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[#ZE ] BaY HIIXUFE R (amphiregulin, Areg ) XF 2 HENFI B 1 ZEEE (acute respiratory
distress syndrome, ARDS VINEREVHIEHZ B AR Kbl 3% IR ZHE( lipopolysaccharide,
LPS) W HIAE /N ARDS B8, 742 7 d $8 B AU I PEW (bronchoalveolar lavage
fluid, BALF ). #fUAEREME CSTBL/6 /NERHIBHHLELTVE 73R 5 4l n=4/ 41 ): D75 1141 ;@ Areg 41( [
BTS2 Areg 4511 ) 5 B) LPS+PBS 4 ; @) LPS+Areg 71 ; (5 LPS+Anti-Areg 2 ( @@ G 4/M
SAETHE LPS, 30 min JEHEHEEST PBS. T4 Areg il Areg T FIHLIA ), T ARDSJ5 1. 3. 5. 7d
PREUMLH 2N S BALF, HE JEiPiiitizd 20 BiAs bk, BCA LK BALF A E & &, ELISA %
KM BRIRAEN F - (TNF-« ) AN -6 (IL-6) . [ANE -1 (IL-1B ) SHEEEREAM (IgM)
e, Western Blot £ 3¢ iz A= K ] 7&K (epidermal growth factor receptor, EGFR ), B5H 4 iA%
)5 ( proliferating cell nuclear antigen, PCNA ), £ {E P 1 -C (surface proteins-C, SP-C ) )&
RIENL, FETOERITZLZ] PCNA &5 SP-C MR 0. FF A IEA M0 (1T 7k 2 4 a] AR
Fr 200, WAn b ECRH LSD- K546, &R SEBIA L [ (51.05+2.47) pg/mL], ARDS
JE/NEUZHEZUP Y Areg S RAESS 1 K[ (71.97+6.51) pg/mL, P<0.01] 5453 K[ (147.58 +7.56)
pg/mL, P<0.01] B35, 76 ARDS J5%5 1 K, LPS+PBS ZH Il LPS+Areg ZH 4 I S fili2H £ i) [
K R R R 2 R SR PG, BRI B 2E . AR 3. 5. 7R, 5 LPS+PBS
HAHLY, LPS+Areg 411 ItiZH SR S0 (5 15 D0 XA W Wb if %%, Ifii LPS+Anti-Areg ZH A543 15 (0L 20 5
R E, 525 AR, LPS+PBS 417N BALF AR . IgM. F PR 4t . TNF-« . IL-
1B JIL-6 ¥HEH BT, Areg AbFR G RHAIL T 3 BEFEFRU/K T o LPS+Areg 4 PCNA (1.34+0.10 ),
SP-C (1.48 +0.10 ),p-EGFR ( 0.92 + 0.032 ) [ 3%3iA/K P-4 LPS+PBS 21 [ (0.88 +0.03),( 1.06 = 0.15),
(0.68+0.03), P<0.05] 4, H LPS+Areg#H PCNA J& SP-C WIHYEANMI%: LPS+PBS HHH B %,
Il LPS+Anti-Areg 2L T TR, £5i8  Areg T LAl ad #07% EGFR 3 B3 iy 1 48 1 5z 40 i)
agE , MIMIEE ARDS fif i ps 5 .
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[ Abstract ] Objective To investigate the repair effect of amphiregulin (Areg) on injured
lung tissue in mice with acute respiratory distress syndrome (ARDS) and its underlying mechanism.
Methods The ARDS mouse model was made by tracheal infusion of lipopolysaccharide (LPS), and
bronchoalveolar lavage fluid (BALF) was extracted for 7 consecutive days. Adult male C57BL/6 mice
were randomly (random number) divided into 5 groups (n=4 per group): (1) Control group; (2) Areg group:
mice were treated intraperitoneally (i.p.) with recombinant Areg; (3) LPS+PBS group; (4) LPS+Areg
group; and (5) LPS+Anti-Areg group; mice were instilled with LPS, then were injected i.p. with PBS,
Areg or Areg neutralization antibody (Anti-Areg) 30 min later. Lung tissue and BALF were extracted at
day 1, 3, 5 and 7 after ARDS. HE staining was used to evaluate the pathological changes of lung tissues.
The total protein content in BALF was detected by BCA method, and the concentrations of tumor necrosis
factor-a (TNF-a), interleukin-6 (IL-6), IL-1B and immunoglobulin M (IgM) were determined by ELISA
method. The phosphorylated levels of epidermal growth factor receptor (EGFR) and expressions of
proliferating cell nuclear antigen (PCNA) and surface proteins-C (SP-C) were tested by Western blot.
The immunofluorescence was used to detect the co-expression of PCNA and SP-C in lung tissues. One-
way analysis of variance was used to compare the mean values of normally distributed measurement
data between groups. Comparisons between groups were performed using the least significant difference
t-test. Results Compared with that at before modeling [(51.054+2.47) pg/mL], Areg concentrations
were increased significantly at day 1 [(71.97+6.51) pg/mL; P<0.01] and day 3 [(147.58+7.56) pg/
mL, P<0.01] in the BALF after ARDS. At day 1 after ARDS, there were significant interstitial edema,
neutrophil infiltration and alveolar collapse in the LPS+PBS group and LPS+Areg group. Compared with
the LPS+PBS group at day 3, 5 and 7, the pathological changes of lung tissues were notably improved in
the LPS+Areg group, while were more serious in the LPS+Anti-Areg group. Compared with the control
group, the LPS+PBS group had higher levels of neutrophil number, total protein, IgM, TNF-a, IL-1f,
and IL-6. However, Areg treatment significantly reduced the levels of these indicators. Moreover, the
expressions of PCNA (1.34+0.10), SP-C (1.48+0.10) and p-EGFR (0.92+0.032) in the LPS+Areg group
were significantly up-regulated compared with those in the LPS+PBS group (0.88+0.03, 1.06+0.15,
and 0.6840.03, all P<0.01). And compared with the LPS+PBS group, PCNA and SP-C double positive
cells were significantly increased in the LPS+Areg group, but decreased in the LPS+Anti-Areg group.
Conclusions Areg enhances the proliferation of alveolar type Il epithelial cells by activating EGFR
pathway, therefore promotes the repair of lung tissues during ARDS development.

