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Abstract

BACKGROUND: Acute liver injury can result from a variety of causes, and if not treated in time, it will develop into acute liver failure and seriously affect the
life safety of patients. As the liver is the largest immune organ and metabolic organ, there is no optimal treatment for acute liver injury. The adipose tissue-
derived mesenchymal stem cell has multi-differentiation potential and immunomodulatory activity, so it has been gradually becoming an effective tool for the

treatment of acute liver injury.

OBJECTIVE: To review the progress and molecular mechanism of adipose tissue-derived mesenchymal stem cell and its modification in different ways in the

treatment of acute liver injury.

METHODS: Relevant articles published from 2000 to 2023 were retrieved from PubMed, Web of Science, and CNKI databases. English search terms were “acute
liver injury, liver injury, adipose tissue-derived mesenchymal stem cell, liver injury repair, stem cell transplantation, stem cell repair, cell surface engineering,
stem cell modification.” Chinese search terms were “acute liver injury, liver injury, adipose tissue-derived mesenchymal stem cell, liver injury repair, stem cell
transplantation, stem cell repair, stem cell modification.” Totally 62 articles of the latest research progress in this field were summarized and analyzed.

RESULTS AND CONCLUSION: (1) Adipose tissue-derived mesenchymal stem cell as a potential stem cell with multi-directional differentiation has biological
advantages in the treatment of acute liver injury. Compared with the other two major types of mesenchymal stem cell that is bone marrow mesenchymal

stem cell and umbilical cord mesenchymal stem cell, they are more widely sourced, easily accessible and have fewer ethical issues, and more self-renewal

than bone marrow mesenchymal stem cell. (2) Adipose tissue-derived mesenchymal stem cell may play a therapeutic role in acute liver injury by regulating
immune responses, differentiating into hepatocytes, and secreting growth factors and exosomes. It can reduce the expression of inflammatory factors in serum
and the infiltration of inflammatory cells in liver tissue, also can inhibit the pyroptosis and autophagy levels to promote regeneration of sinusoidal endothelial
cells and hepatocyte, and ultimately improve liver damage. At present, no studies have shown which mechanism is the best mechanism for adipose tissue-
derived mesenchymal stem cells to treat acute liver injury, and most opinions believe that these molecular mechanisms interact with each other to play a
synergistic role in treatment. (3) Biomaterials modification and drug pretreatment can improve the efficacy of adipose tissue-derived mesenchymal stem cell

in the treatment of acute liver injury. On the one hand, biomaterials and drug modifications can enhance the functions of adipose tissue-derived mesenchymal
stem cell, such as enhancing the ability of proliferation and migration, increasing the level of growth factors secreted, and enhancing the anti-inflammatory
ability and promoting the survival of adipose mesenchymal stem cells at the injury site. On the other hand, biomaterials and drug modifications can inhibit the
activation of inflammatory cells at the injured site and promote the growth of blood to improve the success rate of transplantation. (4) In summary, adipose
tissue-derived mesenchymal stem cell plays an important role in the treatment of acute liver injury by secreting growth factors and exosomes, regulating the
immune response, and promoting liver regeneration. With the development of science and technology, biomaterials and drug modification can enhance the
self-renewal ability of adipose tissue-derived mesenchymal stem cell and improve the local microenvironment of acute liver injury. It provides a new way to
promote the clinical application of adipose tissue-derived mesenchymal stem cell in the treatment of acute liver injury.

Key words: acute liver injury; adipose tissue-derived mesenchymal stem cell; liver; adipose tissue; cell transplantation; cell modification; cell engineering; injury

repair
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tissue-derived mesenchymal stem cell, liver Injury Repair,

stem cell transplantation, stem cell repair, Cell surface
engineering, stem cell modification” 4 3& XA %38, vA “4
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#1 Acute liver injury[MeSH Terms]

#2 liver injury[MeSH Terms]

#3 Adipose tissue-derived mesenchymal stem cell[MeSH Terms]
#4 liver Injury Repair[All Fields]

#5 stem cell transplantation[All Fields]
#6 Cell surface engineering[All Fields]
#7 stem cell modification[All Fields]
#8 #1 OR #2 AND #3

