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[FEE] BaY: 1M PHZEM: NP (chronic obstructive pulmonary disease, COPD)E—F LAFFEE IR 32 IR MAFERY
PG o ANFFE B AERTT COPD /)N B A2 A5 4716 P J2 -17) 78 5 5% 4k (endothelial-to-mesenchymal transition, EndMT),
IR RNA(microRNA, miR)-21 5 EndMT 6 HR . Fik: @/l COPD A K miR-21 KA i COPD Zj¥)
MR (BT ZS 5T, BN N 3 4l (n=4): XTHRZL . COPD 411 miR-21 % i 5% COPD 4l (miR-217/-COPD
2H). R Masson =YLt 1 XL I A5 JR PRI B 21 AEDTRR GG 10, S ie 2 23 k2 e ORIl 4 4370 v A B A b s
Wy I 45 N B2 5 %6 25 1 (vascular endothelial-cadherin, VE-cadherin). PN )% —% 1k % & fiff(endothelial nitric oxide synthase,
eNOS) . ML/ N Bz 41 i 5 43~ 1(platelet endothelial cell adhesion molecule-1, CD31)FIE] Bz 41l kr &9 o-~F 38 UL
2146 1 (0-smooth muscle actin, o-SMA). % 45%k 45 [1(neural cadherin, N-cadherin)iZiA1EM ., LR : HXFIRAMH
ke, COPD 4H {14 i J5 2T 4 370 AR i AR Jn (P<0.05),  VE-cadherin, eNOS. CD31 ¥ &5 /K FREAK (2 P<0.05), o-SMA .
N-cadherin % ik 7K F 1 7+ (1) P<0.05)., 5 COPD ZHAH L, miR-217/-COPD ZH fist i 21 4k 150 X 1 AR/ (P<0.05), VE-
cadherin, eNOS. CD31 [3RiE/AK 3T (3 P<0.05), a-SMA . N-cadherin ik /KRR (Y P<0.05). ik: M
%5175 1) COPD BB/ 1E EndMT 3 B2, miR-21 IR RIS vT 2> COPD /)N i if 457 16l e B 27 Ak OB If BRI 2%
EndMT i #,
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ABSTRACT

KEY WORDS

Objective: Chronic obstructive pulmonary disease (COPD) is a disease characterized by
persistent airflow restriction. This study aims to explore whether there is endothelial-to-
mesenchymal transition (EndMT) in COPD mice and to explore the relationship between
microRNA-21 (miR-21) and EndMT.

Methods: We established the COPD and the miR-21 gene knockout COPD animal model
(both cigarette smoke-induced). Mice were divided into 3 groups (n=4): a control group, a
COPD group, and a miR-21 knockout COPD (miR-217/"-COPD) group. Masson trichrome
staining was used to observe the deposition of collagen around the perivascular. The
relative protein levels and positions of endothelial cell markers including vascular
endothelial-cadherin (VE-cadherin), endothelial nitric oxide synthase (eNOS), and platelet
endothelial cell adhesion molecule-1 (CD31) as well as mesenchymal cell markers
including a-smooth muscle actin (a-SMA) and neural cadherin (N-cadherin) in lung tissues
were observed by immunohistochemical staining.

Results: Compared with the control group, the area of collagen fibril deposition was
increased in the COPD group (P<0.05), the expression levels of VE-cadherin, eNOS, and
CD31 were all decreased (all P<0.05), and the expression levels of a-SMA and N-cadherin
were increased (both P<0.05). Compared with the COPD group, the miR-21/-COPD
group had a reduced area of collagen fiber deposition (P<0.05), the expression levels of
VE-cadherin, eNOS, and CD31 were all increased (all P<0.05), and the expression levels
of a-SMA and N-cadherin were decreased (both P<0.05).