[ Keywords ] Acute respiratory distress syndrome; Lipopolysaccharide; Amphiregulin; Epidermal
growth factor; Lung injury repair
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1 #MREEE

1.1 I Eh¥ R

JAFHENE CSTBL/6 /N, [ W T i AL st e A1) 42
SIS A A BRAE], SISV AT IEG S« SCXK
(3%) 2016-0006], A& 20~25 g, Flik 6~8 i, &
B fe SPF IR F, i (23+1) C, %
(65+5) %, G a] ARSI ] 45 12 ho AR SE
B FHE 2 /N Areg ( £ [E R&D systems A A ).
fig 24 ( 3 Sigma 24 7] ), BCA {7l & ( £ H
Thermo Scientific AH] ), IgM, TNF-a . IL-6, IL-
1B ELISA it & (IR A PR A F] ). Areg
ELISA f& I i 7] & ( 3¢ B R&D systems 23 | ),
SDE-PAGE BClicilfl & (B = RAEYHEAA R
ocH] ), PR A K T (epidermal growth factor
receptor, EGFR ) #L{& ( % [E Abcam 24w ), Hidh
Ak - &R A KB (p-EGFR) #ifk (£ E CST
2vE]), Bt B -actin ik (DL FEEAEDHARA
FRNE] ). 2EPite 1gG Hilk ( 5&[3 Proteintech 23
Al ). PrEGFE AN MI A TR ( proliferating cell nuclear
antigen, PCNA ) $itf& ( £E CST Aw] ), Lk miE
% H -C (surface proteins-C, SP-C ) $ii & ( % [
Abcam A F] ). ECL fb2E A0 & (R4t 4k
PRHEABR A ),
1.2 SRS HESEEG &