#9 #1 OR #2 AND #5

#10 #3 AND #4

#11 #4 AND #5

#12 #4 AND #6 OR #7

#13 #8 AND #6 OR #7

#14 #11 AND #6 OR #7
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FLA # AR RO 89 k.
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R, RAEANEATE, THiLERALEMN 62 B LK,
H & PubMed %438 & 49 &, Web of Science 4438 & 11 &,
b E AW AIEE 2 B, ek AEE ILE 2,
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B AR CBL 5B ST AR, 4 R R T RS 1A FUR
T 2 B VT A2 % AT RE S A BT 20 A T K AEAT R AP A
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T ARG IR B3k G R AR R mpe it AR T 1, WmTém
Jok B #H R AMALE F 2R 4, Bk, EAMER TG
18] 7 T fm 3% IR AR R £ AR R B B E A B b,
B B8] 7R T tm R ST AR A KB F, k. i
BATABAERBRITF MR A RE, 2 ET4, RN
IR T RS B BT ARG ) A AERAR A I A AL A BT
e, A28 W 18] F0 R T am oA Ay T 4 e AT K AR AT AR
PAER G THR RIS, 1hE LS R TARIEE,
223 SR R ek A K B FAR ARG 15 A
JiE Wi 18] AL 5 T dm B AR 4 18] AL T dm e B Ay 4 ik £ K B T84
Hhhk. HFRINA RE W 18 ZUJR T 4m B =T vA 4 ik B 4a R
KB F R EAFLF 440 P, L0 & BT s R g i) AR T e
JOASAR R E 376 T AT KR ARG 24 h 6 75 B4R
By, BREERABEA R ZKF, Hhnmiet KE T
RIERTF, BETH R AL KRR A,
FERETIS & B¥ 64 BF xR A IS 15 18] 70 T mfe s Ad)e , AFAE
A KE Tt s KE Tz X B T50 245, 5
W5 18] 7S5 T tm e T A5 L AN A 4t dm R R 5 3 S I 4m AR
wmpe, RHFMET AT CBRRARE T AHATRMG. o
BN R A KR TR R a0 ET A R vA R 8 AR 4%
B AR FREETEMER P A KIRE ST BRGE
I BEARREEZOEARAERKRBTFORLS, WmEKNE
TR T T oA ik dn e 1 B A R B FF A KB F O,
ABDELBASET-ISMAIL 5 “ & 52 % 3L, P hria) 7 F m e
T AR AR E AR AR A% s R i 69 R R BR R IR 4545 B
(alanine transaminase, ALT). X % & 8 & X 4 # 8%
(aspartate aminotransferase, AST). A24r 4 /K-F vl R 4t
X RATHT, hhg R EERRET. R4 %M@
Jod KB F. SRR A BEF B taloh BB [/ &
Jh -2 R RGA, REAT iR A A, 484, CHEN & ™
& ) B BEA N- TR 3K = T e s SO B Beclind,
LC3 I1 % g "448 % & & &k LB IS AT R A
& BRG] R T e AE N TR ER S had s KE
Fon g i KA RKE T a9 &L, Il dm e fT A f rEM T I
ENTR . AFRAR AR S B2 H-FHBERE &
PRI K RAER, 3@ iF RNA T 3830 AR 37 %) 15 15 18) £k
TFamfesyibng NEAERKE T, SRETHEDE AR A
KB T 49 A8 Iy 18] 2R T 4m iR A3 AR S T 8 BB T AR AR AR 2R
B 1Ak XM iz A A AT iR 3R, g R A K
B F 1B % Ak 649 A8 B 18] 0% T amIRAB S ) 7T VA 8 2 4 iE
PG R A, AT E N R e f T i B A P, Is
B AR Tkt A KBTS, B AL AT
Hhr AR EEEF ThENEAEARKE T hms KR
FRAAKRATHZ &, IR LR T @@yt
P K B F K ARAT AR 3P AR R AT R TARIE .

B At st vA B Ag I IR LR T e e ig 7 S AR A% 6 o
FHE BEAT AL, ST 48 I 18] R T m s 57 S ARG
o TABIERA B 5, TAEEE—VERAH Fe £ 24 AL
B2, B8 R T tmfetk A —Fr R % & ok ge
IR SR8 18] FO ST e, RS ANURZ G T il i o
A A B b £ Z me LR RR LA R AFIS T A,
AT fEiB ) KUE B TR BB, o AKET
STIFREAARYAVE A . A2 B AT 69 A 70 2R P A7 AR A A Bk
ST A R H G, R 1, BH KBTI
F AT,

F1 | BERFIAZE R T MBS 2 M ARG IS R RS I0R
FEAEE ) B EBOTR MRUER S A TR L]

