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WE:BH W AT RURE H ( Amphiregulin, Areg ) X I HILAH OC 14 i 451 447 ( ventilator-associated lung injury, VALL)
IR LR PE A, ST HAE ML . 3% ¥ CSTBL/6 /) RUARYRE FEHLE FE 3215 BEAL 5> R 8 41 : OXF B4 ( Control 41) , 5
UM B 1 S R IR R 22 vV (PBS) 200 L, 35 I # WP1 ; @Areg 41, G ST AL/ Areg 2R [ (rmAreg) | ZERFIE# ;B
PBS + VALL 4, Ji§ i3 51 PBS, 30min J5 A HIMEE S ; @ Areg + VAL 20, I8 )13 54 rmAreg,30 min J54THLIEE S ; ®DMSO + VA-
LI 2H ; ©DMSO + Areg + VALI 2H , 55 i J6 13 56 — H1 22780 ( dimethylsulfoxide , DMSO) 100 wL,30 min J5 i 75T PBS &% rmAr-
eg, £ 30 min J5THLGE S ; DAG1478 + Areg + VALI 41 5@ Perifosine + Areg + VALI £ , 45 H G 1 41 AG1478 1 mg T, Peri-
fosine 1 mg,30 min Ji5 5 V£ {34 rmAreg, 28 30 min J5 A7 HUAGE <o /) BUE = KA HUMEE S IR 12 mL/kg, Jii26 90
W4y, 84 h) HIME VAL AL, PLHGES 24 h 51724 HE 4% 87 W50 35 27 A8 Ak , R8ril 52048 7t o 92 Y5 W ( Bronchoal-
veolar lavage fluid, BALF) f 5 235 15 S8R AE 14 M (Immunoglobulin M, IgM) g PR %E A7 a-( Tumor necrosis factor, TNF-o0) 5
H 4% -6 (Interleukin-6 , IL-6 ) FHR B s HLAKIE S 6 h 7RI A g 20 rp | f Az 4 B F 32 & ( Epidermal growth factor receptor,
EGFR) 58 I BOAKT) B KT-. 45858 S50 h4[(62.0+19.4) pg/mL]AHIL, VALL/NEUEDUMIE LR 36,12
24 h J5 BALF 11y Areg WA B ST, HorP7E 6 h THEn i 5% [ (231.8 £58.7) pg/mL] . 5 Control 414 [, PBS + VALI
/N BB T 2L 2R T B 100 V| 0 0 2 7 i A I, T 7E Areg + VALI 21 sk S35 B4R 75 297G W 0k 4% . 55 Control 44 L., PBS
+ VALI /B BALF R 19 IeM TNF-o 5 1L-6 ¥4 52 T3, Wikl 5T PBS + VALI 4, Areg + VALI 2] fh3X S48 454 B .
WAk, rmAreg B EHEE T VALL /NFUKZH A M EGFR 5 AKT (OB RR 1Lk . AG1478 5 Perifosine Y4B 40| T rmAreg %} VA-
LIEHAERCR . &i8 /NRAZE VALLGIZHZ Areg IFRIB R WM . Areg T EGFR-AKT {5538 I 9l 4 it 26
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Protective effects of Amphiregulin on ventilator-associated

lung injury in mice and its potential mechanisms
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Abstract : Objective To study the protective effect of Amphiregulin (Areg) on ventilator-associated lung injury ( VALI) in mice and
to explore the potential mechanisms. Methods Male C57BL/6 mice were randomly divided into eight groups according to the random
number table; (1) control group, mice were injected with Phosphate buffer solution (PBS:200 pL) and treated with normal breathing;
(2) Areg group, mice were injected with recombinant mouse Areg (rmAreg) and treated with normal breathing; (3) PBS + VALI
group ,mice were intraperitoneally administrated with PBS,and then were treated with high tidal volume mechanical ventilation 30 min
later; (4) Areg + VALI group, mice were intraperitoneally injected with PBS,and then were subjected to high tidal volume mechanical
ventilation 30 min later; (5) DMSO + VALI group and (6) DMSO + Areg + VALI group, mice were injected with DMSO (100 pL),
followed by treatment with PBS or rmAreg 30 min later,and then were subjected to high tidal volume mechanical ventilation 30 min lat-
er;(7) AG1478 + Areg + VALI group and (8) Perifosine + Areg + VALI group, mice were administered intraperitoneally with AG1478
or Perifosine, followed by injection with rmAreg 30 min later,and then were subjected to high tidal volume mechanical ventilation 30
min later. To establish VALI model ,male C57BL/6 mice were ventilated at high tidal volume (12 pL/kg) with 90 breaths/min for 4
hours after being anesthetized. At 24 hours after ventilation, mice lung tissues were stained with HE and examined at the light microsco-