AH OGS B0 R A R O HUAS ) b B8 24 2 o 52
55 2 Y 50 A B S 5L St [ HEdES
B2 sh (8 ) 55 2020—5% 0225 . R
BEMLEL F o /N M AT S A, B4 H . @
X R4 (Control 4 ), 78/ B3 AW T PBS
(2mL/kg); @ Areg 4, 7E/NRE X EH T
PBS (2 mL/kg), 30 min 5 i i 5 & 4 Areg
£ H (recombinant amphiregulin protein, rmAreg )
(5 ng/ H); @LPS+PBS 4, 7E/MERlFE XS4
1 LPS (3 mg/kg), 30 min J5 iS5 PBS (2 mL/
kg) ; @ LPS+Areg £, 7/l 32 3B TE LPS
(3 mg/kg), 30 min J5 € B& 1% I§F rmAreg (5 pg/
H); ® LPS+Anti-Areg 4, 7E/NR X BRI
LPS (3 mg/kg ), 30 min J& & 5 13 8 Areg H Al
& (amphiregulin neutralizing antibody, Anti-Areg )
(50 pg/ ). HF% 24 h L[R]— A2 E 2 45 T AT
7o) i [ AR, 2390 T ARDS JR 1. 3.5, 7d
AETE/INER,, U 40 it BEME ( bronchoalveolar

lavage fluid, BALF ), Mt4h, S48 W4 H il &+
LPS Ja ABEATAEfTALBE, 23510 F 0~7 d AbSE/INER,
HU BALF il Areg ¥ 751k,
1.3 #WRAMARTS

BUNRZEN, 28 4% Z2 R HEEE | ARG K
AMEEE . PIH . REE HE e 5 WAL 4540 /N B
HAp A, BEPLERE 20 MR TSR, K5
PEATIRGAR B AP 2Y, PEATE AR 1.

Fz 1 ML

Table 1 Lung injury score
- R4
Fabr 0 1 5
A I R A AR 2 A 0 1~5 >5
B Jiflia] 5 iy v R A 0 1~5 >5
C & A 5K 0 1 >1
D filiy iy 8 i A 0 1 >1
E Jififa] )& i <2 A% 2~4 A% >4 %

TE - WS O35 =[(20 x AyH(14 x B)+(7 x C)+H(7 x D)+(2 x E)J/( #L
PPEH % 100)

1.4 BCA &

Fo A e/ NRIA 2, H 1 mL PBS Je & #fisk
fliZH 2 3 A5 2/ N BALE, T4 C F &> 5 min
(800 g), WX LV, 7EMHRIX L (562 nm) A5
WEOGRE , ARHEARIE L AR BE RN ODsg, HIVERREIZL
AR R R IR
1.5 ELISA ;%6

BRIV BALF B0 580 EVEE, R
I ELISA ML J2 0o ikl TNF-o . IL-6, IL-18 .
IgM &,

1.6 Western Efig#&MIE B FRIXF R

B /N B A I A 28 1 BRI, RO
10% SDS-PAGE #E i H i 17 LUk ; 7E PVDF i -
HEATHENR 5 5% WG AR WhaEAT B0 2 b o S A 4

i) PVDF 543 5 it A p-EGFR 44 (1 @ 1000 ),
EGFR $T f& (1 : 1000), B-actin (1 : 1000),
PCNA (1 : 1000) X% SP-C (1 : 1000) ', &

T 4°CUKAE 16 h 4T E 5 TBST Bk A 554 H
B AR IE BT (1 @ 10 000 ) ZEHEFEIR
WFE 1 h 5 TBST FRKIGUES ECL #1155
1.7 BERAKRNEAREER

Beag el /N RO 2L A 35 80 B, 60 C ot A
30 min ; L F 2R B 5 R R B R R OK AL 5 T
P AT PR B R (K S min, H K S min),
0.1%Triton-100 % 40 min, BSA 4] 1 h, 7EEHA]



N>

- 50 - rhfE s BE gk 2022 4F 1 H 45 31 %5 1 3] Chin J Emerg Med, January 2022, Vol. 31, No. 1

S

AP A BN PCNAC T = 500 )8 SP-C(1 = 500 )
., BT 4 CUKH 16 h PEATIE T 5 PBST 35 Uk
Je&, oy nlE gt it E TR e PR E 1 h
(1 : 1000); PBST iH{t/5 Dapi #5565 min 5 HHIK
THUEE T INBT2SCE IR T3 7, PO R
TSR I RIAE L
1.8 #FitEHE

K FH Graphpad 7.04 544X 52 56 K5 4 25170 Bt
Wb FFEIESS TR TORERHIME = daifE
# (xxs) Fn, ZHMBBRAT 200, 24
[E] P 5 LA R ) LSD-1 K 5. DA P<0.05 N2ERA
Gt .

