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Abstract: Objective To investigate, the expression characteristics and clinical significance of
endothelial cell-derived extracellular vesiéles ( EC-EVs) in the peripheral blood of patients with sep-
sis-induced cardiomyopathy (SIC). Methods A total of 143 sepsis patients were enrolled and divid-
ed into cardiomyopathy gro@p (n'=72) and non-cardiomyopathy group (n =71) based on occurrence
of SIC. Peripheral blood samples were collected from patients in both groups upon admission for isola-
tion and identification of £C-EVs. The number of EC-EVs, apoptosis, and the activity and expression
levels of caspase-1 indEG-EVs were compared between the two groups. Spearman correlation analysis
was used to assess the ‘eorrelations of the number of EC-EVs, caspase-1 activity, and N-terminal pro-
brain natriuretic,peptidé ( NT-proBNP) with cardiac troponin I (¢Tnl). Multivariable Logistic regres-
sion analysis wasiconducted to explore the factors influencing the occurrence of SIC in sepsis patients.
Receivertoperating characteristic ( ROC) curves were plotted to analyze the predictive value of the

number of EC2EVs and caspase-1 activity for SIC. Results EC-EVs with a diameter of approximately
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100 nm, intact membrane structure, and expression of extracellular vesicles (EVs) marker molecules
(CD9, CD63, CD81) were successfully isolated from samples in both groups. The cardiomyopathy
group had significantly higher numbers of EC-EVs in peripheral blood, EC-EV apoptosis levels,
caspase-1 activity, and protein expression levels compared to the non-cardiomyopathy group (P <
0.05). Spearman correlation analysis revealed positive correlations between the number of EC-EVs
and NT-proBNP (r=0.603, 0.685, P <0.001), and between caspase-1 activity and ¢Tnl (r =
0.474,0.711, P<0.001). Multivariable Logistic regression analysis showed that the number of
EC-EVs, caspase-1 activity, NT-proBNP levels, and c¢Tnl levels were all independent influencing
factors for the occurrence of SIC in sepsis patients (P <0.05). The ROC curves indicated that the
areas under the curve for predicting SIC based on the number of EC-EVs and caspase-1 activity in
peripheral blood were 0. 721 and 0. 858, respectively. Conclusion The number of EC-EVs and
caspase-1 activity in EC-EVs in the peripheral blood of SIC patients are significantly increased, and
are closely related to cardiac function and myocardial injury in sepsis patients. Thus, they have the
potential to become biomarkers for predicting SIC.

Key words: sepsis; cardiomyopathy; endothelial cells; extracellular vegicles; caspase-1;

N-terminal pro-brain natriuretic peptide; cardiac troponin I; myocardial injury

e REAE & F AU E WG 5 | & e s JH 1 )
REJR IR, VBT 7 B B i M A B D) B RS A — P 2R
BAE ST RE WP D 0 E DL , B R R R
FIEEOCRIE R o MeRERE O LG (SIC) S e
BEAE A DL AAE , B A3k 65% , HEFE R
w5, SIC B B R R B O E YK Sy
BREAR O WL 5 87 T DI RBIRGR , WA 95 K
IS 1% M 25 s e AN 9 A8 ] 88 K Jmy 0 LB
20 SIC W KA B K G R B 15475 & 14
MU RAE SV ML PN R A R 45145 55 e 28 53K
O WLAR AT A5 5 08 T S e B e AR T 4 e o
WL(EVs) 2 —FP EH42 57 0.03 ~2.00 wm AL
S AL BBk, P s U2 A [, SR T
7N RNA (miRNA) S8 ZF0{5 570, R 4T 1L
FE T R v i 2 4% B S 2E ML I, = 5 1k
A )15 S A% 50 AR Evs R I T 1/
HR L PR 7 40 L AP | PR AT R bR B 40 Y
LTI R R i, A L RS b A
BRI IR AN AL EVEVE N E kR E Y
FNAY AR 74 i LA 2o A VR FH 32 31 o 1,
W5 Sk A PR B M By B e A v L
HEBEM . AT 40 kiR EVs (EC-
EVs) 5 SIC fARSCHE, S 75374 EC-EVs %f SIC
U B TR 1B, U A T

