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[Abstract] Objective To investigate the potential value and mechanisms of glucagon like peptide-1 (GLP-1)
on bleomycin (BLM)-induced pulmonary fibrosis in mice. Methods Mice were treated with a single sublethal dose
of BLM (3 mg/kg ) via intratracheal infusion to produce pulmonary fibrosis, and then liraglutide (2 mg/kg) was
given to the mice for 28 days by intraperitoneal injection. 28 days after BLM infusion, the number of total cells,
macrophages and neutrophils, lymphocytes, and the content of transforming growth factor-beta 1 (TGF-1) in
bronchoalveolar lavage fluid (BALF) were measured. Hematoxylin-eosin (HE) staining and Masson’s trichrome
(MT) staining were performed. The Ashcroft score and hydroxyproline content were analyzed. Real time (RT)-
qPCR and Western blot were used to evaluate the expression of a-smooth muscle actin (¢-SMA) and vascular cell
adhesion molecule-1 (VCAM-1). The phosphorylation of nuclear factor-kappa B (NF-xkB) p65 was also assessed by
Western blot. DNA binding of NF-kB p65 was measured through TransAM™ NF-¢B p65 transcription factor
ELISA kit. Results GLP-1 reduced inflammatory cells infiltration and the content of TGF-81 in BLAF in mice with
BLM injection. The Ashcroft score and hydroxyproline content were decreased by GLP-1 administration.
Meanwhile, BLM-induced overexpression of a-SMA and VCAM-1 were blocked by GLP-1 treatment in mice. GLP-
1 also reduced the ratio of phospho-NF-kB p65/total-NF-¢kB p65 and NF-kB p65 DNA binding activity in BLM-
induced pulmonary fibrosis in mice. Conclusion = BLM-induced lung inflammation and pulmonary fibrosis were
significantly alleviated by GLP-1 treatment in mice. possibly through inactivation of NF-«B.
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Sigma 24 7 ; FlHL & K 51 (JF 2 Novo Nordisk
S AD) s/ BUE AL 4 K B F-p1 (TGF-1) ELISA i
# & (£ EH R&D Systems 2 #)); Trizol i 7.
PrimerScript PCR i # & .SYBR Green PCR i& 5]
# (HZA& TaKaRa Bio A ) ; fefit VCAM-1 £ 5
LMk (£ [ Santa Cruz 2 6D % §T 8% R 1L
(phospho)-NF-«kB p65 £ 7% & $iL 1. % 3t NF-«B

p65 Z FLREHTAR (3L [E Cell Signaling 242 6] s #edit -
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1.3 A&
1.3.1 BLM # $Misf %L shhir s 4
40 HUNBBENLZM AL 4 20 (n=10) . 25 [0 PR ZH L F 4ir
B KRB (GLP-1 41) . i 3 R 41 (BLM 41, 1
N E AP E KL (BLM+GLP-1 41, 2% e
% fh (40 mg/kg) I8 I 1 59 FK B f5 . BLM 41 #l
BLM+GLP-1 28N — kKM #E T 3 mg/kg BLM
VR 2F dE 4L A o BRAL A GLP-1 4170
FBUAE TS T W A B K, GLP-1 40 AN
BLMA+GLP-1 4 S 2 mg/kg FIHLE K, B K

1SS 25 28 d. =5 H A AL A1 BLM 4 15 s 3
S5 JO R A B AR K
1.3.2 K E M3 k& (BALF) fetm j it 4 &

B 55 28 d M I 25 245 )« /0N BRUMEL 3 3l ko i b 4
KRGS WD 1.0 mL PBS #1415 BALFY . &£ 5
4 °C .1000 X g B> 5 min., 4 fEER UL Y Wk 3t
HE T 50 pL PBS 2 ofrifi b, il 48 B 3 Eh g ot 5k
S A P A 2 L T A R AR L A . T A e
1 bW WA AEAE — 70 °C UKAR T T A AR BR
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1.3.3 ELISA #%al TGF-l # &%  ffi ] L&
TGF-B1 [ B %0 9 i 7 & W & BALF L 3 W
TGF-B1 A o3 5 v B, #5245 U700 & U6 B 5 R A7
1.3.4 AxmBEFEE WA T M55
SETERFLS B0 10 %0 (1 ok F S o, 9 R R 4r
Yot (HE Ze @), ¥ Asheroft PE43 45 vEN 1F 43,
DT L4EAL TR JE ; Masson = @ Ye 6 (MT) W 22 i i
TR,