2 #HR

2.1 ARDS %45 7 d Areg 7ERTHA FRHYIRET L

HIE#H/NEMIL, 47T LPS 5% 1 K, ARDS
/NEUBALF H Areg ¥ i 18 3 3 7 (P<0.05), 4K
JEAES 2 R IEH . B 3 KA, Areg W F
WREFE (P<0.01), HILE 1 KFtEEmiE,
N S KRR EEHAKE, WH 1,
2.2 Areg Xt ARDS /N 7 d WRTR G RIEFE L

Eap=Al

g 2 B 7k, 16 ARDS %5 1 K, XF R4
Areg 2 /)N FRU 40 245 44 IE % 5 LPS+PBS 41 1Y Jifi
2R 2 [R) B G R, R RN R B L, AR
Fa v Beads W BEOE s, S E . 5
LPS+PBS 4 #l I, LPS+Areg 240 & LPS+Anti-Areg
20 (1) il L8 A PP T 25 5 R4 3.5 7 K,
5 LPS+PBS ZH # ., LPS+Areg ZH 1 ili #6173 i PR

200
150

100

Areg (pg/mL)
()

50

BTiE (d)

Areg WAUAE ; 5 0d i, "P<0.05, °P<0.01
1 ARDS J5/M BALF ' Areg FOVR AR 4L,
Fig 1 The changes of Areg concentration in BALF in ARDS mice
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; = Areg
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1% 0.5
e
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0.0-

A 5 ARDS 45 41 /I Bl 41 2V HE J¢ 8 ( x400), By 4% 4l
ARDS Ji 1. 3. 5. 7 dWHRAITSY 5 SXTIBLAIALL, "P<0.05; 5
LPS+PBS 41, "P<0.05, “P<0.05 ; n=4/ 41

2 Areg X ARDS /INER 7 d P 030 B2 A8 A0 P43 (5 )
Fig2 The effect of Areg in lung injury and the associated score in
mice at day 7 after ARDS

1600553 A W B 4rf% (34 P<0.05), 1fii LPS
+Anti-Areg 2] Wil AN ™8 (34 P<0.05 ).
2.3 Areg xt ARDS /MR % 3 KA H R K E R K

5gEMNEI

53t BRAAAH G, LPS+PBS 41 f rh vk 4 i 5k
B, TNF-« ., IL-1B . IL-6 #J¥ J} %, BALF
hEEAY IgM S, rmAreg 1 g &>
TR A B (P<0.01), FEK T TNF-«
(P<0.01), IL-1B (P<0.01), IL-6 ( P<0.001 ),
MM (P<0.01) 5 IgM (P<0.001) B7KF ;5 i
& F H AIHTAR ( Anti-Areg ) ARk A0 ECE:
RIERFH5EEASE, WH 3.
2.4 Areg{Ri#t ARDS £ 5 XA LHRSP-C5

PCNA HIEBRIE

ARDS J5 % 5 X, 5XI 4140 L, LPS+PBS
4 B PCNA £ ik & Bl & A & (P<0.01), 5
LPS+PBS 41 #f tt, Areg fifi PCNA () 3 ik & i —
HTFHE (P<0.05), 1 Anti-Areg X} 22 JCHH 5200
HZ ML, 5 LPS+PBS 4lAH Lk, LPS+Areg 411
SP-C ik b # J+ & (P<0.01), LPS+Anti-Areg
Y SP-C FRikZERIG I E L, WK 4,
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A B 5
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= 1500 c
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Areg N XU H, LPS N IE Z 0, PBS Jy Bl iR 22 i £5 7 WL,
Anti-Areg A XURE AR, IL WEANE, IgM N eeskEim.
A N BALF FaPERr 4145 ; B & BALF A TNF-a i ; C N
BALF F1 IL-1B 42 ; D y BALF H1 IL-6 &% & ; E & BALF 1 i
BT 5 F Oy BALF f IgM &t 5 5% E4TAHLE, *P<0.05 5 5
LPS+PBS 41#t, "P<0.05 ; n=4/41

