+ 1388 - doi 10.12122/j.issn.1673-4254.2023.08.16 J South Med Univ, 2023, 43(8): 1388-1395

IR mER,E R 2 MM EFFHF &, i*] XA T oW
MR EFE AR PHAT R TEREMEERELLRT AT RE DAL FHAT, &
233000

THE: BH Wi O A 2 (ALDH2) 765 285 (LPS) BN R A Il # 475 (ALD) Hr A9 VR B e pL . 773% 60 H CSTBL/
6J /1N ER B AL 4> & Sham 41 . LPS 4 . LPS+ALDH?2 i /15| Alda-1 41 (LPS+Alda-1) .LPS+ALDH2 1l ] 7] Daidzin 41 (LPS+
Daidzin) , 15 F/2H ., SZUGE5 005K S+ 8 L, S (EB) MG 2 %1 HE Y8 (0 FL5 5 i A3 B it 20 2R 15 Ak A ke
TR F A s ELISA K L Hh 4-F52 Jik T M (4-HNE) B9 7K, S Ak I 3t 551 &0 7 T 8 (MDA 1R S8 16 40 05 L i
(SOD) . it A fb & (CAT ) 7KF ; Western blot &l ALDH2 | % 3% 4%: 25 [1 ZO-1 . Occludin AR R R & 25 [ Mfn2 \OPA1 Fl4)
SR Drpl (Fisl KL Nef2 B8 (U FTHO-1 SRR IE . 58 5 Sham 24 EbAss, LPS 41/ ZH 20 T L, EB BB 243
151 (P<0.01) ; T2 2L 2545 . P9 Bz 40 At (] 55 2 i 4 S 2R A4 495 ™ T ; 4-HNE \MDA % & FH i, CAT 2 SOD {4 T [ (P<0.01) 5
ALDH2 | %5 %457 1 ZO-1 Fl Occludin 2R A4 4 2 111 Mfn2 F OPA 1 23K KA , 1 2 bifA 4> 475 1] Drpl Fl Fisl F2i5 T+
(P<0.05,P<0.01) ; HAk, Nrf2 A% 26 (1 AT HO-1 85 [ 2k B8 55 (P<0.01) . W Alda-1 T1005 , /INEURZH 2L 4544 L PN J2 41t a]
B N 2R AR 15 W B 23 (P<0.01) ; ALDH2 . ZO-1, Occludin , OPA 1 Fll Mfn2 % [ 3 1514 &5 , Drpl il Fis1 75 14 81k %
K (P<0.05,P<0.01) ; Nrf2 #%4& F Al HO-1 85 [ 3355 Fi# (P<0.05,P<0.01), #H I LPS+Alda-14H , LPS+Daidzin 20 /i1 i
PRSI, SR 5 {2 s A ALDH2 . ZO-1,Occludin Mfn2 ,OPA1 Nrf2 24K [ HI HO-1 2 [1 2235 %A%, Drpl il Fisl 2
kTt (P<0.05,P<0.01). £518 ALDH2 Rl it 4R (4 o) 1 2% 75, I SR AL B 3, 24035 LPS 175 519 ALT/N U P9 2
JE a7 , AL AT A5 Nrf2/HO- 13 A 55

KRR : CTEREG 25 N5 2 M 5 SRl B 473 5 il 2 B s s BokifAc sh 712 s Nrf2/HO- 1

ok

Acetaldehyde dehydrogenase 2 ameliorates lung endothelial barrier and balances

mitochondrial dynamics in mice with acute lung injury

WANG Liya"?, TIAN Meihui*®, LI Rong"?, WU Yue™’, WANG Shasha"?, Lu Heng*’, LIU Zhongyi’, YU Ying"*
'Department of Physiology, *Key Laboratory of Basic and Clinical Cardiovascular Diseases, *Department of Epidemiology and Health

