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[ Abstract] Objective: To explore the efficacy and mechanism of Qingfei Huatan Tang on chronic

obstructive pulmonary disease (COPD). Method: The rat model of COPD was established through smoke
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inhalation combined with lipopolysaccharide (LPS) and pulmonary compound injection. After successful
modeling, the rats were randomly divided into 6 groups, namely the control group, the COPD model group,
low, medium and high-dose Qingfei Huatan Tang groups and the ambroxol group. After 28 days of modeling,
the drug was administered. Low, medium and high-dose Qingfei Huatan Tang (7.5, 15, 30 g-kg') and
ambroxol (35 mg-kg') were administered continuously for 14 days. Immunohistochemistry and Real-time
fluorescence quantitative polymerase chain reaction (Real-time PCR) were used to detect protein expression and
mRNA expression of cystic fibrosis transmembrane conductance regulator (CFTR) in pulmonary fibrosis. NCI-
H292 cells were induced by LPS to establish a mucus hypersecretion model. The experiment was divided into 8
groups, namely the blank control group, LPS group, LPS+10% fetal bovine serum group, LPS+ physiological
serum group, LPS+5% drug serum group, LPS+10% drug serum group, LPS+20% drug serum group and LPS+
AG490 group. Immunofluorescence, Western blot and Real-time PCR were used to observe the protein and
mRNA expressions of CFTR in NCI-H292 cells after LPS stimulation, and western blot was used to detect the
expression of tyrosine kinase 2/transcription factor 3 (JAK2/STAT3) signaling pathway in NCI-H292 cells after
LPS stimulation. Result: There were a large number of brown particles around the lumen of lung tissues in the
normal group, with increased COPD expression. There were a few brown particles around the lumen of lung
tissues in the model group compared with the normal group, with decreased COPD expression. Compared with
the normal group, mRNA and protein expressions of CFTR in the lung tissues of the COPD model group were
significantly decreased (P<0.05). Compared with the model group, mRNA and protein expressions of CFTR in
the lung tissues of low, medium and high-dose Qingfei Huatan Tang groups (P<0.05). Compared with the
blank control group, mRNA and protein expressions of CFTR in NCI-H292 cells of the LPS group (P<0.05),
with significant increases in protein expressions of p-JAK2 and p-STAT3 (P<0.05). Compared with the model
group, 5%, 10%, 20% Qingfei Huatan Tang-containing serum groups showed significant increases in mRNA
and protein expressions of CFTR, but with significant decreases in p-JAK2, p-STAT3 protein expressions ( P<
0.05, P<0.01). Conclusion: Qingfei Huatan Tang up-regulated CFTR in the treatment of COPD by inhibiting
JAK2/STAT3 pathway.

[Key words] Qingfei Huatan Tang; cystic fibrosis transmembrane conductance regulator (CFTR) ;

Janus kinase2 (JAK2); signal transduction and transcription activator 3 (STAT3)
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R 73 0 DL 6 A 7K SC KR 2 b, T8 RE 7 s BT,
GIF 3R, e e 28 AN WA 25 g-mL", 24
WIS G 2 4 CCURAENARTE % .

