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Research Progress of Mesenchymal Stem Cell-Derived
Exosomes in Treatment of Osteosarcoma

WANG Fucai, LIU Zhuosheng

(College of Medicine, Huagiao University, Quanzhou 362021, China)

Abstract: To elucidate the research progress of mesenchymal stem cell-derived exosomes (MSC-Exos) in the
treatment of osteosarcoma (OS). By reviewing recent relevant literature, summarizes the current status, path-
ogenesis, and potential therapeutic targets of OS, the biological characteristics and functions of MSC-Exos, as
well as the research progress of MSC-Exos in the OS targeted therapy, tumor drug resistance and as a drug de-
livery carrier. The results show that MSC-Exos, as a novel biological therapeutic agent, has broad application
prospects in the field of treatment of OS,

Keywords: mesenchymal stem cells; exosomes; osteosarcoma; targeted therapy; tumor resistance
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1 BRI

1.1 BREFRIR

OS J2& B 41 b e i L A0 R v A e b 2 DL 3 AN 7 0 4 CRE R B % St i P S 4R S o 18
%) HUOE 60 % UL ER AR N BAT SUBAE I8 73 A AP AR . W98 B . fE R BRIEHE N , OS 19 & A4 R 252
FAERE TN 2~4 B Horp R ZG 00 4y 22— 1) £ A7 78 T A0 1) 27 % 00 I e e AL 118 5 S 3
P2 il L LU RS R SR AR B R R OS IR IRSET- /M B R HY . OS B4 %K 3B A7 R e 1 38 3ty 8 1
T i OB i SR T o 0 A R R D R AR AE S R L E . OS I RRE AF
FERAL 0 BUE A 7= AR 2B R T . OS 28 M (9 A= K56 4% 55 M T 3R 55 CTMED A A1 58 1R 356 3% & 4R
S B IOAEE . B IO BT A Hh 4 A0 RS A T AL B S LR MISC L P Rz 20 L I A L O £
20 M L 40 B L B ET A A0 R A R AN R R A A B OR B R — R R R B AR B
BHYIREE, OS FB s FR5 v 2 Fh 48 M 22 W) 38 320 /7 22 BR 45 A5 5 A0 B 7, 33K 26 R B ( 5 38 1R 22 b 4t i
W e 7 T AR R A A R th Al i AR i (EV) 3R AT 8. B AT, EV BA R 40 i
[0 38 15 1 — A R B AN A (Exos) GERS I BI0M 55 Z Fh ARG 1. SR T S B OS = 7K F- 41 i
S BTME R AETE » LA S OS A1 G 43 Rt A% L 00 52 2 P A I R | JF A R0R 97 19 T B2 79 00 L TR UE
H R, OS [ 35 AR 7 G048 T AR DB I A M b 98 FURT 4l B AL ST . 3K Bl s BLVA 9T 7 3 TR R PE OS
BT RO AR T B A AT 25T 2 v B I R RS I L R R OS B R R KRRAIG, TS 3K
BUGAR . EHE 51 OS B W V3 A A if A — R B 5 a7 B, B OS By & bl il B Ho vk
TEVAYT 0 A5, AT g R SR FF & BT OS BVA YT J7 B B4 i R B
1.2 BHREEFRI
1.2.1 BRB>TEHFREAE OSHSTFEYFIUH A LIRSS DNA 2248 HE a5 RNA EH Al
TN ALF A %5 3 A4y . DNA 28748 F 8RB #E TP53 Ml RB1 WM JE R . Wagley %5 % 8,
1E/N B AMRES F i TP53 LB G » 7T LB S/ B MSC /g Osx, Runx2 75 /K 223k, (B F 36 /8 = 2k
Wkt e, HF5 2 W, RBL 2L 2 gh OS W B & B EZIKsh A 7. HAth i) DNA 748, 4
MDM2", WWOX,NF2"* ,BLM"M 2 ¥ 5 OS iy & &k B A MM, JE4i 1 RNA 5K RNA
BEM 90% A F L, Hd ,miR-101, miR2-200 24/ RNA 5 OS %44, miR-101 g i Z I MG-63
20 M R AT R OS B E T miR2-200 W A) L@ oF 98 OS 4 i o i) E 25 & £F 45 & 11 (ZEB1,
ZEB2) i OS &A= e # . HA A IE 45 RNA (31 IneRNA-FGD5-AS1, circRNA-103801 , circRNA-
MTO1 %) ¥y xf OS F= A R R E R . BRILZ b, Zhang % & 3L, L DNA B L4 E A B
T Sk 2 A 0 35 A% 2 5 R Ot RE S 5 | RS IE R AN A e T PR A0 M AR k. BRBE L BIESE OS 1 AR
SRR, 1 R OS (1 R 2 W7 R 1A T7 7 S8 W K TS SR E M S H R .
1.2.2 FABAAXAZTES TAR, MOk Z 1 0F 5T 228, w400 N 5 558 B 2R S OS 1 &
AR . Zhu % R B, SNHG10, FLVCRI-AST %6 E 4% RNA 95 ol 38 13 3895 Wnt/p-i%
IR M5 5 38 3% 00 5 MR OS 20 M (9 3% 58 F 42 28 . Liu %0 & 3, 76 PISK/ Akt {5538 %, In-
cRNA GAS5 (1 il A] DLREAIR PISK/ Akt 5538 #% i 1% M L 35 240 6 OS 48 s 15 58 sk 2 1= 28 M RICR
i Wang 255 % 31, 75 JAK/STAT 5 53 % 1, OS 4l g v 116 5 25 7K 5736 3k , 300 151 32 508 1% I ] 17 61
OS A K fH R . Brittz b, PD-1/PD-L1, MAPK, NF-«B 855 5 il gt 2 Bt 5 OS (19 = BEAH 6
M2 OS A KR RALEY . Wb, 24 HFSHEES S OS AL R H OS Bk &Rl
il i AN B
1.3 BREEBESFESR
1.3.1 2ZEAHFWEGHRKk ZFR-HOB RGN DRE W& PR K 2 (1 522 40 M3 2, A s
B DNA GG KARMAT- M2 . o RIRZ0E SR LA kY . 2 RESEEAR 1
(USPD) j&&—Fh 202 R ARG WA pF 5 3R W1, USPL 75 Mg 20 21 b 52 i B2 32k, HAE OS (10 3 Jie b & 15
FEAEH . Chen %M & B, b5 3 5 2 (SIK2) 76 2 Al 5 CELEG OS) h (1 32 15 7K 7 5 i 83 11 ik Jé %5
PIAHOC , SIK2 Al /ESh OS WTE IR HE s . DS 35 200K O 1% 338 A BT USP1-shRNA B8 TR SIK2

