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[Abstract] Pyroptosis is a caspase-dependent, gasdermin protein mediated inflammatory programmed cell death mode, which
is involved in the occurrence and development of a variety of diseases. Mesenchymal stem cells (MSCs) are adult pluripotent stem
cells derived from the mesoderm and widely distributed in various tissues of human body and show strong secretory capacity.
Exosomes, microvesicles, cytokines and other substances secreted by MSCs can regulate microglia phenotypic transformation,
promote mitochondrial autophagy, protect mitochondrial function, regulate endoplasmic reticulum stress and calcium homeostasis,
thereby inhibiting the pyroptosis mediated by inflammasome and improving the progression and prognosis of related diseases. In
addition, pyroptosis has also been reported in MSCs itself. In present paper, the research progress has been reviewed on the role and
mechanism of MSCs in regulating pyroptosis, so as to deepen people's understanding on the relationship between MSCs and cell
pyroptosis.
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WREMNIEIR SR RA R L, G2
52 B R B OGRSl Pl dMIsETm] LAy
T PE 4 B 5B T~ (programmed cell death, PCD) Fl1EFE
FErE 4R e T (non—programmed cell death, NPCD) sl
2 B £ T (pyroptosis) & — F 41 fL FE - =L, JB T
PCD (—F, HHEMFF L IIL 2 2 5L B |
PR RGP . RPEIRAEPEPNR IR PR
TR PP I AR R R AR T R AT
fiE 32 2 MSCs P45, 1 MSCs 5 H A 4N — Rt & %
AT, P AR T RE S 5 MSCs HYSE
T-, HEFISCT MSCs ST X R MFRE D
AN MSCs 478 20 B £ T VR FH A AL A 5 2 Jrg
1TERR

1 MSCs

1.1 RIEORVE  MSCs 7E 1970 4F: Hi Friedenstein 55
AR, ORI T N IR 2 1 — 2R A 2 hE T
M, AR TERE . IRE. BRI BRI, IR
WIZHZ . - EE L. LR . WAL AR . MEVER . F
BE . AR SMEIN. 2. FE IR . KR
FREFE 2R N H LU, Hrh BB R R R IR h
et FE Y MSCs SRR
1.2 FFAE M TIRE  MSCs & — 2 BE A K 19 27 Y
ApE, BASERZ R A R ERERE, e
—ESRMT A Z R A AR . AR PR A0 A
i1 J7 P 25 (International Society for Cellular Therapy,
ISCT)brifE, MSCsis £/ HAA LI THRHE: (1)7EfR
WERE SR 5 F I BEAE s (2)CD73. CD90 2 CD10S
A5 20 0 3% T A A5 4 3R 3K BH A (295% FH ), CD14,
CD34, CD453{ CD11b, CD79a 8 CD19, A4
247t JiL DR(human leukocyte antigen-DR, HLA-DR) &5
o e R T A AR A R AR B I (<2% PHE) 5 (3) T E AR A
P oAb R U A . s A A A
MSCs A SRR /- IRE Ty, ] IR AT — 5
) VR SR S SN, L LA A S e A LA
BRI R AR YIS B, R BIR .
AL e, RIKTEdIMAYT . AR R
5 B R TR U HA AN AT Z A R TR e
EHH T MSCs H & HI TIRI7F AR A IAF IS 34K . T RE
MR | e HE R RE AL A R A R R, H T
MSCs FVRYTAEH T2 AT 55 43I rT v 1 R - Y
BEI, MR BRI N Z I AR /2 MSCs
(53 W T RE b, 38 a5 43 WA T R 43 DA At A b 3
(extracellular vesicles, EVs) & 8 5L} — Ffi 3 W JE 2
1M EVs £ $5 Zb Wb {4 (exosomes) . fif #I (microvesicles,
MVs) FIJHT-/)MA (apopotic bodies) '™, HiHr, MSCs 3k
IR B"Jﬁl\w‘ﬁi(MSCs—deﬂved exosomes, MSCs—Exos)Xﬂ’éﬁﬂ