1 BREFE

1.1 —f%H
PEHL 2023 4F 1 H—2023 411 H FigAgiE K

e 2 Bt I AL ERBE U2 RHIRA 1) 143 15
KEBFVE RN S AR E: O £745 (2021
AT [ s e B RO 15 M DR v P 1 ) o I e o
SEZ WIS @ BHIR AN ; @ FOREEH
@ ANZATTAIEZ YU W TR S e i
FELYGIT o HEBRbRAE: © & IF0 M i 5
Pl T DR AS 4 B D RE RS OFk
A SIEYT IR I B Ik v e A5 At i 5 e
@\ H At FB 07 A4 € S0 SOBAE MR 5 @ iR
sFLIN Lt ® FEAE SIC LAY HA T &
Ho SIC ZWbRME: OB AR P VS & A M
(50 CIIRe bR & P R 4M Bk ( BNP) 5% N 2R o i 44
JKHT4 ( NT-proBNP) Ft 57 , .U L 4G 5 AT UL 3
o B0 B B Bl o I RS RT UL Cs BILMAC 46 K T 5k
TRBREAS , 200 ZE BT M 5350 <50% o ARHE 275 K
Az SIC B 143 35 43 R0 L 2 72 Ak O
WAL 71 6 O WUR AL S 42 i), 4 30 i, 734
RIS (47. 62 + 11. 31) &, F 3 4K T & 45 4K
(23.63 £3.64) kg/m’; R LIRS 40 ], &
31451, FH4ERS (46. 55 +10.02) %, - 344 it
F6%0(23.29 £3.51) kg/m’, 2 4B HFLL TR
AR PER R £0) A, 2 RS #
SL(P>0.05), HAM M, A6F5E 4B pife 1
Z WA e, BLTA B Y M E
HE R A
1.2 EC-EVs 58 %%

B #0583 A BE IR A 0 B ot B TP A
o, BIEERIRY | mL MIEFEATE 4 °C 4 F LU



- 114 - S IR B 25 2%

Journal of Clinical Medicine in Practice

529 &

2 000 x g #5.0> 30 min, HUVE W, BE A K LR
E4 CEM TR 12 000 x g .0 30 min, FKHL
L 4 R 4 C AT 100 000 x g
HHELG 2 h, Fh B, TR ULTE R A EVs,
fHBERRER 2 v (PBS) H A EVs, Jfil il 49
ZALMHL CD9, CD63 , CD81 Hi{A (1 [ Thermo
Fisher Scientific /A 5]) 17 BELI0IE, L EE N
Bz AffLRE S EVs,
1.3 EC-EVs 8 & &4 295446
1.3.1 @SS aaigs. BaRRE M EVs FEA,
2% I8 TRE & 5 , W10 L TR A0 22 50 9 B RS AR I
TN 3% Wi R A 2K (P9 BRI BS 2 min) ;
W AW, T T4, ] HITACHI H-9500
LR ( H A HITACHI 24 W) W€ EVs fYIEAS
S54, JHAIRIE R
1.3.2 9RREF/RERT . #5 EVs FEATE 1 50
Fefi FHJC T PBS HE:, M 1 mL FRRe 5 A, fd )
NanoSight NS300 £ >k Uz 718 5 43 1 A% (3% [
Malvern Panalytical 2\ #]) Xt EVs /7 ) U6 20 47
SER T, BAFEARTESNE 3 W, WOFBIE A
POBTELS e
1.4 EVs AT # N & X% & -1 ( Caspase-1)
& A ]

141  EVs Froil. Bk ak o s 52
EC-EVs, #ilA Annexin V-FITC i3] )5, £F vk -3t
[ E 30 min, BE 5, A U =X 40 i A0 2% 41
EVs (3 -1 LA T 704
1.4.2  Caspase-1 JHPERGIN . 1 3R 55 25 $ BT
EC-EVs,{#i [ Caspase-1 75 44637 &0 Abcam
INED) K EVs H Caspase-1 fl35 Pk, EREEAE ™
& 2 ) S U B 5 A T
1.5 7% & U ¥p i 7% ( Western blotting ) #&-)

