BB RMEIMma ERER EREERECHENEEREZFTSH
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HXF, BT, B, BHE, B, FET (L RRER S R EB R IRBE X, A8 2300005 2. BRI B
55 WHR BRI R AN, 2B FEI 241000, 3. B PR B 2 MO , AR 5 241002)

WE. B A% L% R (icotinib, 1CO) 4 4 M 4 4 4 ( pulmonary fibrosis, PF) 48 A & 2 #% £ 44 & F 4L 4],
Fii%  CSTBL/6/ R HALS # fEF A (Sham) 21 PF 221 .1CO 30 mg - kg ™' #) F 4L & ICO 60 mg - kg ' Al T4, %4 n=8, ¥
KA A REZ(BLM,3 mg - kg™' ) & 5/ & PF A4, HE & Masson % & 35 40 27 9% 22 AL IR R AR L, %
R M AR 28 27 | G R (collagen 1) 84 & A . RIMIEFR AN 0 b & 4m A, 52 35 3% 5T BE (control ) 20 . & & 4 & B F (epider-
mal growth factor, EGF) 28(100 ng - mL™") & EGF 84~ 1CO(0. 1 .1.10 mmol + L™")3 NFA B4, %95 % Lk e B-45
45 & (E-cadherin) fo o-F  WUILEY & & (a-SMA) 89 & ik B 4 B F-kB(NF-kB) p65 #4451 51, Western blots ] A 28 2%
Fa( R, ) ta i collagen | | E-cadherin, a-SMA | Vimentin, 5§ 82 1. & % £ ¥ B F % 4k ( phosphorylation epidermal growth factor
receptor, p-EGFR) #5821t 4% A F kB #7454 o( p-IkBa) &% B2 4L NF-kB p65 (p-NF-kB p65) 49 %& & /K -F & NF-«kB p65 #% #54%
WL, R S EBE AN, ICO 4 T BLM #FF0RAR, R T | BIRENEAE BRETHRAEZHFITOLE-AL
Jit 3546 (epithelial-mesenchymal transition, EMT) ( E-cadherin % ik 3 #r , Vimentin = a-SMA & ik, V) , B4& T EGFR, IkBa #=
NF-kB p65 #8%BR A K- 5494 T NF-kB p65 #9454 £, m e 52 % & I, EGF =T i 7& A & - i 4w je EMT #= EGFR/NF-«B
1Z 5%, m ICO Ti# X —1ERA, i 1CO 7T 4 i i ¥ 4] EGFR/NF-kB 13 538 % ¢4 F 4L, £ 4 7 EGF # $ 49 EMT #=
R T F 0 ) R A el
KB R A ML el LR - AR RO A R BT 2R/ B T -«B 42 5l %
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Icotinib Improves Bleomycin-Induced Pulmonary Fibrosis by Inhibiting Epithelial-Mesenchymal Transition
of Alveolar Epithelial Cells

XU Wengi', XIAO Lei', XU Wei’, YAN Jingjing’ , GU Wengiang’, LI Xianwei’ " (1. Dongcheng District, the First Af-
filiated Hospital of Anhui Medical University, Hefei 230000, China; 2. Department of Urology, The Second Affiliated Hospital of Wannan
Medical College, Wuhu 241000, China; 3. Department of pharmacology, Wannan Medical College, Wuhu 241002, China)