MR T A E AR, ] A S A i
FETORINZE M2 RGTIBAL RIS . A 1 B HE ]
SRR R A G K

2 fHpAET

2.1 IIERCRE AR T RATAR R B — AR
2 ATl (caspase) KA ¥ . Gasdermin £ 147 7 1 48 iE
PEPCD 77, Yk A A R, AT AT i
T RS2 A0 20 IR T 5 200 L PN B0 D AR, DT R 4 T
JRYLAE AP, eAh, SETTE ] BR AR T R S 5L
5 B AR AN, 25 Z BRI R A R
Ve —RhRAEYEPCD 73X, A AR T3 R 4n i
8 T 4 B SR BB (9 FRAE ;. Annexin V 3% £ BH |
TUNEL J (0 fHYE, DNARER {6, Qeiiseds . 2%
(ADP- #% ##) 5 4 1§ 1(poly ADP-ribose polymerase 1,
PARP1)ZLfiff 40 5 B Bk O S B0 i 9 A2 P R
RSN, REIAMED F5 | R ST SR 552
22 KT
2.2.1  RM/MAE(inflammasome)  RH/IMER—Fh K
ST RINZTEAY, SIS
Zaw . BB BV caspase 21 . LR Y R Az
7 B A 2 1H 1) 3% fK (pattern recognition receptors,
PRRs), 453k 8 1 I8 T AH CHE 5 A 2 1 (apoptosis-
associated speck-like protein containing a CARD, ASC),
B4 Vi caspase J& caspase-1 Hif {4 (pro-caspase-1). H Hif &
LAY 5 M/ IMAZ B 2 A NOD HE3Z /K (NLRs, £ 4%
NLRP1., NLRP3, NLRP6, NLRP12, NLRC4 %§),
PYRIN(pyrin and HIN domaintein) 1 AIM2(absent in
melanoma 2)% o ABAT AT AR AN [R] A4 9 DR AH 6431
1515 (pathogen-associated molecular patterns, PAMPs)Fll
fa& B /458 13 A0 ¢ 43 F 15 X (danger/damage-associated
molecular patterns, DAMPs) M 8% 30E , F il
ASC ;"'?% pro-caspase-1, @*i pro-caspase-1 %%ﬂffﬁiﬁi
A caspase-1, MR sl fE TR P22
2.2.2 Caspase Z:{ﬁéﬁ Caspase %#ﬁiﬁ'f{@ﬁ%ﬂ‘ﬂ@ﬂf%
RMREAMR, LESSAMEICT I KN .
H AT 7E i FL W h & 4 & BLIY caspase 580 il 0L A
caspase-1—14, HH' caspase-1, -4, -5, -11 541} £
T-KRARBNEHY], caspase-1 5L MAMIAET HAA
XK, caspase-4. -S. -11 5 3F 28 # 4 ] £E T 0k #2
ﬁ‘;‘é[%]o
2.2.3 Gasdermin X%  Gasdermin f& — > 5F 1Y H
BN ALIE MR E AR, H Gasdermin A(GSDMA) |
B(GSDMB) . C(GSDMC)
D(GSDMD/DFNASL),  Gasdermin E
(GSDME/DFNAS) Al DENBS9(PJVK) %5 40 K .
Gasdermins 33 F — 1~ N- AR Ui . — 4> C-A iy L2 P 5 [7]
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JLBT A B 10~1S nm RYFLIE , ST K& 255
P24 0% 5 [ARF, caspase-1 7K fif FH 40/ K -18 A&
(pro-interleukinlB, pro-IL-18) il [ 41 ffg 47 2% -18 Hij {4
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2.3.2 Hﬁ‘g*ﬁ(lipopolysaccharide, LPS)ﬁgﬁ/‘lefé'éﬂﬂ
Migfaromir fRdEg Tt mT
caspase-4. -S. -116k= FIFRYME TR SZ 4%, ANREL
BN AR ME/IME R ST AET-FRY o H caspase-4., -5,
-11 AT 3 5o H N- 2R 05 ) CARD 45 44 38 15 922 45 i Jo P
LPS 11 {2 5F 45 44 B Tt A 45 & T g 00s B0 1Y
caspase-4. -5, -11 [a] ¥ 7] 2 fi# GSDMD, F JiX
GSDMD-N 7 4fi Jfd Jit B I ¥ iifLi& . 5 caspase-1
[F], caspase-4. -S. -11JC{%%&f# pro-IL-1B Fl pro-IL-18,
EHE A FLIE S B SN, P55 NLRP3 4%, i@
1tk NLRP3/caspase-1 il # 415 IL-1B 1 IL-18 fiY Ji 24
G, GURRIER N . WeAh, ZFLPS RIS,
Y caspase-11 ] 48 S 07 )45 1 Pannexin-1, 53
AN ATP B, 3 P, X, 244, i pX 3 3E FF L,
SECAMMBAN AN, IR AR T A AR
TS AR MR AR AN IR 1 7
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wagge= Pro-IL-1B
meapge Pro-1L-18
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Fig.1 The canonical pyroptosis and non-canonical pyroptosis

3 MSCs5HRETHNXR
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A, EEAE T MSCs 23 1 6 AR AR T B R .
MSCs RJ L i 40 EVs . AR 7. G 2800 0
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BUEM S RGBSR . BERERI . B AEIR AR
SRS REREAL . VeI K MR i S 0 2k 1
103 85 L2 PP i 0 e e T o