https: // hdxb. hqu. edu. cn/
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JSH OS 4 2R W T, RS 281, X £ W] USP1 f1 SIK2 2 ] f7 76 %5 8] 2 B . Yuan 250 % 3,
USPL wJ Dl K11 F1 K29 Kz 240 24 L0 W+ 5 PDZ 45 6 7 d- TR e 45 6 6 N
Hippo {55538 #% 7= AE 52 i 30 ] OS 41 i o TEAD §% 5% [ 7 F PDZ 25 4 367 19 A 576 F . B AR Ui
Hippo {553 % (1) % 4143 K F 4% CYR61,c-Myc fl RUNX2 %, #h4h, Zeng 557 7 — 4L 75 45 4
OS FEA [ 44t & B0, USPT 1 185 K V- 265k, o] BB T8 1 3076 Wnt/B-E R A5 58I 1E S OS 4 i &
bR -E A . 2 RS E AR R (AR T USPL, USP2, USP7) ¥y X%t OS ) & 4 & & ™
G-k A

1.3.2 ErbB %3 ErbB Z & —JREWE I8 17 C 41 M5 5 15 55 18 0 3L B 32 3K 7K OF 1) I 42 e 134 1ty
ZAEPY D ErbB H LR 4 A B R B % : ErbB1 (HER1) , ErbB2 (HER2) , ErbB3 (HER3) , ErbB4
(HER4) , Hih ,HER1 J& T 3 ¢ 4= K 7 %2 & (EGFR), ErbB1 1 ErbB2 RE fi% {& ik I 9 19 & &, A.
ErbB2/ErbB3 {5 5 1% 5 0] LUE 3 PISK/ Akt i 42 42 F i 40 i i A= K F142 28 . ExbB3 0] LUE i &
Wnt 3a B2 M1E 5145l Wnt 3a @215 S 010 MSC 1] J8H 240 i 43 4k, T8 BURT 9 B 41 200 T
4, Huang 5575 78— 344§ 90 4~ OS BHFEAR TR & B, J5 &M OS 4140 i) ErbB3, ErbB4
(R4 38 7K S W 8 3 & L 9 HL ErbB3 il ErbB3-EGFR b9 16k 5 OS &2k V& JBA & % VA M 328
ErbB3 Al fE /& OS JGY7 1 — N EZ S . Jullien %70 % B, 78 6] Fl S2 AR B A 19 /)N BUBERL b  ErbB3 (1930
TR Tt 02 3 2ok 000 ) ok e 200 L 184 4 3R B0E T MR I SR L X UE SE ExbB3 W T OS JR97 v e A R .
Kt . ErbB Z AT A OS WAE IR T HLAR .

1.3.3 EmAhRg BB AL B B VA LR IR BRIt BL 4% B g BCLPAATR) & — 28 Al LAY OS 40 i 1 58
MBS . RB K ML P 1 7 1155 s 1R 2 1k Wl i TR 37 Il DG TR 190 A 00 0% 1 55 A M v A RS A
BHIIRR BTG - Yo R iR Je —Fh BoA (5 B AL S UIRe i AE TG HERE G B ) 2 S SR Z R E
GG IR AR N Ral-1, mTOR 4§, RE6% & #4890 ) s 40 L i /E . 78 K OS JRE FEADE R b 3 &
W LPAATR (3 KB E 0L X KB LPAATRE M/KF @Ml S OS kA R JEH & W FEK & . Song 5
KK siRNA JUER A LPAATR 4 A 212 % 75 245 78 4R S8 0T BAA IR 25 15 9 OS 48 i 38 47 45
2y, LA ST Bk LPAATR X OS 40 J 36 F1 1 5 i, 25 5L 3 B, U Bk LPAATR 3 P 58 9% 4 i it 41 it
2Pk OS 4 2B K 220 i 23 PR AL PISK/Akt/mTOR {55 3 #0006 . Gan 887 & 3. 76 % U0
20 M ASE TR o G PISK/ Akt/mTOR 5538 [ 58 08 100 i TR0 1755 100 240 M08 1=, 5 ol 58 X 01 1) it 245 4
3 — AL 2 b b 8 Gn OS whn] 58 3 5 A AR 8 45 4 AR BRI ) 1 5 10— 2 A SR 30 iE

