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Bil+CLl, A +C+3-MAZLO AL E W /ANMAIRD . O RAAR P IR BT OALISER INEE; O NIARE T2, BRI IZ IR 1 kB65/#Z A
TkB65. P62. BaxiE A FKiATH, Beclin-1. Bcl2B5 H#FKIA FIE(P < 0.05), @5 #EAI+CH, HAYI+C+MZHp-mTOR/mTOR. p-ULK1/ULK1FE LT}
&, Beclin-1. UE G H1RREE3 11/ 1 BE 5K FRE(P < 0.05). Z5it: i IR IR FE R 1 32 R AH SC K 6 ] LA ¥ mTORC1/ULKL H W5 5
fREC LB WSS 5 S M O

KA MIRIRSEIR T2 A M oG 76, EME; MREAE; QARG WA ENEREEA; LEAHSME

Inhibition of tumor necrosis factor receptor associated factor 6 regulates mTORC1/ULK1 signaling and
promotes autophagy to improve myocardial injury in sepsis mice

Zhou Ying"?, Tian Yong?, Zhong Zhimei', Gu Yongxiang?, Fang Hao®

'Department of Respiratory Medicine, People’s Hospital of Qianxinan Prefecture, Xingyi 562400, Guizhou Province, China; “School of Clinical Medicine, Guizhou
Medical University, Guiyang 550004, Guizhou Province, China; *Department of MICU, Affiliated Hospital of Guizhou Medical University, Guiyang 550004,
Guizhou Province, China

Zhou Ying, MS, Associate chief physician, Department of Respiratory Medicine, People’s Hospital of Qianxinan Prefecture, Xingyi 562400, Guizhou Province,
China; School of Clinical Medicine, Guizhou Medical University, Guiyang 550004, Guizhou Province, China

RN BE s MARKERSEA, FTMANT  562400; *FMEHKFEREFR, RMERMAT 550004; * oM EFKRFHEERAH
ICU, ¥M4%7F 550004

E—1EE: AH, B, 1987 54, FMAEXTA, Bk, 2024 FFMEAKFEL, id, 8| TAET, TENFLFFRAEE. REEGHT.
BIVEE: 72, SIEEEF, THEAKRFREERAAICU, FMAEFFET 550004
https://orcid.org/0009-0007-2333-4985( J& #1 )

BEE®E: TNl DAREEAFHALLAE (g2wkj2023-112), TE Rt A: F2; KNG LAREERFHRLLTR
(8z2wkj2024-276), B AT A: BA; FMA4BHEHMNASGT XA B (2022-2-08; 2023-3-12), F A fifrA: B

BIRAI: A, WH, 4EHM, FHEM, 2. 475 TRAF6 8% mTORCT/ULKL 13 58 54 itk £ P ARk A s 495 LR 45 D).
& [F 4048 TAEAFR, 2025, 29(30):6434-6440.

6434 | PEBRTIZHR | §529% | 553087 | 20255108



HMAEE

pEERTERE @2

Chinese Journal of Tissue Engineering Research  www.CITER.com

Corresponding author: Fang Hao, Associate chief physician, Department of MICU, Affiliated Hospital of Guizhou Medical University, Guiyang 550004, Guizhou

Province, China

Abstract

BACKGROUND: Studies have found that inhibition of tumor necrosis factor receptor-associated factor 6 improves myocardial function and promotes myocardial

autophagy in sepsis, but the specific mechanism is not clear.

OBJECTIVE: To explore the effect of inhibiting tumor necrosis factor receptor-associated factor 6-regulated mTORC1/ULK1 autophagy signaling pathway on

myocardial injury in sepsis mice.