B RS B3R U EC-EVs, A H M -

()

E [N

FEGE PR | EAT - e BL AR 1R B - 3R D s Tt e
JEEHLUK (SDS-PAGE) FIfE JEHRAE . M HE ENEE 1Y
JEH 5% RS Hs T 37 CEFH1 2 h, 22 )5 40 i
AP AN CDY FHipfk (1: 1 000), CD63 Hi 1k
(1: 1.000) .CD81 Hif&(1: 1 000) Caspase-1 HLif
(1: 1 000) 2 GAPDH A& (1: 1 000), F 4 °C I
F 12 h, BfE, BRSPS (HRP) Frid
M —HT T 37 CHEF | h, FJamA ECL Atk
ATRECKI . A —HUR B B Abcam A7),
1.6 “itsa

KM GraphPad 8. 0 {4 17 G2 115 43 #r o
THEGORNE ST IE ARG 56, I M TE 2553 A 1Y
BIGLL (v +5) Fom, 2 HIAHECR H ¢ K56, 241
[1] LG5k B LR 2R 7 2540 B, 45 B8 AS I TE 2SS
O3 SR AR S BRI S5 o TR Hr 3
KRR, R ZH R Logistic [1]1H 43 H 4%
T B RE BB E A SIC [ s e [ 2 SR
Spearman AH JEHE 5 Hr 15 ¥ il EC-EVs ${ & |
Caspase-1 JE{425 NT-proBNP HI.0» JLALES 25 H 1
(cTnl) BAHDCHE . 23l 521038 TAEHR#E (ROC)
M Al EC-EVs (it | Caspase-1 I 1 X Jife 25 i
B A SIC 1 F0I 2L fg , I 158 it 2 1 AR
(AAUCYY, AUC >0.5 ~0.7 HFmzcaefk, AUC >
0.7.#0.9 Mz aedee, AUC >0.9 Sy Fiil g
figr . P <0.05 RoREFAGIFE L,

2 # R

2.1 FRAEEBHZEIE M EC-EVs K7 5%

7 L BEULER 45 2 R, A0 U 4 A AL
JEZHIY EC-EVs 4 B AT 5E BS540, - Y HAR AL
R, 2970 100 nm, H 2 4R AR dr XA £
EVs 44 5 P45 & % CD9 ., CD63 #1 CD81, U,
1,

T W e

LR

1 2 AREZESHETHING M EC-Evs £ &R (HK 5 000 1)



85 SR PR R 25 2k 35

Journal of Clinical Medicine in Practice <115 -

2.2 28 %E4E M EC-EVs % % & NT-proBNP,

cTnl /Kb

ONURASMNA I EC-EVs $iE &2 NT-proBNP

cTnl JRP- 857 55 T ARG UK 4, 22 5747 Ge it 2 5 S
(P<0.05), W#1,

F1 2 ARFRESREINELDL EC-EVs #{2 R NT-proBNP cTnl 7K F L (x =)

251 n

EC-EVs $#/( x10® 4~/mL) NT-proBNP/ ( pg/mL) ¢Tnl/(ng/ml)
E[ W IR 71 19.71 +4.46 1 012.13 +246.59 0.15 £0.05
WY JIRSEES 72 42.86 +6.92* 2202.73 +370.50* 0.83 +0.16*

EC-Evs: N EZANMIAR IRANIAT 436 s NT-proBNP: N AT Tnl: OHUNESER L SA0NURA LE, =P <0.05,

2.3 2% FI ) EC-EVs A T LA
EC-Evs ¥ Caspase-1 K -F rbx
O WAL R F S I EC-EVs T /K P F
0 LG 4, EC-Evs H Caspase-1 3§ 4 & 55 1)
Caspase-1( Cleaved Caspase-1) & [4 7K F i TR0
WURA, 22 A5 it L (P <0.05), WL 2,
%2,
2.4 Ak B9 A 0 EC-EVs 8 & EC-Evs
¥ Caspase-1 7 5 NT-proBNP.cTnl
A9 48 %
Spearman P4 HT 45 R B~ , EC-EVs %%
8 9 5 NT-proBNP  ¢Tnl 2 FAH3 (r =0. 603,
0.474, P <0.001); EC-Evs 1 Caspase-1 P47

