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4, R4, RAAFHEEEEEGHE (HNE)25 nmmol/L % 5 AS549 41 j6 35 i & 2 3t ,20%% K~ B B K 245 77 4 25 o 7% T T
24 h,RT-PCR ,Western blot 3 # il #41 fiMUCSAC AQPS £ [ 5 & & % 3k  ELISA # 4 Il 40 # - 7% /& MUCSAC AQPS & & %3 .
HR S=ad i BA M MUCSAC mRNA 5 & G &% ¥ B3 % (P<0.05),AQP5 mRNA 5 & & &3 # & £ 1K (P<0.05), &
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Effects of Serum Containing Jinshui Liujun Decoction and Its Components on the Expression of
Mucin MUCSAC and Aquaporin AQPS in A549 Cell Mucus Hypersecretion Model

BAI Zhengping’, LIU Yu', TAN Xiaoning’, TAN Dianbo’, DENG Xiuwjuan?, LI Zhongpu?, LIU Jun’, TAN Guangbo®*
(1. Hunan University of Chinese Medicine, Changsha, Hunan 410208, China; 2. The Affiliated Hospital of Hunan Academy of
Chinese Medicine, Changsha, Hunan 410006, China)

(Abstract] Objective To investigate the effects of Jinshui Liujun Decoction and its components on the expression of mucin
5AC (MUCSAC) and aquaporin 5 (AQPS5) in the mucus hypersecretion model of human lung adenocarcinoma A549 cells, and to
explore the mechanism of action of Jinshui Liujun Decoction in the treatment of airway mucus hypersecretion. Methods A549 cells
were divided into blank group, model group, Jinshui Liujun Decoction group, Yin—nourishing group, and phlegm-resolving group.
Mucus hypersecretion in A549 cells was induced using human neutral elastase (HNE) at a concentration of 25 nmmol/L, followed
by intervention with 20% serum containing Jinshui Liujun Decoction and its components for 24 h. RT-PCR and Western blot were
used to determine the mRNA and protein expression levels of MUCSAC and AQP5. Meanwhile, enzyme-linked immunosorbent
assay was used to measure the expression of MUCS5AC and AQPS5 in cell supernatant. Results Compared with the blank group,

the model group had significantly increased expression of MUC5AC mRNA and protein (P<0.05) and significantly reduced
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expression of AQP5 mRNA and protein (P<0.05). Compared with the model group, the Jinshui Liujun Decoction group and the

Yin—nourishing group had significantly reduced expression of MUCSAC mRNA (P<0.05) and significantly increased expression of
AQP5 mRNA (P<0.05). The phlegm-revolving group showed a significant reduction in the expression of MUC5AC protein (P<0.01)

and a significant increase in the expression of AQP5 protein (P<0.05). There was no significant difference in the protein expression

of MUCS5AC and AQPS in cell supernatant between the model group and the blank group (P>0.05). Conclusion Jinshui Liujun

Decoction can significantly inhibit the expression of MUCSAC and promote the expression of AQPS in A549 cells. lts ability to

correct the imbalance of mucin/water—salt ratio may be a possible mechanism for the treatment of airway mucus hypersecretion.

(Keywords) Jinshui Liujun Decoction; A549 cell; mucus hypersecretion; mucin; aquaporin

51 B ZE M il ( chronic  obstruetive pulmonary
diseases, COPD) J& MW R 48 1Y — A8 PE B0 |, <
T 809 4 0 R L B B FRURRAE B R 0
A S ECRIE B S A2 PR XU T A B R AE
P D AE 5 A0 B 2 A, N FEVL T R R, <
T W5 o A BR B 1 4 X i 3 240 R 5 R R
F/K 3 Lo R A A5G b 28 1 S (MUCSAC) B
JEFEW R R /K8 3B & M 5 (aquaporin 5,AQP5)
T IR P 1 K I B A8 RN B 1K SR EE B, COPD
BB Ay WAL o MUCSAC %3k B 8 T+, AQPS
Fak W ERRARY, SOKANE R A CGRRE), IHR
TR TG TT B R P AAIE I PRAF 5 g At 5
il BF R R 1 P SR R S COPD BB Wi 2, 2
KA F 5 RE B B0 o A R AR o I o A A
RO R A YT A B S WAL R WL RS
AR SORE 4 K SRR 7 BUSR B 20 53 B AR 20 53 -4
WEIE, RN v R 1 1 e I S I R s 40
AS549 N STE R 43 U5 4 MRS R S sk U 4 4 K
7S B B AR O X B 1 MUCSAC /K8 18 & 1
AQPS5 FIKM5EM , BRI 4K S H AT KB R
T 43 I B4 AT REMILAR | R 4 7K S T RILIfG PR YA T R 3t
WHER

