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(=] HBY KB 28 ( lipopolysaccharide, LPS) J1 35T /1N B & # WILIL A v UL A 22 4 #11
GSDMD 4 3 (1) 28 it £ T2 & AR 18 B0, LU Oy i — 25 B B ICU 3R 75 P 52 55 (1CU-acquired weakness,
ICU-AW) By &R pL PR AR &R . Jiid #% C2C12 /NEUE B UL B S o AL TE LA o J ol i
Control 41, INJCTH PBS ¥ ; LPS 21, LPS Kb PR EEASEE R 1,10,100 pg/mL; LPS+ATP 41, D) LPS 2 tH
(] 2 A6 B2 T FUULAET 5 Y95 ATP (5 mmol/L) o F£43 77 LPS 35 6 h 1 12 h 33 Bt ] g5 A6 00 JUL
BN KERZL . 6T WENETE S84k, % A Western blot B 461045 2H WL A LS TR b i 2&
F MHC Myogenin HDAC1 FIZH il fE T-FRE & GSDMD fy5R3A , R I it PCR AN 4% 2 JIL4E Hh 22
AL Atrogin-1 MuRF-1 mRNA F40 A £E T AHSC R M H 7 TL-18 mRNA ik, >R A ELISA A L4535
WG IL-18 ¥, 853 OJe8al W kss 5 RNE L L. @RT-gPCR il 25 4 7R . LPS + 7
12 h J§ LPS/LPS+ATP &4 fl45 rh 2545 3£ A Atrogin-1 F1 MuRF-1 mRNA 351 52 18 ( P<0.05) ,
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WUE Rl A A g AR T, R S IV Z A A G

(X8I ] ICU FAGNEE 55 s S FAE WU s WL 2240 5 LA s IR 24 s A1

[ HEESZEE]  R329.27;R363.21;R746. 4 [ X #EktRERG] A

Effect of GSDMD-mediated pyroptosis on muscle atrophy of skeletal muscle in mice
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[ Abstract | Objective To investigate the occurrence of gasdermin D protein ( GSDMD ) -mediated
pyroptosis and muscle atrophy in mice under lipopolysaccharide ( LPS) stimulation in order to elucidate the
possible pathogenetic mechanisms of intensive care unit-acquired weakness ( ICU-AW ). Methods The
mouse skeletal muscle myoblasts (C2C12) were induced to differentiate into myotubes, and then divided into
groups as follows: control group (sterile PBS solution) , LPS groups (1, 10 and 100 pg/mL) , and LPS+ATP
groups (5 mmol/L. ATP was added to the corresponding LPS gradient groups). The changes inside and
outside the myotubes were detected and compared among groups at the time points of 6 or 12 h after LPS

intervention. The morphological changes of myotubes were observed under light microscope; Western blotting
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was used to determine the myotube formation marker proteins MHC, myogenin and HDAC1, as well as

pyroptosis-related protein, GSDMD), in each group; RT-qPCR was employed to test the mRNA expression of

atrophic genes Atrogin-1, MuRF-1 and pyroptosis-related proinflammatory cytokine IL-18 in the myotubes of

each group; and the IL-18 concentration in the supernatant of myotube culture was detected by ELISA.

Results Myotubes formation was observed on day 5 of differentiation. Under the stimulation of LPS/LPS+
ATP, the mRNA levels of Atrogin-1 and MuRF-1 were significantly up-regulated ( P<0. 05), and the
expression of IL-18 presented a same trend (P<0.05). ELISA results showed that after LPS intervention for

12 h, the concentration of IL.-18 in the myotube culture supernatant was significantly higher in the intervention

groups than the control group (P<0.05). In addition, the levels of MHC, Myogenin and HDACI proteins were

stably expressed in the intervention groups, and the expression of GSDMD protein in the LPS/LPS+ATP groups

were significantly increased compared with the control group (P <0.05). Conclusion