55 NT-proBNP . ¢Tnl £ 1EAH 3 (r = 0. 685,
0.711, P <0.001),
2.5 % W& Logistic )3 5 #7

Z N & Logistic [\ 5 ¥ 4 1 45 B &R,
EC-EVs %1 & | Caspase-1 5 {5, NT-proBNP 7K -,
Tl 7350 BT J M SIC 2 37 52 e 4]
Z(P<0.05), W#3,
2.6 EC-EVs %%  Caspase-1 &Mk Fm &

& SIC #4772 4

ROC il & /i 25 1 & 7R, EC-EVs % &,
Caspase-1 Jif P FIIN s iE J % &2 SIC (1) AUC 43
WA 0. 72150. 858, R i 43 il Ry 66. 13% |
81.16% , HEstBE 4394 75.93% 87.92% , VLK 3,

1047 o 100 s JeORA LHRA
i £ AR LA
80
-1
60+
-y
404
4 Cleaved Caspase-1 W —
204"
[}
w2
] 0
100 100 100 10° 10* cApDH <
—
Annexin V A B

A: EC-EVs T2/ Annexin VY40 JEARKG M 2558 ; B: EC-Evs ' Caspase-1 ¢ Cleaved Caspase-1 & [1/K -,
E2 2 H&EESNEIMD EC-EVs BT 155 & EC-Evs tf Caspase-1 &5 & ik/KkE
£2 2 AHHESINEMD EC-Evs f Caspase-1 iFHERBEEAKPLLE (v +s)

2H 5 n Annexin V% GHR & ( MFI) Caspase-1 15 ( RFU) (Cleaved Caspase-1/Caspase-1)/%
JE A 71 1322.54 £135.65 792.11 + 57.01 2.81+ 0.36
WYk EE 72 4 682.77 £489.43" 1803.62 £106.17* 168.31 +23.08"

MFL; SEH56 58 B ; Caspase-b : Bt K HEE-1; RFU. AHXF9¢ 658 )E ; Cleaved Caspase-1: BY It KA H -1,
SRR ey P <0.05,

®3 KRESEBERERSECIFH S EE Logistic @347 4R
SES HEES iR

Wald y* P OR 95% Cl
EC-EVs % 0.833 0.296 10.353 0.001 3.653 1.492 ~ 5.079
Caspase-1 1% 1.832 0.366 20.757 <0.001 6.057 2.376 ~12.836
NT-proBNP 1.146 0.198 8.188 0.002 3.261 1.326 ~ 4.803
¢Tnl 0.472 0.149 7.093 0.010 1.470 1.139 ~ 2.791




- 116 - S IR B 25 2%

Journal of Clinical Medicine in Practice

529 &

1.0
.-”..
0.8+ e ;
0.6 P o
8 |/
L 7
— Caspase-1iE
R I EC-EVsHUi
— s
. 0.2 0.4 0.6 0.8 1.0
1R 5

E 3 EC-EVs #& 7% Caspase-1 iF £l
BREBE B E % & SIC iy ROC #iZ%

3 i i

SIC ik A B 5 4 UL 0 L 400 0 o,
SN SR PR B RN R 2 — . AR AR B
Jei SRR 9 IR AR A 5 431 =X R 51 40 4H 56
ST TR fish 2 3k B O3B A R, S EOR
0L PR R A A R, 5 R A AR ) g
A RACIZE L 75 O LR ML 1 e R T IRBE, e
AT Z Y . RN R, 24 50% 1Y
BRI £ 2 B ) AR B B UL A, LT
WER2E HoR A SIC MR AE BB 5 R FE R i 3
BT AR KA SIC # . I RATSEN & B, SIC 164
ST A AT, SR, — ELHE AL T AR 2R AR
WY BE, UG (R 2, e d N 0] s B R A, A
I, IS e 0 75 A 2k SIC B B
(9 16 R 7 S