1 MR 57%

1.1 Mk

111 SEishdy vk SD KR 40 H, R 10~12
JE A B i (220+20) g, B 51 R 4 17 3 5 S5 s )
O ARAE VR IES[SYXK(#1)2016-0002], A #EIE S
N0.43004700042712,, 135 F-ifk 5 22~26 °C AHXR
J& 50%~70% ¥ 55 | il K46 < 8~12 k/h, H BT &
oK,

1.1.2 4iffakk  Jli iR AS549 41 il & (A549), 14 H

R 2 B L T R Rk 2 A ST B 40 A B R rp e it
5:1606-1,

1.1.3 S5 G/KoNB R 4 R (Bt
S PRI AN R i B 15 ¢, 24 H 6 ¢, kR
6 g, MRi 45 ¢, K% 6 o, K HH 3 g, MAAEE
10 g, SR BB 15 g, 4006 g, b4l kR
6 g, 45 g, k%6 ¢, KHH3 g, HEKAI
11 R 2 B 24 B 5 I B DR I

L4 FEH APreRgir:E A (JEE ab-
cam /A 7 , 55 :ab91099) ; DMEM (3 [ HyClone 2%
F]); IR AR LT (32 [ Gibeo 23 71);0.25% Jig il 7 1L
(£ Gibco 2~ Fl ) 5 1%7 55 2 ik 55 2 (1 ifg 20
AR A PR Al ) ;MUCSAC . AQPS ELISA it 7
B (RDUAEREY TRARA A 185 :Y15037320,
Y10037321) ; /il MUCSAC P58 B4 4K (35 [ San-
taCruz 23 8, 185 :45M1) ; AQP5 42 22 v [ Hi 1A (3%
[ abcam 24 ], #%5 :ah78486) ;HRP goat anti—mouse/
Rabbit IgG (3£ Proteintech 23 ), RIPA %4 i /&
1 i 410 i 59, SuperECL Plus #8 % & Yo (€ &
Thermo A W) );5X & H FFZ R ( HEHE = KA
Yy 5 R A BR 2 A ) ;B —actin MUCSAC AQPS 51 %)
(A TAEY) TR AT BRA w] ) 5 385 S a7 &
UltraSYBR Mixture (3t 5% JfE o T 40 4= Wy 4 R A FR 2L
A]);SYBRGREEN 1 4% 2 4 B} (b 5t 3% ik 2 9 Ft

AT AHRAT),
1.1.5  EZAULE M 724 (32 Thermo A F

HERAcell 2401);8 & & 558 (b 5t 7] F+ R AL 3R
FH MR H,DSZ2000); 4= H 8hf bR (B KA Di-
asorin A 1) ,MAX3000) ; & =¥ 7R 25 .0 AL (1 9 A s
A R Al Neofuge23R) 5 HL UK A (3 [® Biorad,
164-5050) ; % BEAL (Jb 5078 —AX#F T, DYCZ-40A) ;
2 H 3l BE I AR 3 B R G (% E Syngene A F



322 W1 F T S 25 K 2422 4 hitp://gkzzs.hnuem.edu.cn

2019 55 39 &

GBOX-HI2-E-M); % Y PCR # ( % [# Thermo 2%
] ,SPL0960) ; 9¢ 5 2 RCP X (32 [ Thermo 73 A
PIKO REAL96)., HERAcell2401

12 Fik

121 S MES & i MR R R oK 40 B
FEPE SD K370 S 25 A 7k oS B R4 FE B
HORAH ,BH 10 B, RRAAR ‘RS ZH DY
LT 245 B0 2 B9F 5 30 1) (45 2 370 =11 K FH o x 2
YA ROR i R IE RSN R ) . % A Fig)
Py % 2 TR BT B 19 S OR) LR 3R KRR A5 KGR
WA T AW 6.3 4, BHAWE T ik ns
ARG R (70 kg) 4Rk EE 55 75 B 100 0075 R
JER S 5, R SRS BTG SR R gl
2GR R 122,72 g/kg 9.45 glkg 8.77 glkg.
HRZY R AR 2 A 10 57K, BT 1 h PRAFZ50L,
ZiBE A 8 ik B 1 h, G IF g Uik
AT TR E . 2.27 ¢/mL.0.96 ¢/ml. 0.88 g/ml, =
% H AT H @ L H 8 10 mg/kg HEH AR
25 2 WL 3 d, 28 O IR E 18 ARV E FRER K R
W25 1 h JE WA FIE E 8Pk IL,3 000 /min
B0 S min, BUMYE , AL E AR S, & T 56 CK
KA AMA 30 min, IR AT (0.22 wm fLAR) 1 U R
W ,-20 CIREFHH .