ABSTRACT: OBJECTIVE This study aimed to investigate the role and potential mechanisms of Icotinib (ICO) on pulmonary
fibrosis. METHODS  C57BL/6 mice were randomly divided into Sham group, PF group, 1CO 30 mg - kg™' group and ICO
60 mg - kg ™' group, 8 rats in each group. A mouse model of PF was induced by intratracheal injection of bleomycin (3 mg - kg™").
Hematoxylin-eosin staining and Masson trichrome staining for lung tissues were performed to observe the pathological alterations and
collagen deposition. Immunohistochemical detection of lung tissue collagen type I (collagen I ) expression. In vitro, the lung epithe-
lial cells were divided into control group, epidermal growth factor (EGF) group, EGF combined with ICO (0.1, 1, 10 mmol - L™")
groups. The protein expression of E-cadherin, a-SMA and nuclear transfer of NF-kB p65 were detected by immunofluorescence. The
protein levels of Collagen [ , E-cadherin, «a-SMA, Vimentin, phosphorylation epidermal growth factor receptor (p-EGFR), p-IkBa,
p-NF-kB p65 and nuclear NF-kB p65 were detected by Western blot analysis in lung tissue and (or) cells. RESULTS The results
demonstrated that ICO inhibited bleomycin-induced collagen deposition, reduced type [ collagen expression, alleviated bleomycin-in-
duced EMT (increased E-cadherin expression and decreased Vimentin and a-SMA expression), and decreased phosphorylation of
EGFR, IkBa, NF-kB p65 and nuclear translocation of NF-kB p65 in vivo. Furthermore, incubation of lung epithelial cells with EGF
activated EMT and EGFR/NF-kB signaling pathway, and these effects were reversed by 1CO In vitro. CONCLUSION In conclu-
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H 423 H ¥ Bl ( HXKT2022028)
PEBRA VR, 4 DR, B2 BRGUT I 2R PO B s s S i R e, B, I, B, Wk
QU BSOS TS0 RGZE Tel: (0553)3932464

+ 1120 -

Chin Pharm J, 2024 June, Vol.59 No. 12 [ 22 Ak 2024 4F 6 A 55 59 56 12 )



sion, ICO attenuates EGF-induced EMT in lung epithelial cells and bleomycin-induced pulmonary fibrosis in mice by downregulating

EGFR/NF-kB pathway.

KEY WORDS: Icotinib; Pulmonary fibrosis; epithelial-mesenchymal transition; EGFR/NF-kB signaling pathway

Jli£F- 44 ( pulmonary fibrosis, PF) J&—Ff DA 40 g
AhFE JF (extracellular matrix, ECM) 3 BT FH, S 4Kk
SCASFN TS Ty 6 52 8 hy R AIE 9 48 P | BT P S 9
Bt o HENAYT PF A2 3 B R e i A2 ik
JeAi  (HHBH IR 2P ALk I RCR A R , ELAEA A
FREERAN RSO, BELAS 2 . R, /50
(IR 7 WOk BB AR YT PR,

PF 1) 2 1L i AN B, B HT R RESE A B A
TR S R A BUEE S MR e 1T
Sl oy ] R GRS I3 AR 5 1 o o Y N s
M2 SR . Beah, i TR - 20 i s
| Hz-18] 38 Bt $% 4k ( epithelial-mesenchymal transition ,
EMT) 34 1) 78 50 ¢ 7Y, 30 0 2T 46 40 e 3% A6 0 70
b, I 7 A K ST EAL A DAY ECM 23720 i
Pt 1A iz 0 i EMT %) % 4, RE9 I 4% PF
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growth factor receptor, EGFR) J& T [i% 22 2 184 it <7 1A
Kt , W58 K2 e 4 K K7 (epidermal growth fac-
tor, EGF) i i EGF/EGFR {5 5 id s 1] 75 5 /e 4
i d2 A EMT, AT 412 0k i 38 40 0 P 2 22 A 77
M ECH T 6 & B EGF i i EGFR o af DL S fifi
W A B A R EMT (L ELRBL AR TS2E
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i gy Bk v Hs o 4 E A B A — S R AR
JAT S AT LA EMT Sy B A, 3 5 A A A
SR SEBHRSE 1CO X fifi 27 2k Ak 0% 49 il /5 F S L
il , o4 AE 5% PF I e 4 At 7 i L I R U TR 1Y
259

1 # #
L1 #4954k

SPF 4% C57BL/6 /) Bl ({4 it f 22 ~ 24 ¢)
CIEN (IR M) A BHECA R A, VA 5.
SCXK( 75)2022-0016 ] , S5 5 1) 8 ~F i 1 B2 o7
B 30 4 18 B 2% 01 4 48 BB R ({8 B4 5. LLSC-
2022-052) . /N6 B B2 4 g (MLE-12) ( 38

T E 2528 2024 4 6 H 5 59 5 12 )