Conclusion: There is a EndMT process in cigarette smoke-induced COPD animal models.
MiR-21 gene knockdown could reduce collagen deposition area and inhibit the EndMT

process in COPD mice.

chronic obstructive pulmonary disease; miR-21; endothelial-to-mesenchymal transition;

vascular remodeling

12 P BH ZE 4 il 9 (chronic obstructive pulmonary
disease, COPD)/&— RS PEAlidB 2 i tEpehn, PARREE
A I W R RIS 5 4 ] 3t M S 32 B O 2 2R AE
TEHE AR NBAEIR 110, AR DTE RS fZ it
M, HHj COPD [ AR AL A 58 2 WA, W
BRI | ABPESE | R AT Y T 2R
iy R/ VAT A PR BA N 5 COPD Y A& Bl il 2%
PIFHICH,

AT L O 1 e L A it A i 2 S 1 LA
PROGAE 1 B -[6) 78 4% 4k (epithelial-to-mesenchymal
transition, EMT)7E A B H L 7 REEH, &
B NAIE B £ 4 A0 R P ZER P B - TA) 58 B R Ak
(endothelial-to-mesenchymal transition, EndMT) [ it
S5 EMT 2L, #IA R EMT 1y —FiRpak AL, o]
S N A RE S 2 5/NVROE S . 7 EndMT o
T, N ECHIMIC KN B R, T KA R] 58 5 40 i
FAL, W% P RNA(microRNA, miRNA) ] i3

S #0 EAE F FAH¢ mRNA B0 EndMT, Mz 5%
PRy i & A . R . AN AL Ay 3 A 527 &
COPD % 1 175 A1 HAZ 41 i miR-21 B9 3238 7K -
WETE, HmiR-21 MKF- 5 R 6e T B ™ i
FEAADG, SRS L R M Ah 290 miR-21 AT 3@ ik
S0 M2 U 5 AR R AL 2 EMT. A B oS3
TENE & K P9 R 40 M S 5, miR-21 Af LA i
PTEN/Akt {55 538 B 8472 EndMT M2 5.0 AR 4L
FUN

COPD H & 75 7£7F EndMT H1 miR-21 %f COPD ¥
EndMT MAE AL H F ARG . 2835 0 miR-21
Al U #F COPD % EndMT £ %, miR-21 #14 J5 7] LA
I EndMT s /NGB ¥ . AR 98 400 44
A A= /N B COPD A5 B )2 miR-21 & [F #i B COPD /)N
FRUBIHY PR A A SR R A AE DA A . N
PR W AR R AR G R 3R 7K, RIRR miR-21 %
K 7£ COPD #1 EndMT P i /E ] .
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8 H i C57BL/6J /)N B [ T e K 8 2B W 4
ARAF, 4 HomiR-21 FEH R/ R ZEFE4E 8 R 42 F)
W 1 26 B vl g o R U R B2 s .

MR Masson — A L Ay 4 F ALt R E R A
PR W], BT I A8 N B2 55 %6 48 1 (vascular endothelial-
cadherin, VE-cadherin)Z v BEHLIRIE H 3 E R&D 2
A, RPN — %Ak & A i (endothelial nitric oxide
synthase, eNOS)Z o [ BT (A& 1 F1 3 [E Novus /A A ,
ST /NN BZ 40 L % B 73 -1 (platelet endothelial
cell adhesion molecule-1, CD31)8. 78 BEHAR AT o-
S WL BH 2 1 (a-smooth muscle actin, o-SMA)HL5E
BEPLIRNS A € E CST AW, Rt mEiEA
(neural cadherin, N-cadherin) % b [ HT 1A 1 B € [H
Proteintech A 7 .

1.2 Aik

WRTESZIAERY, KNSR 3 (=
4): XPHRE4] . COPD 4H Il miR-21 % [H il B COPD
(miR-217/-COPD)41 ., COPD #1 #1 miR-217/-COPD 4
IR 8 1) ] A 0 AR 55 5 i K 5 MR s 3 5 A 0 AR 55
I (cigarette smoke extract, CSE)f 720, s
JEHh 28 d, COPD AL/ RAERERLMEE 1, 12, 23K
i 1 1 5 CSE(0.3 mL/20 ), BRZE 1, 12, 23 KAMY
A 335 A TR P TN BRAE AT 0 20 W AR (g VR[] B AR
10 AR TP T MR R 15 min, 5/ BUR T 2 < 4%
4F 15 min J5 P52 M 1K), X BE2H /N BU7E [A) 45
2 F ME I T AT B R £ 2% vh U (phosphate buffer
saline, PBS)(0.3 mL/20 g), WP HIkZAR.. 4854k
TR /N, BUR BT 2 TR 22525 . /N COPD
YRR Rl , S A R e B 45 SR DL AT 0] R A 4
g0,