1.3.4 Notch 455 @% Notch {55 iH i FEZ 54 MR 19FE BT G40 E A Notch {55 1 AH
SR TC R 119 20 A R AH 4845 45 Notch {5 5 52 K 1 A0 fL 25 5 ) » BD AT 00& Noteh (5558 B = A F 515 5 L
A8 TS BC A 52 A B A5 6 05 77 A2 2 AR L 4845 40 M Noteh 28 #9442 4k . & 4= Noteh 41 ifg P9 35§,
(R EEAL . BAT, EfFL s kP E Z A 5 Mic & (DLL1,DLL3,DLL4, Jaggedl ,Jagged2) il 4 F5Z
& (Notchl,Notch2,Notch3, Notchd) . HIEA KA HE F 9(BMP9) J& — & RE % I8 15 b e 40 it 385 5 A 2
SUE 55 AR B R 1L 72 7 BMPY 38147 S MSC 431k 19 BT 45 45 128 2 K, Notch {5 0] 38 335 ] 5 K [/
{18 T A2 R A2 A R 35 AN [E A S e s Noteh T fB 8% 410 T A5 B 40 B 0% A= )8R W, T Noteh2 I ] DL g 2%
HSRAE R . B AT WL, Noteh {5518 3 76 BhJ 40 i & 28 & J&8 BB il B p ol 2 45 S BEAE T . 5 OS B R
R ARDG . 18 OS iRl , o] LR B Noteh {5528 9/, Noteh 55 16 £ 15 %5 T OS iR y7 BA %
TERE L, Cao %57 & B, Notchl 0] L% BMP9/Smad {5 5 i % , 3l i3 b ALK2 ik K, {2 ik
MSC 43 {38 55+ 8 F 2 1 H 438 Noteh {5515 3 1) BMP9 I8 G848 42 #F MSC jli - 431k i) 4 1 72
AL P B 98 T Rl 0 M R R 5 . SR T, Noteh {5 5l B A2 OS KA & J& v i i IR FE AT A 5 ik —
.

1.3.5 HiefoFiE HMEAIEF(ECM) S OS &4 &% VI . Martino %7 &,
ECM AL ] LLRATRG OS B & AE 6 Rl P8 42 TME 00 il b 98 09 28 4 Rt g, R R BLAE TME
JO2 R VAT 4 RGO AR )2 R E R S W B KO A8 4K . Bergamaschi %Y R B, 8 ECM 43 o 2 2
) 4 KFK:ECM1,ECM2,ECM3,ECM4, EA14r 5125 4 MR [a )ik 42 (PISK & 42 8 2 M AR s 42
Wnt-3-3 FR 2R 1R A% N 5T I 34 48 o fih 6 4 A 320 A7 9805 B A% 6 I Jge 40 it v 2% S TR 0 A 2= T g

https: // hdxb. hqu. edu. cn/
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INGF TR IR (miRNA) 58 F R A IAE X TF OS ik R A | EAE . W WmsaEn =
TP, NOB1,HMGB1.MIF 24 &, Zhang 277 % B, i i3 F 8 miR-363 AE4E 8 NOB1 [y & 1k K T 42
/5 5 1 miR-363 3 5 OS 43458 i 5% S b je -] i b 5w Z B R . L4k, Sumaiya 50 KB, H
W 24 1 A% 3 400 i) PR ¥~ OMUTE) 38 4o W B2 B 08 3R S 0 5 2k A 32 A AR E R - 9 2 5 i g ok 72 MIF B8 55
miR-451 RAEMBAE M 1S miR-451 i F 3k I M % OS 41 i (¥ 34 55 A1 iEF8 . Centomo 5551 & .
miR-22 G815 [a] VB F T 44 28R 40 i (DO 1) p38 i il DC 1) Bt 98 & 7 1 117 175 5 el g F € . Lian
0320 9 P, miR-34a 38 13 P4 C-Myc Fl Bim {5558 %, 5 OS 40 g %} 5 41 (CDDP) {4 £k J7 flUsk vk 55 7%
BB AE WU VIR G

DNA #6425 130 £k 7 55 (DNA-PKes) J& — 28 5 8 128 FU I = B AH OC 1 4% DNA (R 22 4
TR / 9 24 R A 1 VA P e A S 6% A R o 9 T 0 M e 8 T LU 3] DNA-PKes 3 £ B I, B 0L, DNA-
PKes J& PP 40 9 7 1 SCHEHE R . Fang 885 78 /N U2 504 A v %% 3, DNA-PKes I 1 B A1 7T LA il
JIN B N 8 S5 B 4 R S b R AL ) 104 A G A NS JB  20 i 9RR S e R AR Hb 1 e 0 R AR R R
1E OS (97 L ml Be R HEVE AT

Gremlin(GREM) 1 & IE S BUE B 45507 8 T BMP Z5 80, TEAILIA N & 45 48 75 20 5301k
M EH . Gu2E0Y & B, it lenti-GREMI i 5 GREM1 R B id ik K F )5 . BEAE X OS 41 iy
FZH i U20S,MG63, Saos-2 55 20 il 1 1% 7 7= A= 90 ) 46 T i 30 1 OS & J& ., 3k — 25 76 /N B 4% Fb
U208 4 i A p iF 58 & B, Bl GREMI JK-F-BEG8 i OS 1§58, 1 GREMI JLER &3k W 2 fe i OS
R VR

AN E A5 FRE S 50T R AR BRI G &R L Nk 1 s

1 ORFEER G T-50 85 007 B AR 2 T RE A 5% R

Tab.1 Relationship between different types of molecular targets and biological functions in treatment of osteosarcoma

53 F A 8005 /15 55 B ke 5| F 3k
SNHG10 Wnt/p-# 3 & Hig 2 & 3k 1 5 A5 7% SCHRL13]
IncRNA GAS5 PI3K/Akt i& {2 MR TR SCik[14]
1L-6 JAK/STAT i&# A RS ik [15]
USP1 Hippo %44 5 4 L O 1 SCHRL18-19]
USP7 Wnt/B-3% 5 & H &7 P b K- e Ak SCiik[20]
ErbB3 Wnt 3a &% 01 240 e 344 CHk[22-23]
LPAATB PI3K/Akt/mTOR & 3 508 T 24 1 SCHik[ 24-25]
Notchl BMPY/Smad & £ 23t MSC i E 431k k267
ECM1 PI3K &4 AR R R A k28]
ECM2 Wnt/3-% ¥ 8 H &R 15 B 2R 5K 07 W] TR SCikl28]
ECM3 A R Y4 41 25 4 21 21 SCHR[ 28]
ECM4 P B Y 3 A2 R R E S R Rk ik 28]
miR-363 NOBI P E K B CHk[29]
miR-451 MIF G4 R AE H T CHk[30]
miR-22 p38 il DC L8 15 1k SCHRE31]
miR-34a C-Myec, Bim & i AL T SR SCHR[32]
DNA-PKcs GBM A IR CHRE33]
GREMI U208, MG63,Saos-2 100 14 240 JH 2R 9 SCHRL34]

