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BB AR SD K BRBERL 73 9 T A (Sham) 4 I BEAE (Sepsis) 41 FIl ECHS1 B fik (AAV-shECHS1) 20 . Sham 4 K BAUIF K IE
Sepsis 21 K BT B I 45 4L ZF AL R M 8 e B0 B 780 | AAV-shECHST 21 7 BT BT 4 J81 2 R 0 ik 5 ECHS T A A% I A DG 6 55 .
Western blot {5l ECHS1 & 135K 78 8L 12 h )5 W45 4R BTG AR 100 s BOAS 41K BRI 2047 HE Je (@, DA K BN 4 2453473 5 aF
AT B PRI 5 o A0 7SI 15 35 DA C A e ik o9 2 A (VECs ) , 38 3 g 2208 (LIPS ) Sl oA 40U ie R0 A 780, ) FH s 35 Pl ECHS T,
& VECs (L P (ECHS 1 3235 Bl 2 R 11 L BE Ak (Ker BT, 25 Sk i ffAS ekt 22 R AR . S8R REEIE R R I
0005 B il 10025 VN 2 5 I ) B R T, 3 390 g s 2EL 7 445 K A UK RIS VE Cs 38 335 PR 19 010 5 R BRUAE T, 2 0 385 1 W, A A I IV 4 4, Tl s o
VECs 1 Ker B 7K - i Z A% , ECHS 1 33k W35 40 . Bk ECHS1 A A4 % L VMR VECs 189 Ker B4 7K S, o35 il i 45 P iz ik s
IRe A, R K AT R LKA AR ] . 4538 UK ECHST W] i VECs 19 Ker 7K, DA 238 e 7 0 K RS PN 2 ot
FEIRE
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Mechanism of ECHS1 in ameliorating sepsis-induced pulmonary vascular endothelial barrier dysfunction

YANG Rui-bo'"?, TAN Lei*, LIU Cheng—xi], WANG Yan' (1. Department of Anesthesiology, Second Affiliated Hospital of
University of South China, Hengyang Hunan 421000, China; 2. Department of Anesthesiology, Army Medical Center of PLA, Chongqing
400042, China)

Abstract: Objective To investigate the role and underlying mechanism of short-chain enoyl-CoA hydratase 1 (ECHS1) in sepsis-
induced pulmonary vascular endothelial barrier dysfunction. Methods ~ Adult SD rats were randomly divided into the Sham group, Sepsis
group, and ECHSI1 knockdown (AAV-shECHS1) group. Rats in the Sham group underwent only laparotomy , while rats in the Sepsis group
underwent cecal ligation and puncture to construct a sepsis model, and rats in the AAV-shECHSI group were injected with ECHS1-knock-
down adeno-associated virus via the tail vein 4 weeks before modeling. The expression of ECHS1 protein was detected by Western blot. The
survival of rats in each group was observed 12 hours after modeling; the lung tissues of rats in each group were collected for HE staining to
evaluate lung tissue injury, and vascular permeability was determined. Primary pulmonary vascular endothelial cells (VECs) were cultured
and stimulated with lipopolysaccharide (LPS) to simulate the sepsis model, and ECHSI was knocked down in cells using adenovirus. The
electrical resistance of VECs, the expression of ECHSI, and the levels of lysine crotonylation (Kcr) were detected, and transcriptomic
analysis was then performed to identify key differentially expressed genes. Results Septic rats developed lung injury and pulmonary
vascular endothelial barrier dysfunction, characterized by destruction of lung tissue structure and increased permeability of pulmonary
VECs; in addition, the survival rate of the rats was significantly decreased, along with shortened survival time. Meanwhile, the Ker
modification level in pulmonary VECs was significantly reduced, while the expression of ECHS1 was significantly increased. Knockdown of
ECHST effectively upregulated the Ker modification level in septic VECs, improved pulmonary vascular endothelial barrier function and lung
injury, significantly increased the survival rate, and prolonged the survival time of septic rats. Conclusion Knockdown of ECHS1
upregulates Ker levels in VECs, thereby improving vascular endothelial barrier function in septic rats.