py level ,and the concentrations of total protein, Immunoglobulin M (IgM) , Tumor necrosis factor (TNF-a) and Interleukin-6 (1L-6) in
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Bronchoalveolar lavage fluid (BALF) were tested. At 6 hours after ventilation,the phosphorylation levels of epidermal growth factor recep-
tor (EGFR) and protein kinase B (AKT) in lung tissues were detected by western blot. Results Compared with O h[ (62.0 £19.4) pg/
mL ] the concentrations of Areg in mice BALF were significantly increased at 3,6,12,24 h after high tidal volume ventilation ,and the most
significantly increased level of Areg was at 6 h after ventilation[ (231. 8 £58.7) pg/mlL]. Compared with control group,the lung tissues of
mice in PBS + VALI group had thicker alveolar wall and significantly increased inflammatory response. However, these pathological dama-
ges had been less observed in Areg + VALI group compared with PBS + VALI group. In addition,the BALF concentrations of total pro-
tein, IgM, TNF-a and IL-6 were all markedly increased in PBS + VALI group compared with control group,whereas the levels of these fac-
tors were all obviously decreased in Areg + VALI group compared with PBS + VALI group. Furthermore , treatment with rmAreg significant-
ly increased the phosphorylation of EGFR and AKT in lung tissues of VALI mice. Both AG1478 and Perifosine obviously inhibited the
effect of rmAreg on VALI lung tissues. Conclusion The expression level of Areg is significantly increased in lung tissue of mice after be-

ing subjected to high tidal volume ventilation. Areg can reduce the pathological damage, permeability and inflammatory response via

EGFR-AKT signal transduction in lung tissue of mice suffering from VALI,which plays a significant protective role in VALI.
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BOE R I U0 AR B 2 5 20l 20 2132 4
5| & W0 WLAH 5% 4 Hili 458 475 ( ventilator-associated lung
injury, VALL) , J™ 5 [} 7] G 5| A2 2 PE P IR S 38 255
fi. (acute respiratory distress syndrome , ARDS) T &5 ;2
et HETIG R R AR VALL f93R57 FE 4R
TEACALHUBRE | FR B i T 55 400 6 5 i B oy 55
J5 T {HL W JC R0 it PR, 5 SROB B A RO T
VALL J5 5 10473 98 2 i 15 A e 1y S BTl o L)
#H (Amphiregulin, Areg) & —fh_E A KA1, A
A I A0 A T AR R VR FE
AR B AR AL U Areg A7 W RIAD L SR,
Areg Xt VALL GATE I BZASAIARE R, AP5T
2016 4£ 9 A 3] 2017 4£ 5 X} Areg 7 VALI rff B4k
YEI B R REAL I HEAT ERT, LA VALL 3697 42
AL Y S BRI
1 MR5FE%E
1.1 s 5iKF Mtk C57BL/6 /NEL(JH IRy 6 ~
8 Jil , M i 20 ~ 24 ) g [{ iR S S8 rh e
[ 3% 45 K& 1IE 5 : 4200090000038 1 ; ¥ AT HiF 5 : SYXK
(%£)2016-0031 ], ALC-V8S /Nsh¥ Wz ML B o [E
BRPHRE AT, sh WAk & A7 5 e 3 s Ty
R /N R Areg 8 1 (tmAreg) (R&D 24 H],
fit'5- 989-AR-100) (& A K FZ K (EGFR) ik
(Abcam A 7], 41t 5 ab40815) WEMR L3R K 2B KK 1
(P-EGFR) Hitf& (CST A7), #-5#3777) K B
(AKT) (CST 237, it #4691 ) (W 1k 25 1 G B
(p-AKT) rf& (CST 28 ], it 5 #13038 ) | B-actin T
{A(Santa Cruz A, #t 5 sc47778) 1 BCA 1
W5 & (Thermo 24 W), 165 23250) . 53 4k, Areg
(#t5 DY989) i IR FE K 1--o (TNF-o) (5