B3 Areg XI ARDS /INRHS 3 RIMLHLJNE S0 5 B MR 00
Fig 3 The effect of Areg in inflammation and permeability of lung
tissues in mice at day 3 after ARDS

ARDS J5 55 5 K, S5XF B4, LPS+PBS
ZH () PCNA+SP-C X % 35 4l il ( P<0.01) % & B
T+ E . 5 LPS+PBS 41 #f kb, Areg fiffi PCNA F
SP-C WU IA A iy Kb w i — 2T+ (P<0.01),
IMii Anti-Areg WA BT FFE (P<0.01), VLA S,
2.5 Areg i 3& ARDS /s R Bt A 42 & EGFR By

B IKE

ARDS %5 3 K, 5XI A, Aregdl 5
LPS+PBS #H fili 20 21" EGFR (R 1k K F- X4 T+
5 (P<0.05), 5 LPS+PBS 4l AH [t, Areg 4b 3 fifi
EGFR #R /K- — 25T im (P<0.01), T Anti-
Areg WIFF(X T p-EGFR Y1k (P<0.05), VLK 6.

S
& & s
. S S
2

F el
& g
N ~

Areg i WU A 11, LPS i i Z2 8, PBS Jy W R 28 w0 7 WK,
Anti-Areg A RUA S H AL, PCNA NI Az, SP-C
hFMTEIEE T -Co A ARDS 555 5 K, ISP R 3Rk
3B i PCNA [ARXT 3K s C Ky SP-C (AR 3k 5 St HALAAH L,
'P<0.05 ; 5 LPS+PBS 4lAfilL, "P<0.05 ; n=4/ 4l

4 Areg {2 ARDS %} 5 KJifizH 2 PCNA K SP-C 31k
Fig4 Areg promoted the expressions of PCNA and SP-C in lung

tissues at day 5 after ARDS

3 it

AR FE R A T 4 M) LPS-ARDS #7, F
L o A0 N B R O R A R T, il
- BN FEEBIR, A, RIEHRTFE2
the EHEZATFR A, /MR ARDS 2,
Areg TEMZHZUh A Kig Rk, HAT DL 2 942 il
AR P, BRI, Areg X ZAMEAli i3 )5
BB ZAE A TERE . RIS B, Areg
A LAOE EGFR {5 5 i, A a2k /)N BRUMT 76 1z 4
FROFEFE , s 4 fe 0 i 2 21 S R s TR S 4
WA

ARDS K45, B S22 S I
Johnston %5 ™ fAFF5T K B, /N U 93 K A5 2~3 d
ARDS 2 MR AR . AEARS /)N B
HEVEIR P AEAE R Areg, Bl Areg 7EAILIAR PN A7 78 JL Al
Gy FEHZETISCE TR, AR N R RS
KAt 6 h N BT A Areg FRiRmt A W& T,
] 12 h B HAM WK PR B g, 2 e B liiaqg
{HZ A% Areg YR H R E T 24 h . ASHiF
FER Areg MR I A ] ARDS K45 7d, 45
R, B 1 RFEEFRESIN, MHLIH R Areg 7K
SERERBEAG S 3 R, 25 5 KA TR R
IEH Ko aT W 7EAHE N EER 71K ARDS J,
JZHZI ) Areg F2ik B PRR m s, 55—k B0
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B 10
2 3 b
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o
({J'_ 20 a
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00(\ & & Ysz &
= 22 i
N N &