Keywords: sepsis;rats;vascular endothelial barrier function; lysine crotonylation; short-chain enoyl-CoA hydratase 1
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U i 2 A T2 0 B R R 5 | R ) 4 B R R E 25
BAE, SRR R E IR, BT, (KRR
i BT RE 2 A B 2 R AR E 2 — , SR
a2 PR 8 255 fE e B P IT AAES . 1A N
P i W T G B e 7 12 T o B A O i o
BN 2 A (vascular endothelial cells, VECs ) 18 i3 "% %%
2 RV 2R O 32 e A ol s 2 R B, AR B M R
E A0 MO A4 B A B2 B iz o R IR, A SR R , il
N B R BRI , IR 2 1 SR AE AR I AME , AT
TR A I ARSAAE KX 2 4 E iR, R HATE
A B X P DAY IR N A E TR R IR 97 SR 1HL B
FE NG N BB B RGE PR T T sk = , HILAIR
I7 5 AR 1085 T D7 T RCR AT R A1t 1) ) ke 2
E N B A5O3 RO AL O Sk A i s A

AR 1B L A0 S B S B AR
RIEAVE AP, #12 I Btk (lysine crotonylation,
Ker) J&— R Rt AL A4 , i T S2 8t CoA il id 2 8 H
o Ak 20 4K P PR AR 1 e- ZRTE L, WETE R
Ko 38 1 96 2 3 [R5 s A QI Al 5 11 2 5 RAE VL]
B0 KA T AR e S R, N B
ZUrP Y 2 8 H Ker B 46 K7 W12 T =™ fE i 20
(lipopolysaccharides, LPS) FII75 5 4 A 520 | #b 70 12
SLIR L RERE T ] T S 0E B e 0 AT 5 19 /0N B I Wk 240 g
Z RAW264. 7 4l 48 F Ker P TR 141, 3
Bl I TR 40 B A 7K & B 1 (short-chain enoyl-CoA hydra-
tase 1, ECHS1) FIZHZE 4 Ker 78 4EFFC0 L0 I B AN
A EAEZERY, Ker ik 7] 2 5.0 0E 545 B2 4
BIREYA T, (AR IS A R 5 B RE TP A
ANEA . PR, ASBIF S 38 A Sy R R R S AR A, PR
T Ker 1EMEFEAE LS A B 5t B 2 RE Hh A A T & HIL ]
B TE A BREEIE AR T SR BERT R O 18]

1 #RIEF*

1.1 Zh kiR A XA

106 H SPF 9% SD K L, P 4t (200+20) g, HEHfESS
2, o Bl A (0 B 2 O S8 S O SR B VR AT
15 : SYXK(ii1)2022-0003]. KBl A AR EHEK , S5
B 12 W56, 4 hARIR . BT AT Sl W) S 36 R A 2 22 i 42
0 BRSPS I A B B et v (HE VRS
AMUWEC20224867) .

LPS | S5 R 2¢Ot 3R bn i 9 4 ML 1 2 1 (fluo-
rescein isothiocyanate-conjugated bovine serum albumin,

FITC-BSA) W [ 35 [F Sigma 23 7 , Anti-B-actin LA [

L H CSTA A, Anti-ECHS1 HiAAR K il 24t % — il A
2 [E Abcam A 7] , Anti-Ker FUAR I F #7578 4 B R
F A A PR A o ECHST m A R 25 5 iR A0 G 9m 3
W g FICAE B AR B A A TR A ]

1.2 sk

1201 BR#ERRE KRB A Y, e mE A K ROR
B BAFLEFARE & . KRG 3 0. 3%
L Z 40 (40 mg/kg) IR , 18 3 2 3] S W S, A0 RMAE [
FE VR . MR R kR R B e T IR V)T IE I
BT Y HGER 4y KIS, T B W R i 2 0. 5 em 204541 .
il v 2E BB 5T 28 B W RE B I R 0k e ks
SrIEEEG RMIMEIE . ARG R RIPIER SR 288, AT
HAROK , 12 h G SR B Y 3 kOE S F X sh ikOE T
K% 30% LA I, FRITEBI T . 78 H SPF 2% SD K FUH
T, 68 H AL , A 1 D) 2K A 85% L I
1.2.2 shym AP ¥ 106 HSD KRR 44 B
Bl HL AT 26 15 43 B TF R (Sham) 41 (28 H) | e B AE
(Sepsis) 4 (46 H ) F1 ECHSI #if ik (AAV-shECHS1) £
(32 H) . Sepsis 20 K B S e FERE B 7Y , 40 H AT AL
Iy 5 1M AAV-shECHS1 41 K BT 55 R 4 J] 28 B i ik e
S ECHST R B AR G 2 , 1 2 1. 0x10" vg, 28 H gk
BENT) 5 Sham 20 K BRAVHF OCHE . @45 12 h, T K
RANPWENAER(ERER+EIS R ), MfEk 2
THEER ST R FRIE I A B IROK

1.2.3 KREAEMFARUWE @#BUE5 12/h,
A3 30 min MBS FUIRAS  FRE g% 2 @15 36 h, Hi[H]
PO SR K R B AR A1 0 S AT A A R T4
il Kaplan-Meier £k .