Az WU HR A SRR o
L2 % &53%A

IR 582 JE (icotinib, 1CO) i (HTIH D ik 24
v B A7 BR 2 |, it s A230403 5 B S B
0. 125 g) ; 4l 5256 1 1CO (b g By T A= AL BH 4%
JBA A RS W), 5% 5 1129405 4l = 99% ) . i
SRR R T R (H ALyt 4k, #t5:
220015 ; BUA% : B 52 15 mg) . Masson Je (4357 &
(R EFKEREARA A, 585 :G1340) . H g
A & (e RS R A IR A A, 15
ZN1824) o 1 B J5t (collagen 1) Hi ik (47 =
bsm-52478R) . |- 7 45 % [t 43 T+ ( E-cadherin ) i {4

555 :bs-10009R) WLBIE H o (a-SMA) Hi ik (47
7 :bsm-33187M) FIIE 2 11 ( Vimentin ) HT K (17
5 :bs-23063R) (LRI R RAMHAGRAF) .
F A K AT (epidermal growth factor, EGF) ( 3£
Sigma /A H] , 5% 5 : SRP3196 ) , Coralite488 5 ir
W 2E /N B 186G (485 : SA00013-1) FlI Coralite594
FRic Il SE 4T f 1gG (4845 SA000134 ) (KX Pro-
teintech ) ) o 40 A% 3 1 5 40 0 % 2 1 fl 4 ik
& (5245 P0027 ) NF-kB i -4% % iz A6 i 128 71
& (4% 5. SN371) . GAPDH ( 1§ = AF0006 ) %
Histone H347 A& (9245 : AF0009 ) ( 38 = RAY)
HARARAT) o R A K F 3Z K (epidermal
growth factor receptor, EGFR) ( 585 :sc-373746) Fl
R 1L EGFR (p-EGFR) Hi A (47 5 : sc-57542) (¥
¥ kB-p65 (NF-kB p65 ) LI ( 75 :5¢-8008) |k
figft, NF-kB p65 ( phosphorylated NF-kB p65, p-NF-
kB p65) FLIEK (F25 :s¢-136548) Sz NF-kB 1147 o
(inhibitor of NF-kBa, IkBa) PR (525 :sc-1643) |
W12 1t IkBa ( phosphorylated IkBa, p-IkBa) 70 {4

25 . 5c-8404) (3£ E Santa Cruz A H]) .
L3 (#

HistoCore £ 4] A #LF1 STELLARIS DIVE 3#5¢
SR B (T8 Leica 22 7]) ; JEM1400 Flash i
SPRLEE( HASHL T4 7)) 5 Axio Vert. Al 55618 & 1
TR (15 E ZEISS /N &) ) ; infinite M200PRO £ T fE
ity 1 ( H - TECAN A 7] ) ; GE Amersham Ima-
ger600 F Sk ¢ K OGHEII MG 73 A A% (5 1 3 T v,
VAP
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21 B ERLUEERY

C57BL/6 /)N R BEAL 4 M BT A (Sham ) 244 | PF
41.1C0 30 mg « kg™ R4 K 1CO 60 mg - kg ™' 7
B2, B n =8, 1C0 G250 S MOk 11 ] J7 ik
BCE . SIOCIR12 ] 07 B Ve RS ok & R
(3 mg - kg™") @ /NEL PR REAL, TR EE R4S
%5 3 RITIRWEE 45T 1CO, Sham F1 PF 2 H 45 7
SERBUY 3 g - LT HISLETHE R ANTE . L2 4
AL PRy , AT R AR PRI
2.2 HE #n Masson %t U 2 fif 41 27 5 28 & 1L

/NEREIR S (300 mg -+ kg ™) M8 JEE T SRR
Jei , BUAC TP 4% 22 5 W 1) 7 I, AR AR AT T i 91 552
By J7 47 HE 1 Masson e S F W2
Vg FRAZ AL AR IR ITAR TS O o
2.3 AL FLEERINMAL collagen | &
H &k