1.4 B0 SR ER (LR TE i 25 A BRA R S
20170501) ; fig £ B4 (LPS, % [ Sigma 2 # , it 5
019M4009V ) 5 7 48 (J 111 ) WA —F VT 75 Hh 08 R B8 ] 5
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W R L Janus BB 2(p-JAK2) , BEFR L5 5 1 5 5%
SV R 3(p-STAT3) , 1A 2 H il 1 -3 -t i It 40 ity
(GAPDH)Fi & (£ CST 2> Al 54351k 13,34,
26); WPt/ R S Bk M (1g) G(H+L) =3t , L1
FPi R IgG (HAL) (b0 FE Rt ad A= LB A BR A
Al LS 48 90 01325/20348,01334/10412) 5 f e 21
g R & (AL S ARG R A A,
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ottt 8 A R A R A S 4 A 30350,
60413) ; keyFluor 488 #5ic 1l 3 it /) Fll 1gG (H+L)
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YT RARAR,#S 11G11B22) ; ECL W (1, ( 3£
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B 7 B i
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/N F)) 3 VE-386 B 11 T FL A VKA , B B A Uk A (1
K BER A PR 7)) ; FluorChem M % 4= 5B A4 ¥E Jit
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2 Ak
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2.3 EMREE & 2 mE H A& K 20 2 SD KRR
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#=H
2.4 SRR U7 AR TS 5 Y 45 5K NCI-
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(10 mg-L™") , 4= #1354 (LPS+10% 4= BRI ) , B
A 1L 4 (LPS+10% fif 2F ML i ) L 18 Mili 16 2 1 41K 57
4 (LPS+5% & 25 1L 3% ) , 16 Wi 4k 58 ¥ ) i 41
(LPS+10% 1 25 L35 ) , ¥ il 4k 928 373 1 35 3k 4 (LPS+
20% & 25 1M3% ) , AG490 4 (LPS+10 mg-L™").
2.5 HugsE 2 Ak R I T AR 9 3 %F COPD K BRI 28
ZICFTR KL BERMER-AEY R SPIEEAEL T U]
Ji RS 220K, PBS Pk P F B E , PBS TR A
1~2 % ;3% 34 %8 Ak & 20~30 min BH W7 P9 95 1 48 1L i
FEAM K VR 3 WK ; FH 3%BSA B ] i , 37 °CIRAH 18 & N
% & 30 min; F &40 1 /5, 43 0 il CFTR — 47t
(1:200), B F 4 cCORFH L o i BRAR &3 504k il 15 166
19 L AT/ B 1gG (HAL) 470, 37 °C I A W & 4 ¢
H 50 min, PBS P i 5 ¥ o 700 5O A 1 4 7 O 1
TAEW £ R E 15 min, PBS¥E 5 min, 3%,
DAB [ {6, 455 5 il ) L B 0], 2808 K ve ik, I R &
BREEE Y HAUBK B A
2.6 Real-time PCR K K EL 24141 CFTR mRNA
FINCI-H292 41 ig ' CFTR mRNA {35 gl 4t
2t trizol LA Ak (B4 % J5 4 °CF 12 000 r- min™ &0
10 min F £ UTIE , B 1 mL A9 trizol 32 5] ) 3¢ B K% 5
oin A B = & BE 200 L, 35 B % . B NCI-
H292 4ff g 422 b F 7S FL AR, 4K BEOAR [] 43 4 20 47 52 56 Ak
. 3 .
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P, WEH 24 h)5 B AL A trizol 1 mL. T3l £
Wy EAR 15 s 5, K L # % 5 min, 4 °CK AT
12 000 r-min” &> 15 min, &0 5 184 WK% 5>
J N Z LAl = A P e, e 2 A BRI R
MI7KAH . RNA 258k 43 Be T 7K AH o 7K AH 9 4 1
K22 513 I AR trizol 3K 7 (9 60% . B 7K M i
B B0 B0 A T KA SRR S Y TR A BATTT
WEH A RNA, WATE 15~30 °CHF & 10 min J5 , T
4 °C,12 000 r-min" & .0» 10 min, #% % b5 W , &
1 mL trizol i I ) AL 5 A 75% LB 1 mL, i
PERNAVTVE . ¥4 5.4 °CE1ET 7 500 r-min B
> 5 min, 2B O BEE W, 2 AP T B RNA UL IE
5~10 min, ¥ fif RNA B}, il A J& RNA [iff (1 /K
20~30 pL & AT HOIK , 3R 15 RNA I W T -80 °C
7o R BN 2H 40 CFTR (176 bp) , L iF 5°-TTAG
TGCACCACGGAGACAT-3", F {if 5 -TCCAAG
TGGTGTCTGTACCC-3"; GAPDH (77 bp) , [ 17 5'-
AAGATGGTGAAGGTCGGTGT-3", F Jif 5'-AGCT
TCCCATTCTCAGCCTT-3", NCI-H292 4 fifi CFTR
(132 bp), I if 5'-GCGAAGATCTTGCTGCTTGA-
3, F lif 5 -GAATCGTACTGCCGCACTTT-3";
GAPDH (213 bp) , I Jif 5 -CTCCTCCTGTTC
GACAGTCA-3", F iif 5 -CGACCAAATCCGT
TGACTCC-3", Real-time PCR §" 1 4 f i 95 °C
305,95°C 55,60 °C 30 s, J5¥F 50K . R H 24
378 mRNA FIX k&
2.7 ARPETOEKE I NCI-H292 4 g th CFTR 3k

H NCI-H292 4H Jifd £ Fl 1 40 M€ Fr , 4 JEAS [] 43
AT I AL PR . BT 24 h)E, T 4% £ 5 1 [
JE 20 1, Triton X-10 ZF fLJ5 5%BSA /4, CFTR 4
A (1:100)4 °CHF 5 12 7% , PBS T 8 3 W, Bt/ R 986
ZPHi(1:1000) FE IR AEOGHEF 1 h, PBS YL 3, M
A DAPI 10 min, PBS % ¥k 3 I, Bl % K | £ F J5 2%
I U LR AT I
2.8 I H 9% EI G ¥ (Western blot) # Il NCI-
H292 41 ffg 1 CFTR £ 15 Fll JAK2/STAT3 15 5 i [t %
ik K NCI-H292 4 i 425 A T 75 FL AR 4K BEOAS [] 4
HPEATIIG AL, B 24 h T M AR S E A
Tt 410 i) 750 224 ik 200 e R BB 2K 1T, SR I BCA 590 22 4%
HEHME . 5%BSA E A, i CFTRYUIA(1:500),
p-JAK2 54K (1:1 000) , p-STAT3 Hit & (1:2 000) —
Pr4Cl R ; “HEIRIEH 1 he ECL LG &4,
KM Image JERF AT IKEEME 0. IHWEARS
GAPDH JK i FLAE e 7n 45 H 1 8 A A X ik & o