122 ZMsE3E ¥ AS49 AR E R T & 10%6 4
I 3% 100 U/m ¥ 5% %% 2 19 DMEM ¥ 5% W
37 C.5%CO, i FRAA T E IR 52 d #M 1 1K 4% 1:
3 eI,

123 AUAEA 0 R T WO S50 40 i AT S 5
O3 TR O BRZH RARYZH | Gk oS H R SR B4 AN
R B 3 A AL B 53 6 4t A 7 o]
#5295 2N i PR R A B 0 M &R T B (human
neutrophi lelastase, HNE )5 5% . A48 7 55 46 45
K FH 2 M R 25 nmmol/L. HNE,20% % 25 1fiL 5 T
TANAE ., FEFLLL 1x10%/mL %5 B3RP T 6 FLAR, A
DMEM ;3% 3£ +109%FBS ,37 °C .5%CO0, 5 37 4 1
F 24 h FEANMONGRE . DR ER SR AL, A TG I v
DMEM ¥ 3% 3 |37 °C 5% CO, X5 7% 4 VL W K5 7%
24 h, ERFREE LIAL R BAL, 53 R A LA 20%
25 P2 K B ) B RL 2 (A 20% %5 11 20 K BRI
5 MW 25 nmmol/L. HNE) 43 7K 75 F i 28 (fin

A 20%4: 7K 7578 B S 25 10T A2 B 25 nmmol/L
HNE) 72 BH AL (I A 20% 7% B 20 & 24 1l ¥ A0 2 ik
25 nmmol/L. HNE)  fb 41 (Jin A 20% 1.7 41 &
24 1L AL B R 25 nmmol/L. HNE),37 °C,5%
CO, }53% 24 h J5 WA 40 B B B 35 W b 35 AT AU
1.2.4 RT-PCR A5 A549 4 ffd MUCSAC ,AQP5
FENFEIk MR A AS49 A )R B IR, T
AS49 A HINA 1 mL Trizol L Z4# 5 min J5 7T
GIWRAT 2R FH B /4 05 26 B 2 BUEL RNA , Sht I W gt
JiE HL KR T RNA S8 € 1k, 58 A0 40 5600 B T 2
RNA % LA K 260,280 nm AbWEGREAR, 115 o4k
&, % HiFiScript ¢cDNA Synthesis Kit 1B 45 & 1%
cDNA, #RJ5 LA cDNA AR 4% UlraSYBR Mixture
B R S UL AT . R K &R . 2xSYB-
GREEN PCR Master Mix 15 wL,Primer F (10
pwmol/L)1 pL,Primer R (10 pmoll)1 plL,ddH,0 11
pL,cDNA 2 pL, SARFILE 30 wL, §78 504,95 «C
AZPE 10 min,95 CZEHE 15 5,60 CiBk 50 s, 3
40 MEFR, MR TS CUEL, L B-actin AN S 28 (4
FEAS Ay Xt BB S A 20200 45 31 ARG 3 X Y 4R

FKikwm, IWFHNINEL,
% 1 Real-time PCR 5|#1F %

I 314 K /bp
B-actin i 5~ACCCTGAAGTACCCCATCGAG-3" 224
FiiF 5~AGCACAGCCTGGATAGCAAC-3"

MUCSAC 1 5-ACCAGCATCTTCATCAACCT-3" 137
N 5-TTCCCAAACTCCAGCACGTC-3"
AQP5 i 5~ACCTGCTCTTCCCCAACTCCC-3" 90

R 5°~GCTGCTCCTCCCAGTCCTCGT-3"