Epithelial growth factor receptor; Bronchoalveolar lavage fluid; Mice

MTAO00B) 5 1 4 i/ -6 (1L-6 ) (fit5 M6000B ) i
REFIR e 95 TR B 552 36 ( ELISA) A6z i 350 & 1 356
R&D A7), S e 3k 1 M (IgM) (1) ELISA 25 &1
F-H [E NeoBioscience 2> ] ( EMC129.96) , 45 11 $2£ B
R & KGP250 g A o [ g U i w), — 1 AT
X (DMSO) Ity F 22 [F Sigma-Aldrich 2 5], EGFR B
Wil AG1478 A1 AKT )1 41 55 I8 3748 3t ( Perifosine )
T2 [# Selleck Chemicals 22 7] .

1.2 VALIZh¥#ERME&5494H C57BL/6 /)
LB T4 (80 me/kg) KIS 17 -CREHA , B/
S WAL AT R A B AL BE A A VALL
LT W A2 T 12 mL/kg, RRIOIR 90 Y/
5 JBSYERF 4 b, rmAreg YT HERRERZZ 1P (PBS)
H 8 TR H/NBRUEIE T 5 g /N BRI BE AL L
FRUBENL N 8 21 DX BEZH ( Control 21 ) , & H
JE IS PBS 200 L, 4ERFIE 5 FFI ; @ Areg 41, 15
JE TS rmAreg , 4EHF IE 5 IFF I ; @PBS + VALI 21, Ji
JEvE 51 PBS, 30 min J5 17 HLARAE /< ; @ Areg + VALI
TS tmAreg, 30 min J5 FT HLAGE ;s ©DM-
SO + VALI 41 ; ©DMSO + Areg + VALI 41, 4 H i i
VS DMSO 100 WL, 30 min J5 I 6 1F 4 PBS o
rmAreg , F+4¢ 30 min JEFHLMGE S ; DAG1478 + Ar-
eg + VALI 2 5@ Perifosine + Areg + VALI 41 , & H i§
ST AG1478 1 mg 5§ Perifosine 1 mg,30 min J5i§
JEFESS rmAreg, 7545 30 min J5ATALMGE S .

1.3 FALRREZENEMBRGITES  Pbtn<
S50 24 h JE U A 8 4% W E B
BRI CREIBZHADIAL S wm IR, 4T HE Be60, 70
2 NSRS ARk . MR A S5 [ B R D
S RATI R X L0 G AT I 2 (P43
Bl O0~1743), W& 1, EPFsr=[(20 xA) + (14 x
B) +(7xC) +(7xD) +(2xE) |/#E%L x100) ,
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B. it v 5 1) r R 40 B g 0 1~5 >5
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1.4 ELISA 5 BCA ZE&A  (EHLHE L
3.6.12.24 h J5, MRS FRATT Z BT 00 J7 ¥ AT i i
Ve AR E/NBURAE 1 mL (1 PBS RIS TE
AN R g Il E A2 3 U, DI S0 i
FEVEW (BALF) /R > 2.7 mL R & 4. KU 45 1
BALF f] 400 g #5.0> 10 min, Yt I, P44k
ELISA 5 BCA #& A 0] & rb i il B B A, A
M BALF Areg TNF- IL-6 . IgM H5RaEEAE,
1.5 ZERARENE % ( Western Blot) 4l - HL ik E
SEEH 6 h 5 S BUN A M A R AL A E A
e, TR K R A 10 min A8PE, SRS AT AR R
VK BRERAE  TE 5% AR A= Wb B P 1 b 43 fi
F B-acitn [EGFR P-EGFR (AKT 5 p-AKT —3i(1:1
000) T4 CHIEF LK. MAZHI(1:3 000) fiFH
1 h,7E EC3 BEUR R 50T LI 41 IR, 4] Tm-
age J B AL IS4 B AR SR T DG A,

1.6 ZHitFEFHE LREERMH v =5 Fom. HH]
GraphPad Prism {4k BEECHE , R HI 5K 3R J7 2253
#fr (one-way analysis of variance,one-way ANOVA ) if
135307, Z A B PP A fdE ] Bonferroni ¢ K555, P
< 0.05 FnEFAGIFEL,