2 (8] TR R R Ah AR A M A

2.1 8 78 BT F 40 A o ik

MSC IR T LA F R P IRZE . B T ZEETHM . MSC B A £ i 54k il [ 3 52 51 105 5 BEg 2
b hy 22 Tl AS [) f 20 4 40 L o 0 955 B 00 S L 0B 0 L s A A B 5 L MISC FE AN b D R 1 R R A
B E U M. EAET AR LT F 20800 n] R IR T8 88 I8 8 R K R IR
AUV SV i . MSC Bk T ) B3 40 A T 38 B3R 97 7 FH LA AE L 38 e 8 38 4 55 43 0k 1 77 =X S B

https: // hdxb. hqu. edu. cn/
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AR - 55 0 W6 10 40 0 5 S AN S A AP 8 0 . X 2R 1 T #0400 M, e 2 SE LR iRy
ULk s Abdelmoneim 8857 % i, MSC 38 3¢ B A 3 1) H0 8 1547 g 1 - MISC RT DL 228 43 6 K o 2 4 B 1
P LA T A G 1 257, I HL I RE A% A5 50 300 1) 98 A B 1y » 8 5 Rk A9 26 IR o DA T 083 AL A 43 £ 41
LI PR AE Z WAL . MSC ik BA 280 AL Y2 500 76 T P08 365 58 4= 28 0819 Rk S % 470 240 i 1
T PR I 2R B AR A R AR . MSC Il IR iz T T Al S e 2 . A B e vk
PIRGIR YT S A0 I, 2 H R B2 U rh R g iz W T A . I AR, Qiao RV IR ST 4 R BR
MSC 7] fig 3 Jifr 983 3 Jeg F0 410 ) Jieb 96 365 7 1) B 4, X & ox MSC /T BE 5 i 983 V6 97 A7 76 e BE A OQ P
Karnoub %5 [ 55 25 3 R . MSC #£ TME w8 45 %% Ak Jhy fite 988 AH 3G 81 78 9% 1 48 L o DA 117 2 32F 9 A 3F
J&. BbJE . HEF MSC E RMIRITIE J1 K MSC FF I R IR iR 97 52 3] T 80Ok B 2 22 35 1) 56 7

Exos J& 4 M 430 15 1) EV (18— DR RN A EHAR N 40~100 nm, H H A A X 2 E 19 i Bt
W2 B . AR AR OB B4R KN EV AT L4 Ry SR i 4 (40 ~ 100 nm) (B3 (100~1 000 nm) il i
T2/IMA (500~5 000 nm) . A4 f ] J& B Johnstone" ") 7E W 2L 21 41 Jifd (1) AFF 55 o & BE, JF HL7E 1987 4F
i HAr 44 exosome, Exos - HIBE 21 J2 55 240 MR 90 AQ 0 AH OC i 4 5T, S 26 45 TF 0 32 7 32 3 AT 6
. Exos ilH# LLH NSV AR T 0K, S A AR NEY N Exos TR W AR A & B TR R 480
FI T2 R R AT 22 RS 0o 02 H R B T AU 23 g B BUAY J7 i B 25 SR B0 2 9h 4 3l 34 AT ]
FEUETE G R R Ay B RGT HERR (3% 125 L o0 T AT % RO AR B R T 55 2 R O BN AR R Ay s 4R
I Exos &% . Exos & 40 it (8] 38 iR 0% 52 A 5T 0] LU AS R N 59032 EAR 40, 32 515 B L
G5 N AW E 2 2R A B AR (mRNA L IncRNA, circRNA, miRNA L. DNA) | I Jii %
Yo AR B AP B VesiclepediaChttp: // microvesicles. org/) [ ¥4 . 12 4 2y 1R 9 & B
) Exos N2 A145 566 911 Fh A& 115,27 692 F mRNA,22 858 F miRNA, WM HHEA G T M
SULT 20 M LA S G a) 75 5T T 240 M R 4 B L A U 4 A L ok 2 20 B A LT BT A IS TR Y A T BB 8 T R Ex-
os, H R Z AR LA 2810 77 04T 20 W . Exos 0] DL 22 R 5 20 1 38 0, o mT DL el ARV 40 5 75 3], o e
W IR BERL K K SE . Exos TE4ERFUUA IE & A G Zh A R i) 38 2 5 Z R S AE LS F2 . Exos
A LA S e A0 b R T B A Ak T U B R B B L BT IR 19 A K . Kogure 25 & 3L, Exos 7E Jif
R AR R MR W B R AR R ¥ PR E . B Exos B 4 80 B2 24 40U 803A 97 iR
(I 58 R TG L —

2.2 EFERBRTFHMBIMMEEEDZSFE

MSC J&—Fh BA5 B R 41 IE T7 1 77 1% 2 Be LA T 20 i, 26 505 73 U7 1 B v, MSC 32 %258 3 55 43 Wik
w27 4 Exos A AL EE I . Exos AR /N EV, A UE &4 AR BE BT 40
HEL YA T T B 2T A . ) 78 50 T 40 it 41 s 1A ( MISC-Exos) #% 1 38 Jy 36 F MSC % B & 4 Exos (1977
Py R A RSz T A0 R SN AR — A 2 B A MISC ¥ £ B A 3 g Bk
P2EAs B T DU AR A0 M7 2 S R A Y7 355 . Yaghoubi 882 F 5% 2 B MSC-Exos 78 2 Fft 15 95 (1)
B YA v R AR TR T S TR T A R