Areg i WU & 11, LPS g 2%, PBS Jy W R 2% w $H A WL,
Anti-Areg S WUH S H HRLA, PCNA G AN bl (k6
P16, SP-C RN -COLLATDY ), Dapi 2 4,6- —KIE -2-
FRIEMIVE (BEETEE ). A ARDS 555 5 K, M farevd ek
BB (x 400 )5 B : PCNA™+SP-C”™ 4 ERIAIHAL 3 X BRALARLL
P<0.05 ; 5 LPS+PBS 4IAfH, "P<0.05 ; n=4/ 41
B 5 Areg fiE#f ARDS %5 5 KffizHZHH PCNA K& SP-C [ik( 4

PEDSIEATI )
Fig5 Areg promoted the expressions of PCNA and SP-C in lung
tissues at day 5 after ARDS by immunofluorescence

TEAG 2, 8 A 3 d R IR B,
PERTEMKRE W Areg R W] B 23 XF fili 20 27 A= H 2L
YEM .

RAGE Areg Xt IVK G I, AR SLER T
R R & /D BUI 5 30 min J5 PR 4 T AN IR
Areg. Z5H AL, ARDS KIS 245T Areg (JaAbBE )
FEARREREAR 1 d BHIZH SR BRI R . SRS X
TR SR E AW, U] Areg Jo A PR REVR
% ARDS B2 I . AR S Areg I
% ARDS Jilifbit SR ANTR], X AT REJE R R 7E 2
HIABESE, Areg SEAEMH 1 & AT 30 min HEIE
NINEIERN, JBT Areg FiAbH U i ARHFGT R

S

A vﬁu B p-EGFR/IEGFR
P P ¥ b
b Ky vs ?,(‘ 1.0
& PG g GNNTRR
FfFEd S o 2
PEGFR . amn - 175000 s b
EGFR emem s e asss «ss 175 000 50-4

Bactin eeme———— 43000 7

0.0
0
&
™

Areg JXUMH I, LPS HARZHE, PBS ABERRZE ML, Anti-
Areg JRUHEE AP AR, EGFR A KIH T2k, p-EGFR N
WERRALF B AL K72k, A ARDS J5 45 3 K, g4 EGFR
GO 5 B 24 p-EGFR POAIXEE 5 SXTRAIMILL, *P<0.05, 5 5
LPS+PBS ZHAfILL, °P<0.05 ; n=4/ 21

B 6 Areg #5i ARDS 5 3 K412 EGFR B L)k
Fig 6 Areg enhanced the expression of phosphorylated EGFR in lung
tissues at day 3 after ARDS

B2 Areg JGAbEE . HHILTTDIENT, A Areg Tk
AT L 3 S EGFR-Akt {5538 B i TNF- «
T AR S, VR 2, I Areg J5
b FEON RE AN ] ARDS #5147 5 B0 9 TNF-« 55
W, WO ARDS Z20M I A9 il 20 2O 34 B 1Y
Ry EH. I, ABFRENEERES ARDS &
A JE B AN Areg 1EANERIR Y, B T &4
ARDS /N FUTE PRI 0 it A A i — 3

ARDS fitiZH 237 2B 5 B2 AR Bl A 98 E
FNETHIE . Il 25 B P AR S B i Y
RS2 45 B R, ARDS K FRE S 4 T Areg
(LW /d), 1E55 3 R, i TNF-o | IL-6 5
IL-1B AYERIA G EREAR, it IgM vk FE 5 i
KEmmD 75 5 REE, Iussian il 5
AT oAb, AR Areg 1A
ik (Anti-Areg) AN N IEM: Areg FIFEH, 45
IR Anti-Areg | T SOAE R AL, MK E A
W S A i E o, P, 3k S S e 25 L 5 Y]
Areg g8 {2 #F ARDS i gH A B E . ZHic
BWFIGE T Areg BEFEHE R IR U0 B M AL
pa to22 o B R A A, ARRIFSE 2B E
S2T Areg XAz A4l 4t AT B B B E IRk

R CAESE, ZEMAA A E R R, i
I 7 | F7 4 g (alveolar epithelium type I, AT II )
EEERIReH AN, NMUEAEERE T, ERes
R AT 1 RN - A0 M5 Bf R, ZE4E Al 2
2 ke, Bk AT 1A BEFE KT T s e B A1 2 il
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