Statistics, Bengbu Medical College, Bengbu 233000, China

Abstract: Objective To investigate the protective effects of acetaldehyde dehydrogenase 2 (ALDH?2) against lipopolysaccharide
(LPS)-induced acute lung injury (ALI) in mice and explore the possible mechanisms. Methods Sixty C57BL/6] mice were
equally randomized into Sham group, LPS group, LPS+Alda-1 (an ALDH2 agonist) group, and LPS+Daidzin (an ALDH2
inhibitor) group. After the treatment, the wet/dry lung mass ratio of the mice was measured, and the lung permeability was
evaluated with Evans Blue (EB). The lung tissue pathologies were evaluated with HE staining and transmission electron
microscopy. Serum levels of 4-hydroxynonenal (4-HNE) were measured with ELISA, and malondialdehyde (MDA),
superoxide dismutase (SOD) and catalase (CAT) levels were determined to measure oxidative stress levels. The expressions of
ALDH2, ZO-1, Occludin, Mfn2, OPA1, Drpl, Fisl, and nuclear Nrf2 and HO-1 proteins in the lung tissues were detected using
Western blotting. Results The mice with LPS-induced ALI showed severe disruption of the lung tissue structure and
endothelial cell tight junctions with significantly increased the lung permeability (P<0.01), increased levels of 4-HNE and MDA
(P<0.01), decreased activities of CAT and SOD (P<0.01), lowered expressions of ALDH2, ZO-1, Occludin, Mfn2, and OPA1
proteins, and increased expressions of Drpl, Fisl, and nuclear Nrf2 and HO-1 proteins (P<0.05, P<0.01). Treatment with Alda-1
significantly improved lung tissue pathologies and mitochondrial damage in ALI mice (P<0.01), increased the expressions of
ALDH2, ZO-1, Occludin, OPA1, Mfn2, and nuclear Nrf2 and HO-1 proteins, and lowered the expressions of Drpl and Fisl
proteins (P<0.05, P<0.01). Compared with Alda-1, treatment with Daidzin significantly increased the lung permeability,
exacerbated mitochondrial damage, decreased the expression of ALDH2, ZO-1, Occludin, Mfn2, OPA1, and nuclear Nrf2 and
HO-1 proteins, and increased expressions of Drp1l and Fisl proteins (P<0.05, P<0.01). Conclusion ALDH2 can ameliorate LPS-
induced lung endothelial barrier damage in ALI mice by maintaining the balance of mitochondrial dynamics and inhibiting
oxidative stress, and the mechanism may be related to the Nrf2/HO-1 pathway.

Keywords: acetaldehyde dehydrogenase 2; lipopolysaccharide; acute lung injury; lung endothelial barrier damage;
mitochondrial dynamics; Nrf2/HO-1
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Fig.1 Histopathological changes in the lungs of the mice in different groups. A: HE staining of the lung tissues (Original magnification:
%200, scale bar=50 pm). B: Comparison of histopathological scores of the lungs among the 4 groups of mice (Mean+SD, n=4). **P<0.01 vs

Sham, “P<0.01 vs LPS, ““P<0.01 vs LPS+Alda-1.

2.2 ALDH2 %2 ALIEEAR s S P B 20 B 5 55 35 1 %
L AFARLE ARG

Sham ZH/N U Bz AR 5658, 20 =2 [ ) S 0%
PR SE W, R DLIAIBE 5 117 LPS 2H A1 LPS+Daidzin ZH N
B AR A AR , 20 ) B e B R O A AR
BT LPS+Alda-1 ZHARROE A8 T 155, 40 a) 55554
AR e (K1 2A) . WERAS AL RARBIAEEH , Sham
HLRARTE AR IE T BRI L 80% i &k, i
LPS 411 LPS+Daidzin 2 b (AFIN A B AKIE 2 I8 I
/DI AE A LPS+Daidzin 45 M 2 ;145 7> Alda-1

TG T LPS X2 biAE s i 43 , 55 Sham
FHEBAT 25 5 (K12B) .
2.3 ALDH2 BAR ALIAERL )N RAR2A 2269 W/DAA

5 Sham ZH A [t , LPS 41/ Ui 41 40 W/D (& 3% fin
(5.55+0.09 vs 4.89+0.12, P<0.01) ; 5 LPS ZHAH It ,LPS+
Alda-1 ] REAIE ALL/ N B ZHZY W/D {1 (4.8640.07 vs
5.55+0.09, P<0.01) ; 1fif 15 LPS+Alda-1 2 #H 1L, , LPS+
Daidzin £ /) SN 20 23 W/D AR 55 11 (5.84+0.06 vs
4.86+0.07,P<0.01,%3),



http://www.j-smu.com

J South Med Univ, 2023, 43(8): 1388-1395

+ 1391 -

Sham LPS

LPS+Alda-1

B2 BEH5TRE RSN RBRANE

Sham O LPS

N %

LPS+Alda-1 LPS+Daidzin

Fig.2 Ultrastructural changes of the lung tissues in each group observed under transmission electron microscopy (x20 000, scale bar=

500 nm). A: Alteration of tight junction structure of lung endothelial cells in each group. B: Structural changes of the mitochondria in

the 4 groups.
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Fig.3 Comparison of wet/dry mass ratio of the
lung tissue among the 4 groups (Mean+SD, n=4).
##P<0.01 vs Sham, “P<0.01 vs LPS, ““P<0.01 vs
LPS+Alda-1.
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Fig.4 Comparison of Evans Blue content in the
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##P<0.01 vs Sham, “P<0.01 vs LPS, ““P<0.01 vs
LPS+Alda-1.