TEJHRERE S A1, F 40 L P Bz 200 e i i B
R EVs, X428 EVs #47 Z 5 RNA Fd S0,
PRS2 R AT BE Y . JEER EVs AT BESZ 1A 40
i R M I, DR b ELA S A M S e 5 s ke
24 B 5 A B IR ) AR AR EER AR 20 BB A
PN B AR O RR S , A R A 1 e 7
SiE AR OB e AW R
e R 1), UL A5 P B2 L 2 s e & A U T
AR EVs, SEM A ML EVs i 81,
AWFFELE R, SIC B FAMA 1 EC-EVs ¥kt
B3 LT TR e e %

Caspase:1 Ji2: IDE% 2 2 11 il ¢ 16 1) T 2 A
B TRV S AT RN, A0 U T AR T o R G
PR, T A0 10 S A U T B T TE R R O
AR B E AR BFgE KW, EVs
i) Caspase-1 I P4 T 1755 P4 B¢ 40 U4 005 , T e 25
SE 5 5 B0 B A0 R B 0 T T R

Caspase-1 1§ EVs, WF5E'"7 7%, 3 ] Caspase-1
REAZ IS/ D JRE A LR T FNAE T, DT AR 2% 1 4
P, B MGEERE R o IAh , DUEEAE [ AR A
S ERIRER EVs W] i Caspase-1 755k L 40 i
T ARBEFER I, SIC % EC-EVs JTIK
i 2 TR SIC 3, B SIC 3% EC-EVs
Caspase-1 7 £ f Cleaved Caspase-1 4 [ 7K 3F i
Fm TR SIC B, €78 EC-EVs [ H 5 4H 1Y
Caspase-1 M[figS Y SIC f kA5 Kk,

SIC 75 PR WILAZ 2200 B ) 3 g K0 LA
P BOHAME G ) 3 AR & ) NT-proBNP
O IAR &Y Tl 7KV 122 T 5. AR AL
B, S I EC-EVs % i 4% 5 NT-proBNP | cTnl
KPR IEAC . H T 94N B 1Y K s ) A A7 A 22
S, B — I K I PR EEAE K EC-EVs % &,
Caspase-1 15V )2 1135 NT-proBNP /K AR 1E 24 57,
B2 &3] b3R8 b B 17 1 Ji i W] 25 A2 4k, AH G
PE T4 RAGBA R ERA HME . ARE s
Z K Z Logistieasl ) 43 #r i#f — 20 & B, EC-EVs %%
it Caspasedl JF PE 15k SIC Y A= 1y ok 57 52 Wil
o WA, ROC fh £k 73 #r 45 3 1 s, Ah A i
EC EVs#{ i  Caspase-1 {iF P T ik 8¢5k £8 # & 4=
SIC FJAUC 435124 0. 721 ,0. 858, 2 /n i B
A T ASCRE , 7T Ay e EE AR A8 B TS DR A 4
PR S AR

Zi L Frik, SIC B35 4h A I EC-EVs & &
EC-EVs 1 Caspase-1 35 ¥4 . Z 30, H EC-EVs %{
it Caspase-1 11 5 R #50E £ 5 1.0 D) g S0 L
PRI A R 0 SIC () AEYIFR 690
SE 0k
[1] L'HEUREUX M, STERNBERG M, BRATH L, et al. Sepsis-

induced cardiomyopathy: a comprehensive review [ J]. Curr
Cardiol Rep, 2020, 22(5): 35.

[2] YERZ,LINQY, XIAO W K, et al. miR-150-5p in neutro-
phil-derived extracellular vesicles associated with sepsis-in-
duced cardiomyopathy in septic patients[ J]. Cell Death Dis-
cov, 2023, 9(1): 19.

[3] HABIMANA R, CHOIT, CHO H ], et al. Sepsis-induced car-
diac dysfunction; a review of pathophysiology[ J]. Acute Crit
Care, 2020, 35(2): 57 - 66.

[4] HOLLENBERG S M, SINGER M. Pathophysiology of sepsis-
induced cardiomyopathy[ J]. Nat Rev Cardiol, 2021, 18(6) :
424 -434.