REFG W nEt FA &
i A
J& J&
KUBO®Y, /N JJEERMA /MR ERK 1x10°  JIRI0T A SR T4 AT DL E R
2012 A VES WL 20 B 7 Rk, BRI
IFDIRERE, I NEAL L%
s
HONG ", K 2- ZFt& A JHE x20°  JIG U 160 7 J5R 440 M A e U )2
2013 B HE 2 B VES WA R M, PR A TNF-o 55 5%
EEAIT SED TR, 2 IEJF T fgkans
PIBRAR
HUANG™, /N Xt ZWEa KB R 1x10° g5 IA) 78 52 T~ 20 Mo 400 o) 4 e £
2016 BBy Jikid 2 I PAS0 & 1, IR b B R A
il EEsE R R, IS
HKEHF 2, ] MAPK {5 5
JE R O, PR AIG JORE S N
WA IE A T, B R
1o SV R A7 /0N BRI A7 2
DENG™, /N WARZEE ANEL #Rk 5x10° IR0 R TR R T AR 4 fE oA R ik
2016 % S R R R A B 8 B
Fnj J, AR I 453 455 b R 4 ALT
AN 1 AST [y 7K1
il
Guo™, NIRRT SN HEK (2.0- R IR) A0 140 i R BAZE R Ab
2017 B VEST 3.00x10° Sp Ak AT 4R A P RS AR
(1] 76 5~ &40 o 25 A A T 4 i e
e SV R AT O
FERETIS®™, K xfZmra KR &k (1.0-  JIRJ07 ) 78 R 40 MO R A 42 o
2020 B R VST 2.0)x10° AR K IR T 30 HGF AT A% 5
KPR RIEKT, B3EMGE
SR R
ABDELBASET- K WAUFEE KRl JEJE 5x10°  JIg il 7e it T-40 A e 3 v &
ISMAIL™, R 44 Hh P T 45005 K BRI 37 Y VEGF
2022 I FGF, ) Py J5 9 S K P
HEHTFMB T, e T A
FFA503975 BE 2441
CHEN™, & N-fi%t KRl B 1x10°  JIGID7 IR 78 )5 T 400 /) 4 VEGF,
2022 T 4 Jikid TR AT S H 0, SGET
il Eighi]

FE: TNF-o MIREIRSER 1 MAPK Dy 22 4[5y A0 B L s ALT s T 20l
AST AR A TR L L HGF NITAI A K K75 VEGF A4S Py i A= K K5
FGF N RAT4E g A=K N 7.

2.2.4 eI AT e ik s R AT RIS A PE
Wor 18) LR T am B AR Ay 18) )R T tm B B Ay 4 ik S s AR 64 2
Be. SPBLAR R AR BT A 4 i34 7T ik 69 B 4258 B 4 50—
160 nm ¢4k ks, WFZR. AR, BBRARED
M AEMET T, FBiTOERES. RIERESFL
W G % B BENZ AR g A0 52 B 4m L TR) ¢4 2 a2 Y,
W T RE) a0 nk 6y s bR A AL R . B a . g v
BARBF BA F M, B, REEA 05k st
AR B A GG AF A, BRR AR, R IA) R T e Be AT
AR A GG 5B A F AR KERMLAT .
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P FaE B R, KA A A7) e B A VA BGR T R
EREFAMFTAAY, ZHELKRET EE LR T
mAOAT A 69 SN BL AR AT B AT I 6976 ST AR