1.2.5 Western blot 3 ¥ il A549 4il fi MUCSAC
AQP5 B RIE FTA PBS PR 41 A549 4,
Wi 3, A 160 wL RIPA %4 i i vk b 24 it
10 min,4 °C .12 000 r/min 0> 15min 4 HE E
FI o He I8 BCA 5 1 b 7] S B 1 1 I o 2 vk
& o 3 EC i 8 vk JEE S 8% (43 5 MUCSAC) il
10% (438 AQPS J% B—actin)SDS— 2 [N 45 Bk iz B it .
FENNFEFLAZ T AR FAREAS 20 wL B2 1 Marker
3 pL, P4 IIE)IE 80 V, /B 120 V #EfTHL
TR, T TR A P Dk 5 G TR P b R Tk VR v K R
H % % 2 PVDF B, fH T 300 mA MUCSAC %
2 h,AQP5 } B-actin ZJ 1 h, 5%BiBE W #) % iR & 4]
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1.5 h, A IXTBST # B 11 /N Bl MUCSAC H 5 BT
A (1:200) (AQP5 % £ 5o FEHT 1K (0.1 ug/mL) Fll -
actin (1:5 000),4 CKFAWF LK . WHERE 1x
TBST % 3 X x10 min, MABR L E ALY bR IC B
ZHUAAR 40 (1:5 000), = i F#F A 1.5 h, IXTBST
Pevk 3 WG BT ECL RGP B 5, W= it oh
Ell, >R H BioRad BUE & 4873 BT LUK 454 , Quantity-
One EMG ot AR FE N 5 B-actin FUAH
1.2.6 ELISA ¥4 A549 40 g I 3% % MUCS5AC .
AQPS IR IE WA AS49 ARG R 1 mL
BT 1.5 mL EP 4,4 °C.12 000 r/min 1> 5 min
UUVE B VE AN M, I F V5 500 WL AT 5056 . T 4%
P WO ) & Ul B R AT AR E L RS A L B A
I ) 28 FRE S B, AE M 24 0E S 10 min P H AR
AXHE 450 nm YA I 25 LY 6% B (OD ),
o AR A R R
1.3 Stk

K FH SPSS 19.0 4 %) 45 B i 47 Se it 24 40 #r
JITA B DA s " KR, BORMT A A KO 2557 M
B, 2 5] Bb A R B 36 D 22 43 B (analysis of vari-
ance, ANOVA); AN & 1E AP 8 77 22 55 MR, R A
JE S BRI ARG 55 25 R LA P<0.05 Ry 22 A Gt

2 BB

2.1 441 A549 48 MUCSAC mRNA AQP5 mR-
NA #ik

523 (2 HAR BRI AS49 4 fEMUCSAC mRNA
FR 00 B (P<0.05) ,AQPS mRNA 2 ik B I U

e /R

AQPS-F#4

88888838 ¢ 8

H

L. F ) BE/C )
AQPS—Fi it

B (P<0.05) . SEARIA AL, 4K S H AT e 5= 4
MUC5AC mRNA FRikW] i F#AIK (P<005),AQP5 mRNA
& I8 B 5 19 (P<005), 1k % 41 MUCSAC mRNA,
AQP5 mRNA 33k #5 # 21 T B &8 2% 5% (P>0.05),
R ULFE 2, MUCSAC 5 AQPS 4 184 il 28 F1 i fi il
g1,

F 2 B4 A549 40 A8 MUCSACmRNA ,AQPSmRNA
FTIE L8 (x4s,n=3)

2 51 MUCS5AC AQP5
SHA 1.26+0.24 1.2520.32
B4 2.33+0.48% 0.31x0.15

SKANE A 1.39+0.32% 0.63+0.13%%
EE 1.47+0.11% 0.75+0.15*
TR 2.19+0.39% 0.17£0.10%>

. 525 XA LB, AP<0.05; 5 RERLA AL, *P<0.05

2.2 441 A549 41l MUCSAC  AQPS & 1141k

s (A s, BRI AS49 41 MUCSAC &
1221k B 3 TH R (P<0.01) ,AQPS 2 1 #2315 B g i /b
(P<0.05), SEIRILLHR, S/KNE R4 AR A
MUCS5AC 4 1 33k B @ B I (P<0.05,P<0.01) , 1L R
4 AQP5 1 F Ik W] 3G N (P<0.05) , 42 7K /S H Rl
H R FEHIAL AQPS 5 Rk 22 7 RS = (P>
0.05), W3, K2,
2.3 #5441 AS49 4i il 15 7% W MUCSAC AQPS &
ik

Has A i, KA SR MUCSAC AQPS
HEHFRALW 2R (P>0.05), SHEAALE, &
KIS B2 B 55 B 20 35 37 W AQPS B 1 2% 35 1 Jn
(P<0.05), W3 4,

&5
mucSAC-4 1

vem rw EEm/cC

mucS5AC—J# fift

B 1 MUCSAC.AQPS ¥ 18 R i iR # 45
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3 &H A549 4B MUCSAC.AQPS & A RIE LB (v+5,n=3)