[5] VAN NIEL G, CARTER D R F, CLAYTON A, et al. Chal-
lenges and directions in studying cell-cell communication by ex-

tracellular vesicles[ J]. Nat Rev Mol Cell Biol, 2022, 23(5) :

369 —382. (F3% 121 ;)



85

SR PR R 25 2k 35

Journal of Clinical Medicine in Practice

- 121 -

PRUER el R L 7R B 285 T B ] F8 3 W s
EF gk, LIRS o
S 30k

Ry

(2]

(3]

[4]

[9]

[10]

(1]

WX, R, WA, . SRR IRS W R P X
BT3P 7 A AN R I AP R A W 45 ) 14
)], R EEOL A, 2022, 37(3) ; 418 —421.

Kk, T, HENE IEIRGIS MR (HDP) 2 1T Uk
Heop T E Sk, B sl KR s AR R S R L
AREFWRFEVFLI]. ORI RO 7 (513
Ji) BE25 1Az, 2020, 2(12) : 19 -20.

AU, IMESE, THEIZE. AEURE s 5 4 %
A E KSRGS RO R LT]. P IE B 2 S, 2023,
20(5): 82 -85.

B, KT, UK, A KREEESTY RNA MRAKOSS388
BT miR-30a/ATGS 25 ) LE ittt [ J ). PE2scmK
St BEAENR, 2023, 44(5) ;764 - T72.

=, arJkJL, Bk, . FRIR RNA hsa_cire_0005579
TEFJR T 40 583 M6 458 1 Rk R SR IZ AN I A T R
Lz [T]. mm ER R W HAREN,
2022, 42(8): 1112 - 1118.

ZHOU J Z, ZHAO Y, AN P, et al. Hsa_circ_0002348 regu-
lates trophoblast proliferation and apoptosis through miR-126-
3p/BAKI1 axis in preeclampsial J]. J Transl Med, 2023, 21
(1):509.

JEAS T, ML, VREL, SF. hsa_cire_0006220 X i 1y
WFRAMERIE TR [T]. 5 F2W SR
A, 2021, 13(7) : 1093 -1097.

WHE41. hsa_cire_0006154 £ 3 # 1% 37 40 i HTR-8/svneo
H VR B LIRSS [ D], BRI BIUKSE, 2019,

LONG M, WANG S. Hsa_circ_0001740 mediates trophoblast
cell function via regulating miR-188-3p/ARRDC3 [ J]. Mol
Reprod Dev, 2023, 90(6) : 406 —416.

ZEFEUR, U e Y i 0L L R 1 AG I i K 23
Brla]. b 3 4 f RERIF 5T, 2014, 25(3): 448 - 449,
450.

WSE, O, ARk (M.
Jkt, 2013 64 -73.

8 . dbmt: ARITA:

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

A S RIYI 2R A 0 VRIS 2 5 A1 3RO B P
ek AT s mesem [T]. hE 2Ry, 2023,
30(26): 190 -193.

RIKE, T, Mk, SF. WEURINTES LR B X HSUIG i
WRZEIARE )™ L S W06 285 5 B S AR JAE 2 m [T]. B
2FIGRIFSE , 2023, 40(6) : 808 —811.

i, R, P RHIER TR R 22 P s iR A K
PR A e o ML B 5 A T A R (LA [T ] A A
Rk, 2023, 32(7) : JEHES.

FrRbd b, JEIZ0AE, @28, 5. cireRNA 570 AT IR G
PURI BT FERERE[ D], WIAEEE 2y, 2021, 43 (15) : 2365 -
2370.

HU X P, AOJ P, LI X Y, et al. Competing endogenous
RNA expression profiling in pre-eclampsia identifies hsa_circ_
0036877 as a potential novel blood biomarker for early pre-ec-
lampsia[ J]. Clin Epigenetics, 2018, 10 48.

SHEN X Y, ZHENG L L., HUANG ], et al. CircTRNC18 in-
hibits trophoblast cell migration and epithelial-mesenchymal
transition by regulating miR-762/Grhl2 pathway in pre-ec-
lampsia[ J]. RNA Biol, 2019, 16(11) : 1565 - 1573.
ZHANG Y G, YANG H L, LONG Y, et al. Circular RNA in
blood corpuscles combined with plasma protein factor for early
prediction of pre-eclampsia[J]. BJOG, 2016, 123 (13):
2113 -2118.