METHODS: Thirty male Kunming mice were randomly divided into sham operation group, cecal ligation and puncture group (model group), model+tumor
necrosis factor receptor-associated factor 6 specific inhibitor C25-140 (model+C) group, model+C25-140+autophagy inhibitor 3-methyladenine (model+C+3-MA)
group, and model+C25-140+mTORC1-specific agonist MHY1485 (model+C+M) group. The cecum of mice in the sham operation group was not ligated

or punctured. The mice in the other groups underwent cecum ligation and puncture to establish the mouse sepsis model. C25-140, 3-methyladenine,

and MHY1485 were intraperitoneally injected 0.5 hours after surgery according to the grouping. Myocardial tissue was obtained 24 hours after surgery.
Hematoxylin-eosin staining was used to evaluate myocardial inflammatory lesions. Transmission electron microscopy was used to observe the changes in the
autophagic bodies and mitochondrial microstructures of myocardial cells. TUNEL assay was used to detect myocardial cell apoptosis. PCR was used to detect
the relative expression of tumor necrosis factor receptor-associated factor 6 mMRNA. Western blot assay was used to detect the expression of related proteins.
RESULTS AND CONCLUSION: (1) Compared with sham operation group, myocardial inflammatory cell infiltration and fibrous edema were observed in the
model group. The mitochondria of the cells were obviously swollen, and autophagosomes were occasionally seen; cardiomyocyte apoptosis increased
significantly; the expression of tumor necrosis factor receptor-associated factor 6, phosphorylated nuclear factor kB P65/P65, p-mTOR/mTOR, p-ULK1/ULK1,
P62 and Bax protein increased, and the expression of Bcl2 protein decreased (P < 0.05). (2) Compared with the model group, myocardial inflammation and
fibrous edema were alleviated in the model+C group. Myocardial mitochondrial swelling was reduced and autophagosomes increased; cardiomyocyte apoptosis
decreased; the expression of phosphorylated nuclear factor kB P65/nuclear factor-kB P65, p-mTOR/mTOR, p-ULK1/ULK1, P62, and Bax protein decreased,
while the Beclin-1 and Bcl2 protein increased (P < 0.05). (3) Compared with the model+C group, myocardial autophagosomes decreased and myocardial
mitochondrial swelling was more obvious in the model+C+3-MA group. Myocardial inflammation was aggravated; myocardial cell apoptosis increased; the
expression of phosphorylated nuclear factor kB P65/nuclear factor kB P65, P62, and Bax protein increased, and the Beclin-1 and Bcl2 protein decreased (P <
0.05). (4) Compared with the model+C group, the expression of p-mTOR/mTOR and p-ULK1/ULK1 in the model+C+M group increased, and the Beclin-1 and
microtubule-associated protein 1 light chain 3 Il/I protein expression decreased (P < 0.05). It is concluded that inhibition of tumor necrosis factor receptor-
associated factor 6 regulates mTORC1/ULK1 autophagy signal to promote myocardial autophagy and participate in the protection of myocardial injury in sepsis.
Key words: tumor necrosis factor receptor-associated factor 6; autophagy; sepsis; myocardial injury; mammalian target of rapamycin; engineered tissue

construction
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JHRFEARE o L5477 A2 Ph R BEE 51 AL A BEAR PR L AT
O T RE R, B BRI AR O LS B ik B O Ty i B
15 O MRERE R A AT D ULIh RE RS, FE TR I,
e AR 2 T %o 122998 (0 ¥ 7 R S ST I 0 PO B o R 3 0
WU AT B AL 2 2%, H BT ELHE A 40 SR S R
ARk BMREFL FACBEL AHR I T LR S
w=HRY,

Ji 983 ¥R B IR 1 32 44 45 2% [X] -7+ 6(tumor necrosis factor
receptor associated factor 6, TRAF6) i i H i = 5 i %
NS OB TS, AL A A e fE B L
Y S £ & [ (mammalian target of rapamycin,
mTOR) & 414 1(mammalian target of rapamycin complex 1,
mTORC1) FIVEALAERE unc-51 £ [ WS S 1(unc-51-like
autophagy activating kinase 1, ULK1) 7F ser757 £ /5 [ 2
A ULKL (s, ST R ik ™ R4
I 301 R SULAT #1) ok 968 R R R - 32 A AH SR R 6 e B ik T
REC LT RE R3O E WK s DRI, BRI 3R 5T
K732 46 MH K A 7~ 6 AT BEIH 15 mTOR/ULKL HIR(E 525
VR B 4O LA ) B AR RO R . R IR B AR A
J2 TR ZR MR IR AL IR 1 32 AR AH 5 R T 6 715 mTOR/ULK1
WA 5 308 % T J 8 O UL 28 AP 40 A0 AR 40 L 08 2 ) 52
B FEARE B R0 1] JAE 7 TR 2R A R T 3 s