Hassanzadeh 55" fff 55 % ] , MSC-Exos £ MR IR YT o B B 5 BRI 1E G yT 8k, 5
W 2545 A5 12 25 5 40 ) TR R R T RINA R At A 4 3 43 3 % S ER 4 i b L R FE TR
BE AR A A I A TR A B 3 R AT 45 X B Exos B9 A5 SR AT LA i 8842 i ek 1 R A
KRR R RIEITRCRE . 5 MSC #H H  MSC-Exos H A % Gy 5 pE AR TE 1 AR08 1 Kok 2 1
0 b A G H I B T A7 A B RE 8 A 00 3 AT 98 400 LA R 23k 1) U & 5 20 i g 16 97 v AN A
MREIE R . MSC-Exos I RETT BB 5 MSC sk A K, RFDEJE MSC-Exos 764 9% F# A
AR TE] 0 4 P S AR R I AE A D RE b A A i 22 57 . 0 2, AR D 40 i b 42 B0y MSC-Exos o M - i Hh 4
B MSC-Exos 7EA2 1L 8 45 BURE 1 0 HA R,

I, #R 58 MSC-Exos B R U5 #E [m] 24 o LA S 7 ik 988 40 1 v v /8 P AR AL AL 4 B 197 K Tt 41 il
BT T 0 o R SR TR I PR R IE T K L BRIk Z Ah . B R MSC-Exos 1 5% K £ B4 15 B 1
Bl S5 AR S S L AR )T B A R A A 22 W 3 T B LA 2 0 L 45 2R AR AR TR T I
] % o I H e bR A AR 7= 40 18 S 8 RO R I 85— R AN AN 48— M bR o . 1% 48 1 40 MYA 9T AT 4
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ol F X Fh O ST REAFAE LA G HE e B0 52 K 3088 19 T RE . EL e TR R K, 28 5 #0055 Jl sh A1 4 L 1
il B AEEAR K R BR . 50 A MSC 1 1% 52 4l M 7697 J7 36 AH Lt MSC-Exos 7E I R I J6 97 J7 T8 1)
o7 FH LB ) KU B/ BE AR B T MISC i A= 2% i M, SO 28 B0 19 22 4 PR RO R 1 IR ke, MISC-
Exos 1F Bk —Fh A 51 & 0 90K e 4 iay7 T HE .
2.3 B FE SR T 4B A R B Th RE

MSC-Exos B T B MSC Fl Exos 2 [6] i) 4= 9 5 R P LASE . 5 MSC A b B4 5 B 1 B2 44
HEfi% o AR B RE L N A W i 2 v L 9 H MSC-Exos RV /N, 87 25 5 31 55 /8 F #0055 AT 04 10 %0
PE M R 5 0 % 4 M. 55 Exos Ml o, MSC-Exos B &7 % [ R 8 IS 25, DL & B A 9 0 1 1
RNA. 13 mRNA.miRNA, tRNA £, fg 4 5% MSC-Exos % #0840 fifg JE 47 56 R 5 5 BRI oh Y, X
Xk R A P A R A R S A R AR B EUE R AR . AR T B RS R
2 R 0 R Y A P A X T R AT RE 2 g | R R A A A A X T A, TR
S5 TR o X LR E 7= A AR . DR I s b s 200 R 40 O A P R X T A
HHATEEZ Y, Yang %5 % B, kI F MSC-Exos 1) IncRNA MALATI fg % 5 5% & 40 i v 1)
miRNA-34c 254, $& @ % 5 7 RUNX2 [ 36 7K 7 AT B2 = BB 40 Ff 3% M 38 5 0k o9 i 1
Zuo % R B, MSC-Exos g2 5 18 40 M BB 40 i 2 18] 19 15 50z i AL i3 . B AE W% b7 11 1 400 g
DAL Ao 32 3 A T 6 L AR R X R R A G R E . BRI A, 7E s 5 v, MSC-Exos
W RES $2E = L 56 sh W RN VEGE/VEGFR 1 235 7K - o A2 2 o) & 37 28 1l 45 1 9% - 5] e 38 B % X &
Pra®ar ke 4 JE B E JnEE @A MERSY . ik, MSC-Exos ¥7 i HAG 5 W 14 I A5

MSC-Exos i 0] DX it 28 5 i 40 i Je 9 9E PR 7= A 4 o 0 S R B0 A 0 o Mo 40 /N e I 40
ST G I 240 i 5 el 22 98 400 S % A8 i TR 1 B 4 7 T . MISC-Exos AT LA i) v bz 400 it B e 1L-17 &
HMAL TG L 52 m TL-18, MMP-9, TNF-a 885 1) i 19 2 35 o DT Xt AL 44 P Hb A 40 i 174 32 i 0 7 0 i
PEAT IR . Zhao %5V R KM B A LAE FHF NF-«B fil CysLT2R-ERK1/2 {5 5 il i . 9 /N
A M1 R EE {b () AT B JF AR F i M2 R EE (b B AW R ORE 19 BN . X TR R I 5 4N
MSC-ExosfE 43t IL-1 i35, o7 LA ] Nef-2 {5 558 B 09 316 57 L 30 g Z 005 5 10 i 4 R JE R
o BRAEFHF Rl 28 98 A 20 B b s MSC-Exos X I 20 i A% 2 bR 40 i L ok 2 40 b LA v e R s L B
PRAE FABL A 7 P B