2 R

2.1 VALIBfifHZAH Areg BJ5RE 5 ARITHLKE
(0 h 4] /N BURH FE , 7 R R ALRE U 24
h I, /INBU BALF i1 Areg i B2 24047 B 8 T (LI
1), HR ZEHLUAGE <S5 55 6 h, BALF Hf) Areg ¥
FE[(231.8 +58.7) pg/mL] THsfiey b %,

g300- .
2
<500 b
= a
< a
% 1004
&
< 0.04
0 3 6 12 24
BB < st ) /h

50 h 4, P < 0.05,"P < 0.01,°P < 0.001
B 1 VALI 524 h /MR BALF 5 Areg (AR K (n =4)

2.2 Areg ¥ VALI fiZARFETHHEMW 5

Control ZHAH [t , B fifi H] rmAreg X fifi 2H 4V 3L~ I

520 ( Control 2H [ Areg 2H ), WLIKI 2A FilAl 2B,
AR 32 KW HUAGE SR /N B, it 28 2 v
B G HG R rh PRk 20 B IR T 3G 37 W RO 1
W 2C, TMifd ] rmAreg b P 1P & W80 T 4H
SRR i v B JEE R R M 20 R IRV S 03 B R A
(PBS + VALI 4t Areg + VALI 4H) , LK 2D, #114
T LR PR AR A, WYt s T AR A 0 A, L
&l 2E,

#:: 5 Control ZHHHL,*P < 0.001;5 PBS + VALI 4141, P < 0.05
2 Areg XF VALIL /N FUITT4H 27 £ 2 J% Jili 353493 37 43 () 52 i) ( HE. e
6,20 x20 5 ,n=6) : A Jy Control 41 ;B 4 Areg 2 ;C Jy PBS + VALI
215D Sk Areg + VALL 41, E Jy 45 2 Bl 405 1) L3¢

2.3 Areg X VALI iR S B S RERME
B AR B LB S
T/ BALF 1 TNF-o 5 1L-6( [&] 3A 18 3B)
HEHS IgM( 5 3C F1[E 3D) ¥ 2 (PBS + VALL 41 Lt
Control ZH) , Mi{# ] rmAreg Ab PRI & 2 9] T X 2L48
PR T E (Areg + VALL 26, [t PBS + VALL 2H) ,,

2.4 Areg ¥} VALI fiiH 241 EGFR 5 AKT )55/
Western Blot (85G35 304 s (K] 4) , 5 Control 2H
ARG, O A UGE T i ZH 2 b 1) EGFR
AKT R ALK (PBS + VALL 41 F Control 41) ;{8
rmAreg AEFRASAN ] DA IE 5 /N BRI 2H 21 b 8 EGFR
5 AKT % AR K (Areg 2 [ Control 4H) , i8] LA
f— I VALL /N th ) EGFR 5 AKT # R 1k
JKF(PBS + VALL 41 [t Areg + VALL 41) ,

2.5 AGI1478 5 Perifosine I Areg R 3 R 1Y
g 5r5fE T EGFR 57 AG1478 5 AKT i
57] Perifosine Zb3H/NER, , FEAG Areg Xt VALIL /)N B AY
il R4 AE . HE 25 R 75 (18 5A), 5 DMSO +
Areg + VALI 414 ¥, AG1478 + Areg + VALI 41 5
Perifosine + Areg + VALI ZH /|» 55 il 25 2 Jivi y0 8% BH &g
TR, vh e A A IR T K P S 35 4 S . BALF rhii
A 2 75 (18 5B ~ E) , A% T DMSO + Areg +
VALIZ4H, AG1478 + Areg + VALI 4 5 Perifosine +
Areg + VALI 24 BALF H TNF-o IL-6 , S 25 5 IgM
W BE YA B A N
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LI PR — B A B 40 B, A5 SE T4 Areg 1
A P TR ) — B RE R R T Areg
T REAG 2 HE I 45005 6 7 . R AT =2 W 60 F 5 3
52, Areg WA TE N T 2251 % 10 A VE RT3 05 1 B 4
Y TEASE g AT UIEW] T Areg fE L35
SR O S LGE ST S B 2 U
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EINEE R T A B Il 45 1 455 L AS [
VALL Z= SR A O R R 8 A 7 9k i e i 5 |
A RLAZ AR TR L SR ARSI OIRON L VA-
LI 5 35 Z s 15 2 A0, 2 30 A it 4 2 BEE 25 57
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Jin i B v R 5 57 B SO 5 (8] 2) o Tl BALF
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3) WAk B T il 2 2 A i BEAILAGE R R AE R
N R P B 0E M T A 0 3K 2B 28 SRIE I 3R
TIREhHIE T VALL AR,