SUN 4 & 53 7 /N AU 04 5 o 18] LR F 4m e R R
BRI GINIAR, IRIMER THR 6 4850 EvE i,
LERD T, KRR GG N R TR T SN AR YT oA A
#] B oL fm ek 6 & e E 1B A APB AL E T a F K
ERFRE, BV AREREEEGHI FIREAHE 2 6K
KR, BIR@A T LEE 3 REKF, BRTFH
SP LR BT AR KR 40 R T An BAL LI G R AR AR
MG, FFRAR PR #BOESH SN bR G 77 2o AT S o B
BEFHOEHEFRG KRR, % RE RIS UART AR
B ERY BTG AT S0 F 69 CD3 FAE T it ed 3,
AR, K JE 4m JeiZ- 08 e 45), T 98 NADPH A4bBE 1 4= 2 #47K
T, WA TEOFRRAIL R E G R, Mk
37 DNA Ao Aiik 2,2 345, s+ 2 B4 A — 2 9%
PR P BHARER, BB LT miesT A 6 sk
B g A MIR-17 ST VAR Y KO MRS 3 s B
AR5 O A B4 oA IR AL LE A IR AE AR 3(nucleotide
binding oligomerization domain like receptors 3, NLRP3)
SN IR Z Rk, Ah B AR AT IR IR R 69 K R AL
# W B AR AR RS % A D- F UM RIS 24 A
AR I A R R AT K G B B BRI S E I 18] AR
T m AT A GG SN sk Ak, 45 R R FIEMH N bR &R
o)y R BT B8 48 AT - 4% R Bl A 2 R 4 BB T 2 1K,
i RERFREAZF TR, REFLARFAKRAIK
b B B 5 3 K IUBS W 18] Fo R m BT A 0 Sh SR A AT
KP4 miR-17, T VA B E 474 5 NLRP3 48 Z4E ) 49 7%
AL &G BAEE G, #mdpH NLRP3 Kz MK 69 47%,
M Ak K2 B T 69 2 ik A P& R B AT K5 549 St AT
Fits . H19 B —ANKJE H 2.3 kb #9344 75 RNA, FEAT
JE P R GRE R e R AR A B IR Y. AR AR
SAIF IR B A AR b, R I H19 JE I 48 iR 7A 7 8R4
LR P YR A R F I A, R HI9 EAFLAR B A A=A
AL F R R AR GGAER Y, N F Y iE A R Rk e it
FOKHAAE TR W 18] R T am AT A e sk AR .44
H19 *T vA i it m i A K B F —c-Met & 24T SEAF 40 .69 38
Hh, MMt ZHEMITFRBRRAGHEER, HHAREN,
HARRE Wy 18] TR T fm AT A 4 Sh b AR AR F 42 A% AR RE B 1)
KR T mfe T 68 EA KA. PIAO & B 2R 50 K AL HLAS by
18] A T fm e Ae g Wy 18) R T 4m BAAT A 64 S i AR 3 7T vA
i@ 11 3907F Wnt/B-catenin I 2R U AT IR B4, FPHAZEE R
AT kBAZ Ti@ Ry Mmoo, #BFHMG; 2254
ALJE W5 18) AR T G ReAT A SN LR R R, ABARRR B 1A) AR
Fom e R 3g m T GSDMD-N ¢4 3K, GSDMD-N 2 & P
R & @ B -1 3% R ILEZ @ (gasdermin D, GSDMD) £ 4m
JO AT IRZ P AFEG IR Z G BRI 10/5 69 N 3 A L,
TOAAE AR F I, @it Y, GSDMD-N #4498 3K 7T
B2 T A L8 B e K 2K IFN-B 5 & R & 3
P B4 04 g By 18] )R F am it 7= A& sm e = B RIARY,
ZHANG % P23z i g I 18] 7 - 4m BOAT A 04 Db Ak 56 77 BT

5046 | PEHRTIEHR | 5529% | 55238 | 2025588

B B EARA, 45 R B TR R AR T a et A e 4t
ARAR AT A AR & E2 A2 30 Hm, @itk RAE 1L CAMP BUE
ERK 12 5 if #%, 7% GSK-3B, 1Tt p- LR E, 42
BIRATEG ML, REFBMYG. WANG F P T
M b P b o B2 D2 AR A5 AR AL SHIE R B B 18 AR T 4m
BOAT A 6 PR AT G I, R BT EA B IEHIE A
TR T 4 OAT A 69 SN LR T VA P& AR 69 48 22 9% B2 4545
DERZ T AMSREE. ¥ &G AL A A R LK
T, FORANE R AR K E G AR TRPAER .

VA _EAR % B 50 A% R R B BE W 18] FU R T dm B AT A 4 41
BEAR E B8 i AR K JE RN . AR ST 4w 3G A Aok 1 T fm
JOR =5 7\ BRI . SR B R B2,
B AT AT 50 AR S T BS B 8] FL R T n AT A g SRk AR o s
2 RNA. JE% 5% RNA Fa 2 @ R AE06 55 4540 94 A
H A5 69 I8 R A Kt BT 406 97 FF 4G F KA,
MEFR I —FIEEL., XFRELLE TR
T tm AT A 6 9 SRS ARG 7 B M RT AR S S A AL AL 89 B
RIIK, EK 2.

2 | EERRTARITENINL BT SR G R E R
R

RS S SR Shikk ik

SRUAAE SNBRTE ik

oy KIg o W HRE
LIy, ANERIE SR NRIE REEEE 400 ug Mg B (R) 7S R T 40 i ~Exo
2018 RS Bafs 5t £ 1R MIR-17 4 [ TXNIP 411 1]
BEAID- NLRP3 4 it /)N A 8 17 4 8
e FU M % Einkii]
JIN', KBS ERefE FFE kRS 100 ng IR J0T ) 78 53 41 i ~Exo g,
2018 ST D- R A I H19 W) LU HGF-c-Met
MG H &A% R AR BT 40 B 1 4
L EEZ T R v e P JHF 8 38 K B 1
peanrd
PIAC®Y, KRB KA EEIKE 100pg BRI IA 78R T4 —Exo — 7
2022 FRREEA sl St T 470 1 NF-kB (1 B f2 10, O3
AR Wi D RORE R N T T, B
fRA T Wnt/B- I P, B
ERER G A N %, 1
PIE YR S E I N v
T AR 30 00 8 5 38 3o A
PR 5 TR ot I
ZHANG ™Y, KRG KRAE [T kIE 30 ug T 177 1) 78 J5 41 . —Exo {1 i
2022 FREERT Mvafis 9 YifRE E2 ErEm, {2k p-
it lilig ERERMRA, ey
EAMRE, SGEHBR0
WANG ™, 5L R 110 GE 5x10° B I8 7 1) 78 5% T~ 41 i 7 4 11 4b
2023 MR SRIL VARRRT 5T Fi kg WA LA AT U ) £ 215
TR AT, VA P9 RS O
L52] KE BRI 1EH