3.1  MSCs-Exos X AL AE T[54 AN is A m] > i
TR LR 400, FEAEY) A BRI TN
WiE, HAK/NN30~150nm, HINEE FEEHGT T
FERYIT, AN 6] 20 MR 0 S ML 5 A [m] 5 i
MERMEA R, 20, 5. Y. RNAF
DNA %595y REWE N, MSCs-Exos 7]
051 22 Tl 240 5 T DT 80 428 22 o 119 A A B
JB (32 10729)
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Tab.1 Researches on the inhibition of pyroptosis by MSCs-Exos
PINUALN AHZEHLH FET- A LIBS/RT Z:7% 30k
BMSCs-Exos /N BT AT R TR A / NLRP3 A DG % T i TR [29]
BMSCs-Exos NLRP3 18 N2a4iiffl, #&ot Jiki IRT [30]
BMSCs-Exos AMPK/NLRP3 18 % PC1241fE Jik IRT [31]
BMSCs-Exos TLR4/NLRP3/caspase-1/NF-kB p-p65 iffl I PN R 4N ik IR [32]
hucMSCs-Exos FOXO3a MAi A2 i 1 W BV2 4 JIi IRT [33]
AdMSCs-Exos miR-188-3p/CDKS/NLRP3 ey o) PD [34]
BMSCs-Exos i NOD1 5 P /IMA G R SCI [17]
hMSCs-Exos miR-410/NLRP3 Ml ol IVDD [35]
hucMSCs-Exos miR-26a-5p/METTL14/NLRP3 HEAZ AN IVDD [36]
AdMSCs-Exos NLRP3 A G % itz i) IVDD [37]
hucMSCs-Exos miR-378a-5p/NLRP3 Al 5 F 21 EL A iR [38]
iMSCs-Exos NLRP3 A3 T 5 e 240 ALI/ARDS [39]

MSCs-Exos. [H] 55T T 41 ff > I Sh s 4 5 BMSCs-Exos. ‘1 i ] 7857 T 41 i R YR AL 4 s AAMISCs-Exos. iR 77 ] 7557 T~ 2 i e YA ML 14 5
hMSCs-Exos. A i 585 T4 HIARIMEA s hueMSCs-Exos. A 725 T ANMIA RSN B 5 iMSCs-Exos. A7 £ REM FE I T 40 Ak 41
WAMAS; IRL GRIMAFEESIG; PD. MBS ; SCLAE#ENIS; IvDD. HEl] fHR 28 s ALL SRt ; ARDS. SN A 4Bk

R RER] MAERRAEET RME RS
RS A Y AL Z — o NLRP3 A1/ MA B
A0S P 28 5 0 IR 28 0 T 7 ik 455 i P 3 43 4
(ischemia/reperfusion injury, IRI)H A&IEEEAER, 1
B fiE MSCs e V5 11 #1 i A& (bone marrow MSCs-derived
exosomes, BMSCs-Exos) A3 o el /)N i o 4 e ey L
A SR Y M1 B [0 BATHAR O ) M2 R B
1k, MHI NLRP3 /1 SRy R AE R 2 oufeTs,
1R FER AR ER], BB IRI . {H BMSCs-Exos
RS /I JE J5 4 L 4 2 2 Ak %) B HILTRIAT 7 i — 2D B
%o K H %A - %5 BE 3 25 (oxygen-glucose deprivation,
OGD) A B/ FRUAH 28 1 A1 i R7 N2a 41 AR BUEUA
A b R G S UGy w7 A o S (R
BMSCs-Exos 23557 /o il i N4 i/ NLRP3 . ASC.,
caspase-1 2 GSDMD-N 23k B i N REC . dy b o] Il
BMSCs-Exos HJ 01l 5l IfiL t# 45 01 NLRP3 4 /)M
IS 10 N2a 4R R BRUSAR E oo fi T, HA
PRAIL I W] 8 55 58 fin B 1R 155 6 25 F1 I (adenosine
monophosphate-activated protein kinase, AMPK) {4 [1*)
I 55368 ek DA TTTI0 1) NLRP3 28 M/ MATE A7 6P, B
BN R G AL FE T-4h . BMSCs-Exos i 1] 3
134 TLR4/NLRP3/caspase-1/NE-kB p-p65 4 15 5
I 7 0 ] OGD 5 5 Y K B I AE PN B 40 i AR
T T 3 A P R AR T, T R A Al
JIIN=E TN R 2N & 17 G =l Y A2
Bl SR, 98> DAMPs B, A P/ MA
WA 2 RGEANMI AT
ARLRTEA M AR T B rh R A AR ] . ok
i 4 i 3% 4k /F A (mitochondrial outer membrane

permeabilization, MOMP) A i8S 540l T & /=,
MOMP A i 4l e 2 C LA A il i 78385, AT
P caspase H ™, A Ay MSCs H i 1) 1 M5 44
(human cord MSCs-derived exosomes,
hucMSCs-Exos) FJ il 15 _E 3 BV2 /)N B 5 41 g H XSk HE
& 11 O3a(forkhead box O3a, FOXO3a) fY £ 1A 1fij /2
FOXO3a MM LR RL A [ W, T OGD /FH-E:
V500 BV2 A MR AR 7000 i ke ot 5t S YAk 3L ) ML
JI5E MSCs(olfactory mucosa dereived-MSCs, OM-MSCs)
Al I miR-181a b9 T 3L [N GRP78 1 Bel-2 f9 35
ik, PRI LORLAR DI RE, ] IR 51 A Ay #2250
g,

MSCs-Exos il i P AIMIAE T, AT el ke i ik 4
PERH ARG, AT REGE A 28 RGUIRA T 1
PR . A4 #89% (Parkinson's disease, PD)AZ&—FH L
S PEEA T PE R AR A TR, S R F A
TG i T B OB R At 2 (A7 40 . PD YR
T B 2 2 MM 2T AR T B, X 58
JoT H W FIR 28 98 0E AR & o miR-188-3p 16 1 1) g i
MSCs T 11 Zh W A (adipose MSCs-derived exosomes,
AdMSCs-Exos) i it} miR-188-3p/CDKS/NLRP3 i 14 1]
LA PD /)N LR BT 40 A A B RN AR T, DA AE 2
PD jJEJE