O S AR 20 i S 365 0 S, il 9 Bz 44 i 7 Az 3]
AR £ 0K Areg' T BRI T2 PR AT
JE UG Areg 92 K SE A B @ TR AT
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F| Areg i R EL IR, 5 E RN T Bz 40 5 il 21
YU A8 R — 5, 3 U W A 4 fof il 4 e 1
Areg Fik i B ETH e, TEANTE N K51 0 2k
JtA5 005 T, Areg S YR T 25 B8R T I 1 I 40
Ja" HAE VAL, Areg AR AT REAC IR T B 42 Pr Y
it g L, T3 — 25 7 B AE A I B3 R S
e —IE R

Areg J2 bz AR A F (EGF) R 5805 1) — I, fig
A TR L 0 25 7 BRI 3AL, DR G B R 5
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I}, Areg 1977 A4 B TIA B RO 4R s & 7ERT
R 2 AR AE HY, Areg AR % 23 (T I A4 5 B 2 o
F AT RTHRIESE T Aveg RESNEI L 1 K 40
JPET . ARSI, AT ANIEE Areg BT IR K
W I S UNOE S B I 55 B2 A5 4k
I S U Al A B E S RORE N, U T Areg
XFF VALL filigH 20t A5 BH S i (R4 /e o

Aszgyrp  BA1 L BAE VALL %28 6 h ), fili 4
LUy Areg Rk FHR A L E . 1) EGFR /& Areg
fRIE— 2 AR AR U A )z ik, TR
EGFR AT 6 5 40 0 A= 47 1) Bl I 15 UL 1 3-35 1t
(PI3K)-AKT 3@ %7 . PRk, ATEEFEAE VALL &
'EJ5 6 h Kl EGFR 5 AKT (935 1L /K. 455 &
~,EGFR 5 AKT ¥4 Bl B BB e 1k, 53ATZ 0
TENEE 275 3 19 il 45 40 /08 B rb i U 55 1) 45 2R —
L ENFRENES , 440 h 5 EGFR figvt A
B R EEFRIB N Areg FITIIE . VALL %425, il 4141
Y Areg F ik i AT B T, TR, VALL fili 14
1 EGFR 5 AKT @R L AR 1T et /2 i 4 WA ) Ar-
eg FIrgl . ASZIG IR KL, 45 T AMIETE Areg b 3H
J&i , VALL Jifi 41417 1) EGFR 5 AKT g kit — 4
ANAR T, WFSE EESE, EGFR-AKT AE 35 145 2 i
HIAEAFRE ST, IAE it b ] AKT J5 | Areg XT4T
2R T G BE T T R AR, A AKT 2 Areg-
EGFR 38 % & 48 (% 37 V5 F i) 5 2220 Wi 4 i L
AKT M8 IR 7K -5 Sl 4 i 400 R B 4 DI A

St MR SN AKT 34005 7K FFAR R i 28 21 1Y
PR 2 W B N5 1 H AKT B35 1k e B 34 it
i b R AR R A o O T BRIE EGFR-AKT 3 %
X} Areg iliZH 2V VE R G200, AT 15354 EGFR
BELUT] AG1478"") AKT 4111351 Perifosine 2 fi i &b
PR, FAT Areg T, 455 0K, 0] EGFR 5 AKT JL
SFHBR T Areg X} VALL liZH S0 BRE5 \ 98 S I
BEtA e A EEEA . R, EGFR 5 AKT (1)
TGS Areg 7E VALL HRFERAPVE R IY 2201

25 LR AW S IA TS A 4 2 AR A2 B R
WA LG RS & KR IR Areg, I IR A
Areg g %38 £ P4 TE EGFR-AKT 3 [ Jd 4 8 < &
BUBGE ST 5 | A %) Bt 463 43 , 5 300 Ay Dl A48 Mk 26 25
AR G B B E AN SIE R, P UER] T Areg
7£ VALL  HAT B AR EH
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