Ferk: NRIDIIE) T T 4H AR ~Exo A IR DT 1) 70 5 T AU BRATAE A s MIR-17 /gy
F RNA17; TXNIP Syfiit Uik & FUAH ELAE F AR 1T NLRP3 DA% T IR 45 4 5 5% 46 M IR
Ak pyrin ZiKg4k 3 HGF NP4 AE KR T c-Met D40 a1 7 % 4 [R5
NF-kB Jy#% 5 53 5 1 kB.

2.3 13imiERKEI 7 R T MIRETs RIEAFIRIA AV RIIR
B ORIE W 18 TR T m A ARG T B MERT ARG R B2
& AR IAEH 69 EA, 128 718425 % 1924 29T fa e,
B AR NG R T QR . mILTT ik R 0 KA R Y
Fimhe oy & 7y, AT vA RS N R R FH AR AL
R, BAAETREBN. & TREIML S A BRI
Bk REIRE, A TG T akIGE, 8
AT mppegEr, REGFRAIELTZRIFEAYFAR
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Iy A R 38 IF Fr 6 T bm OAS AL AT R R A5 R R 64 19) L
AT REGTF afost TR 6957 20, BT el e
B Fasd. KIBEEZRRGFRA], FRAR
iE )RR ARBATT SR P, Lk 3, B4

3 | 1BIRRERA B BT R AR AT 2 M AT RS s IR L STL 2

W—AEE Rk BRI BT SRR TR WA

RAEY [RIFET s
ilialiips by
i Jik

i ™, 2019 ZALFER IRIIRAHT UG IR 2 AR R ks

BEGER  AUMERA Sx10°LT Bk FRMRTAN AT AR IERS R U )

AMRAES IR MR ALSE SR A AL

10mg EEL (1 9) BHERER 2, Intkigm; H 7e 5

FLreTR ROk 10mg - TN I Dhae

iR 2h BT R, (AT S

Ji5e =

CHAE®, 2019 ik  FoxA2 3 BRZ SCHEHIA Fox2 (RN I 78 i
FoxA2 Jf ik #9 i i 7] BER%  NEUROTS T g L AT i

M =4k 78 5T 40 A FREC AL FRANA, MR A

SCBRRRSE DA 1x10° 2 A A UL TR A T
A% #| PLGA 3 ¢ [ or ks SO NE]
24h BT R s fe A A
B, H WS
T v i il i
ElE ke gravany il
2R
HWANG"™, RO BREATRE  XOBE RERGE JEGRTREeme 7
2019 250 ug/mL 2% EIEE) T 4x10° iR F8 ST
WL T & AR 535 A S 1 12
1% fifa /- i FEBTAN IR T BRI TS T
i 18] 7 o T izk 2 L [ A% AST T ALT
gl T L, AR T AR
5 1.5x10° fif VA 78 T4 M R e ¢
U ) 7853 400 T
Ntk % 24 h
EL NASHAR™, T3 50 nmol/L 55 JBE  REIKIE 008 35 A EE A L
2021 AR 3 Ak 5 1 B 1x10° B35S GG R 75
Jiis 40 78 5% T2 ARETR] T4 M 1 0 ) 5 T
fa2h BT DhRef g, ITE
Jia AT T
LAI®Y, 2022 L- %% L- JRBURTIAL N- i GRS L AR EERTHIE
1% HUGWIAIZE R HE T 1x10° A I A TR T4 S

REMTRIZE AT AEAC R T e

SR A3, A M IR 7
TR T SRR
PN ARG
TAEH

T4 2h i

RVE: AT AR TIFEANE; AST AR A EARAIE M PLGA NI - it
LTILRY); FoxA2 J XIHMERESRIH 1 A2,

2 1. WP B B T
) i 4ADSCs
o)