ZiLRTR, MhARGAMEAET I & 5 NLRP3
RAEMEFIZORA B VIAHSG , T MSCs-Exos 1] fiE i
AR R /IVEE B AT A M1/ M2 R AEEAR | i AMPR K
P 1 W R A I A5 DA e 2 5 Dy X o
NLRP3 ARG %, [A] I SR Ay, AAii i
MM, RS RS AR

umbilical



3.1.2  MSCs-Exos M A L5 T-7E A fl40 S o AR AR
P TP AE ] A 845 473 (spinal cord injury, SCI)
MG AR AT, W R B . R RS
R RAET . TEIR S K AR, AR
R 1A 657 B (blood-spinal cord barrier, BSCB)fi
TR L KM P28 S R R A S TR Y — R 51 4R
BB TEUR &L, Il 28 70k 2k Al o A2 1
fiEBEDI AR M EIXE . 75— RNk PR,
BSCB AR AE SCIT B A A A FE S VR o T ) 2 i
(pericytes)iEll: BSCB RO H Z 40 il 4, H A 1#7Y BSCB
)3 37 P R 00 LA L LA R G A e S 4R
WA TR T, DUSOR e 4k A P ks 22 &R
GLAEEEIIRE . A A I b R 5 2L BSCB il i 4
o, G R, IR A L A P AR 2
RY, JnE ML) BE R T . MSCs-Exos i 13 11 il
NOD1 A M/ MARE , A3l A 40 g v, DAii 4
£ BSCB (5 8P, fEHEF BRI IR 217, SR,
MSCs-Exos WAL & 2R sr, AR 2 5155
JRANML B T AT A R — 2B TRATSE .

HE B8] #% iR 4F (intervertebral disc degeneration,
IVDD) & HE] & B SRR A AL s AR B A2
HGHEMHARE | HER] RS D AR A S5 50 1Y
RABUING, Z5IEBERMEERKN, S38E
KAt S 2w S g™ SR H R X 25 H
AEIE AT 25 W) T ARG T MR, MELL T By B HiE 52
o et R A5 ik — D B9 IVDD 1Y & i L
IR ZBBIRYT 7 58 o BERZ R ME) 3 10 S 454,
WFFE A BL, TvDD i 72 H e % 40 i e A= NLRP3 4 1k
MBS SRR AT, 1 MSCs-Exos 1 LA 13 2 Ff
IR BERZ A AR T-0 AN MSCs SRR Y S MIAA
(human MSCs-derived exosomes, hMSCs-Exos) FJ i 13
miR-410 H#% 5 NLRP3 454 JF 0l H 0w, Anii]
BER AN AE TR, 4N, hucMSCs-Exos A il i1 miR-
26a-Sp/METTL14/NLRP3 {55 5 i i 410 ] 6 42 4t Ao £
T-0] AdMSCs-Exos i AJ 3 33 18 5 36 i 4 )@ 25 1 il
O 8] 975 240 1 A B B 1) 6 S R A L [ I 3 e 41 o)
NLRP3 1% 158 1 A 1 R ook 3 il A% i e fa T
MM HEZE VDD i JRE 7

FREEZANMLAN, E AN 5 VDD fA7E—E K
Mo WFoE A B, EWRAN M2 ME—BES i I AME ] 2
PAER 8 A P 200 A, LR A P ey e ) 28 P it
A2, K IVDD "] RES BRI D RE IR 5 &
SEAEGIDRAEN F AL V] 45 200 L & D T e e A O
MSCs S HAMB A B A0 AR T BAA A . AR
S TIAL P OM-MSCs R 1] ke ifn dke S0 TG {14 1 5
0 /N B 5T 40 B (B R 22 R G b Y L G A D) £
Tls-46) ; hucMSCs-Exos 1] 38 1+F HH#E 47 (19 miR-378a-Sp
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P25 I W 4 L NLRP3 S8 M /MA TS, DI 41 il
il EvEA AR TR NS 2 58 MSCs R IR (1 51
WA A (exosomes derived from human-induced pluripotent
MSCs, iMSCs-Exos) ] BEi 1 #fi] NLRP3 4 1 /IMA L
TN LPS/ATP 1755 (19 K UL F e g g 100
{HE E AT 2 A5 7F IvDD h 25— fEH, BB
Tk MSCs K H AN A ) 25 b 9 E W 20 i £
M FRG FIELZE IVDD, /T R ARG