1.3.5 HYP & &0l & K F L 4 4
50 mg, BYRE MK fEBOK i 58 42 E4E 2 100 mL )5
1o U IS R, T M R PR L F L P AT 8L B 1 mL o
pH FESA % 50 mL & A, B LR 1 mL, &%
Jie T B ARE 5%k 3 O P L A AL e 4k
A4 5E 550 nm &b ARG, A/ BUIRE HY P
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1.3.6 %8 & K2 F PCR(RT-qPCR) # M| o
SMA #» VCANH mRNA # £  BI¥FES5WT .
«SMA (F) 5-AATGACCCAGATTATGTTTGA
GAC-C-3" fl (R) 5'-TCCAGAGTCCAGCACAAT
ACCAG-3";VCAM-1 (F) 5'-CATCTAAGAGTGT
CAAAGAGGGAG-3'#1(R) 5'-AGCCATCCACAG
ACTTTAATACCAT-3'; Bractin (F) 5- GATTA
CTGCTCTGGCTCCTAGC-3"F1 (R) 5'-ACTCAT
CGTACTCCTGCTTGCT-3", /N i, B-actin K NS
KK, Trizol 257 $& MU A5 il 2 21 & RNA J5, &% &
PN .95 °C 30 s, 1 MEH;95 C 5 5,60 C
30 s, 40 P E M, # PrimerScript PCR i& 7] & .
SYBR Green PCR X H| G #4FE .2 > Al & H Y
B IR

1.3.7 RIZP T HA N o-SMA,VCAM-1 #= NF-
kB p65 & &g kid W80 CLRAF A A Jiff v i o]
HASHK, 4 °C .14 000 r/min B0 15 min, Y04 E
HW. 4 I 75 & AR (BSA) 4 bR e .
Bradford & S5l &l e 0 & . BRI
i (25 ) AL 1 45 i B 1 IZE 820 Tris-glycine
SDS 5 P M Tk g 58 Jic v o0 ik o HRUK R L r I AR B
S R IEFE B E R MB L% (PVDE) i, JE 45 5 1
ZEAMEH 5 g F = R % E A 1 h, PVDF
B4 CHEE 24 ho M ARHT « SMA 2 5 B B K
(1:200) Pt VCAM-1 Z wBEHiiA (1 500) R

#t phospho-NF-«B p65 £ i (1 = 1000) APt
NF-«B p65 £ 5g ik (1 : 1000) F 4t B-actin £
SEREPLAR (L £ 1000), F2 1 ¢ 10 000 Bk il fin A F %
T 0 OGO o 4804k P B AR 10 9 Ll E B S TeG R
BT 5% Wig4-TBST), ERMET 2 h, f#iH
ECL i 7] & . GelDoc1000 #E 2 8 A% 2 45 fif 4 5 K
R 1 EOWAL B Quantity One 2445007, UL E
M FOLE B AN 2 8 A Bractin J6% Y 1L
B H B A R FE A TR 0

1.3.8 NF«B p65 DNA % & &k % i
Trans AM™ NF-«B p65 fb 5 K 735 &, 44 8 1 B
BRI NF-xB p65 DNA 45515 £ .

1.3.9 %RitF % BURH xL£s Fom. AR
K - ] 5 A ] J5 25 C(ANOVA) 43 87, P<<0. 05 2y
ZERA GRS

2 #XR

2.1 GLP-1 3 BALF g #{ £ TGF-p1 R =
a0k A

IR 1. 85 R BIR, 2 [X AR GLP-1 4148
Ml it% TGE-BL it it ¥ J 25 S LG it 3 L (P>
0.05), 1 BLM 5] T K & & A 41 il 12 1 240
e VR 2 L 2 R I 2 40 o0 W v 2
SA G O TGF-R1 & ok BF o i 25 14
Z B H BT X GLP-1 JA Y7 J5 48 5F 40 M 1 5 it
M TGE-B1 9 o 5t vk B B IR (P<<0. 05)

#1 /F BALF A EMMEEEF TGF-pl HRERE (xLs.n=10)

Table 1 The count of inflammatory cells and the mass concentration of TGF-f1 in BALF in mice (x%s,n=10)

Group "I;(())tlal CEHT/ Neu‘trophills/ l\/lacrlophagles/ Lym%)hocyt:%s/ TGI;‘fB] /
mL 10" mL 10* mL 10" mL (pg/mL)
Control 6.5+0.55 5.040.79 0.8%£0.05 1.340.07 41.13£2.41
GLP-1 6.1+0.32 5.240.47 0.740.07 1.14+0.21 42.6642.54
BLM 12.340. 694 6.540,58~4 2.840.134 3.140.094 78.5243. 13~
BLM+GLP-1 10.840. 724 5.640.354* 1.640, 1248 2.140.1548* 64,1742, 884

