR AR, LA gt A R B[R] —
FrA ENaC-B PCR =¥ 2 93 & 55 B-actin PCR =¥ 452 H
Y H M8, i ENaC-B mRNA 1E AS49 it rh il A X Feik &
1.3.4 Western blot #  FI =275 2B W 241% AS49 21 )i
PRBCEEE 1, KB N 35 g S 14T SDS-PAGE BERE LUK,
16 PRI A8 B MR A e R ISR I, A6 3 IR b AR 3
WHEs B 1 h 5, 45 ENaC-g Syt A £ 5 B Bt 14
(1:1000) J¢ B-actin Hdi N2 FEREPLIA(1:2 000) ,4 CHEF L
R, VR RE I ARE I AR 2ot 48 A b W AR 9 —HT (11 000) ,
ECL s fb b B O R G w0, ML ELER 3K, H
BEIE R T R GE it AT 434, LA ENaC-B/ B-actin 2577 6% ¥ L1
{HAER ENaC-B & AR IA MM & it
1.4 %t

AL x =5 FoR, R SPSS 13. 0 Gtk 4, BiAE A 35 4k
(B R ¢ K, 22 FEAR ] E 23 P B R 28 22 00 H0T

2 HR

2.1 tmfpEhn 4R

D FE T EE R 12502 5005 000 U/ml [, 40 i A 77 22
3R (99.3£0.5)% (93.5+0.9)% .(82.2+0.3)% , 18]
G TR F R EELE 5 000 U/ml L Bt 400 B 3455 /R B 48
2.2 L34 T 5F TNF-a 45 #9 ENaC-B & 3A 69 %0

25 {55\l T 20 H9 ENaC-B mRNA J 2 H R IKTER
FbiE] s b2 RS2 8 L (P >0.05) . A549 4fju7E TNF-«
VERIJG  1F 6 12 24 h 4 [} i] 45 ENaC-B mRNA J% 7K (136 3k 58
25 B2 FRE (P <0.01) . TNF-o + 554t T 4176 54 it
1] 45 I+ ,ENaC-B mRNA J¢ 7 [ A% TNF-o 413 B W F 55 (P
<0.01), TNF-o + & fth T4 575 (41 ENaC-B mRNA J 7R
FIRIEA RFEEF(P<0.05), WRILEL2,
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F1 BAEMfttT 3 TNF-o {EFAH ENaC-B mRNA B EHRIEMFM (2 +5)

ENaC-B/B-actin mRNA

ENaC-B/B-actin K[

21151
6h 12 h 24 h 6h 12 h 24 h
THA 0.520 £0.036 0.527 £0.025 0.560 +0.020 0.808 £0.070 0.813£0.011 0.687 +0.015
5000 U/ml &)l T 20 0.510 £0.010 0.513 £0.035 0.537 £0.031 0.807 £0.021 0.817 +0.022 0.687 +0.032
TNF-o 41 0.310 £0.020* 0.243 £0.0312 0.207 £0.021* 0.567 £0.0382 0.510 £0.0172 0.327 +0.025%
TNF-o +5 000 U/ml 55} il T 41 0.453 £0.032" 0.453 £0.025 0.500 +0.020" 0.724 £0.021" 0.770 £0. 026" 0.633 £0.019"*

a:P<0.01, b: P<0.05,5 % 4k4;c: P<0.01,5 TNF-o 2804

M 1 2 3 4

fOO bp~ «—ENaC-3 354 bp
588 EE: Ay« B-actin 290 bp
M 1 2 3 4
«—ENaC- 354 bp

400 bp—| -
300 bp— . - - =4 < B-actin 290 b
200 @ B-actin p

M 1 2 3 4

400 bp—
300 bgﬂ «<—ENaC-B 354 bp
200 bl}ﬁ e, ) ©octin 290 bp

A:6 h;B:12 h;C:24 h;M. DNA #7/4; 1: £ @41;2: 5000 U/ml &
M T40; 3: TNF-o 485 4: TNF-a +5 000 U/ml £ 3] 4 T 40
E 1 RT-PCR #:ill28# T %t TNF-o /£ f i) ENaC-p mRNA

RIZHIRM
1 2 3 4

— — = s —ENaC- 73%x10°
e R S ..—/-\ “—B-actin 42x10°
1 2 3 4

— =

<—ENaC 73x10°

e — ‘B“*B-actin 42x10°
1 2 5 4
- <ENaC-B 73x10°

——— —

— «~—B-actin 42x10°

A:6h;B:12 h;C:24 hy 1. € @ #1;2:5 000 U/ml & 8] 46 T 41
3. TNF-q Z8; 4:TNF-o +5 000 U/ml % &) 4T 42
2 Western blot #il 55 & {1 T %t TNF-« 1 Fi ) ENaC-g & 5
RiEHIFIMN

2.3 B af TR EX ENaC-B Rk 6%k

12 h £k £ 2H ENaC-B mRNA K & [ %3k 5 TNF-o 2HAH
Fb i SR (P < 0. 01 ) 5 5 e 4 2 ] 4%, ENaC-B mRNA &
TR FRIA 2 5wl T vk AR B 25 i BT A 380, H mRNA
MRS E R (P <0.05), £ ENaC-3 mRNA
KR AFE G2 A E R YA G EE XL (P <0.01), I
F2 A3,

R2 FRAKESAMT X ENaC-g RIZMFM (5 =s)