LPS induces cell

pyroptosis in the myotubes of mouse skeletal muscle, which is correlated with the occurrence of muscle atrophy.
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& 1CU $:45E3E55 (1CU-acquired weakness, ICU-AW)
AR ICU-AW J45 5 T AT 45 1 ™ 5 A 15 e 1
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SR PLIm RIS R FEAE , 15 R 35 AH [F] ¥ 2E )
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EHIIEAN R TR, B2 2001 454 1E 0K
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HIBATE 2015 4E 5 Y2 H : GSDMD ( gasdermin D) & H
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UESE : R 205 (LPS) O Ak 2 0 f FE T ik
Tl BB IR (ATP) AW B F 45 b A M/ IMA S i
I R 22 20 BB TR AR S BB T 45 € 19 Caspase T
b, = Caspase-1 (3G AN EE D) #] IL-1 I 1L-18
B, (A28 O i 3 i) TL-18 (TL-18 B 2 51, i
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(gasdermin D-NT ) %% B %1 41 ffg & I % s A3 6 o 19 £L
B, ZALBR—J7 T AR AR TL-18 i IL-18 &AL, 73
— 7 T A 7K 531550 SOt A2 L PR T 5 | 240 1 e
B4, B A P B MEAE T, BROR B 2 1 B 5E R W]
GSDMD 2 51 2 #iE S REVES R IO 2 1k R 4R
i, B AT GSDMD 4 5 119 41 g 45 175 ICU-AW Hr iy 4
FHLH M ANTEAE
H B 58 , ICU-AW g B A4 BEIL ) 7T g
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KLy B R 5 | B 4T I I 54 5 D8 ST UL 440 i 5 5
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FENE R . dE R T OH B % L4 2L b NLRP3
Caspase-1.IL-18 . IL-13 mRNA & 3%k, KRBT
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KENUIR Y % A= T NLRP3 e #E/IMA R i GSDMD 4
A1 5 9 200 i A T e 3 BBUMRR A SC S8 FAE L 1
KR SRR T — R R . FET I, AFIE B AR R
SAERFL T B UL LA 22 4 At GSDMD S5
MMIER T AR O, AU 1t — 20 B B ICU-AW 1 %
TAHLHER IR o

1 #B5HE

L1 AR (EE R Rl A S

C2C12 /N B LA B 5 0 55 [=] ATCC 48 il
£, DMEM ( =il ) 55575 i 2R i (FBS) b AA E ifi
B R -HER R I ROMBEIR R 92 vP il (PBS) 1 | 58
HyClone 23 w] , 41055 F5f B 28 & Corning /3],
&2 W (LPS, 12880) Fl I - = M2 — 4L K &9
(ATP,A7699) g H 3¢ [§ Sigma /A ], RIPA 24/ % A1
BCA # H7E =R & A 28 = KAV AR
BT ,MHC .Myogenin HDAC1 ,GSDMD 7#I B-actin — P
H [ Abcam 237, AR S S ALY EFARIC — 5008 AL
TP ARG R A A, S EE PCR
(realtime quantitative PCR, RT-QPCR) X 7| &/SYBR
Green Realtime PCR Master Mix Il H 2¢[E Invitrogen 7%
A, S RNA B0 & B 36 RARAE AL RHEA BRZA
F), Atrogin-1 MuRF-1 F IL-18 BT R EEE
PR A PR W), TL-18 ELISA A5l 250 € W 5 2RIk
AW RH A R A

S A2 AN < A0 M 8 SR A4S (36 [ Thermo 2%
A VEE SRR (B Olympus 20 w]) (42 A ShEFARIL
(3 Tecan 2% 7)) PCR X ( Bio-Rad 2 A, # &
BS97MyCycler) ,Western blot Hijk{¥ ( Bio-Rad /\#], %Y
5:1658001) .ChemiDoc MP ¥E i 1% /0¥ & 4% ( Bio-
Rad A H]) .
1.2 ik B 3847
L2.1 /NEERIUIE e G5 O C2C12 /)
BB HE LB UL 40 B 35 5= 78 & 10% Jif 4= 1ML 7 1) DMEM
B R AR BT 37 € 5%CO, RIRRALEE IR A Hh B
7, H RN 5 E 5 F) 80% ~90% , B & A 2% 1
M5 ) DMEM Jp gl SR Ak, FE R4 1 IR 255 5 K
KI5 A
1.2.2 SCB o R ¥ oA se O WLE 43
3 2 :D Control £H: T 43 AL LA 1Y 5 77 B vh fin A JC T
PBS ;@ LPS 21 : 35| LL LPS (1,10,100 pg/mL)
THULAE ;B LPS+ATP 41: LI LPS 2 A B2 46 2
UYL S5 23 ATP (S mmol/L) H)3# 30 min, {73
BITE LPS T-H1 6 h 1 12 h 3 A~ b [a] £ 46 T LA P9
MR . LPS BSOS A0 i R TR e i