. 4 -

2.9 GiilsAAb P ORI SPSS 21.0 H R b B AL 4
AR 2 B0 SR ) x5 e, WAL IR] S5 8 L 3T e K
B, 20 R] 2% S 1 R T O 22 43 i, DA P<0.05 28 22
RAGIFE L.

3 &R

3.1 ML X COPD K BB Y fii 4 41 CFTR &
FI A M52 CFTR 2R 1 PH 4 235 36 8 0 48 ks A
PR A A48 €8 0K, I 445 B ) LA Rt A 4 (5
Wi, 55 H A LA B 2 s T L A R A € TR
e (P<0.01) ; SR AL L& T AL 2 m I  h
) et 2 R R TR A A e €5 J0RL B 3 Jin (P<0.05,
P<0.01), WK1,

AIEH A BRI  CORIR S D Il AL 8 1 (50 3 2 S E. 5 il
A PR 1 v 7R 2 5 B3 I AL 2R 1 oo 7R e 21

Bl 1 B ER% X COPD X RAf H 4 CFTR 33k #8400 (524l
ft., x 400)

Fig. 1 Effect of Qingfei Huatan Tang on expression of CFTR in
lung tissue of COPD rats(IHC, x 400)

3.2 ik 5 % % COPD ok BB 24 fili 41 41 CFTR
mRNA KK 5 I1E 5 41 4, COPD # A 4
K B 4H 21 th CFTR mRNA B i [ A% (P<0.05) ;5
BERVZH LA, T8 Ml AL R A b v R B 4 I R T e
CFTR mRNA # % ik /K °F (P<0.05, P<0.01) .
W2,

3.3 TH WAk R & 2y i i X LPS il ¥ /5 B9 NCI-
H292 41 fifl ' CFTR &AW 50 CFTR F 250 i 7E
b 5 R, D i Ay A T AN A% . CFTR S &% {058
o A MIAZ R W O, 5 A LPS A G
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& 1 B Z X COPD X R Al B 4 CFTR & 3£ 7K F B 7 I ®2 FRABZY COPD K RRA AL CFTR mRNA RiAH

(xX+s5,n=6) B (x+s,n=6)
Table 1 Effect of Qingfei Huatan Tang on expression of CFTR in Table 2 Effect of Qingfei Huatan Tang on expression of CFTR

lung of COPD rats(x+s,n=6)

mRNA in lung tissue(xX+s,n=6)

29 /g k! CFTR 20 5 FlE /g kg! CFTR
EH - 0.449+0.027 EH# - 1
LAY - 0.248+0.020" ] - 0.82240.161"
AR 0.035 0.309+0.015 HIRR 0.035 0.861=0.172
I i AL 2% 75 0.337+0.0412 i Ml AL 7.5 1.217+0.211»
15 0.402+0.027% 15 1.590:£0.250%
30 0.394+0.0692 30 1.272+0.261%
e A 25 1 252 3
oy PR Q0 S COPD AR v 24 040 SR 5 LS AL 3B £

JHED FE R S 5 5 S W I ek s R 2L 8 e v il

Merge

DAPI

CFTR

IRV & A MTEAR P S
Jeo W2,

20 12 156 4 5 A o ¢ €1, 98

A2 4L B.LPS 4 C.LPS+2E F L 75 20 ; D.LPS+HA 25 M3 41 ; E.LPS+5% ¥ fili 16 9% 1% % 25 1138 41 ; FELPS+10% 5 Ili L 58 1 & 25 1L 75 4 ; G LPS+

20% V5 Wili b5 ¥ F5 24 10138 £

& 2 ,ﬁﬂﬁﬂkﬁ,ﬁgfml,ﬁxnpsaiu&i B NCI-H292 48 fh CFTR R i£

IR (G2 PEDE , x 800)

Fig. 2 Effect of Qingfei Huatan Tang contains drug serum on expression of CFTR in NCI-H292 cells stimulated by LPS(IF, x 800)