-

‘\ R
REIKES

| ADSCs

u ’ ST

3.ADSCs Lfig & —nee

JiEPY R L

i NADSCs
2

ADSCs#If &l ||

[E 4 | BBAlE)FE R F4AAR (ADSCs) JATT REFFRGGEIEH A X

231 A MHAEE AR R R T @it 57 &I
e RAE AL B —FF LA RAFA WA SN At Fa o] [ ff
M AR, AR R R RABEMAT S RE 18 AR T e
Mok, R EFIEWE LR T @R oA S LR
MR ERmEFAK, FHZIUEBABEMETIE R LR
Fwmipegdgiiet h BA — 2 IR E R IR R AR
F mhe - % 3L 5 BAEMOR T 46 5] w0 FACKF T 09 S M AT
Bith K AR R @G, T VAR B3 E& 2T KR89
FFoh g, BEM Y K28 a3t i R gL % .
HAFRAME T TR E KRS B F A2 6908 b 8] R T
L= I RIZARE G, TURERGEH R AR Tm
fe s BB @ A fe ), B AR A %IENE &
MAFRGDRET, 422 T1AELHENRGARS
FRELXRAFIF A MG 5A;, d—FHREP LK
AESE A F A2 i F AT AARAE S B 8] 7T e ) BT dm
fag @i, EoitAR g, B8 18 R T e e T A
pubtafe A KA TR X BT, 208 254EH0 T4
G INT L EATARG O, A RS R A I T HE
SHAT A T fm b dn Al 6 R, AR R RKIEST B A A,
g W 18] FUJR T 4m 4 o7 B M RTAG SR AE T 37 69 16 SR 2
A%, skoh, LIAO 4 B9 iE B A 4y iE 5 4 KR A2 BS
8] 7 F fm AR AR AT T R 5 A R e 8L ¥e ) AR A T 4T 41
% RARAT, R B TRIEASA < RS B ) AR T e i e 38
A Fo G LB R R R F v, A2 B AR A8 e AR T
w5 AT 20 R e ek A58 . 540 B 69 g b 1) LR T
40 0, 22 B BOE S 3 W RA BRI T 69 & PR ARG s Rk
NE& MR EHREN S, DERETRGEE,
232 PHIRESNENTIA LR T s 7 ST A AR
P 2 508 B R AR T e B A s T SRS, B
7T RIFGFTH, BHEETER T E L EFE R
R T, SIESHFAM (AE. K&, BT, GKH.
A A KA. AR). FFRAN R SRALK S
B§ For 18] Fo T 2m B35 o7 < VAR 2R 2 M AT 3% 9B K R
oG KIE B F KT, BMEFIEGRIELEM, X—IEH
AR T e KJE4E T8 34 (M5B T «B) A H T i

B H O E G T Sk BT B
Ifii, ADSCs Mg 77 :NE 50 3

e, NS B A K

T 4T ADSCs( &1 b 18 4 7 X )

C ShREm. FERENERS

Hory 2 KAM. SREREH g 1¢ 249 Fi4k 5 ADSCs J5 14

HLIEADSC B 2 FERR /R AR ( I 2

3T =80 S WAL N-

5. ADSCS%{L%E}?#ﬁ%&ﬁR %ﬁa@}tﬁ%%éﬂ‘l’gm)}z%ﬂ@

SR H1A) Bk 12 1 ADSCs F T £ fL5%
FERE R AN L 2 3k XS ME # 5E [A]
Gt Rk Lk FAzgy | A2 I ADSCs i & AL - Fe bk

LRI IR IR E AR A R
f& 1 ADSCs 77 2 (&l 4, 5 fil 6
B4 772 ). I 3 e ity Kbl
A3 = ADSCs ci0 i HF DO RE YT 2

ADSCs = 4E L JHE I R 4L

Chinese Journal of Tissue Engineering Research | Vol 29 | No.23 | August 2025 | 5047