1.3 Masson = faitfaik
it 4 B m e . a3 U1 F )5 #E4T Masson

b nR

e S&4 i T 2000000
YA W Nk B8, —

BE1 &HEMERMERRFLETIRD LB

Figure 1 Comparison of the distribution of vascular collagen fibers in lung tissues of different groups

Jea, KA WEY)RR RS B AR ROK . e K
AR R Y . KYE, AR ERGRT  KTE,
RIGEITR AL, IELL ALY R g, BREHIR
WALBE, AR A TR R R 5 min, S5PRIF R
AR 2 min, FZBEK, o Jm 2 B AP P R [
BB WY, ICRAERIR, R Image J 4K
AT A R

14 REBALNFEE

T H AU 7 (LU IFR g diib” ) gaa il
EndMT #H 5 & ¥ VE-cadherin, eNOS, CD31. a-
SMA Fil N-cadherin [ % 35 7K F- o 3 128 JIi & Rk AL |
PrlFAE s . W N I AL B I — 3T a-
SMA(1:50). eNOS(1:100), VE-cadherin(1:100). N-
cadherin(1:100), CD31(1:100), T 4 Cil W&, b
JGDAB W8 Yok . &Y, UL EEE T
HoRd, T EHE A, BMBEWEIHA, WEEs
AFLEFH a-SMA . eNOS., VE-cadherin, N-cadherin.
CD31 B PRSI . Al ] Image T G 400
M5 PR L

1.5 SitabiE

K H GraphPad Prism 7.0 G i 44 s . 31
T ORI YRR v 2 (o) F R, A AR LR
ST FEAR K50, P<0.05 K25 R BAT G 2# 3 L

24 B

2.1 FHAMMALMERKREFETRILE

COPD 41 Ifit 45 Ji] el Jise J &F & i AR L AR (B s £,
o TR il 2H 2B T AR G L) BT R 3 2 (&
1A). Em5HT i COPD 4 J2& X} FEZH 1) 3.24 £%(0.110+
0.011 vs 0.037+0.012, P<0.001); 5 COPD £ #f It ,
miR-217/"-COPD ZH H fis¢ Jit £F 4k 1 FR i 25 /)5 (0. 110+
0.011 vs 0.080+0.010, P<0.05; [&l1B).

Collagen fiber
staining area

A: Representative picture of lung tissue (the blue part is collagen fiber); B: Semi-quantitative analysis of collagen fiber percentage.

**%P<0.001 vs the control group; 1P<0.05 vs the COPD group.
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2.2 ZEEndMTHEXEBRNRIEKELLE
2.2.1 PR 4FF AR E M eNOS. VE-cadherin #= CD31
09 F ik

o 3% Ak 45 B i R . eNOS.  VE-cadherin Al
CD317EANAT . I8 NI ki (8 24), 5
X HE ZH AH [, COPD 4 ' eNOS. VE-cadherin F
CD31 By kK FFEAE (Y P<0.05); 5 COPD 4L,
miR-217/-COPD % eNOS #il VE-cadherin [ 3 ik 7K 3F-
Thim (34 P<0.05), CD313RikKFHY 2 5 LGt 75

VE-cadherin

COPD group

UF R S A

(=]
g 015 g%
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0 ° ° >
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cia 2
2 07 f & e

S S <Y
& & S
QOQ @) QOQ

X (P>0.05, K]2B~2D).
222 [ FFAREY a-SMA . N-cadherin 49 & &
oAb gE 7R . N-cadherin fEHIE T . 145
PR R IE PR YL (7, a-SMA T2 B4R rh /e U BE LI
BHNE(EI3A). S5XTHEAIH L, COPD 4] a-SMA #il
N-cadherin [ 2 ik 7K F-F+ 5 (34 P<0.05); 5 COPD 4
A H, miR-217/-COPD 41 /Y a-SMA Fl N-cadherin %
IR IK AR (4 P<0.05, [B13B. 3C).
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Figure 2 Expression of the endothelial cell marker eNOS, VE-cadherin, and CD31 in lung tissues of different groups