1 #RIFI53E Materials and methods

11 &t OFENLY SIS . @WEE C25-140 Xf Y
/N BRI ZR T A BE IR 1 32 AR AH DG R 1 6 B4R

D Y R E A P e NI 11 T N o 7 €2 A DS =1
MREBEAMZRN, LRE/RTARAE., FAH, A +C25-
140( B +C) 2H. A +C25-140+3-MA( B +C+3-MA) £
TR G LA 2R B 4R 5 mTORCL/ULKY J8 % 25
FRARNKR, LWRERTARAE., BAH, BAY +C 4.

Y +C25-140+MHY1485( 7 +C+M) HH IF . @2 4
[E] LG AT SRR R 7 22 0 i, 2R LU ¢ AR

1.2 BFR ARMLE S2E6T 2023 4 3 H & 2024 4 4 HAES
INEERLR 001 A4 2 B SRR 3 58 i

1.3 Mt

1.3.1 seIezEhYy v RN 30 K, TEVER, 8 A
W, PAFUR 25-30 g, T BN R RR S SLE S L,

VR RTIE S SYXK( #5)2018-0001, 5 K 5 I B 4 1
AKAAARL R, B HEEMTOK, HERE 22-25 C,

B RE 50%-55%, & MPEMETR 7 d e IRSEER oy HiE . 3
VI SLIG AT G v M EERLR 5 3 ) Se e At B 2% 0 2 v S,
fHES . 2200656,

1.3.2 FEEH LA IR IASER 1 Z AR AR A 6
SEPEAMH ) C25-140( fIL5: HY-120934, 4ifF 99.86%, &
MCE A#]); 3- HILRIERS (3-MA, #lb5: HY-19312,
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af ¥ 99.91%, 3£ [E MCE); mTORCL 4§ 5 4 ¥ 2 71
MHY1485( #it 5. HY-BO795, 4fi & 99.74%, 3% [H MCE
Al); SO (M5 M2910, B E MAMRE A
BT ) PR SR B0 N 7 2 AR AH DG R 1 6 Ak (1R 5
AF5376, Affinity ¥4 AF] ), BMERNEH 1 (beclin-1)
Pufk (155 T55092), =z RK45GHEH (protein 62, P62) i
& (525 : T55546). TWE MHKHE A 1 %5 3(microtubule-
associated protein 1 light chain 3, LC3) #ii 14 B( & 5
T55992). K%[H 1 kB P65 Hifk ( £55: TU329612). WiFRiL
% F T kB P65(p-P65) 4744 ( 185 TP70621). mTOR ik
( $2'5: T55306), p-mTOR( #&5: T56571). ULK1( 1%
T56902). p-ULK1( 7% 5. TA4387). B 4 i ik B2 987 2(B-cell
lymphoma 2, Bcl2) ik ( &5 : T40056). Bcl-2 fHox X &
B (Bcl-2 associated X protein, Bax) T 4 ( #& 5: T40051)
%10 T b Abmart 2y \]; N 2 GAPDH fit & ( % 5
ET1601-4, *RZAEY)AF); R _Pi (TE'5: T55546, F[H
SAB A ] ); Tunel i) & ( $25: 11684795910, It % K
AT ); PCRARFE (185 G3326, pUINELE/RAT ), &
BT SR ()5 JEM-1400FLASH, HAHL RSt ).
14 Fik