LPS+Alda-1 LPS+Daidzin

3.88 vs 49.00 +3.58, P<0.01) fil CAT (14.94+0.37 vs
12.23+0.55, P<0.0){&EMF= (B 5) . 5 LPS+Alda-1
ZH A It , LPS + Daidzin 4 4-HNE (222.40 + 14.87 vs
92.62+9.32, P<0.01) Al MDA (7.64+0.48 vs 4.08+0.28,
P<0.01) & HE3EH0, 11 SOD(45.13+3.33 vs 73.88+3.88,
P<0.01) F1CAT(10.52+0.68 vs 14.94+0.37, P<0.01)7%
PEREIR (AL S)
2.6 ALDH2 *f ALI#EA! /) S 2822 ALDH2 ## ZO- 1.
Occludin & & &k 6936

Western blot #1452 /)N EUtiZH 21 ALDH2 . ZO-1 .
Occludin A Z A, 45 /R, 5 Sham 4UAH L, LPS 41
/INEUITZHEH ALDH2 2514 (0.7340.06 vs 1.110.16, P<
0.01) .ZO-1 5 4 (0.71+0.03 vs 1.29£0.15, P<0.01) .
Occludin 7 9 (0.58+0.03 vs 1.15+0.09, P<0.01) A%
1% 5 LPS 41AH L , LPS+Alda-1 41 Fi# ALT/NSUATiZ 20



+ 1392 -

J South Med Univ, 2023, 43(8): 1388-1395

http://www.j-smu.com

A kok
250+ &&
)
3 200
\E% sk
E) 150
=]
S 100 i
Sa]
Z
T 50 I
z
0.
Sham LPS LPS+ LPS+
Alda-1 Daidzin
C 90,
801 #it
g 701
5 604 . 3k
= 50 &&
Z 40|
2 304
8 201
2104
0-
Sham LPS LPS+ LPS+
Alda-1 Daidzin

B5 &ENREURHKTHEIRILE

B *k
91 &&
a8
g 74 *ok
g 61
=
= 5 it
g 4
=]
g 3
<
a 21
= 14
0-
Sham LPS LPS+ LPS+
Alda-1  Daidzin
D -
5 ##
g 154 ok sk
2 &&
2
z 107
3
g 5
&)
0_
Sham LPS LPS+ LPS+
Alda-1 Daidzin

Fig.5 Comparison of oxidative stress level indicators among the 4 groups. A: Content of 4-HNE. B:
Content of MDA. C: Activity of SOD. D: Activity of CAT. Data are presented as Mean+SD (n=4). **P<0.01

vs Sham, “P<0.01 vs LPS, ““P<0.01 vs LPS+Alda-1.
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Fig.6 Comparison of ALDH2, ZO-1 and Occludin protein levels in the lung tissues among the 4 groups.
A: Representative Western blots of ALDH2, ZO-1, Occludin in each group. B: Quantitative data of
ALDH?2. C: Quantitative data of ZO-1. D: Quantitative data of Occludin. Data are presented as Mean+SD
(n=4). **P<0.01 vs Sham, "P<0.05, “P<0.01 vs LPS, ““P<0.01 vs LPS+Alda-1.
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Fig.7 Comparison of OPA1, Mfn2, Drpl and Fisl protein levels in lung tissues of various groups of
mice. A: Representative Western blots of OPA1, Mfn2, Drp1, and Fisl in each group. B: Quantitative
data of OPAL. C: Quantitative data of Mfn2. D: Quantitative data of Drp1. E: Quantitative data of Fis1.
Data are presented as Mean+SD (n=4). **P<0.01 vs Sham, ‘P<0.05, “P<0.01 vs LPS, “P<0.05, ““P<0.01 vs
LPS+Alda-1.
B 1o, C 12, #
A LPS o |
LPS _ Aldal Daidzin M 5 107 v 1.0 g
Nuclear by && 8 0.8 o
Z 0.6 £ 0.6
HO-1 ﬁﬁ% 000 £ o4 2 04
=1
. Z 0.2 0.21
Pactin| g ———
0_

Sham

B8 &FH/IMRATHL nuclear Nrf2 HO-1 EHKTFELLEE
Fig.8 Comparison of nuclear Nrf2 and HO-1 protein levels in the lung tissues among the 4 groups. A: Representative Western
blots of nuclear Nrf2 and HO-1 in each group. B: Quantitative data of nuclear Nrf2. C: Quantitative data of HO-1. Data are
presented as Mean=SD (n=4). **P<0.01 vs Sham, "P<0.05, “P<0.01 vs LPS, “P<0.05, ““P<0.01 vs LPS+Alda-1.
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