A R I =K, BRI S RS0 g - L
BSA B A i3t ] 20 min, 735513 i1 Gt Collagen
LA (1:400) ,4 Cid s FEUERSG , W HRP Arid
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BCIP/NBT ZEiE /R 10 min, collagen 55 [ FHH:FA
SR AR E AN, A Image J AT colla-
gen [FAPEZRAE B AHT, D BRANT AR5 b 3 B AR
[F) F4 016 A A 2 0 i PR3 2 B Sk (8, 25 2
B0 SEi & collagen [P (4, X s iy TIAR, REAR /30
5% (integrated optical density, I0D) , F-l| & 1% E 75
FEIRY IR (Area) o 715 collagen IFHYEFR A DG
J# (mean optical density, MOD) ,MOD =10D/ Area,
2.4 i kit b AR

PRGN 35 5 Il 16 b R 20 FfL, A S5 e 3 R R
(Control) £ \EGF 4 (100 ng - mL™") & EGF Bt &
1CO(0. 1.,1.,10 mmol - L™")3 A FIHA . 45 A
ICO FiAb# 30 min, FF] EGF 4b3 48 h, 4 #% 3
ANIEAL, SIS 3 IR
2.5 HERHAN 4K E-cadherin & «-SMA & &
KEHA

0 R AP T OISR AR B IR L b, M A 4 i 52
B o3 K7 A PRAM S o o3 AT T E (BRI Lk
VAN P AL R 43 50 A St E-cadherin Hii {4
(1:200) FI/NEPT «-SMA HifA (1:100) ,4 Cid i,
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(1:1000) , % kB SCHEE 2 ho VeV TR N DAPI
ges 5 min, FBOGIE R WS (S EO5O0, Mk
P 488 nm; ZL A5G, WL IS 594 nm; i 45¢
06, WU IEARA05 nm) AR SRR T OLIFA IR
2.6 #IEFARN NF-kB p65 % 4% % F 5t

MR THOCIL R AR B SR LA, ARl 40 g 52
ST R IT AL BRANNLIG o o3l AT [ R A
AEFRSE T N NF-kB p65 Hif4 (1:500) 1 mL,4 Cif
Ao VERRSG AN 200 WL Fi/h B Cy3 A, = i it
JEIFE 1 he AN DAPL 48 5 min, FHEOEIRER
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2.7 & @ T EIE % ( Western blot, WB) -3l fifr 40 47
An i v b R 4E B AR K R B Rk

R 2% 11 T B ICA it o A el iz 240 B S AR 1 B
A E , BCA SR E 8 HVRE . 2 BRI ik 58 7
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a-SMA(2: 1 000) . Vimentin (1: 1 000 ). EGFR
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p-IkBa (1:500) . NF-kB p65 (#Z ) (1:1 000)
GAPDH(1:3 000) % Histone H3 (1:2 000), #Ji
HRP FRid i 1L EHT/ N BLE HRP ARIc i L F 405 —
Wi B E (1:2 000 ~1:4 000) , F Image J 1. 52
BT I BEAEIN 5 FGE 30 2 AR ik 6
2.8 JFEMN

Bl A B v £5 05 ] SPSS 22 Giit-#rffrh
i) one-way ANOVA & SNK-q #3677 1 #4748 3 70
Br, P <0.05 H2ERA G #E L,

3 &% R
31 ICOREHXREZF FNANRMA LN

HE Fl Masson J 42558 g 7, Sham 21/)N A4
ERER R | S SUDE T B ) k=2l
I €0 ST AE LA, PF 2 il 4 4R 45 40 2K 6L, ity
(i) B 444 JEE, P B Sk ) AR 4 i 32 i 0 K i
W LR AEDTRR, i 1CO 597 20 it 20 2055 B4 10 Fh G
JREFAETURR A A MR R e . s AT 4 R A
I, 5 Sham ZAH LY, PF il £F 4E AL F2EBE Asheroft T
531 CVF {53 B T+ (P <0.01) 1 5 PF 44
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ANFEFEEERIFEAR (P <0.01) , H 1CO 58 & A AE ]
PET 1ICO A (K 1) .
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2 4 2)
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0 I T 1 T T T
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PF+ICO/mg kg

100 um
—

2 2

E 40 -I—

g

< 30 2)

2 T

E 2)

s 209 I

g

= 104

[=]

|9} | |

0 ; ; - -

Sham PF 30 60

PF+ICO/mg kg’