1.4.1 SIS AN RRERRERLEY K N R BN 7 A
S, e R, Al NBRTARE, BAAE, B+
C25-140( # 7Y +C) #H. # %Y +C25-140+3-MA( 1 A +C+3-
MA) 2H, F7 +C25-140+MHY1485( 15 % +C+M) 2., 1R 2
ARG ™, RAE ML G RIA (CLP) BT ik 330
AR, RHTH 1.25% =] £, (400 mg/kg) 7o il g Jis
TES BRI, Fr BRI SOR RS, TANEM [ €, PEHE & R
HEE, EIEEE, BIEFWAIES Lem KR EYIH,
HEE WG ERMEKE, £H1/2 454, 22 54 kE
AN [ 28 ) R [l 28 5 B A S 2 R (T AL E ), B
BREADVFINEY), IR E SN EIE R RS .
BFEARARITERSIL TR, HRTFREEDRSHEMA
EE—3 . ARJEIHE L TS 1 mL FiliR 37 CRyEs
KA. ARG 0.5 h 3% 184 20 2 F 45 T 18 s v 5 €25-140
(10 mg/kg). 3-MA(10 mg/kg) Fl1 MHY1485(10 mg/kg), {3 FH 7l
AR S S A VR T AR B S O R e e i A )
T AR LH A RS 20 53 3 45 T [0 77 &2 20 0 3R KA ot R
R 5 B JE T8UR 304 5, B ORI £ .

1.4.2 OVHBTIAKE - Ryt KRG 24 h FREF 5 K
Wr Sk vk b BN B, F B B ER O ME, AEEREKEESE S, HX
FEaly e KRR R DI O LR 2L, 40 g/L Atk R % ]
SE, SRRV BT SR 20 ILEH 41 98 PR A0 095 B AR A
1.4.3 0 ULZE 2333 3 R R 58 B MR /N R A il 45
T O SR L KRR /N T 8 3 v B AZ A% 0.1 emix
0.1 cmx0.1 cm K/, TR 2.5% [ g E %2, BEEH T
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{HLR TAZ ST RNYEHRT A2 A AR K E)

ERER PRI IRIRICE T 52 R AH S H T 6 115 i mTORC1/ULKL
WA S E OO IR AR/ BRLC LB 7R

RBVGFRSUER L AL 5 ARSI s S e iy i B e A Y

[ ESEA

IESERNIEN R eV RN, BEE S, 8 Al AN 25-30g

@A HEPE /N BRI T S BERLR 2 SRR B M
EERAIE  ARBAIRBZL, RH E R 4 3L 5 AR R S/ R,

THIER AL 1 em KIBEEII O, REEHA 1/2 4045
Lo 22 SEERAEANF TR SR AR 2 WA 2 0 (RETT I s
H), RESFHOFRNEY), WERERENEEIZEES

MBI SY4E 5 30 FUNRBENLS A S 4, IRT AR, BB, B +C25-140
ik (578 +C) 2. % +C25-140+3-MA( %] +C+3-MA) 41, % +
C25-140+MHY1485( 7! +C+M) 41, 4G4l 6 X

ERAINTENGE DRI ISR R SRR L IR

R IR S IR 53 s, AR JULZE T BEAR AL
IEEERIEME O €25-140 SRS/ O WU ZUM B TE K T 32 4 A1 K K T 6
Fi-ts FAMEE . @ S B AR AL R AR T B0 AR

PIIESHTAREANRL; @UIHIEME; Ol
AL E MR EARE; ©OLIALHEEH S mTORCL/ULKL
T E AR

BRI A NRIET: 2 H, BRL +C4IBE 1 H, BEAY +C+3-MA 45T 2

RTEER R, A +CeM B0 2 R 4568 W 45 3L 40 R AR 1 57 1 il 20
3 awed

WA FRIERE R READH 3 RESE, THHR

FEhERERIENY

EREFANAIE ARG 24 h BREEE RN RS0 R, TP 2835 LI, B4R
JKREBEIE B O A R TR IR U TH -0 LA 24

#ES: 2200656

J R B S BTSRRI )

1.4.4 DAL TUNEL Yutt, FRAR4E ., ik, G, U] 4.
fii i, KRR IMORAE S 8 min, PBS ¥E 3 ¥, /K 5 min;

I AL PC 1] 52 % TUNEL ¥ BV (A @ B=1 : 30) JAA 37 Cif
F0E 1 hy PBS ¥E 3K, HFIX 5 min, N1 DAPI Z44H H 1%
15 min, PBS i, H M BRI o A /0N B0 JULEH i 0
TAE L, £E 520 nm 56 NS SR (7 VT4, fE
460 nm 76N IS 0 N IE R 4H L.