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

KERTF (MBFRLETF a. G @ie% 1B =4 @ies)
F 6) KA Z B pH, REMW A LT mie L ek
KRBT, oEAKAEKRRETREL, AN @IRLGEA
M BB ST R 5B K R R4 R BT,
233 ARG ILAE ) R T e is g7 TR A
HONG 2 " & I R BR A2 BT K Ao BT 4F b 09 & A & R it
F2p K FRPAER, ARG KR 2 R RBER3d
o B R AR IFR AR T e, 122 8
ZBR VT vA 2 3R E I 18] R T m fe B AN T RE 69 2 E
W Z MBI KRG IERAER, #—FHARERE
T 2B T VAR AT ) B m a4, 3] B4R,
M AR 2 8 Wy 18] FL R T dm AR AR AR, B AR AR 449 B8 B
) 705 T an T vh st & B8 S i 2 ERFARAG . KIM & 0
KA EARS BN AR Tty mielE £, RIAME
A8 A% g Wy 18] 7 T bm B Fo F AR R, ST VA 43 I8 B 18]
R T it e & A RS AL A 422 B 2 Bk
EREMNE, FHEABSH AT IR R T @i
miLE . R E T EABE S 09 8 b 18 FL R T fa fid
SRHBIEHEDRARN, BRAGIHETHE QK
49 6 W 18] 70 R T 4@ Blebve) T B o BRI ) 3245 B ) B 38 0%
5 HWANG 4 B iz 7 B & L4k 04 IS B 18] 700 - tm fiss
575t CEBERA B AT 09 SR R, S REFHERS
A 5 64 I8 s 18] 2 T 4m B RAS A 64 JI8 W 18] LR T 4m Bie
FRHER, AAEAREHHRPER., TEE
R B EER, FRAR AL E e FEEAER
Re W R ZU /T emie, 4R %7 50 nmol/L F ta & & T VAR
ERERF R R T mit ey k. Z R EHIKENFDR
T EMTHG X RARA, AEFmEELs®
st g 18] 7R T m e )2 R 66 ) R#sem, 425 5 e &
i FmpeAs A aAart, & vaE F IR I 6 B B R T
4m R A% AL T VA B 2 AR S AT 3R 45 KOS IR 69 Bk B2 33
K, IphldEeAd KB F B Audzdt KA T kB 49 KA KT,
2 EAFIRAG O A AR TR B BB T FE A AR
Famie, ERE 75 RALILITEREIT R LR T mfieAn ik,
2R R T G 69 06 oy 18] R F 4a 69 4m L7 AR iE A
e BEHFRHA;, BARXRERT G RE LK T @i
%7 B KR, 4RI RN LR @I A
Fak K EWLE N RARKRRTF, W4 amNE 1B 49
Rik, HEFFHAE S, BMAALERN, - FRBR
FRAE R T RS 18] 700 T tm e oT B 2 4R A RS by R AR T
Rt AT da e e KB F a9 48 ), ARSI 18 AR T e
ot 57 ST G K R 694 K F A =4 O,

AP B 4, Frdh M 5 R S A b B B G IR3E
& tm oA AR R B K, @it B AT A b AT AR
R Fo7 18] 7R T 4 R 09154 7 Rt AT )a gh 2232, =T 4 f64h
7 AT IR W 18] R T m e A AR08 97 & AT 340 A IRt Ak
. W E S IALE KAGE, 12m0597 M 8wy 7 @At
RV AN, P EHE T @mied L7 k7446,
i3 2 TR 22 A dm ek B TARAEAN 5 T X B g A 1)
AR Fmpet ¥t m R T EaME BN AT TARSE P
E2h by Mty @Rt E, 233 E A%

5048 | PEHRTIEHAR | 5529% | 55238 | 2025588

R FA TN, 122 F EHOERIER A 4 %4,
EE5Fimnst 5 R T TR BEWMRERGER, HE K
T FF AR AR,

3 iFi£ Discussion

3.1 BB AEZITHARNAREAGEENRIE LA
Fith £ 245 2 A e eba42 20 M ik Bfb, smARut
Bilik, 4o RAERBTA AT, SHATRMGRT A&
HhEHMIT R, RAFREF LT, — LA SHATRA,
A AN R —A 2090657 5 X e R IE R R E £
BAKR SR, BAE RBEHFRFERRG FLE S
A S BT A ARG R A R K. B AT @i
Fo A EF MR I AEGHFARERFHOXE,
B 7 a) o T m RS 2B o B ok, REF HEK
H4w AR F el b @@, ARG AEFIEFA,
C A A5 & B RS W 8] FL R T g e A AR & AT ARG R R
FeB AR, HERNET ERITH 7 2 LM R
SB YA R AR ST R, ALBR IR R T e e i T s R AT
HAERRZA., B LR T mie kg & B £ e,
FRAATHRONER, B AAT A ILK N R 4 5T 33 IR A
8] 7R T fm e K R RAE L RAF e E N, BRSNS IR A
Ji T afe ¢g RIERET M 4R K, fafiei fid 42 b h 5 = e
WG, T Faflh % aaoikkes, BHEIEAIIK
e RE A R T mie B R e R R JmdE, B AT
TR B K AR R T g & abe, T et vt R
8 - HUE 4B RE AR, ELER o BT AR 6 B B R AR T
Mgk =g, FaReRRG B LG —AT kAT E, F
HE A AN RIKIE R0 T amie = sed v . Bk, JE
o 18) R T am et Ve AR R e B T — R AR 944
3.2 FEGAXBIFMALREIVER AEireh XLF
428 T RR W18 AR T mest ST ARG 4906 AR R, 12
¥ RA L AkAT 3T IR A RS B R T s 57 ARG
TR RABAT VI8 LB T AZ B AT i)
FOR s 7 BT ARAG 69 o F AR Fe A 5 R Z A1,
BT R 2h A TRAL FE Fa A A RS ASAR 8 ) R
F amhess 57 ARG e