AR, AL ATP A S0 AR T2 R AR AHOC
1.2.3 WS bR 58 .1 MHC Myogenin (HDAC1'™
BAIMAET AR 1 GSDMD G SR 1 i
G2 BRI IR 5 (Western blot ) 67 25 2H 1 5 i L& vh
MHC Myogenin \HDAC1 ,GSDMD %5 (4 333k, L LPS F
12 b i) g AR RN RIS R A, R
BCA (LT e |, & e AR BR AN - PN I e
e UK (SDS-PAGE ) \Fe il B A 5, It A —$t. =
P, Ve H A2 &G (ECL) 355 &, FL Ak 27 e I A
BARG B,

1.2.4 WIS ZES3E M Atrogin-1 MuRF-1 K 4l ffl g 1>
AR PER F TL-18 mRNA 3% 35 7 4 U
1 MuRF-1mRNA B 23k F iR M ZERbrE ",
PG RE T PCR KA 4LV H Atrogin-1 MuRF-1
IL-18 mRNA ik &, $FRHS A NLE H RNA, B0,
RNA PE¥%& A7 R0 54 RNA ZHEE Sk BEI A2 . B
HEAFB1 YT K PCR R, W 1,

Atrogin-1

%1 Atrogin-1 MuRF-1 IL-18 % B-actin EF &Y
SIMRFSIIEREKE

S ElkZ) Fr BRIV bp
5'-TGCTGGTGGGCAACATTAAC-3’

Atrogin-1 238
5'-TTCCACAGTAGCCGGTCCTC-3’
5'-TGACCAAGGAGAATAGCCACC-3’

MuRF-1 323
5'-GTTCTCAAAGCCTTGCTCTGTC-3"

118 5'-CATGTCAGAAGACTCTTGCGTCAA-3’ 236
5'-GAGGGTCACAGCCAGTCCTCTT-3’
5'-GTGACGTTGACATCCGTAAAGA-3’

B-actin 287
5'-GTAACAGTCCGCCTAGAAGCAC-3’

1.2.5 WU B P AR T ARG R PER F 1L-18
pridea Al K AT ELISA 3L WU K 57 BiE P 4
PER - TL-18 ¥ i, R4 & it W 5 2 3R 7 .
1.3 %itFo#H

{#i Ff} GraphPad Prism v8 F1 SPSS 20. 0 4t i % {43k
Ayl B R s oA o SEBR U LA x+s 7, THE ORI
] Fo Bk R R Oy 22 43 i, AL TE) 22 L 3R
Tukey post hoc #;:55, % /KifE a=0.05,

2 #R

2.1 DREBIILE SRS IR

H C2C12 /A B LA 2R AR 5 10% iG 4= 1ML i 1)
DMEM (bl B vh 45 52 1F, 400 51 1000 %5658 T 7]
D2 S ANFIN ) AT AR RE (1 1 22) o At A= Kl
G2 80%~90% , BT A 2% 1M ig ) DMEM 73461557
BRI 1 IREZS S RATWAVETER (1 47) .
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x400

x1 000

1 tENENRERANER R

2.2 UEH AR E R G AR 4R

K PR 1 5 5922 B3 30 56 ( Western blot) A6 f&
AL, 25 AT LA o WU T B AR i 2 1 MHC
Myogenin \HDACT HJREASEFRIK, 4R ILA 2,

1 2 3 4 5 6 7
MHCC1 7010

Myogenin(40x10°)—
HDAC1(70x10%)—

Bractin(40x10")— | |

1:Control #8;2:LPS(1 ug/mL) FF141;3:LPS(10 ug/mL)
F 434 LPS (100 pg/ml) FFi48;5: LPS(1 pg/mL) +
ATP(5 mmol/L) FF148;6:1LPS(10 pg/mL)+ATP (5 mmol/L)
FFAL;7: LPS(100 pg/mL) +ATP (5 mmol/L) F iz