BOECKEL J N, JAE N {HEUMULLER A W, et al. Identifi-
cation and characterization of hypoxia-regulated endothelial
circular RNALJ ] "%Girc Res, 2015, 117(10) : 884 —890.
O, SKoTB b 18] 58 B AT SRR IR A PR e o
MBS EERE T AR gE e Ak, 2022, 31(10) : 1462 -
1466.

ol R, FIOR. MO cireSERPINE i 4o 18 ] 8 2
miR-34a-5p TR FFZANEHEIE TR ). e
A5 T A R, 2023, 13(4) - 193 -20L1.
FRIE, I FEHT, BRI, . Hsa_cire_0087354 3 if
hsa-miR-199-3p/SLCTALL 835 MG-63 41 ity 3% 58 K E fbif
FORZS[T]. hEEY Y 50T AR R, 2022, 38
(3):308 -319.

(AUsm#t: Rk B4 B BRT)

(k4% 116 @)

(6]

(9]

[10]

[11]

[12]

MARGOLIS L, SADOVSKY Y. The biology of extracellular
vesicles: the known unknowns [ J]. PLoS Biol, 2019, 17
(7) : €3000363.

MARKI A, BUSCHER K, LORENZINI"C4 et al. Elongated
neutrophil-derived structures are blood-borne. microparticles
formed by rolling neutrophils during sepsis[ J]. J Exp Med,
2021, 218(3) : €20200551.

HE Z H, WANG H X, YUE L ). Endothelial progenitor
cells-secreted extracellular vesicles containing microRNA-93-
Sp confer protection against sepsis-induced acute kidney inju-
ry via the KDM6B/H3K27me3/TNF-o axis [ J]. Exp Cell
Res, 2020, 395(2) : 112173.

SONG J, FANG X, ZHOUK, et al. Sepsis-induced cardiac
dysfunction and pathogenetic meehanisms ( Review) [ J]. Mol
Med Rep, 2023, 28(6): 227.

WANG R Z, XU»Y R, FANG Y X, et al. Pathogenetic
mechanisms of, septie eardiomyopathy [ J]. J Cell Physiol,
2022, 237(1) : 49,-58.

SONG M J, LEES H, LEEM A Y, et al. Predictors and out-
comes of sepsis-induced cardiomyopathy in critically ill pa-
tients[ J]. Acute Crit Care, 2020, 35(2): 67 —76.
BHAGWAN VALJEE R, MACKRAJ I, MOODLEY R, et al.
Investigation of exosomal tetraspanin profile in sepsis patients
as a promising diagnostic biomarker[ J]. Biomarkers, 2024,

29(2): 78 -89.

[13]

[14]

[15]

[16]

ZHU Y Y, ZHU J, TIAN X H, et al. Circulating endothelial
progenitor cells from septic patients are associated with differ-
ent infectious organisms [ J]. Ann Palliat Med, 2021, 10
(1):549 -559.

REFAIE M M M, EL-HUSSIENY M, BAYOUMI A M A, et
al. Sacubitril/valsartan alleviates sepsis-induced myocardial
injury in rats via dual angiotensin receptor-neprilysin inhibi-
tion and modulation of inflammasome/ caspase 1/IL1{ path-
way[ J]. Eur J Pharmacol, 2024, 979 176834.

BALL D P, TAABAZUING C Y, GRISWOLD A R, et al.
Caspase-1 interdomain linker cleavage is required for pyropto-
sis[J]. Life Sci Alliance, 2020, 3(3) : €202000664.
NASERI A, AKYUZ E, TURGUT K, et al. Sepsis-induced
cardiomyopathy in animals; from experimental studies to ech-
ocardiography-based clinical research[ J]. Can Vet J, 2023,
64(9) . 871 -877.

CARBONE F, LIBERALE L, PREDA A, et al. Septic car-
diomyopathy ; from pathophysiology to the clinical setting[ J].
Cells, 2022, 11(18) : 2833.

LAURA FRANCES J, PAGIATAKIS C, DI MAURO V, et al.
Therapeutic  potential of EVs: targeting
diseases| J ]. Biomedicines, 2023, 11(7); 1907.

(AXm#t: 4R A B BRT)

cardiovascular