3.3 ZEANSIRME %—, MATafBAEFHTH
K, BRI FR T iR is 57 ARG 6948 K k4R
%, X FERBE 1A FL R T fm oA BT dm A AR AP
B B8 8 AR T da e T S R B A ) KRR R
W 18) Z0 R T gm e s A K B F AL 3T AR A5 15 50 BR W
8] 7o T fm A ik S0 b ARAR S AT ARG 15 5 4 5 @ 3t S
BRAATT AN E L, & TR LKA MR IHK N 5 A8
FRBERATAEMNITH RS ATEA, B RFE AL
FE, H=, BATISARRE R R T it i X S A,
LEAXNT T o5 97 AP 6948 & SLak, ik
TR ANE R RBIEN, S5 E BAN 2 HE %
5405 B8 5 190 F T am o6 77 BobE FEAR A 49 SR 37 04 T
Rk, %=, LFRFMB AT AT @itk R
JL R 6 s AR B R, AR I8 LR T s T A
AT A5 A% 64 b AR 5 A .
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34 FRNEBENY MERAEFHLE, MEkME e
B tE R R T amfe kst & R EHG R 2 H 0T
2. REM 1A AR T e B kR 2. RIR IR BLAE 32 19)
ARV ) ERAE LR FH KEN T A ML, XF4%E
® T B RS R R AR T s 7 A TR AG 6 AR R R,
—7 &, iBIEXTIE N IR R T g 7 AT AR G 6T
A 69 )2 4 Ao 2R, ST A A IR AR 6 W 18] R T g
57 ARG 90 F AR REFT R T &, H—F d,
@ 3E xAEA S BE W 18] TR T tm s 7 A PERT AR 4G 6 B R
R AT ERIR, I A A BE R de AT R IS B 18 R T fm e
WG E R ) Fe o GEE MIRARIT RG34, LB E
T oA R,

3.5 RAEFENRKAVRIN 818 AR T ekt 7 &
HATAR G BA RAFE A AT, RETAF K S A4
g W 18] 7L T 4w e, 6 7 R 4R 3 08 W 18] L T 4m i 6 77
BTG 098 A A, Bk, PR IE AR T e
T BRI TF e A 4. AT HRFEMELG
T @, —EARE LR RS I8 AR T e e A AL
ANKRR @ty Ren b A, RFH ek frs; £
K, R R) R T ek & o A A A A E T AR, R A
F) ) 3K — AL S By 18] SR T am el 2 dhid B A G s 4,
ARG Hp G, &E, B LR T @RTl s s
AR AEN TR F TS T X, RBSNE LR
F, ¥R b s BIRIE PG EE, RS RS
R F, RGAA. FEHIAE MR, KA
¥ [E 2t T am R st AT 540 R T T ASR Z 8 R 18] AR T e
JL) T e AR K EAFR TAET AR &, soh, A%
it S R R P 18) AR T fm B AS AR T ik ARGE B AT Sh A AR A
B IFRE IR SR A RAFI6 97 2R, A2 T AR Iy R ALk T 4m
Jo KRG Fe ST A 2 R A2 6 £ F, B AT AR E Z 08 1)
IR T et 7 WG RE 5%, del8l I AR
Fwm A A . S F X ERRE, oL, JE
For 8] R T m A4  i2 i ) T AT Hh e 2 iz,
FARAIM. EfR. BFKBIM. AT EMFIARNE
F AU B ) % /) AR T dm IS A 69 A Fa Ay BOME,
H B KT s 7 B gk 9% 69 2497 % . BURFALE M
BT R ARA], T @i L, vAIRETF
WA T BTG 5 B K AR E REGHER .

VEETRER: ¥R T E A LRARE R, 0 R TTI8F A B A 1S
R FE, WBI IS LB T RIE L E.

FEPZE: LT MH AV, ERMARALFRETRP R
A B R,

FrHOREERE: &8 — AU F, 4B (SRt ZF Tl
“EFh AWM - AR 7 XEF 4.0 K, ESEINAGHFLT,
AHFMAAIET btk B 69K TRXA RSB, AT &, B AFE
TR P RE. FT&. N, A8, 4T, k. BIUEEIZLH, H4
Z TR, AR NSRRI E AT AR R iR,

FRAREELL : S5 R AT AR 5 4 SR A B T BRSSP

HIRASE: ZXFEREETEREFNTSELN L (Ahsds
B ESMIRAEHEY (PRISMA $88 ); L F AT &2+ LR 2|5 X
BRAI R AT 3 R X FABA A T XFZDFATHF £ RE T4,
FUTIFBOA N X FH S BFILARTE .
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