2 Western blot &l & 5> AP ALER R irEEH MHC,
Myogenin HDAC1 & ik

2.3 WE TG E4 AR Atrogin-1 mRNA &k &

WA 3 78, B ANE T Atrogin-1 mRNA FRIkHETE
LPS T-Hi 12 h J5 Bl [ T3l 6 h &, HAE LPS T Hikf
[B[F A 12 h 4419, 5 12 h Control 4141 kb, LPS
(1 pg/mL) THiZl .LPS(1 pg/mL) +ATP (5 mmol/L)
T-FiZH AN LPS(100 pug/mL) + ATP (5 mmol/L) T Hi4H
3 HWE  Atrogin-1 mRNA Rk & A X 85, 25 A
Gt L (P<0.05) , [m] i 2% ik B2 43 I 78 LPS 21
F LPS+ATP 2l N b 22 R A Geit2# e L (P<0.05)
2.4 M FRUG %% A W MuRF-1 mRNA &k &

5 FIRZEARREH Atrogin-1 mRNA K3k A H]
LPS F%i 12 h J§ MuRF-1 mRNA %k B T
6 h & ; 7€ LPS TS [ [ 12 h i 45411, 55 Control
HAHME, LPS(1 pg/mL) T4 A1 LPS(1 pg/mL) +ATP
(5 mmol/L) T4, i ZH L% 5 MuRF-1 mRNA ik

MR, 2258 G TE R L (P<0.05) s TE T A 44l
F1 12 h LPS(1 pg/mL) FHIHE X ERE, 5 12 h
LPS(10 pg/mL) F 4]l 45 22 7t HoA G it 22 3 X
(P<0.05,[& 4) .

" 2.0+ ab O6h
2 HWi2h
1.5 . ac
=

=

= 10-

=

E

T 0.5

2

=

0_
4151

1 Control 232 LPS(1 pg/mL) FHi48;3:LPS(10 pg/mL)
FFL;4: LPS (100 pg/mlL) FF4L;5: LPS (1 pg/mlL) +
ATP(5 mmol/L) F#148;6:LPS(10 pg/mL)+ATP (5 mmol/L)
FF4L; 7. LPS (100 ug/mL) +ATP (5 mmol/L) F i 48;
a: P<0.05,15 Control 1542 ;h: P<0.05,%5 LPS(10 pg/mL)
b ;e P<0.05,5 LPS(10 ug/mL) +ATP (5 mmol/L) F
TR FL 4R

3 ZANEFHREZESHERE Atrogin-1 mRNA Rz 8

. 237 O6h
i ) Wi2h
X204 b
K a
s
>
= 1.5
-
=
= 104
£ 0.5
=
=
0_

51
1:Control #8;2.LPS(1 ug/mL) FF141;3.LPS(10 ug/mL)
F R4 ;4. LPS(100 pg/mL) FFR48;5: LPS(1 pg/mL) +
ATP(5 mmol/L) F#148;6:LPS(10 pg/mL)+ATP (5 mmol/L)
FF4L; 7. LPS (100 ug/mL) +ATP (5 mmol/L) F i 48;
a: P<0.05,% Control £8}t4%;b: P<0.05,%5 LPS(10 pg/mL)
TR 8

4 RANETHEZESHEE MuRF-1 mRNA RizE

2.5 BWME TG e A Ak KE R F IL-18
FENE W e Rk 2

BT HLE b IL-18 mRNA ik #5525 4 Kt

Al ( Atrogin-1 il MuRF-1) Fik@a#¥AHE], 7 12 h LPS

(1 pg/mL) FH4LA 12 h LPS (1 pg/mL) + ATP

(5 mmol/L) T2, Wi 4H JJLAE H TL-18 mRNA Kik &
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AT, HPRA LS 53905 Control 41 LA 22 R A 4t
2 L (P<0.05, 8 5A) , 71 LPS T-iiif & 6 h
A H LS 1555 g IL-18 He & 5 Control 4[4k 75
SIGHFE AR ILE 5B, (K LPS -Fil i [A] 2
12 h J5 , T WA 85 7% B3 1L-18 ¥k 458 Control
MW E T, ERAG R L (P<0.05,[8 5C)