25 LTIk, MSCs KA AT i 2k 400 ] & 240
TR SCLE HHELIREMK A, o 7T 38 2k 1 7] 5
P AL T AR 2% VDD i Ji, (FJ A5 Al 38 i a4k
(i) 4% v W 440 i £ T AE 2% TVDD iF SR A i — 2
I
3.2 MSCs KU MVs A AET:  MVs 2l i
Jo B i 2 7 P A B . B4R 100~1000 nm f) — Fif
EVs, SAMBAR—FEA] #E 8 SRR S5 2 R A )
TEPED R, BT LB, MSCs A TR 1 MVs X 41 it £
T-HAVEVER . BMSCs KI5 1) MVs 1 38 2 FLH#E 7
1t microRNA-223 1l NLRP3 4 H/MAF 5, Wb E
WA AR T, ANITRSE SR FERE AL B, 98l 3))
IR oA AR S L BRE B e 284S B I A T SR 2 e i A
TERBIIKER B AER KD, AHBSMBAR, MSCs i
1) MVs SZ IR A B AR TR /b, T Mvs B 3R
M7, AT SR /3 i i ] RRRSMIMA Z Xt
MAET RO IREAE T RE 58, Ik, MSCsoRIERY
MVs X LA T I IMEAFR AT S
3.3 MSCs il b A N TR =i fa T Sk
JT 329 (acute liver failure, ALF) A28 & M /™ & 451475
RFHE, PEA KRS RERERT, SET R ik
90%. JFASHE R ALF S 8 BIRY T 7k, (Hi T
AL ARG IFRIE L e 5 2 B S e iRy 7 45 I
, CEAEImR ES 2z T4k, MSCs I THA
7 ALF UL 32 212 e H . MSCs A DLid i 73
IL-10 411 il NLRP3 4 5 (4 iT 40 Mg fR T, DT i 42
ALF™ R i g TR R A R A 38 v 43 S AR P
RAMFA R & AR AR T, X 0T BESRARTEORS 14 AR i i
bl (nonalcoholic fatty liver disease, NAFLD) H T4 it A
T D RERRE AT B R 22—, T MSCs 1] L 14 58
JH2H L / P9 J5 X 65 ATP fiff (sarcoplasmic/endoplasmic
reticulum Ca®* ATPase, SERCA) 7 4 181455 P 5 ) )
PO SRR A, DA 1) il NAFLD 3 20 JH- 4 it 45
7=, hucMSCs W A 3 25 41 ] NLRP3 4 P/ MA TS
M DL A LPS 5 = Y AU AE T2, AT
VR ALESO), R0, IL-10 Al hucMSCs 7)1 fil NLRP3 %
I LA B2 MSCs 4% SERCA 1 A ALl it A e Y, 473
T LR AY
3.4 MSCsilipd HA A MMAET:  IREEZ
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fo H B S TR W B W A, TR 15
F) 2P B 451473 (sepsis induced acute kidney injury, SI-AKI)
SRR P B W IR IREE B AR, LR,
FBE IS R T B OIRERIYKE . MSCs T iRt |3
SIRT1/Parkin I {2 i /NE | 5 40 M A 2R iR 17 i,
AP /NG L R AT, D8R ST-AKTSY

MSCs KU1 EVs [l it [ B350 1A 5G4
FEAMEET AN, B RIAE his 8 T s ok A\ H Y4 A
KT IHEMBEAET . 713K IncRNA XIST [ i i
MSCs >k I 1 EVs A #1J il B B -5 3509 0 JUL 20 i £
7020, 7 3% miR-22 Y MSCs i 5 19 EVs | 7] 118 SCI
SRR BN AT AT gbAh, X MSCs it
AT LD AL R B - Y 2K 1T R 24 5 MSCs
XA AR ARE TR I o — AR

B At A it & A FE T4, MSCs F BHlin] &
AFETT . JE H R 2 ORI LPS A 38 £ B R
NLRP3 R/ MAIE A ARSI caspase-11 28 PH/IMA IR
RiHeE M MSCs(bone-associated MSCs, BA-
MSCs) KT, TM/NrF465 Y 66PR AT il il BA-
MSCs T2, 1eah, SisduiEaiiT-aniebis, 4
T3 40 B 24 1 T2 =X B0 T 14 40 it B 7™ A T £ 19 BVsel,
R, MSCs &4 5T )5 nl BBl i B iR 2 1Y EVs X
ST T 200 B ) A 3G Bl 7 AR T RS2, 45 MSCs £
T A HEXT — R AR TR B AR AN B RO .

g5 Tk, MSCs Bl it Hom i D g (n
SEANIMA) I AR T, NITPP I RAE RN, i
HAEEWIE R TR

4 BES5RE

1B A2 T A S — R T & B A At T O =X
AIRAT 2RI, IS5 2R i kA f &
Ji& . T MSCs S H: 43 3 Wy ] 38 ik B 4 90 il NLRP3 R
PAMAZEER | AT /N R A0 SR R A | R LR
RANE ., PRIGORRTIRE . VAR P 5 I D 5 S B A
AT A AT, NI IELE ph 28 R GR AR
Pl . BRERUG . BHRAE . ShPkIEAEEELL . Stk
JIF Rl . SI-AKT 480 I F J S sl& Ti)s . ZEH A
i, BRI T MSCs 54T OC R B 5EATAL Tk
OB, AFAE LT B EAR R E : (1)MSCs-Exos
W& Z R, HLAS [F) 48 A R U5 1) MSCs-Exos FIT
Wy T B FRP ORI, R A0 A T A AR A
AT AN B s (2)MSCs P82 40 i £5 T A A SC A 5%
1, MSCs-Exos iff 57452, {H MSCs-MVs 5 HiAth 43
Yo AT SN IIRG s (3) HETHT X fE TR e 4 K
Z 405 NLRP3 2 /IMAAT 3¢, MSCs BE 15 38 2o HAth
RM/IMEREAEZ AT IR AT (4) BAT
MSCs XF 4N T F R BUMINGIER, SR, 40