3 [EFERT RSN T AR T R A

3.1 MSC-Exos 258 AL EETT

3.1.1 MSC-Exos 5 OS #y /g &£ %k 44 542 % MSC-Exos Al #4F MSC W8 1415 B .3 5L F
i geg i) kAR L IR AR OS AL i A K B SR 28t R b R ¥ EZEAE . Yoshida 885 % BEL, 4 55 42 BB
BE KPR MSC-Exos A4 miR-25-3p., 1] LAJHE OS 4 M4 58 3T 58 M A2 28 RE ), H = 5 R M7 B 6ok
U8 () MSC-Exos A I miR-25-3p $E [ 5 52 2 OS 41 . 12 22 3K J5 30 41 JLHE 3L R i 2638 . A TTTHE S OS
20 LI A B . Shimbo 26590 % 31, #4F miR-143 ff) MSC-Exos /1 T OS 1% 1438 41 }g J5 . #Li&
OS Jili % % fea B 58 52 24, 26 miR-143 A DIAR KRR B/ OS 4l iiE R . Qin 0 HRER NS
miR-208a [) MSC-Exos %F OS 4l Jfd () 5 1 . 45 5 18 7% - OS il BE 4% 38 1 miR-208a (941§ 5 MSC-Exos
HEAT 0 A 3 RO S 07 2R 35 1 miR-208a A i 35 52 5 OS 20 g (¥ 47 16 A G AE /) . Zhang 551 R B,
miR-206 7E OS 4l g 7 B A 35, i F 3519 miR-206 F8 4% & 35 40 il il 95 40 e i) 3% 4, O 98 1) 4
TRA2B fE#E41HEJH 1= . Gong %' & B, OS 4il iy i 12 MSC-Exos $#H miR-675 J& , iM% . 3% T 14 41 g
H CALNI (13835 7K, T A2 $E 40 i 0 5 56 % . Ruan 2509 % 3, N 254 miR-22 7] % MG63 $5 5,
M MG63 3 58 . Ml OS & J&. Yun 4510 & 3. miR-488-3p i 1o #1 i) NRSN2 X 717 4] i 433 41
R SR AT R AR R F W O miR-488-3p 7E OS & A= v i /E A4 08T 9 WA . Xu %55 & B, miR-150
A% 30 L ¥E 1) IGF2BP1 2 #F OS 4 =, 30 OS 3458 5T 8 . Zhao % KB, K A5 IE 4i i3 RNA
PVTI1 WX} OS WA 52 M 12 PVTI [ MSC-Exo 5 OS 21 il 4% fil J5 , 58 4% 417 1 40 i 19 72 R fb i R I 42
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#E ERG 19235 . DT JE 8 g A K G 2% . Li 4557 38 & 3. IncRNA MALATI fE45 i if MALAT1/
miR-143/NRSN2 #8455 F fif Wnt/p-Catenin {5 5@ & . WAL E OS 20 0 /9 14 58 L LB A28 . BRI
Z AN uPAYY (LCP1Y i) MSC-Exos XTI OS 4il g 34 78 3T 5% % & ¥ L/ . uPA fE
% 38 2L TG OS 4 ) uPA/uPAR Bl {0 9 0t 6 Ay 55 #8 R A, T LCP1 W Be % 3@ of JAK2/
STAT3 &2 #t OS R AEs . ik, MSC-Exos &5 OS Wg K B 51772,

3.1.2 MSC-Exos &5 OS #yatfat2h e FE OS Mt 25 AL H BT 58 2 W A, MSC-Exos ANY AT
DL 335 TME 4 il 38 B SR {2 #F OS 4 0y 34 58 L 32 5% . 30 7T LU i & 1 5 OS 4 i 7= A= 4k
Jrimt itk . R, BF 98 MSC-Exos W& 15 OS {5538 H At 24 4 HL 1 A0 5 2 #6 x 18 78 o 24 v B A7
HEE X, IGIK ERHF OSIRY7 1 259 £ 244 Bl % 2 (Dox) Al CDDP, Dox Fl CDDP [ ifi 25 9F #
i 2k 52 MSC-Exos PN 2 4 45 (1 5% W), Tiif 24 1 1% 2 J 7™ s BR ) T 25 90 78 OS IIfs BRIG YT H 14 1
FANAE R R T RE S R B A R R % .

MSC-Exos [ N 2596 & 22 B ) it o AR K —38 43 rT4F OS 200 i i 245 4 7 A= L 42 58 IR0 422 119 52 1
Zhu 57 [ RFSE 7R . Exos N &) circPVTIL BEFE OS 40 2 2 35 4138 T 1E 8 5 4 il 2 hFOBL. 19
B2 LI AAE Z 25T 250 OS 41 & circPVTL (KK EH &, dE— 55 &M, circPVTI g
W3 IR 25 A S KL ABCB 592635 .15 S OS 40 g X6 U5 F0 B 85 2 B9 25 v & 42 . B cirePVT1
f14 22 35 ) AT B AIG ABCBY (14 2235 K1 o MU 404 52 OS 4 i ot 15 Wb AL 7 25 90 (0 Sl o i A 3 %
B, i 38 cirePVTL (9 BB 5 76 A A7 R WG 5 49 B 3% I PR Rk B X R W circPVTL 78 OS it 24
MR LB E G EEEZEEM. PuE BRI, WA miR-34a-5p o] L i )l AGTRIL JE B (1
Fik MR OS M Z 4T 25PE . NP miR-199a-3p KRR ) 98 1 AK4 (93835, N AK4 7K
L T BEAR OS 1 Z 25 257 . tAh, Wang %7 & B, miR-155 REA%HE ]/ F F PTEN (9335,
T 3 S PISK/Akt/mTOR {5 538 B K OS % DOX AU 8USRYE ., Li 257 38 & P, miR-214 7] 3@
1L A AL PHLDAZ $4f] PISK/ Akt {5558 [ . e 235 58 OS X F RO 0 BlUsHE

FA R4 OS B B IG RALTY 259 CRL % AR | B 75 2% . FF 2 08 I 22 H 32 B 46 RE A% 5 R 38
O OO o A e TS AR AR R AR L OS ARST 25 it 25 PR i s SR R AR — DA T ZEs R &R . H I,
{ili Fl MSC-Exos iz 2k (1 4 28 P06F OS 40 2F 47 58 1) 378 2 o DA R AR LT 285 0 , 2 B A I IRTR I7 OS 156
),

MSC-Exos AN 6] N 259 5 & WL 0V I7 I RE I R R . N3k 2 IR .