3.04 ab ac 06 h

Hi2h

2.0

IL-18 mRNA FHXf F ikt

151

400

300

200

IL-18/pg mL™

100

1 2 3 4 5 6 7
A5 C

1:Control 28 ;2;:LPS(1 mg/mL) FFi41 ;3 :LPS( 10 mg/mL)
F748;4:LPS (100 mg/mL) FF141;5: LPS(1 mg/mL) +
ATP (5 mmol/L) FHi28 ;6:1PS( 10 mg/mL) +ATP (5 mmol/T.)
FF48;7: LPS (100 mg/mL) +ATP (5 mmol/L) F i 41;
a:15 12 h Control 28164k, ;b:P<0.05,5 12 h LPS(10 mg/mL)
FFA b %5 ¢: P<0.05, 5 LPS (10 mg/mL) + ATP
(5 mmol/L) F4A %% ;d: P<0.05,%5 Control 28 rb3%
A:LPS 3 6 h #= 12 h BL% 1 IL-18 mRNA % ik 3
B: LPS F7f 6 h ML/ ¥ ki 1L-18 3% & % 4k ; C: LPS F 37
12 h U 3 Fn ik IL-18 3R T AL

BS5 SANEFRREXERT IL-18 ZNERMIRIEE

2.6 B TAFEE G GSDMD & & el 25 %

WME 6 Wx, LPS 4178 LPS ¥k &M+ Wl T
GSDMD 7& |11 3514 5 %5 Control 41 fi 234 i, #4 /ijp ATP
T-1iJ5 GSDMD % [ &3k #:3¢ Control 211 i & 34 T,
B /N LPS 41,

1 2 3 4 5 6 7

GSDMD(55X10°)— == Sl s s —— —— w—
B—a(:lin(4()><1()3>*>— —-_— T — - e

4_

a

[\ 98}
1 1

GSDMD/B-actin

(=]
1

2H5 B
1:Control 48;2:LPS(1 pg/mL) FF148;3:LPS(10 ug/mL)
F48;4: LPS (100 pg/mL) Ff48;5: LPS(1 pg/mL) +
ATP (5 mmol/L) FF148;6:LPS(10 pg/mL)+ATP (5 mmol/L)
F4; 7. LPS(100 pg/mL) +ATP (5 mmol/L) F i 41;
a; P<0.05,%5 Control 28 pt.3%

E6 ZHATFHALEH GSDMD FHFREKE

3 it

ICU-AW J& f B E [ 1Y O IF BE , AN AN RE i
BER G, " E AR TG AR B A AT U A
1 ICU JRY7 FLEE & BRI ) 8], 7 A0 ] P R 3
T EARE AT R AR (A H AT ICU 3451k
T R A AL i A W R L 7E I PR A b ke = A5 %
FIG ST A FE it , S5O i et o M ik 9 I 0k — 25 i B
ICU-AW bR a2

