e ik eEARTERE (@2
Chinese Journal of Tissue Engineering Research  www.CITER.com
TARL SN AR a1 254 A 0 BB 30 L

KB, B/, E@wEs -, EBFK°, BRE"’

https://doi. 10.12307/2025.671 . . R . .
psi//doi.org/1012307/ SRR LA et B B 4 AR 5 56 7
RASE: 2024-07-11 P W R |
SRFAEHT: 2024-08-13 : — —
FAEH — : REGy i AR B, . REFEH
1SEIBHA: 2024-09-07 il SR Hh i B RTH#ME#. SRR
TE4EH: 2024-09-28 ] Bk FIESE A A
PEDES: L Zifeh HERSE: BT, LFIL. LRAL
R459.9; R318; R943 = N N7
s ider |
NERS: 4 MERGE g KRB |
2095-4344(2025)31-06753-12 prd sRER | A T I |
VE—
SAHTIRE: A R ARG > RS 4E HEEH W B RSN |
B ANELT YL 2
BEEHRAFL gtk AEE |

P g

SR AR NIEIE, NS EEMEAR. RRAZIR, B2 940-160 nm, RERERIAFREY SR, (ENGRZ2IHIL
s SRR R R AR B AR S A SR, IR RESEBL A TR T R R rh AOREHERE A RGBT 225 3w 25 W R T RO R IR
ANRIBL. [k, AU ATE 2543 Ug R B Hh B K A SE T 7

TARESNE: R RRINLARZ I W) TR B AR M SUE R R =4 IR HOE 5 RSN AR B 1 A Rket, IEH % 7 R 3R
2 HRE M I RL A VAN S SR I SRS BRBE T o I M B AR BB Y, TRRAC A MR RENS B RS S8 oW BUA T SREAT E il
NLIIBIE PR ETT IR T R R Rog iR

HE

BS: UERTMENAY EEUNEZ N T, IAAERNARNA R R B, SNMEZi6i% REAES T N LA B RR 25 1)
B, AN T 4 EE YR AN S . B R W EAIAG T I NI AR A TS T AT 3 R — R R KRR R B .
ERY: XA 2P0 2R 255 ) 7 SRR ZE JI IR B H 118 I FH B0ER DA A 24 i T T Wi ) % b Bk gk 4T 17 2R3k

Fi%: LL “Exosomal, tumor, microvesicle, extracellular vesicles , engineered, therapeutics, characterization, isolation , drug delivery,
targeting, modification strategies, physics, chemistry, biology” JYT A ZRiFAAM “HMME, Z5Wibik, Mg~ N SCf R A# 2 PubMed
JoHp B 2R, BN T 1325 SCEREAT IR N HLH A AR T .

HRE550: O/NMARRIUINEARTFB, BFEEES 0% IR SR, X5k BARAR 0 = At 7 5 AN A, (BRI REE
BIF HAEIEAC, ToiE S AR Y KR I . @ LA SNl AR 5 yaZk. FED gt LR, il B K So& 1R T g s PE TR
b, R 90 N S5 AL BRI s 2 itk s AMIEME TR AL, BEREEAESNMA R IRE R TR, 4G IM A5 R B AR s
BRI, HATHR S LR AMNMA O3 NJERETRTT ITIRRRIG R By, (A2 4T FHAB B . LIS, R ARG A s [R] v 08 o 2 R 5 114,
W71, PARAARG YA EE T 0. @I LR IMNME MIGIRFENIEA 1 Z BRG], ERARTTM, KL=, aith RIS
ARAERRRAFAR G AEAZIT I, 1 B A S IR R Ve ] R e s AE 2 AR T, e R B AE TR VE 3 A VP4l . b4k, MUK
AN 58 3 S o AR (0 B A Mt S I R A B RG . DACKR T I HARGIH . SoAksthl, 2t iRT RBUR B S L 7% 0, #3)
LRSI b A I R S AL R

KR TRMUSMR, 250 0aR, Bmidak, ORVGRYT: A EEEYmAETRAL, SNEME TR, RSB TR, MR

Anti-tumor effects of engineered exosomes for targeted drug delivery

Dai Yueyou', Guo Dandan®?, Wang Qiangian®?, Wang Baiyan"?, Feng Shuying">
!School of Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, Henan Province, China; Henan Engineering Research Center of Special
Medical Food of Traditional Chinese Medicine, Zhengzhou 450046, Henan Province, China

AR ERKRFEFR, TEHERMT  450046; PTHEFELSFERL IR TS, THEFHRMT 450046
F—1EEH: RAK, %, 1997 F4, Bk, THEFHTA, THFEHARFEFRAELAL, LENFEFEZRIFBFR.
HYIE—1EE: . ThHTEARFEFR, THEFMT 450046, TH s FEHFERS TRME TS, FMdg#RMT 450046
WMEE: 6%, B, BEA30F, ThHFEHRFEFR, THERMNT 450046, Thh T EHFERSIALMT TS, ThbH
M 450046

https://orcid.org/0009-0009-6035-8307( 14X, A 4% ); https://orcid.org/0000-0003-2466-4912( /& + & )

E&&/E: FEHLEAF L4 (2023M731023), B Rt A: 39, T AR R B (242102311212), WE fijrA: 3R
FA ThE HFFRELAFRA (24A310005), RE A A: IRAF AR AAFRAF 4L A R AR B (2023KYCX083),
RE RTA: RAK; T AL RIS A4 (RPFA3EF X )(23231420070), R A it A: GHE

SIRAAS: RA®K, 4, THH, LAk, LHT . TR A WP B RO )] F B8 T2,

2025, 29(31):6753-6764.