%2 MSC-Exos AS[l 4 254 5 4 AR B 1 34 7 T RE 9 56 2

Tab. 2 Relationship between different contents of MSC-Exos and targeted therapeutic function of osteosarcoma

ST 3 25 WL/ 5 A 2 fig BN
miR-25-3p DKK3 7S 40T AR k58]
miR-143 143B ok /> 44 b ST B SCifk[59]
miR-208a MG62, Saos-2 PE A M R ZE I B SCHRL60]
miR-206 143B 0 20 B A S SCik[61]
miR-675 CALN1 {2 F 40 R 3 7 5 5 B SCik[62]
miR-22 MG63 03] e g 14 5 Xik[63]
miR-488-3p NRSN2 00 451 o 9 344 4 Sk 64]
miR-150 IGF2BP1 ik OS H4 54 3T 7% CHk[65]
IncRNA PVTI Saos-2,MG63, MNNG/HOS AR 32 fih 8 84 5 AN AT RS ik [66]
IncRNA MALATI NRSN2 % 0E 241 35 5 3 S AR 28 SCHRL67]
uPA KHOS P 3E 240 Ffa % A% 0 4= 52 SCHRL68]
LCP1 143B,HOS A 3t b 96 4 5 5 7% SCHRL69]
circPVT1 ABCB1 2 25t 25 vk SCHRL71]
miR-34a-5p AGTRI R 3 i 24 SCHRL72]
miR-199a-3p AK4 Wit AEK TS 2 1 SCHRL73]
miR-155 PTEN Ak DOX 5k Xik[74]
miR-214 PHLDA? it 5 T R SCHRL75]
https: // hdxb. hqu. edu. cn/
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3.2 X FH K MSC-Exos

B TA% G 40 i y4 97 vh MSC #2568 77 R . MSC 434 19 44 2K 2% 40 it &0 3 360, B A b4 , © 1%k B
FEE . MSC-Exos e #5457 AR 115 5 40 F AW HAS S RBUN T3 B 52 5, ] LUAR 47 1l figg e
2 )26 B TR) A, R — o n) DL S B ) 3 R B R SR 2 W B © 4 Bk I DR YA U T R i B AR A
Abello 27 & B, #7130 B9 hUC-MSCs SN R TE #E AMLIRJG » 24 b P 7E R 3 467 AS W7 25 B, LA 2 A b
Jed R 2 B 0 ) 336 0% 1) 9B AR T . E SE AR A0 i B9 Exos B4 g #0 1) 45 M. 7 25 Wk i
MSC-Exos g 38 13 B2 115 32 R 4 AR 45 4 5o ik P-B 2R 11 55 2 25 25 A G B LA 5 s 25 ¢
YU 2 R PR % 5] OS ikl . Wei 257 & 3, MSC-Exos & i #£ ik SDF-1 H 1. 8EfF 5 OS
A i) CRCXA & [ R A A BAE R L 4 SDF1-CRCXA %l ) 300 o DT 22 30 8 1) 40 f % ¥R 97 VE
1 L2 B, MSC-Exos R Jhy 3 2% 2 17 1) 2 R 82 1) 21035 b 98 400 e & 4484 L L AE OS YR Y7 T AE A 1F
25T .

B8 Z % H AT I TR IR T B 254 22— AR X0 UL A 450 35 P DR 34 24 0y 8 ) 0 R
AR AT O JUL B 4540 68 W PR 9 97 o e E AT T B ST L Wed 280500 5 B L B 6 oK R B9 MISC-Exos 15 g 48K
25K . 5ALIT 259 Dox 454 5 #0133 2% 2= OS 41 g N . il i SDF1-CXCR4 %l % OS 40 Jifd i 1k v ik
Fr R . S5 25 SR 3R WY L 7 I e i 01 A R M 2% 1 T 7K 2 Dox 1) MSC-Exos 25 ¥ 2K RE % 18 3 B IR AL 1A
T 1 IR S0 e e A B 1 B L X 45 7R MSC-Exos 1] DUAE b 25 9 36 3% K B F OS 1697 . IS,
Wang 551 % B, 1 FH B8 MSC 43 W5 (19 21 36 7R 1 2% (1) EM-Dox £ OS v 282 3 H 58 53 (19 il 8 410 1 05 14
DR EIE R X IR OS B B4R 0 25 ) AR AL T Bl 45

Kanchanapally 48" 4 JZ #b ) ( Honokiol) %¢ #k | MSC-Exos J& #F 17 25 20K I, 45 21 & 8, 4 3t
MSCs-Exos-Honokiol b 3 J5 11 J 40 il b 25 1) 1% & Rk B 8¢ Honokiol 4 B & B 5, iX $#2 78 MSCs-
Exos-Honokiol RE#% X} 254y 47 5145 LM AL 33 . 72 AH R 15 3% 558 - MSCs-Exos-Honokiol X 4 4 fifd (1)
A4 71 7& Honokiol ) 4~5 4%, HAE MSCs-Exos-Honokiol 4 F i) fiftJeg 20 s v . 460 12 75 4 KBS B ik 2
MR BT TSR B AN Y 2 B R E D A T8 A Bel-2 A3 X B A p2] ik B E
Hm. XA MSCs-Exos-Honokiol ] D43 1 £ 1#F 20 i 07 7 . oo 2% 20 it J&] 343 0 R 400 o) OS 40 it iy 2B

AT B WIET 40 i (hEnSCs) J& F MSC 1) — A2, H 2 W I & 19 hEnSCs-Exos 1 J& T MSC-
Exosf—#f, Nooshabadi 25D Bl FE4& A 7T (Ato) H#5 F| hEnSCs-Exos |5, JE B hEnSCs-Exos-Ato
N7 T PG IR iR 9T L 45 R R hEnSCs-Exos-Ato B A A M 259 BEAE 77 . 76 48 h INREIE BRI K 29
504259 . UEAh, Abas SR ER Y L A AT MSC SR IR 1) Exos tLAEHS 2% PTX B T AE 167 » X
#oh OS JRYT 25 ik AR E BRI T HE S %,

SVTF Z s MSC-Exos 1 2 2] 1) 388 16 480 A 5 R S 58 S v L JC 240 M 5 0 R 0128 2 5 550 6 T 2 8
AGAE R G O ERI L T E KL MSC-Exos #0245 £ 4t Be 48 75 52 /55 b 97 46 30 i 7] Bsf s Bl KR 8
Hi S ML R BB » A0 45 25 400 A B 5 @l S FxE 4 B I A . MSC-Exos 2GR G HA 0
Uyt 25 R T80 1 - B MSC-Exos 8025 R Guf% i 25913k 97 OS ik AR Z 1 R #H & e 2s a) , (H A5 5
AR .