HHADF ST R 3RATT A B - i AE AL 2 fG B E S
KA TCU FRAF R 55 e i L R 78, 2 B3R M ol 1 L
UL 25 45 11 AN [R) A B 1 S LA g SR FE, 7 353 1ICU
ANBEH 5 25% ~ 58%, 76 F- 2L W AF b i 50% ~
100% 7%, AT LA/ BB R UDLAS Ol 05T
XI5 TERINIAEE T, B 40 1 B i 75 0 £8 8 LR Y
LPS 588 LAY 52 e, 02 B % UL AS 25 4 25 D9 i 2%
iK o AT R IR, A543 4L STt T PUHT 348 58 58 B/ iR
H NI 19504k Je 357, Horh Myogenin £ [ 7E LPS
U 3 A F A RN T, X 5 ONO 26V fE jLAg 4y
AR5 v BT 3 &5 SR A A, X6 LA 8 a8 4 SR TC R T,
GRIFFITH 272 % B, %of Y B i L BROE < > 48 h Y
72 223 ] ICU =& 4735 #EAT B 17, 4 Be B i o A6z P
C WA H (CRP) | A\ 20 P 240 A 5 1 28 11 il
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(HNE) \IL-18 \IL-6 430 1 4 f & (1 w40 4l 771 ( SLPT)
G, SERTRZERE 3 A G L BRSE RAE SU
(CRP >3 mg/Lin 59%;>10 mg /Lin 28% , & 4¢ 3 &
HNE IL-6IL-8 | SLPI F4-75 ) , #E Wi f& 0 )5 4= B RAE
SN FFEAFFERT RS ICU W Be e 3 4 H BRI E AN
R LA ZEg ) B A b &3, 78 LPS/
LPS+ATP H 3 & /)y B 8% WL ' Atrogin-1 F
MuRF-1 mRNA &3k i, SR 2R B as UL
RAEZED PRSNG| E MRS X 4518,
EIET, & LAZE4E B N Atrogin-1 Fil MuRF-1 mRNA 33k
i MV TG Z RN 27  ABFGIESE /N
BRIV 245 0 il T 1 5& 448 LPS 1 pg/mL(12 h)
g%, LPS 1 pg/mL(12 h) +ATP 5 mmol/L(30 min) ,iX K
JE SE LA ZE AR A S B A T 8 AR .

TESE T A0 5 & 85 UL ZE 48 (A DGk fa , A
W — PR T A AR T B WL ZE S i R v 0 52
M, FeAT& B, 78 LPS/LPS+ATP MM T , /N B
HENUILAE N A AR T DG bR 5 PR 2 B GSDMD 33k
WEF . LPS 11 12 h B4 T 4] (LPS 41/LPS+
ATP #) L%+ Atrogin-1 ,MuRF-1 J IL-18 mRNA #
IRHEEAL 6 h B B S T LA S R U IL-18 YR BEAE
LPS 1$il 12 h i, 32 2 5 0, 158 B IR R] 2500 - P2
E T VE A TL-18 (1) B MRS Tl TL-18 3% — 44 fift £&
AR B 2 ME R A LA N RIS e Tk e At — 20 3
H1:LPS BT IV T AU A4 T g A1, Ho40 i
FETE R 5 VA B A S i Rk ARG, i —
AR AR T BV PR 22 4 1) & AE LT R AL ARl

R 2 R R U], AR T2 518 2 RIE R
PRGN & 2L B (B H T GSDMD 4 194
A8 T R B A DG L2 4 ) VR FHBL AR B v v 20
WARGE . ABFFEUESE, LA GSDMD 235 85 11E /) 20 it
BT 5 T eSS . Hrh i
SR HE UL Atrogin-1 A1 MuRF-1 35 _FiRAYHLH
AIREA LA LA D7 1 - — 7 T 2% S8 5 VS B AR AT
HATEARAT OC. DOYLE %% B 5 # K BE Thed £ S 11
LPS {553 % 30 3ok P [R) 05 12 2R 26 1 R AR g3 i
A% LA o g AR, 2 R A R 4L (the
ubiquitin proteasome system , UPS) 2 [IJL 4 & /K fift 09 3
SRR, A R TR fa U (MEEIE ) sh A
B DA RAE LA 2% S A i i B i v UPS 3%
PRS2 oSG R R R R R R
fitf Atrogin-1 Fl MuRF-1, 7ERWEEE R H, FoxO1 FI
FoxO3 By IAMAS, TR Atrogin-1 F1 MuRF-1
mRNA F3R DL 4% A& £ B A —Jr,
AR AR T B WLILAE 22 4 1 52w AT BE 5 LPS 4104
JLFEAEARDE . ONO %52 F 5 3 ELUE S5 : LPS AT i i 7]

EAOBTE I LA B F1 (myogenin) A1 MyoD Fj 3
ik, B LAE A il % (myostatin ) i ik, Myostatin
T R AL A R FoxO1 ML 2 R & A A&
F2Af Atrogin-1 Il MuRF-1 335 F i, 02 LA B
(R R BRI o BR LA JSUH 6 356 (0 1 3 P
525 T 1CU-AW MICHINLAZESE , {5 H A R AE G
NIRRT D, 40 A T A R LDLAS R
AR FIFLA 6 A 5 1 — T, AR TS I 2 R A B
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