A~ EHZIFANE L (HE) B ( x200) 5B ~ i (Masson’s) Je i ( x 200) ; C — iZH T A| 58 5 K4 (Asheroft) LF4EALTF 233 D — i ZH 2B TR R4
(CVE) s SIEFARAMEL, VP <0.01; HIHLFAEALAELL, 2 P <0. 01 A EIH kBRI ARLRLE : B R Sk IR e R DUBU L o

A - HE staining of lung tissue ( x200) ; B — Masson's trichrome staining of lung tissue ( x200) ; C — quantification of fibrosis using Ashcroft scale score; D — collagen vol-

ume fraction (CVF) of lung tissue;!) P <0.01, vs sham group;2) P <0.01, vs PF group; Arrows show the degree of fibrosis in Fig. A; Arrows show collagen deposition in

Fig. B.

1 R HR(CO)RBEHKERE W DRMFEM(PF) n=8x+s

Fig.1 Icotinib ameliorates bleomycin-induced pulmonary fibrosis in mice. n=8,x £

3.2 ICO [#H| 1 E&E £ 15T o i 4F 4 b /D B 41
A1 AR IR A

WB 25 R, 5 Sham 2 A Fb, PF 41 T %R
HEHRIKLEFETHE (P <0.01) 15 PFZAHLE, ICO
RITA 1 B 3R GE A AN R R B Y R IR
(P <0.01),H ICO &5 a4l ol /E LT 1CO ik
FEA(E 2A B) . g b4 R BoR, 5 Sham 4]
AHLG, PF 2 T A9 gt BH M 3R 3K 7 1016 %5 B2 (MOD)
BETFE(P<0.01), 15 PF 44 L, ICO 35774
T 70 i 5t BH M 32 35 MOD ¥ 47 K [ 8 B2 9 [ AIX
(P<0.01)(E2C.D),
3.3 ICO | i b % 40 ffl EMT 242

s s gk B g o, 5 Sham 4140 He, PF 41 i
B2 20 A5 ) E-cadherin (1) 38 35 WY 0 98 11
8] J 40 bR ) «-SMA FI Vimentin (32350 & F
JH(P <0.01) 15 PF 414 Lt , ICO 3397 41 E-cad-
herin 3234 B 2 FF 5 1 o-SMA F1 Vimentin [{) 3%
SEH R REME (P <0.05 8% P <0.01), H 1CO =7
AR DL T 1ICO IRHI Al (K 3) o 4l sE
IS5 R R, EGF AL PRy b iz 2 M )5 , 248 WB Fl

T E 2528 2024 4 6 H 5 59 5 12 )

g2 G Y A A5 & L E-cadherin 3% 35 W] I [ AIK
M o-SMA F1 ( B{) Vimentin 3% & Wi @ J} &
(P<0.01), 1 ICO kb¥Zf v] B g 3% 4% EGF 5[&
] E-cadherin 325G A o-SMA | Vimentin 3215 J}
B (P<0.05 8 P<0.01), NHHIH T EMT 32
(F4~5),

3.4 1CO xf EGFR IkBa NF-kB p65 5 B . /& - &
NF-kB p65 #% 4% # 19 % "

YT EE RN, 5 Sham A L, PF 4 ifiZH 41
EGFR IkBa }2 NF-kB p65 2 1k /K % B 2 F 94 .
NF-«kB p65 46 AR B B (P <0.01), 5 PF
21t A, 1CO 3R 97 4l p-EGFR | p-IkBa J¢ p-NF-kB
p65 K-S NF-kB p65 AZFE R LT YA [ 7 B AR
(P<0.05 5 P <0.01) (& 6), A&Fbz5m 253
7, 5 Control ZHAH L, EGF 4 EGFR IkBa M NF-«B
p65 BEFR AL /KA & 1 3 \NF-«B p65 #Z LR B
240 (P <0.01), 5 EGF 4141 k,,1CO(0.1.1,
10 mmol + L") 3 A4~ 54 41 EGFR, IkBa M NF-kB
p65 BRI KT B NF-kB p65 4% 4% F5 15 B B A ) i
BEFRE(P <0.05 5% P<0.01) (& 7~8),
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A gl S ﬁ"‘: M

ety R T,
L 8%
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A —collagen T ZE 1% ;B — collagen T 2 FIAHXS KA C - f41Z collagen T FIMERILTPHEHEE D - Fid1Z collagen T FE Sy fL Y o x 200, Hi K Him Ny
FPEZRE) s ST ARAMLL, VP <0.01; SHELF4efb 41t , 2 P <0. 01,

A —the band of collagen I protein; B — the collagen [ relative expression level; C — mean optical density of Collagen 1 positive expression; D — immunohistochemistry
staining of Collagen [ in lung tissues( arrows indicate immunostaining positive, x200) ;1P <0. 01, vs sham group;2)P <0.01, vs PF group.