/\ P<C0.05, vs. control group; ¥ P<C0.05, vs. BLM group

2.2 GLP-1 ¥ Bifi £ 4 4L B9 5 i

A2 fa A R BLM REE - Ml ™ A= 47 4k 1k
AR o FHLAE A A 4 I v R B I R K R AR 20
T2 00 8] B v e AR S TR, GLP-1 3R
Ir)a . BRI A B R . 2 B A L GLP-1
S AT ER B IE H 2L AN . Asheroft $F43F1 HYP
g R R, 55 Fo AU H . BLM 410 BUE R
Y Asheroft 3 80F HYP & 4 5 i A0 % T BLM
2H . BLM+GLP-1 44 /) Ashcroft 4341 HYP & &Y
BERERGE 2,6 D,

£2 INRETALR Asheroft 531 HYP S BHEL (x£s)
Table 2 Changes of the Ashcroft score and HYP content in mice (x =+
s)

. Ashcroft HYP/
Group n . .
score (pg/mg)
Control 10 0.33+0.027 36.8242.71
GLP-1 10 0.30%0. 065 34.51£2.84
BLM 10 6.25+0. 1844 76.12+4.194
BLM—+GLP-1 10 2.740.0314 58.3343. 774

/\ P<C0.05, vs. control group; ¥ P<C0.05, vs. BLM group
2.3 GLP-1 Xt ffi 22 a-SMA #1 VCAM-1 Rz

A
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W 3. K 2, RT-qPCR F1 & [ Bl vk 45 R
7R >BLM 2 /N 44 o« SMA #1 VCAM-1 mRNA
MEAEXSEHAE L, ZRAERITHE L (P

0.05), GLP-1 J897 )5, BLM 5 ) «-SMA Hi
VCAM-1 it RSB BB, ZRA 5% 8 X
(P<C0.05),

1 GLP-1 38 BLM BSH/NREFEL. X200
Fig 1 GLP-1 attenuates BLM-induced pulmonary fibrosis in mice. X200

A: HE staining; B: Masson staining; a: Control group; b: GLP-1 group; c¢: BLM group; d: BLM+GLP-1 group

%3 INRMALH -SMA VCAM-1 mRNA F1E B FiE(xts,n=10)
Table 3 The mRNA and protein expression of a-SMA and VCAM-1 in lung of mice (x*+s,n=10)

Group aSMA VCAM-1 a*SM'A VCAMfl
mRNA mRNA protein protein
Control 1.0000. 047 1.000%0. 027 0.40040. 027 0.48040. 035
GLP-1 0.96040. 033 1.060+0. 025 0.42040. 048 0.35040.061
BLM 1.540£0. 0514 1.96040. 0844 0.96040. 1324 0.980+0. 1844
BLM+GLP-1 1.310£0. 0294 ¢ 1.640£0. 0384 0.70040. 0594+ 0.650+£0, 0374

/\ P<<0.05, vs. control group; * P<C0.05, vs. BLM group

Group
BLM BLM+GLP-I1

Control GLP-1

osvia e —

VCAM-1

% I

L - _— -

2 GLP-140% BLM E ST E A /MR HLAH o-SMA Fn
VCAM-1 EHHIFRE
Fig 2 GLP-1 reduces the protein expression of a-SMA and VCAM-1

in lung

2.4 GLP-1 X NF-xB #i&F 1 DNA £ & & KB &
i
WL 4, 3, Gy BN vk AT ELISA 45 R oK.
BLM 41 NF-«B p65 2 H B fL /K- DNA 45515 1k
B Thm 0 GLP-13897 5 » FaRdsbr i W] FEAR .
F 4 INEBHL T phospho-NF-xB p65 EEMKREMAMIZER
NF-xB p65 f)R 2R E (x£5)
Table 4 The protein expression of phospho-NF-kB p65 and the mass

concentration of nuclear protein NF-xB p65 in lung of mice

(x=*s)
Phospho-NF-«B p65 NF-«B p65
Group n totil -NF-K'ICs p%S / (ng/nﬁ)/
Control 10 0.5240.033 1.00£0. 18
GLP-1 10 0.4540. 025 1.104+0. 06
BLM 10 0.9240.1314 2.46=+0. 362
BLM+GLP-1 10 0.66+0.0744>  1,6440.294"

/\ P<C0.05, vs. control group; ¥ P<C0.05, vs. BLM group
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Group
GLP-1 BLM BLM+GLP-1