1.2.4  RENMAE @SN E KEBREES &
B B P ST FITC-BSA (9 mg/kg) . 2h)m ., 48
S I S 2R AR HER UK 40 mL, AKIR ZE LK BTk
R K, BT TR T Bl K, e A 1
WAl L FREE . Al 2B 5 58 A S R Ab B fif
H F-4500 2% % 43 6% FE 11l %2 FITC-BSA /9 2¢ )t 5
B, 155 i 20 20 FITC-BSA 35 U % , DAl il 1fiL 45 3l 15
PEM, FITC-BSA s 3 =2t om /il dH 2 i o
1.2.5 REMFHSGIERE BORR A Mgl 2
4% 2 IR 2 48 ha K A PR (HE
Jett, W AAE TSR A 205 B ek 2 o R A Smith 3T
A3V it 7K P il 96 K [R) 5 9 i il 6 B[R] 5 S O
AR 37 W BB LA 72 i .. el 043,
9 A8 Y Rl <25% R 1 41, W AR ] 25%~<50% R 2 47,
P ARV IR 50%~<75% 3 3 43, o AR T AT A 4 45
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1.3 i3y
1.3.1 Jligek)i i VECs 5535 5403 M IE% SD
B i Dk rh HE B VECs . 26 6 R BT R T i il
PRI BE , FT 7 W e, o3 il e ok o 6% s 5 Jk D10 1 249
1 mmx1 mm [ /N, 35750 W BR300 855 5% 8 IC 8, & T
37 CEIFRAATPIFE . TR A B 2 0EEE S, il A ECM
ARG FRILRTFE 72 h, /IO RS BRAL S RIS TR AS U B
HIZRAEED Jy VECs, B 3~5 10 VECs #5220 57
1.3.2 A AbBE ¥ VECs 20 W 1E # X iR
(Nor) 4 .LPS 4 ECHSI i fit (shECHS1) 2H . LPS 4
VECs ffi i 1 wg/mL LPS Zb B 12 h, shECHS1 ZH VECs
5 Yy ECHST AR 2 , B LIRS 4 VECs 1M1k
JEF B2 3x10°/mL, A 24 LA, 440 500 pL, R )5
A 37 °C.5% COSEFAA TGRSR . S A%
TE 30%~50% B, W 2 155 3758, A 172 (R B 6 5 37
HE AR 1S 5 852 0 B L A R (100) , AR I A
TG B IR ) L 16 h 5, 0 97 i 58 2 15 92
Y237 CREFR . YL 48 ha , W AR 41 A I T 4 5%
. shECHS1 ¥ %]} 5'-GACGTTAACAGAAGGAAA
TAA-3',
1.3.3 VECsHIFHZME ¥ VECsMUHETE Transwell
FE6FL,0.4 pm) , M40MEA K B 52 m A, 4
LPS AbH i FH H B ASCEE 2 hid 5% 1 U405 9 2 v
FH (transendothelial electrical resistance, TEER){H. , 4%
24 h, AFEANIEA EFLIERZS AR, A R=( SEFR
TEER {25 (%) B8 TEER & ) /525 TEER {H .
1.3.4 VECsHsg#H~50 8 W IEH F1 LPS il
J5 B VECs, B4 3 3B ~# 42, 748 PBS i 4
LS5 A Trizol 155 7853 2 AL, $E S RNA L Hy
v LB DR S F) S PR AR g R S S A
S Mumina F- 55 538 5= 05, #% R 1og2FCI>0 H P<0. 05
(AR VAR 7 196 27 Sre 2 25 S G IR FE I, 45 4 SCTIRAGE 2R 3R B
Ker B i M 56 L DA I 255 U4 et 7 s L Ty
IR Ker M8 M A OC 3 R O 4, 15 81 S i 22 5%
A
1.3.5 Ker KFEA W B 45 2L 40 i, il RTPA
SRTVK 1247 30 min, BOHE T, BCA I B K
R IE . S E AR 2 0 54T SDS-PAGE #E il
SEHLYK, H Ly B 4 S g e it s PR
EE NS 7 LR EERCR R G A e =
PVDF [, 5% B RE Wik 2 i 4 FA] 1 h, TBST Bef 3 Ik 4%
o IMA KeriZPiik 4 CHEF 1L, TBST Y E 5 A
HRPFRiC A 2505 1gC — 9T, FIRMFE 1 h, ECLAL
2R B R, JH Image J BPE 43 4T 450 IR BEAH