4+ i

AR K L MSC-Exos 55— Fif 2410 AL 90067 71 A2 OS W97 SR FAT ™ 1 19 B G KL T OS
19 75 S5 T 2% 0 R DA 409 0 2 17 4T DDA AT R DR O 03497 R BIUIR 36— PR
B BF S A AERE. L MSC-Exos ATl 8 2 R 1248 OS %28 & BT T b R FE MO0 I8 7T B
V4 00 2490 08 2 AR T 2459040 Do 5 T 43 9 06 0 0 00 00 o« AT 253 972803 00 %t
3% A0 OB FERE 0 5 OS HOIAS7 S T 2 ff 1 900 . R MISC-Excos 765 0 5 5 F 80 B R
o I LR (FLE AE OS 37 o B R 03T W 95 VF 22 B . MISC-Excos 10/ 7= B4
SEAE TR P S ST 45 B R TR i — 35 e, B8, MSC-Exxos B PR P 55 i 4 00 26 B Bt
49 T e MSC-Exos 1 B4 1t 71 FF IR 5 22 16 1 PR B8 A 36 E 2 4 AT

AT 35 2« MSC-Exos {f: Jy — R A7 95 2 40 A6 0 6 026 903407 70 £ OS 3477 o R LK T 20
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A DL B H R ) AR W R E L 22 BB D OS BYG T R 4L T8 iy B % . BEE X MSC-Exos A= ¥
Rk NG ST AL A9 TR B AR L LR A= 7= N AR 19 A W7 58 3 - MSC-Exos A7 B OS F IR )7 Y E
T H O OS B HAth 05 b 8 19 36 974 RSB 9 7 2.
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Electronic Differential Control Strategy for
Distributed Rear-Drive Electric Bus
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Abstract: To improve the handling stability of a distributed rear-drive electric bus under steering conditions,
a dual layer electronic differential control strategy was proposed. The upper layer control strategy was based
on the vehicle reference model and actual state parameters, targeting the center of mass lateral deflection angle
and yaw rate as the control objectives, and the additional yaw moment was calculated using a fuzzy PI control-
ler. The lower control strategy first took the vertical load ratio of the driving wheel as the basis for driving
force distribution. and then allocated the additional yaw moment, determined in the upper control layer, to the
wheel side motor. Considering that the maximum torque provided by the actual motor was limited, motor se-
lection was carried out to determine the torque range for the output of the electronic differential control strate-
gy. A joint simulation environment was built in Simulink and Trucksim to verily the reliability of this strategy.

The results indicated that under double lane change conditions,compared to the equal torque distribution stra-
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tegy, the electronic differential control strategy reduced the maximum center of mass lateral deflection angle by
69. 8% and the maximum yaw rate by 8. 2% during steering wheel rotation. Under the steering wheel angle
step conditions, this control strategy could reduce the center of mass lateral deflection angle by 83. 7% and the
yaw rate by 9. 4% compared to the equal torque distribution strategy.

Keywords: electronic differential control; distributed rear drive electric bus; handling stability; motor selec-

tion; dual layer type
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Fuzzy PID Control of Vehicle Suspension Seat Optimized
by Particle Swarm Algorithm
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Abstract: Aiming at addressing the vibration problem of vehicle suspension seat, a three-degree-of-freedom
1/4 vehicle active suspension seat system model and a road profile model were established based on ADAMS/
View and MATLAB/Simulink platforms, and a control method using particle swarm algorithm to optimize
fuzzy PID was proposed. This method integrates the standard particle swarm algorithm with the fuzzy PID al-
gorithm, optimizing the quantization factor, scale factor and fuzzy rule parameters in the fuzzy PID control
through the particle swarm algorithm. to solve the problem of empirical and subjective selection of the fuzzy
PID control parameters. The simulation results indicate that, under different vehicle speeds, the seat accelera-
tion using particle swarm optimized fuzzy PID control is reduced by more than 16. 5% compared to fuzzy PID
control, and by over 48. 0% compared to passive suspension seats, thereby significantly enhancing the damp-

ing effect.
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Tab.1 Parameters of model of 1/4 vehicle active suspension seat system
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Tab. 2 Seat acceleration at different vehicle speeds

for optimizing fuzzy PID parameters
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Fig. 4 Time history of seat acceleration at different vehicle speeds
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Tab. 3 Real values and theoretical values of seat acceleration under different control methods

ZH B 7/ % 28 gl 7/ %
a/m-+s’? 0.533 1 — az./me s’ 0.257 9 —51.62
ar./m e s 2 0.3527 —33. 84 as../me s’ 0.241 5 —54.70
Ase/m e 572 0.329 8 —38.13
10F - - D -fuzzy- i - N
e DS $SO e PIDAERS i
I L5 —  PSO-fuzzy-PID: FR{H

0.5

a/m+s™

0 0.5 1.0 1.5 2.0
tls

(a) PSO-fuzzy-PID Fl fuzzy-PID (b) PSO-fuzzy-PID H1 4 5l 5 42 &
7 AN TR i 7 kT A AR S B 5 B F 9 X L

Fig. 7 Comparison of real values and theoretical values of seat acceleration under different control methods
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