A: Immunohistochemical results of endothelial cell marker eNOS, VE-cadherin, and CD31 of different groups; B - D: Relative
expression levels of eNOS (B), VE-cadherin (C), and CD31 (D). *P<0.05, **P<0.01, ***P<0.001 vs the control group; {P<0.05 vs
the COPD group. eNOS: Endothelial nitric oxide synthase; VE-cadherin: Vascular endothelial-cadherin; CD31: Platelet endothelial

cell adhesion molecule-1.
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Control group
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>
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a
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§
I\

B3 &FZEMZHLR A E R 4 RFRE Y a-SMA #1 N-cadherin B3R 1%

COPD group

miR-217/"-COPD group

0.05

Relative expression
level of N-cadherin
—

Figure 3 Expression of the mesenchymal cell markers a-SMA and N-cadherin in lung tissues of different groups

A: Immunohistochemical results of mesenchymal cell markers o-SMA and N-cadherin of different groups; B and C: Relative
expression levels of a-SMA (B) and N-cadherin (C). *P<0.05, ***P<0.001 vs the control group; T P<0.05 vs the COPD group. -

SMA: a-smooth muscle actin; N-cadherin: Neural cadherin.

3T g

COPD S 4= B felt F i s 1) T B A Sk A= [l R, ply
T AL ZBA, WA H £5™ E 2 I PSR ER,
COPD & B A3, 2022 4545 1 BH ZE Vit 43k
18 1 41 21 (Global Initiative for Chronic Obstructive
Lung Disease, GOLD)#5 pd!""1#E7E COPD ) iRY7 £ %
SErh T HGERER . PR R AR T T A [ A D
AT, AR . WA SRR IKR AT
REYERT, ¥ ICA S 25 RE T B 5% % COPD
BAGE A, RIS COPD A E T ¥ L Jy i i biF
FEX TG FNEIT TR EAEEE L.

A URAZH Fir RIS e SR S A A 55 2 68 11/
ST U A — B R /NSO, <l R
W . R R AR . VOB BRI,

HA##F EMT, COPD (3 ifi il 45 R 4iH S10044 FRik
B, $EREREMT i3 #24h, EndMT A]GE7E COPD %
I BIL T rf & AR TS, O T i — 2B #8598 COPD 5
EndMT Z [B] (1 ¢ &, AW 5% 0 T 4 2 00 25 175
COPD/INEBLHY , & B COPD MR 5 77 1l 455 & Fl
JEIFEF AT, N B2 ARE Y eNOS . VE-cadherin #l
CD31 W ZRIBIKT- AL, i) 72 Bihn &4 a-SMA . N-
cadherin & ik K ETH 5, WESEAFFE EndMT, X i B
COPD B T A7e/ NS IEE M, A7 E I AR
H i 5¢ F EndMT A1 i 8 22 Y8 (8] (14 BIF o7 2 24
TR Il S K R L st K i A R A R S ks A R Ak
A M MR U, EndMT 1] g 2 3235 o-SMA 13k
Ui, JIESE EndMT 25 il sh ik e R AH 5G 1 il 1t 75 8 98
A, (H 2 H AT OE T EndMT H1ILAE 55 98 - HL BT
FEH o Chen S HIE W] FHE 2 A W] LA 55 EndMT,
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I S AR I PRI A T 1 EE %, Nrf2/HO- 115 5 5%
S@E eSS Fikid . Zhang SR AL TE
AR, IR AS P K 0 B 2 EndMIT 9] P
WA R ALk, /Mt BIKEE o a-SMA F)ZRIR 38,
H EndMT % HIF-1a/Twist (93815 . FEEA 2#H A
gt A 25 R T I 45 PN R 4N 1Y EndMIT 2028, 334
4 ¥, 4k = 5 R s Bk m R R R
miRNAs J& EndMT [ 558 5 71, miR-451 38 4
PR PN R A0 L) EndMT 2 55 05 s 0 UL 74033 B Aok
PR miR-449a n] LLIE o 855 B8 5% 1 E-cadherin 5
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i 4k &AL 4 K A F B(transforming growth factor-
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WAL
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