T X THURR S ZICE54E, MSCs S 15 AT LA i fie
T T (O e 4 A ) T A A S 0 T
(3) BHEIXHF MSCs A B A LT RFIE E L, FE
JRABPRAET , JE B AA7E MSCs 1Y A BT T 52
LR B RAEE , AIIEYT N TRAR T MSCs 17
TERMUE RS MSCs T A ¢ (6) M54 MSCs AT
VA AR T Ve R Ve R S e, A Bt
MSCs ¢ MSC-EVs 35 HH 4 A & — M T 5e i
W71 . FEAS B2 X% MSCs M 41 £ T HI BT A Wt
R, MSCs¥FRETE 41 FH FAfiayy . e
R AT REAEAU, I R FH A SR SR ) R o

(&% 30ik]

[1]  Liu SX, Yu PL. The challenge of population aging to health care
system in China and its countermeasures[]J]. Chin J Geriatr, 2020,
39(3): 255-258. [XI W T, T8k . N 12 Aok 6 e B £ At
255 1 R PR R X0 SR ). rh AR AR B2 A, 2020, 39(3):
255-258.]

[2]  Liu MY, Zhang ZB, Shi JY, et al. Research progress on co-culture
and application of mesenchymal stem cells and nerve cells[J]. Med ]
Chin PLA, 2022, 47(12): 1256-1261. [ XN — sk, i 50,
A5 I 70 0T A0 M R 2 200 P B R B R S LR PR i e
(] fA A e 22435, 2022, 47(12): 1256-1261.]

[3]  Chang XD, Li HY, Chen J, et al. The role and mechanism of human
umbilical cord-derived mesenchymal stem cells in invasive of
human pancreatic cancer cells[J]. Clin ] Med Offic, 2022, 50(12):
1211-1214. [FHBZR, 4755, WRIT, 55 Tt [ st e T4 i)
N AR AR 22 1 1 VR A T AL AIE T2 ). e PR ZE B 4
7, 2022, 50(12): 1211-1214.]

[4] Yu], Zhong B, Xiao Q, et al. Induction of programmed necrosis: A
novel anti-cancer strategy for natural compounds(J]. Pharmacol
Ther, 2020, 214: 107593.

[S]  Jorgensen I, Rayamajhi M, Miao EA. Programmed cell death as a
defence against infection[J]. Nat Rev Immunol, 2017, 17(3):
151-164.

[6] Man SM, Karki R, Kanneganti TD. Molecular mechanisms and
functions of pyroptosis, inflammatory caspases and inflammasomes
in infectious diseases[J]. Immunol Rev, 2017, 277(1): 61-75.

[7]  McKenzie BA, Dixit VM, Power C. Fiery cell death: Pyroptosis in
the central nervous system[J]. Trends Neurosci, 2020, 43(1): 55-73.

[8] Orning P, Lien E, Fitzgerald KA. Gasdermins and their role in
immunity and inflammation([J]. J Exp Med, 2019, 216(11): 2453-
2465.

[9]  Voet S, Srinivasan S, Lamkanfi M, et al. Inflammasomes in
neuroinflammatory and neurodegenerative diseases[J]. EMBO Mol
Med, 2019, 11(6): e10248.

[10] Fang, Tian S, Pan'Y, et al. Pyroptosis: A new frontier in cancer[J].
Biomed Pharmacother, 2020, 121: 109595.

[11] Reichert CO, de Freitas FA, Levy D, et al. Oxysterols and
mesenchymal stem cell biology[J]. Vitam Horm, 2021, 116:
409-436.

[12] Mushahary D, Spittler A, Kasper C, ef al. Isolation, cultivation, and
characterization of human mesenchymal stem cells[J]. Cytometry

A,2018,93(1): 19-31.



(19]

(20]

(21]

(22]

(26]

(27]

(30]

(31]

Dominici M, le Blanc K, Mueller 1, et al. Minimal criteria for
defining multipotent mesenchymal stromal cells. The International
Society for Cellular Therapy position statement[]J]. Cytotherapy,
2006, 8(4): 315-317.

Menshikov M, Zubkova E, Stafeev I, et al. Autophagy, mesenchymal
stem cell differentiation, and secretion[J]. Biomedicines, 2021, 9
(9): 1178.

Fu X, Liu G, Halim A, et al. Mesenchymal stem cell migration and
tissue repair([J]. Cells, 2019, 8(8): 784.

HanY, Li X, Zhang Y, et al. Mesenchymal stem cells for regenerative
medicine[J]. Cells, 2019, 8(8): 886.