24 ) MUC5AC AQP5
=k 0.27+0.06 0.62+0.16
TR 21 0.52+0.06*" 0.17+0.13%
E av ey okl 0.350.06* 0.24+0.05%
FRHAH 0.44+0.06> 0.37+0.11
a3 0.29+0.05% 0.48+0.12%

W S AXTRH R, AP<0.05, A AP<0.01; S5ERAH g,
#P<0.05 , **P<0.01

1 2 3 4 5

poacin D D D @G @ - )

MuCcsAc - .- . B :00-600 kD
AQPs (D o o«

TE 1 25 A2 BRI 53 K N A ;4 FRHT4 55 R A

s asmm @ENS 29 LD

B 2 &4 A549 4 MUCSAC . AQP5 & B 3 1% % & Bl %5 [

R 4 F4H A549 MEIEFR R MUCSACAQPS EH
RIE LB (w£s,n=3)

28 51 MUCSAC/(ng-mlL") AQP5/(pg-mL™)
A4l 638.10+188.58 60.64+4.53
g 4284224257 53.58+3.16

kAR R4 399.32+44.59 63.76+2.84%
EE 567.53+168.03 76.82+12.14%
el 511.92:+71.00 63.9426.80

T SR RS #P<0.05 , ##P<0.01
3 iTFig

BB R 53 W& COPD B 22 i BRAERAE , 5
COPD H55 1 Jif D) R Jn i B | ot o K e £ B
RITRBYIASC, HRIA YT N [ BT A 19 COPD &
O, MUCSAC 2 BN VWA i E B R, S
T8 286 W v 0 i 3k A MUCSAC 3k 87155 . AQPS
F2 S ERAR T P LR 9 N ) K B e 1B R T R
ML BRI % FEE A /E . COPD Ul Bl =
Sy B 1 MUCSAC 35 B B 1 &5, AQPS R ik
FEA ., PR P9 B AR A1 52 3 58 UE S i) AQPS Rk, 1]
FE MUCSAC iAW i 3 -2l

SAKANE R A Gris 215, H 336 Il 5 R 9E
HKIZ AR SAE B R AN A 2 RTE | R X
WP W2 SEIE, AR R CEE L BR L R
X H D) R pTon ik (B 40T, & H RO A A

B, 5 A A i DAYR AR R p
WAL IR AR , 4 7 bR AR,

H R T 257 = 43 00 0 20 e A 7Y 3 B N
b Rz 40 g A0 Rk NCI-H292 A Jii A 92 410 Jfg Bk
A549 NGRS LR 40 NHBE, A549 K HA
FA Lo W R Rt B TR IR AL AR5
PR, B 2 T AGHE B oy W R SN g, A
rh PR 2R 1 (HINE) 3222 i e Ve 240 iR, o2
— Tl 12 A R R A 430 ) R B A AL AR P R A A
WF 58 R N b st v 3 S 5 AS549 4 24 h
FERVAR DU = A Y O VR )
MUCSAC 2N 58 A RIL A A B ETE,
AQP5 JEPH 5 (R A (A BERFL, 5K
DA R VR 0 D B AR A — el SRR A L
B, BIKONH R e o7 DA 32 AR 5L 5k K7 R
A549 4ilfs MUCSAC mRNA %3k, FIHAQPS mRNA
PRIk AR EEAE B PR T R4 MUCSAC &
FIik, Bl AQPS B 1363k 427K G /K S B HUA ]
B A Z RV ELA AN R A AR AR A, A S8 Sy
B K2 7 i/ SRS AU 90 24 U VR, R Y A BB
P /N BRI 20 AQPS K ik, #IiH MUCSAC )&
5 38 2 P Il SUK AR & TR VE . R
A e AR Y S PR e 2 BT 4R O RE
P MUCSAC £ ik, L1E AQPS Fak il K A
T FR A WOIRAS o MR BIE R Ahk

H

W 25 3L 0 7 15 70 41 240 i 1% 3% W h MUCSAC
K AQPS HHA RIS HALNE 2R, HRFE
P 7K T8 B A BB A i i R O A R — Bt
A IR A R S B A A SRR A E
20 i A1 T TR AR 1B IROE S2 1R 2 (PAR2) KB M1
fitf C(PKC)2, SHIAIZ L, 4K /S 7 Fi 4] K 5% ]
HREFRWH AQPS B S RN, 4878 3= BH B4 T 4 2
AQP5 53 2 LA, TR A KOS A B2 K SR 4
L AQPS HER 5 8 /K- R A —Buw R A L H
HLARHL R 20— 2B 0T

i b, BKONHE R I & s vE b
P& AQPS FIHl MUCSAC ik, 3% HNE i F11)
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