DA% S AL i Y (0 2L IE R i, ST 45 4 4 e A
& Ker &M 7K -
1.4 ECHS1& @z

LRI 41 21 K VECs o B 8 11, R BCA 358
TR o HUCAE 2R AR A EAT SDS-PAGE #E it L
UKo MIUKERE K8 % 2 PVDF IR, &5 T (1
5% (wiv) IR W53t 1 he FH TBST VUEIE 3 U5 , 5%
HECHSIEH Pt (B 1:1 00007 4 C R o
WU H ] TBST YE I 3 5, 4 55 60 i — it (Fi
FBEHL 1:20 000) 76 I T E 1 h Bk A TBST 3 7k
3 I ECLIE YA T W - gk &
1.5 %t

fdi 1 SPSS 26. 0 F AT e it o b . HE TR
ZAERMR R G IES 0, LB AR ifE 25 (7s)
FoR, Z UL LB TT 25 55 R FH B K 7 22 530 17 (one-
way ANOVA) ; 577 255, R H Tamhane's T2 33547
ZH )P LA . LA P<0. 05 N2 A S5 X,

2 H#R

2.1 MRARE B AL A B 2 A I AT

Sham ZH K FRUIM 21 22540 5638, oK LA 5 i 1 K. 98
E 20 i 3211 5 Sepsis 2H K SR ZH 4B B 451 475 , HH PR 98 e
2 LI v 5 R SR A ] K i (8] 1a) o 5 Sham
21 H B, Sepsis 4 K BB 2 20468 15 VF 4 B 3 T
(P<0.05) , i Ifil %5 38 % Pk 1 3% 34 (P<0. 05) , W&
1b.co AR —2 B, 5 Nor 4L AH L, LPS
ZH VECs HL BH R i E FRAIK (P<0. 05) , WL 1d, bk
SRR, MeEEAE nT S UM A8 N Rz B BT RE AR 47
2.2 LA ECHSI #74) Ker 5 k% il o 8 % BT

HRER A X

Z NG SR 2T, ARAS QB 22 S JE P ECHST, HE
15 LPS i 5 2 2 1 (18 2a.b) . Western blot 1 I
ZhEHL IR, Sepsis 21K BUIT41 41 ECHS1 2 £ A 5
F Sham 41 , LPS 21 VECs 71 ECHS1 % (4 %55 T Nor
M, =25 A5 E X (P<0.05), W& 2¢~f, LPS
2l VECs 1 Ker & i 7K ~F- ¢ Nor 41 T B (P<0. 05) , UL

[gzg\ho
2.3 EUKECHST LB Ker 9F 2 & IR 2 92 I fn 8 A %
B Ty fk

AAV-shECHS1 41 K FUit 4L 4 ECHST 5 FH 334
I T Sepsis 4, shECHS1 2 VECs "1 ECHS1 2 [ %A 1{%
T LPSH, ZRWA G E L (P<0.05), W& 3a~d,
AHNER ECHS 1 7] 38 VECs Ff Ker &7k (P<0. 05),
N VECs HLBHR (P<0. 05) , L& 3e~g. [AIH, {4 P it
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a: MR HE 3 & ;b AL LR 45 3F 2 500 K A B 18 5 AW ;d: VECs W FL A2 *. 5 Sham 2848 16 , P<0.05;#: 5 Nor 2648
b, P<0.05

1 MREERGIME N KRR

Ker [ JEAHE R (LPSZH. vs. NoréH) Ker T JEAH SR (LPSH. vs. NoréH)
.‘D .@
ﬂj}g 4
Sham#l  SepsisZl ﬁ 3 ;- NorZl  LPS4
= <
)
Q0 T T
53]
© Sham?fl SepsisZl @ ©
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i 3 130 2.0
X 100
® o s
-’P? 2 *5 70 .ﬁg
z 55 i T >
1 % 0 00
1 *-0-0 40
Bg E 0.5 #
35 ’%I
(E 0 0

| [ | I
NorH LPS#H @ 25 Norfl LPS#H @

ab: FESALPS G LA FTHEFAR(E)S Kbt AR (K &)L E ;e d: AR P ECHS1 & & & A se f: VECs P
ECHS1 & & &3k ;¢.h: VECs P Ker 545K -F  *. %5 Sham 2848kt , P<0.05;#: 5 Nor 2848}t , P<0.05
2 FEAECHS1## Ker SREEMMME N K REINEEERE X
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IR ECHS1 34 1] A e 54 R U I %5 3688 325 7 , ol 5 il
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shECHS14