Control

Phospho NF-k B St ssus B S

Total NF-k B M

3 GLP-130% BLM % S8 NF-xB §3&
Fig 3 GLP-1 inhibits NF-kB p65 activiation in BLM induced

pulmonary fibrosis in mice
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FHr & K2 GLP-1R $sh 7, 5 A28 W H:
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A& AU A 20 B &R A GLP-1R. F Z W 58 #ic il
T GLP-1 WHT RAE R . B} il 25 4 £k 1 4 (AT SR AS
FRMAT . BOW R BEIA A T 7502 M it b 5 40 48 4
P s B G 9 0 1T 40 M B R s B A ARG AR R
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BE I 2 B T AT A0 B R 2H 212 LS
0T 283X 26 5E 40 M FE TPE 3 ) 165 U 119 2 4k fb ik
P B R EEERY . 2 PF5IE GLP-
1 BEAE I ) 42 5E R H B 4 L RN 9k B 4 iR )
WU BRI, GUO S & BRI B K AR 5 W R
I — S 5 E P 20 ML DR 9 I3 7K o ARWFSE S5 SR
TN [T 48 AE 20 I 1) ¥ 1 K 98 RE P 4 I R 1) Rk
W e R - 4L B B, T GLP-1 RE 4% W 2 K¢ Ik BALF
SRNIURSER o Akt B N =2 N N w2 Y U< N
Ashceroft 43 %k, Jt H 2 68 98 1 il BLM 175 T (1) iffi £F
Aefb/NER HYP Sy in, X e g5 1R GLP-1
REBZ Ik 55 BLM 75 S 19 /)N B i 38 48 i 1 il 21 4 4k .

YT A A A5 i 25 237 A2 Ak TR - R0 40 i TR ok
16 52 FIEE 4 Jili 25 49 . TGEF-81 J2& E Wik 41 f 43 Wb 1) —

ol O S 1) D2 21 Ak b TR 1 2 2T 4 A0 B A8 52 S g 1Y
K. TESTIRE A IPF (B3 il 414 b, TGF-B1
B S8 . TGF-B1 n DLy 455 B £F 4 40 i 1) &%
B KB RN 43 A6, 3 B 4 A 0 R R B S B o SMA
B FE K F ECM (UL . oa-SMA 8k ok 2 WL 2T 4
ML bR & . ABESR G R R Y] GLP-1 FEAR 1 /D B
i g4 BLM 353 19 TGE-1 Fl oo SMA i K ik .
VCAM-1 454G H & B3 3 W] 8 15 E1 40 Ao Ao 21
BURAE . ERIEFMT NI VCAM-1 (13
b7 A R =W 7 A S N R R u SN TR S et U
VCAM-1 %5 &, st M VCAM-1 555 &
FE A% DL AR AE SN o Rz B JOKA VS A B 40 ) 2K ot
BN B A0 VCAM-1 mRNA F18 H 3 ik 1) g
FU L AR AR R W, GLP-1 B E A T
BLM i 5 1 fifi £F 4 1k /N B, VCAM-1 mRNA 1%
ik . NF-«B 78 4 5 F4F 4L 0 S b b R 5 5
FEAERT . W BE 0 R BTG NF-«B, 3 350 45
Wit VCAM-1 i kik . A& Ay GLP-
1 AE 0% 1 25 B A B W 40 it i 3= L O BB 6% EL
1l 2 A 3 B K — A5 RLAT R — 2 BRI hE
B K AR T P R 20 I ] NF-«B 9 80E
MK B 5 7E Y . A WFse 45 R B £ B, BLM
U5 Wil 21 4E A /)y B 19 phospho-NF-«B p65 # 7K
B E TS, W GLP-1 3597 J5 phospho-NF-«B p65
HEKCEZ B H . ok B 3h PR RSB B IE
PR RAEFNLT 4E AL 2 TPF JesE PEBT BL . FRELiy
JRRE SN 4 A A5CRRE AR RE 2 352 10 A 8 P 40 L PR 5 3
AL HE TGF-B1, TNF-a, [ 40 is /- 26 Flifs S Al
— LR A WG, XS K )5 3 F XA NEF-
kB 45 A f, B NF-«B 1] LLJE 5 3k B #6315,
NF-xB i #0305 Bk T 1eB ¥ » TeBa 1Y B i 5
# NF-«xB p50/ NF-«B p65 — SR B b 15 i , %
KRG P IE R B 5 . ARFGE R B BLM i
T 1) NF-«B p65 DNA 551 1 19 5 55 58 % 18 i 11
S GLP-1 WM& ff . Pk, JATHEW GLP-1 £ BLM
5 10 i 2 48 Ak A (40 R B £F AR A T AT RE VD K
F| NF-«B B2 3% .

25 I ARTFFEAF 52 GLP-1 A g o 40 ] NF-«B
B - DT 55 BLML 375 5 119 /0N T 358 4R A 0 £
Ytk 8 GLP-1 ] B8 4] fili £F 4 fb 4 W5 75 25 b
SR - GLP-1 3597 it 21 4 4k i HAK 73+ BL ik A 1
B 2 I 64T B 22 1) 2 itk T 5 I DR BF 5 0 — 20 4R
FIELEBLH]
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