Zhou 'Y, Wen LL, Li YF, et al. Exosomes derived from bone marrow
mesenchymal stem cells protect the injured spinal cord by inhibiting
pericyte pyroptosis[J]. Neural Regen Res, 2022, 17(1): 194-202.
Tang Y, Zhou Y, Li HJ. Advances in mesenchymal stem cell
exosomes: A review|[J]. Stem Cell Res Ther, 2021, 12(1): 71.
Burdette BE, Esparza AN, Zhu H, et al. Gasdermin D in pyroptosis
[J]. Acta Pharm Sin B, 2021, 11(9): 2768-2782.

Kovacs SB, Miao EA. Gasdermins: Effectors of pyroptosis[]].
Trends Cell Biol, 2017, 27(9): 673-684.

Walle VL, Lamkanfi M. Pyroptosis[J]. Curr Biol, 2016, 26(13):
RS68-RS72.

Rathinam VAK, Fitzgerald KA.
Emerging mechanisms and effector functions[J]. Cell, 2016, 165
(4): 792-800.

Chao-Yang G, Peng C, Hai-Hong Z. Roles of NLRP3
inflammasome in intervertebral disc degeneration[J]. Osteoarthritis
Cartilage, 2021, 29(6): 793-801.

de Opdenbosch NV, Lamkanfi M. Caspases in cell death,
inflammation, and disease[J]. Immunity, 2019, 50(6): 1352-1364.
Chen X, He WT, Hu L, et al. Pyroptosis is driven by non-selective

Inflammasome  complexes:

gasdermin-D pore and its morphology is different from MLKL
channel-mediated necroptosis[J]. Cell Res, 2016, 26(9): 1007-1020.
Yu P, Zhang X, Liu N, et al. Pyroptosis: Mechanisms and diseases
[J]. Signal Transduct Target Ther, 2021, 6(1): 128.

Liu MQ, Chen HW, Zhang GZ, et al. Research progress of
exosomes in the treatment of intervertebral disc degeneration[J].
Med J Chin PLA, 2021, 46(8): 831-836. [ X! B 3, B i 415, 5K )™
B A SNSRI ] SR AR RIS R ()], M AR R A A
ik, 2021, 46(8): 831-836.]

Wortzel I, Dror S, Kenific CM, et al. Exosome-mediated metastasis:
Communication from a distance[J]. Dev Cell, 2019, 49(3):
347-360.

Liu X, Zhang M, Liu H, et al. Bone marrow mesenchymal stem cell-
derived exosomes attenuate cerebral ischemia-reperfusion injury-
induced neuroinflammation and pyroptosis by modulating
microglia M1/M2 phenotypes[J]. Exp Neurol, 2021, 341: 113700.
Kang X, Jiang L, Chen X, et al. Exosomes derived from hypoxic bone
marrow mesenchymal stem cells rescue OGD-induced injury in
neural cells by suppressing NLRP3 inflammasome-mediated
pyroptosis[J]. Exp Cell Res, 2021, 405(1): 11263S5.

Zeng Q, Zhou Y, Liang D, et al. Exosomes secreted from bone
marrow mesenchymal stem cells attenuate oxygen-glucose
deprivation/reoxygenation-induced pyroptosis in PCI12 cells by
promoting AMPK-dependent autophagic flux[J]. Front Cell
Neurosci, 2020, 14: 182.

Kong LY, Liang MY, Liu JP, et al. Mesenchymal stem cell-derived

(35]

[43]

[44]

[46]

Med ] Chin PLA, Vol. 48, No. 10, October 28,2023

exosomes rescue oxygen-glucose deprivation-induced injury in
endothelial cells[J]. Curr Neurovasc Res, 2020, 17(2): 155-163.

Hu Z, Yuan Y, Zhang X, et al. Human umbilical cord mesenchymal
stem cell-derived exosomes attenuate oxygen-glucose deprivation/
reperfusion-induced microglial pyroptosis by promoting FOXO3a-
dependent mitophagy([J]. Oxid Med Cell Longev, 2021, 2021:
6219718.

Li Q, Wang Z, Xing H, et al. Exosomes derived from miR-188-3p-
modified protect
Parkinson's disease[J]. Mol Ther Nucleic Acids, 2021, 23: 1334-
1344.

Zhang J, Zhang J, Zhang Y, et al. Mesenchymal stem cells-derived

adipose-derived mesenchymal stem cells

exosomes ameliorate intervertebral disc degeneration through
inhibiting pyroptosis[J]. J Cell Mol Med, 2020, 24(20): 11742-
11754.

Yuan X, Li T, Shi L, et al. Human umbilical cord mesenchymal stem
cells deliver exogenous miR-26a-5p via exosomes to inhibit nucleus
pulposus cell pyroptosis through METTL14/NLRP3[J]. Mol Med,
2021,27(1): 91.

Xing H, Zhang Z, Mao Q, et al. Injectable exosome-functionalized
extracellular matrix hydrogel for metabolism balance and pyroptosis
regulation  in  intervertebral  disc  degeneration[J]. ]
Nanobiotechnology, 2021, 19(1): 264.