1.4.5 Western blot # & (315 M —80 CUKFAEL H L UL
212130 mg, MM RIPA ZH 222K 300 pL, SR 25
PR LR 3 Ik, UK - 3R# 30 min, 7E 4 ClEEE 0L
12 000 r/min E5.0» 20 min, Y& LI 5 BCA & 2l & HIREE.
I B G BE AVE J5 ORAF 2 F o KA 20 5t izt F 8%,
10%, 12% [f] SDS-PAGE #E/12, FRLK, FeM, B4, W& —bt (I
JANTER T2 ARFE G T 6. beclin-1, P62, FEFHKEH
1 %45 3. N+ «B P65, BERRILAZIK - kB P65, Bcl2, Bax
PUAFBELLFI 91 © 1006 mTOR. p-mTOR. ULK1. p-ULK1
N1 . 750, 2 GAPDH A1 © 30000), 4 CHIKEE L7

MWE %R _Hi (1 . 15000)2 h, ECLHERYCER, Image ) #ff:
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1.4.6 RT-qPCR A& il .U UL 41 23 i 98 3K BE K]+ 52 4 41 o< [
T 6 mRNA A X Rk & K48 Trizol 32 7 5 B 15 #5 4E
LU LZE 213 RNA, 5 VK BE Ayeo/Asso TE 1.8-2.0 2
6], Kf RNA [ 5655k cDNA, SR J5 M5 qPCR ) s B4k 2
20 pL, SRETARE. ARV, ROk / ZEM. YB3
AN ALs LA 27 TSR SR B IR T S AR DE IR T 6 mRNA
AR Rk &=, I F B 5'-3" fioR: R RSEIE F
ZARFH A F 6-F: GGA AGA GCA GTC GTT TCC TG; I8
R F R 7 52 4k AH % [H T 6-R: GTC ACA CCT CTA CGG GGA
AA; GAPDH-F: GGT TGT CTC CTG CGA CTT CA; GAPDH-R:
TGG TCC AGG GTT TCT TAC TCC.

1.5 FEURIIE D C25-140 XL/ B O L 2R
IBEIR F 2 AR AHCH 7 6 M GIE s @0 L2 %8
PG AR @O IBTE T Bl @O WL 2L 4
ST HKEAMNZ: @OIES F HE/IME, &k
it @ OIAZR R B R E AR Z:; @O0
H 23 H I 5 mTORC1/ULKL 3@ % iR AL K R o
1.6 %itF o4t SEH SPSS 25.0 X HHE AT it b7,
A IES DT R VR LA xts Fox, ZA MR HE
K J7 77t (One-way ANOVA), A ELEAEH] ¢ 456 A
56 K #EHL @=0.05, P <0.05 7% 7 A W E M= L H
GraphPad Prism 9.0 x| 4t it . X MWA ¥ 7LD A
I BN B RN F AR 2 B AR M AT K

2 458 Results

21 ERFhmB o RTFRASTAEE: KAHE
ARJG 24 h W/ANRIET: 2 J, B +C 0TI 1 R, B+
C+3-MA Z1BET-2 H, M +c+M BT 2 H. NG ABE
BT R S50, R 2H /N BRBE LI L 3 MREAR T i Jig 2R S
2.2 C25-140 AFAEA! s R JILLE L8 it 98 SR8 B F 2 AR A8 %
BT 6 a9p4l4E A SEFARALE, BRI R IR IER
T2 MA K T 6 8 H K mRNA RIAFH i (P<0.05); 5
BRZE L, B +C ZH. 55 +C+3-MA 20 IR IR B R 1
KA F 6 1 4 % mRNA ik R[4 (P<0.05), WLE 1.
2.3 FARME - E &M RS  KEBG G
BN AT AR T AR /N RO LTS RORESH IR s AR 4H 0
WL S 40 PR, O LEF 4EHE B RS AS LI . 2 4 7K i
B +C O LR PR MR 27 4E7K I A R AH p
MR +C H EL AL, AT +C+3MA ZH AL 48 5 24 i V5 i st B
2, WE 2,