3.4 VE WAL PR S 2 i vE XF LPS Hl 5 1 NCI-
H292 A g v CFTR & H R Az 52 1A
iﬂa BRI ZH CFTR 335 T K (P<0.01) 5 2853 5 Iifi Ak 9%
% 25 TS TS, 5 LPS 4 He &, 15 il Ak 58 1
AEEII{HEP =2 34 B 2 T CFTR B9 323K (P<
0.01), WK 3,%3,
3.5 M AL o 2y i vE X LPS il 5 B9 NCI-
H292 4l Jfi CFTR mRNA ik m S5 4
B, LPS 4H i # Ik CFTR mRNA %35 (P<0.01); 5
LPS 41 L3¢, W i A58 1 3 245 1 I L o 79) £ 4 1
=+ CFTR mRNA £ ik K F-(P<0.05). WLk 4.

b 168 kDa

GAPDH e S S S e s e 37 kDa

A B C D E F G
A2 AL BLPS 45 C.5% 5 i A58 3 1 245 M35 4 5 D.10% ¥ i k7%
5 25 ML 45 E.20% i ili AL % 1 & 25 MLV 45 FOIG 4 LT 5 G AR 3
L35 26
B3 LPSHIEEH NCI-H292 ifish CFTR B ARk Ak
Fig. 3 Electrophoresis of CFTR protein expression in NCI-H292
cells stimulated by LPS

3.6 IEMMALR
fitl F JAK2/STAT3 5%

= ”Emuﬁ %f LPS il i NCI-H292 41

W HRIRE R 5
.5.
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R3 FRHUKZEZMFLPS # ¥ 5 K NCI-H292 40 i &R
CFTRE B RIEM M (X+s,n=7)
Table 3 Effect of Qingfei Huatan Tang contains drug serum on

CFTR expression in NCI-H292 cells stimulated by LPS(x+s,n=7)

4151 AR % CFTR
YS! - 1.403+0.105
LPS - 0.897+0.040"
LPS+If 4 1ML i - 1.430+0.090
LPS-+AE 3 1fil 15 41 - 1.207+0.070
LPS+iE fififb 58 7 5 0.983+0.055
10 1.403+0.135%
20 1.673£0.136%

W HIEHALKE VP<0.01;5 LPS4 H# 2 P<0.01.

F4 BERAEFLEMEN LPS REE K NCI-H292 4/l CFTR
mRNA FIZHIF MW (x+s,n=7)
Table 4 Effect of Qingfei Huatan Tang contains drug serum on

expression of CFTR mRNA in NCI-H292 cells stimulated by LPS

(x+s,n=7)
2157 B B % CFTR

M - 1.000

LPS - 0.527+0.058"

LPS+Jff 4= 1L 7% - 0.627+0.157

LPS+2E Bl 75 - 0.415+0.115

FEY iRV} 5 0.780+0.0612
10 0.857+0.104?
20 0.607+0.201

T 5 IR LIV P<0.01; 5 LPS 41 L4 2 P<0.05,

H 4 5, LPS 4 p-JAK2,p-STAT3 2 H & 35 B 8 Tt
15 (P<0.05) ; 5 LPS 4 L 3¢, 15 Il 1k 8 1 & 24 115
fi% . b 7 2 41 F1 AG490 fiE B AIK p-TAK2 F1 p-STAT3
)35 (P<0.05)., WL 4,35,

GAPDH e Sl e s e—— e >’ <02

A B C D E F G H

A% 141 B.LPS 415 C. iR 4 MLV ; D. A= 3 MLV 4 ; E.AG490 4 5 F.5%
i i A B8 3 5 25 M3 5 G.10% Y5 Il A6 8 ¥ 1 25 10035 2 5 H.20% {55 fili
IR 5 245 107 41

E 4 LPS#HIHEK NCI-H292 40 i i p-JAK2 1 p-STAT3I E B H)
RiLAK
Fig. 4 Electrophoresis of p-JAK2 and p-STAT3 protein
expression in LPS stimulated NCI-H292 cells

c 6 -

£ 5 EMLET S ZEME Xt LPS R 3 NCI-H292 41 B th p-JAK?2
M p-STAT3ESEHEEARIEMF I (X+s,n=8)

Table 5 Effect of Qingfei Huatan Tang contains drug serum on p-
JAK2 and p-STAT3 protein expression in NCI-H292 cells
stimulated by LPS(X+s,n=8)

250 R/ % JAK2 STAT3

EH - 1.369+0.107  1.310+0.142
LPS - 1.55140.095)  1.620+0.131"
LP S+ 4= ifL - 1.265+0.097 1.375+0.140
LPS-+/ 3 1fi 775 - 1.515+0.111 1.581+0.131
LPS+AG490 - 1.126+0.083%  1.244+0.136
T il fe 9% % 5 1.234+0.0712  1.285+0.136%

10 1.150+0.115%  1.236+0.1372

20 1.591+0.121 1.452+0.135

T HIEH 418 "P<0.05; 5 LPS 41 [ 4% 2 P<0.05,%P<0.01,

4 iTit
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