Cai X, Zhang ZY, Yuan JT, et al. huceMSC-derived exosomes
attenuate colitis by regulating macrophage pyroptosis via the miR-
378a-5p/NLRP3 axis[J]. Stem Cell Res Ther, 2021, 12(1): 416.
Peng W, Jiang R, Li Y, et al. Exosomes derived from human-induced
pluripotent mesenchymal stem cells inhibit the pyrolysis of alveolar
macrophages[J]. Chin Crit Care Med, 2021, 33(1): 43-48. [ £ 44,
VLA, 25, 5 . N5 Z2 BRI ST BT T4 Ak IR SN ) [t
W 40 A T R T (], AR ST SR E 2, 2021, 33
(1):43-48.]

Li Q, Shi N, Cai C, et al. The role of mitochondria in pyroptosis[J].
Front Cell Dev Biol, 2020, 8: 630771.

Zhuo Y, Chen W, Li W, et al. Ischemic-hypoxic preconditioning
enhances the mitochondrial function recovery of transplanted
olfactory mucosa mesenchymal stem cells via miR-181a signaling in
ischemic stroke[J]. Aging (Albany NY), 2021, 13(8): 11234-11256.
Che H, LiJ, Li Y, et al. p16 deficiency attenuates intervertebral disc
degeneration by adjusting oxidative stress and nucleus pulposus cell
cycle[J]. Elife, 2020, 9: €52570.

Liu Y, Li Y, Nan LP, et al. Insights of stem cell-based endogenous
repair of intervertebral disc degeneration[J]. World J Stem Cells,
2020, 12(4): 266-276.

Zhu ], Sun KQ, Shi JG. Advances on macrophages and
intervertebral disc degeneration[J]. Acad J Sec Mil Med Univ, 2019,
40(12): 1350-1355. [, FheLoie, s 22N . g 20 fifg 45 e v 5
R BT E R J]. 55 25 B 02 41k, 2019, 40(12): 1350-
1355.]

Huang Y, Tan F, Zhuo Y, et al. Hypoxia-preconditioned olfactory
mucosa mesenchymal stem cells abolish cerebral ischemia/
reperfusion-induced pyroptosis and apoptotic death of microglial
cells by activating HIF-1a[J]. Aging (Albany NY) 2020, 12(11):
10931-10950.

Liu J, He J, Huang Y, et al. Hypoxia-preconditioned mesenchymal
stem cells attenuate microglial pyroptosis after intracerebral

hemorrhage[J]. Ann Transl Med, 2021, 9(17): 1362.



0 AV

20234F10H28 0 4i48% 4510l

(47]

(48]

(49]

[s0]

Lin Y, Liu M, Chen E, et al. Bone marrow - derived mesenchymal
stem cells microvesicles stabilize atherosclerotic plaques by
inhibiting NLRP3 - mediated macrophage pyroptosis[J]. Cell Biol
Int, 2020, 45(4): 820-830.

Wang J, Ren H, Yuan X, et al. Interleukin - 10 secreted by
mesenchymal stem cells attenuates acute liver failure through
inhibiting pyroptosis[J]. Hepatol Res, 2018, 48(3): E194-E202.

Li L, Zeng X, Liu Z, et al. Mesenchymal stromal cells protect
hepatocytes from lipotoxicity through alleviation of endoplasmic
reticulum stress by restoring SERCA activity[J]. J Cell Mol Med,
2021,25(6): 2976-2993

Liu M, He J, Zheng S, et al. Human umbilical cord mesenchymal
stem cells ameliorate acute liver failure by inhibiting apoptosis,
inflammation and pyroptosis[J]. Ann Transl Med, 2021, 9(21):
161S.

Guo ], Wang R, Liu D. Bone marrow-derived mesenchymal stem
cells ameliorate sepsis-induced acute kidney injury by promoting
mitophagy of renal tubular epithelial cells via the SIRT1/Parkin axis
[J]. Front Endocrinol (Lausanne), 2021, 12: 63916S.

[52]

(s3]

[54]

[55]

[s6]

Yan B, Liu T, Yao C, et al. LncRNA XIST shuttled by adipose tissue-
derived mesenchymal stem cell-derived extracellular vesicles
suppresses myocardial pyroptosis in atrial fibrillation by disrupting
miR-214-3p-mediated Arl2 inhibition[J]. Lab Invest, 2021, 101
(11): 1427-1438.

Sheng Y, Zhou X, Wang J, et al. MSC derived EV loaded with
miRNA-22 inhibits the inflammatory response and nerve function
recovery after spinal cord injury in rats[J]. ] Cell Mol Med, 2021, 25
(21): 10268-10278

Kong D, Hu Y, Li X, et al. IL-37 Gene modification enhances the
protective effects of mesenchymal stromal cells on intestinal
ischemia reperfusion injury[J]. Stem Cells Int, 2020, 2020:
8883636.

Chen Y, Qin X, An Q, et al. Mesenchymal stromal cells directly
promote inflammation by canonical NLRP3 and non-canonical
caspase-11 inflammasomes|J]. EBioMedicine, 2018, 32: 31-42.
Baxter AA, Phan TK, Hanssen E, et al. Analysis of extracellular
vesicles generated from monocytes under conditions of lytic cell
death[J]. Sci Rep, 2019, 9(1): 7538.

(ifEgmi: 220777)