2H 51 ENaC-B/B-actin mRNA ENaC-B/B-actin 54
S 0.527 £0.025 0.813 £0.011
TNF-o 2 0.243 £0.031 0.510 £0.017
TNF-a +1 250 U/ml
0.340 £0. 036 0.550 £0.030
LRl T 4
TNF-a +2 500 U/ml
R 0.400 +0.0212 0.607 +0.0122
f T4
TNF-a +5 000 U/ml
0.453 £0. 0252 0.770 £0. 0262
LR T 4

a: P<0.01, 5 TNF-a 283645 ;b P <0.05, %5 TNF-o +1 250 U/ml &
G ML T 48 3% ;c: P <0.01,35 TNF-o +2 500 U/ml % &) 4b T 28 k3%

M 1 2 3 4 5

400 bp—
S <—p-actin p
200 bp—, 0

1 2 3 4 5

W S —ENaC 3 73x10°

— —— — -— «—B-actin 42x10°

A:RT-PCR #] ENaC-B mRNA %&iA M. DNA 471 & & 41;2 . TNF-a
2833 . TNF-a + 1 250 U/ml & 3] 42 T 2834 . TNF-o +2 500 U/ml & 3] 4T
20,5 . TNF-o +5 000 U/ml % &) # T 28
B:Western blot #i ENaC-B & & k& 1.5 §41;2. TNF-« £8;3 . TNF-« +
1250 U/ml % &) 4T 28 ;4 . TNF-o +2 500 U/ml % &) 4T 48;5 ; TNF-o +
5000 U/ml & 3] 4o T 48

3 AERESFAMT I ENaC-g mRNA f1E B Rz K

3 itig

JRAE M 20 20 AT ARDS LISk, X LT T A
FG RGBS TAE BT BRI IR & —Fh IV 5
I, AL AS T o0 i 48 . (R RAE BRI AE H &
S HIL I Hh G T A A B RURD R AR A 45 SR A AIE
52,0 ARDS & 484E 2 B R 45 00 il 1 Rz B el
e R i s B S S 488 0 A A B iy R
KM FREE AN ENaC 1 335, BRI  8 2 7 A
WV (45 B, 2R K S 5 T 3 48 RE VR, b
ENaC 2235, A ) - il K Bk, s 2 it 2 45 o )
beta-Liddle 25 5 /|y RS2 155 2 16 Ak ENaC., {i Jifi i 7K Jith
VRT3 B S, I G I R A 0 A AN B B R
TR AR FEARS R R, A8 (A, 2k
4 5 TNF-o B S0 7] A549 40 Jifi ENaC-B mRNA F1%E
Ik, 5 FRM IR 25 R — 80, VAR A TG E
T S al 2 B K S X ENaC () 26 15 %5 5 AT 30 ) 4
FH L ASFF Bt i B 75 B

ENaC i o By 3 R EEA R, LI/ 5256
X4, B FE AR I8 2 S BOIE R I 0B A B (alve-
olar fluid clearance, AFC) I g4 ZE L) K& &A% AFC Xt
BRI R B, B A AE AR o 3R IA 3
T (AT SR X LA 1 w8 1R 1) F IR, O LIRSS B 32 Ak
WshI AFC (SR 5 Z2 0 25 1 8k 43 T 5 i
ENaC {&PE#R S B WA H YRR WAl B
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FENT YT A, I DL B A AR SR T Y BR
AL, X 4EHF ENaC DI REA HEAE ], Xt 2 A 50 5
TEHU ENaC-B S BFFERTG1 =2 [A

KREFFEEE R s 5wl T XA fR 4 4R, A
Sy HCRT BE R ML AL 45 « 2 w4t Tk v 1 AR Y B
SRR, S P 20 A I H 2 SR AR %R Bt
SARAR= A 8, X P R 3 A S5 4R A
Hb, G Eh TR B A E R NO R iE NO & il Fl ifl 21 %
A ALEE-1 (hemo oxygenase-1,HO-1) (4= il 5591 B ALAE
FIY S K TE 2 1145 ENaC 7E il P9 [ RE % 1 25 4 F
T R AVE T, S R T RESS A R i ALT ZHZH ok
W -1 4 BRIET S ARSI RS T TNF-o 17
il ENaC-B ik 0y Femlt b 25 7 & /)t T 19, K5
R T REASAE 451> B [R) 45 _F %% TNF-o X ENaC-g 38
IRAAIRIAE T, O H 5250 S -0 O/ OC R, 7R 5 )
fl T AE ARDS 3697 b HA 2 2 i g B 9 4, 5 i
ARSI S FAL T REAI R ALL 5 S fili 21 £ i K
e S i K e B I ST A R — B[R IR AR SR
o B S E R T R AS49 4 )5 , H ENaC-g #%
SN 525 AL L T i 2 25 55, U 2 ] il
TIHRRE E 4% LR AS49 40l f) ENaC-B mRNA J 2
HRIA . AIREI R : O At T )& T 22 2 W2 2 11 400 )
Wy, REMS I AP B 2 AR R e 2
1R [ g B HCAT | ke b Bz B e 3 n VR P 35 20252
ENaC 7 EE7E R 1 i 55 U6 A AP 38 18 3 SRk
BT 5 U6 3 (short circuit current, 1) i i JF il
AR ORB RN C R AR 2Rk R AR AL,
X} ENaC-g 2 H 1 #RA L BAEH , iX 5 Adebamiro
SR ORI G AT . T, AR R A
AIFE IR G2 SR R L, AT SoKF B BT LR
fifg S LA H HrxF ENaC AR5t e 7 F 85 11K
I, AT R TEA SE B, w7 A4 ) AR 2
XA AT S A0 AE T, X ENaC-B 4% s Fl B 1K
S R BT AR SCRE T B TR E TR,
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