B2 1CO XfAf 4 4 b/ B4 48 T A BR (collagen 1) B & KA H M, n=8,5%s

Fig. 2 Effects of Icotinib on the collagen | expression of lung tissues in bleomycin-induced pulmonary fibrosis in mice. n=8,x £

104 A 159 g
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- 3) GAPDH 36x10°
£ 2 05-
EZ
= l_—|—_‘ Vimentin | - - - 57x10°
0 T T T T
Sham PF 30 60 caron D D D G | o
PF+ICO/mg kg

A - E-5 % 11 (E-cadherin) 8 FAAXS 3565 B - a- PN H («-SMA) 2 ARXT 3k 4 5 C — B 8 ) (vimentin) 8 I AR %k 55 D - E-cadherin ,a-SMA
Fil vimentin 2 (14 S5 BT ARLLALL, VP <0. 01 SEREF LA LL, > P <0.05,%)P <0.01,
A —the E-cadherin relative expression level; B —the a-SMA relative expression level; C — the vimentin relative expression level; D — the band of E-cadherin, a-SMA and

vimentin protein; ') P <0.01, vs sham group;2)P <0.05,3) P <0.01, vs PF group.
3 ICOMHMAEERF W EE-BRMEML(EMT) ZE, n=8,xxs
Fig. 3 Icotinib reduced the BLM-induced EMT process. n=8,x +s
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0.3A|__I__| Vimentin - [=——] e %8 .
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A — E-cadherin 25 [ A1 % 635483 B — a-SMA 45 [ A X 63k 5 C = vimentin 28 [ A1 %) %35 4 ; D — E-cadherin , «-SMA F1 vimentin 2§ [ 5547 ; 5 X BE 40 40 LE,
DP<0.01;5 EGF 44,2 P <0.05,3) P <0.01,

(Vimentin/GAPDH)

Vimentin protein level

A —the E-cadherin relative expression level; B — the a-SMA relative expression level; C — the Vimentin relative expression level; D — the band of E-cadherin, a-SMA and vi-

mentin protein; ') P <0. 01, vs control group;2) P <0.05,3)P <0.01, vs EGF group.
B4 1CO ik K £ KET(EGF) % S0 ifig Lk 20 EMT 12, n=9,x £

Fig. 4 Icotinib ameliorated EGF-induced EMT in alveolar epithelial cells in vitro. n=9,x £

EGF+ICO/mmol L

Control EGF

a-SMA E-cadherin DAPI

Merge

: 50 um

&5 ICO}(TECF‘L%%’:W/EEJ:E"QQE]E’@E(adherlnfﬂaSMA%Lﬁ’jgﬂﬁ(ﬁfﬂj‘]ﬁ%@ x 800)

Fig. 5 Effects of icotinib on EGF-induced expression of E-cadherin and a-SMA in alveolar epithelial cells (immunofluorescence staining, x800)
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B 6 1CO /bR A AKX EKETZE(ECFR) R FETHH M, n=8,x+s

Fig. 6 Effects of icotinib on phosphorylation of EGFR, IkBa and NF-kB p65 and nuclear translocation of NF-kB p65 in lung tissue of

mice. n=8,x +s
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B 7 1CO xf EGF % % #9 if 8 b % %8 il EGFR RAZ# K E FHHH o n=9,x %5

Fig. 7 Effects of icotinib on EGF-induced phosphorylation of EGFR, IkBa and NF-kB p65 and nuclear translocation of NF-kB p65 in

alveolar epithelial cells. n=9,x +s
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Fig. 8 Effects of icotinib on EGF-induced NF-kB p65 nuclear translocation in alveolar epithelial cells (immunofluorescence staining, x 800)
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