2.4 TUNEL % &l s o Lamie B = 3Ot~
DB A A /IS B0 AL DAL B A S ) s A 20 LA
MUPET- W B R 2, SRR, R +C 410 LYH T
T-H B SR +C 4LEE, #5EAY +C+3MA 410 LA

25 B PRSMART KESATHXEON TR 5
BFARA R, 5T 4 /N B0 LB B2 AL %[5 7 «B P65/
P65, Bax ik T, Bcl2 FiA T (P<0.05); HHIAIZH
Phas, HRAY +C 4.0 LR R fb A% [ 7~ B P65/P65. Bax 3%
KR F%E, Bel2 ik Thim (P <0.05); SR +C A LA, &
B +C+3-MA 2.0 UL ER A0 A% 5 1 «B P65/P65. Bax Kik Tt
1, Bel2 RiA FFF (P<0.05), W.E 4.

2.6 FEA WA EL ) RS LA T | MR, Kt
kM) ST AR T AR B0 LR A HE S IE
W, TOMK, AR B RN B 2O LR A B S K
HEZI AL, RN E A, SHERA LR, BA +C A0
WLZ R I I Iz, B /MAIE 2, SR +C H LR,
AL +C+3MA ZHLC LI B W /MR B SR sk, Aok
A E, WES.

2.7 B RSIULER T gaEmXZRa TN 5BRFAR
HILLEE, BRI P62 FikFH & (P <0.05); Ll
RUOH Ph A, AR +C 4H.0 L P62 Rk T[4, Beclin-1 ik
TFi (P<0.05); SHAY +C 4 EbAE, HEiRY +C+3-MA A0 L
P62 FikTFt#, Beclin-1 A N[% (P<0.05), ULE 6.,

2.8 4| IPBILE T AAAE X BT 6 5 RS LA F
f 4% &5 mTORCI/ULKL B34 Z G ey B £ & it —
R Z I VR BE TR - 32 A4 A O TR 6 2 73 1 715 mTORC1/
ULK1 JE %2 SN RO LB 2, SR Western blot
Frill 7 mTOR/ULKL &5 [ o B2 A0 Al WA 0% 2 1 AR 4K
SRFARALCE, B /N B0 WU R IR B8 K - 32 44 A
KA T 6. p-mTOR/mTOR, p-ULK1/ULK1 K 1A F| 5 (P < 0.05)
SRR LR, BIRL +C 4O WU R R BE R -1 52 AR HH 5%
T 6. p-mTOR/mTOR, p-ULK1/ULK1 ik FB%, Beclin-1,
MEMREA LR3I/ 1 RiEF&E (P<0.05); Sk
R +C 4, iR +C+M L0 L p-mTOR/mTOR. p-ULK1/
ULK1 Rk T+, Beclin-1, fEMHKEA LIRS/ 1
FIL TR (P<0.05), WHE 7.

3 {7i$ Discussion

R FERE SERE SN 2 1) S5 R 2 IF K % 28 DI REFRAS
O MR RE H UL R R ER E, (EMERER B T,
2] 40% [F) B E G IR B E O LI, Mk ERE & 0T
Re B A I L T 2 7] ik 50% LA E Yo PR %% 1 4
— I EE AR AN AR RS, H ETYE 9T ) 2 i B R R
SRR PUAE RS AR IR I T T Y S RE
TERFRE o & T 28 PRI S 48 i, (HVE IT ROR A EL
= U TS A 2 T S R R BT DR T 32 A
AH IR T 6 J e 2k O L4 g 1 06 30 15 00 UL Y 98 RE . 4H
M T RS AL
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(TRAF6) protein and mRNA expression in myocardial tissue of mice in each
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Figure 3 | TUNEL staining to detect cardiomyocyte apoptosis in each
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