LPS# shECHS14H

6] FOAF 1% R . 45 B R, Sepsis 4 K Bl AE 77 15 18] Ky
(5.942.9) h, /8 T AAV-shECHS1 41 /i (12.4+6.7) h
(P<0.05) ; AAV-shECHSI 41 K FUf7 1% %R & T Sepsis 41
(P<0.05) , £ S48 T+ 2 30%, WLl 4

Ud
> 20—
B ,559 b
\3 < 15
Jugs
; s #
T % 0.5
|$_| B-actin 42 kDa o] ﬁ
Q
T T ® © Hop T T @
SepsisZl  AAV- LPSZ shECHSIZH
shECHS14H
3 = 1.5 — LPS#H
# hECHS14
e . " —— shECHS14
X 2 4 = 1.04
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e B
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51 e 2 0.5
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st secrisin @ EREXEE
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T
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B2q |e
SN
g 14 L 2
0

10} SepsisZl AAV- @
shECHS14

a.b: A FE B4 ECHS1 & & & A ;¢.d: VECs P ECHS1 % & & ik je . f: $U4& ECHS1 %t VECs ¥ Ker 645 K F 49 % w1 ; ¢» /K ECHS1
* LPS Al # & VECs & [ % 69 % vf1 s h: S ECHS 1 % MR 282 KR o 838 15 M 09 % v 5« SR ECHS 1 3 R A 2 X R 40 224 45 49
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TR
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12 18
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i B A2 9 A5 5 0005 P B2 200 B, S S0 o ) % 3 e
BHIHE SR IR | P Rz A v R, A, i A
BRI R R T Mgl 20, 4= B N B2 Bf e )3z i
Sal RIS 24 E UG PR 5 T AR s,
ABI 5 5 A Il 00 PN R e IR 3 ok AR P AR SR g RO
ECHST X il 1L PN 52 o B ) 52 i), L 30 A 08 1] 1L 485 P
Bz o B T TUMe B % B S0 5 4R (e ARl

P B 0 3 o O A 1 S R ST A R A
500 BAE A0 MREERE e 230G 40 A 2 e 2k A rh B
A EEAEH . Ker VB I04F & 30 A0 8T Y Bk AL A& 1
PLEL EE CoA St il i Bl A s Ak R 1 S
R FRIE AR, BRI R R, MeEE
SiE A5 B 507 5 2R 11 B R S A8  UD R G il v 24 i
N CIRP & H ZLER A6 T 585008 Sz i st 1=, oe sk, 0
P 2 25 1 2 TPl v 0 ) 5 490 i e A AP R 40
FUAE T AR IE 25 5 B | IEREAE 1T 5 2 P IK VECs
HY Ker (&M K-, 1M @ R ECHS1 AT K & Ker & 1fi 7K
IR B VECs BREEDIRE , SR Ker IB1M 54 2 e i e
PN B B P ) R P Ak 119 T 2L 00 Tk Al . X — e LM i
BT Ker 1845 MEEERE 28 B B A B2 B T3 i 4 ai .

ECHS1 /25 iR B-4 fbim 4% (1) S g iy , A% 0y
RE AL 2- 0 M BE CoA FRTRIA K A o0 L-3- 2 i 3
CoA , 4 Fr HE BLAF H MU AE f AR ™ ARl % 5 w1k
B BB 0 R -7 R . B CoAER
Ker 1Y BLAEHEA, HACE3Z i D7 PR G = R IRIG A 55
JEAS TR, O BT UESE , ECHST L 8 W] 3 i s />
EL T E CoA, i Ker B 11", AR 5T 0F — 2 WF 98 &
B, e R AE R AR ECHST 23k 18wl 41046 9 Bz 20 g
Ker &M , 3 7] RS2 5| & Bt i 1y B B A5 19 25 22 AL
A 0] ECHS 1-Ker Bl EA TR AL T A H RS

Zi I, WU ECHST Al A R4 8 e 825 VECs 1Y Ker
B, T8 i I P 2 o B g i AR 2 845840 ,
U3 e B IE K BRAE AR 45 )R o SR I AR BF ST AN AE 3h ) A
MR R I I, 259 A R A I IR 5 v itk — 20k 5
BEAb, 1 A BHH ECHS 1 4% Ker J& , 5200 P B2 38 1251 1Y
KHEFER 5 BRI 5 A O T LM 5 Ja 2k
RARE
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