Chinese Journal of Tissue Engineering Research | Vol 29 | No.31 | November 2025 | 6753



www.CITER.com Chmese Journal of Tissue Engineering Research

Dai Yueyou, Master candidate, School of Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, Henan Province, China

Guo Dandan, School of Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, Henan Province, China; Henan Engineering Research Center of
Special Medical Food of Traditional Chinese Medicine, Zhengzhou 450046, Henan Province, China

Dai Yueyou and Guo Dandan contributed equally to this article.

Corresponding author: Feng Shuying, MD, Doctoral supervisor, School of Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, Henan
Province, China; Henan Engineering Research Center of Special Medical Food of Traditional Chinese Medicine, Zhengzhou 450046, Henan Province, China

Abstract

BACKGROUND: At present, chemotherapeutic drugs are mainly used for the treatment of tumors, but there are problems such as drug resistance and adverse
reactions. The exosome drug delivery system not only avoids the toxicity of synthetic nanoparticles, but also increases the bioavailability and biocompatibility of
the drugs. It can be modified by biological, physical, and chemical methods to form a new type of nano-drug delivery platform.

OBJECTIVE: To review the construction strategy of exosome drug delivery system, the application status of exosome drug delivery system in tumor diseases and
the current challenges.

METHODS: PubMed and CNKI were searched with “exosomal, tumor, microvesicle, extracellular vesicles, engineered, therapeutics, characterization, isolation,
drug delivery, targeting, modification strategies, physics, chemistry, biology” as English search terms and “exosomes, drug delivery, tumor” as Chinese search
terms. A total of 132 articles were included for in-depth induction and discussion.

RESULTS AND CONCLUSION: (1) The technical methods of exosome extraction, including ultracentrifugation, filtration, and kit extraction, can efficiently isolate
exosomes, but the process is complicated and time-consuming, and large-scale extraction of exosomes cannot be achieved. (2) Engineered exosomes can be
divided into four categories: gene editing engineering, which improves function through genetic modification; endogenous engineering, using inflammatory
factors and other pretreatment to enhance drug delivery; exogenously engineered to encapsulate drugs directly in exosomes; hybrid engineering, combining
exosomes with lipid nanoparticles to form new particles. Some have entered clinical trials for cancer treatment, but most are at an early stage. In contrast,
genetically engineered exosomes are considered as an important direction for future drug delivery due to their high targeting and customization potential. (3)
There are still many limitations to realize the clinical transformation of engineered exosomes. At the technical level, large-scale production, purification, and
drug loading efficiency are urgent to be solved. In production, high cost and batch stability affect its popularity. In terms of safety, immunogenicity and potential
toxicity need to be comprehensively evaluated. Furthermore, the imperfect regulatory policies and the complexity of the approval process also constitute
obstacles to its clinical translation. (4) In the future, it is necessary to promote the clinical translation process through technical innovation, cost control, safety
improvement, and policy improvement.

Key words: engineered exosomes; drug loading; targeted delivery; tumor treatment; cancer; gene editing engineering; exogenous engineering; hybrid
engineering; application prospects
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BB, R F. T4, FIbR. AEREfRE
BESF) —RMEFLITHEEMGLER, Bitigiyk
) B0 4 2h SR LR GE % K A I MR IR AR IR 4m it R 04 38
HEM, 5 RFEFRYAARF G Y. RiEAH
B BRI A BRI 25 4 69 BB I8 TR AR 3t R dm iR AT AL
19, Ht i AR A SRR TR T 2GRS R,
M 52 IR 2 S il b dm B SRR

s, EIT ) F AN AL ST A A Y

Chinese Journal of Tissue Engineering Research | Vol 29 | No.31 | November 2025 | 6757



@7 TPEEATEHRR

www.CITER.com Chinese Journal of Tissue Engineering Research

A, 3t mAEF R A AR L 6910 a4 i i AR ARG Sh it
KRG AT, BIBY, SMabRAE A AL BR AR AS 6 Ak
T B AR M3 4515 mRNA. miRNA. &-Fb 3 % 45 RNA.
4 ¥ /K DNA VA B A E 40 DNAS )4, oM 4L
R R ARG - BB XL E G 0 Rt LA 4
M RRmIOY , FAFEG LRI IR b 6g IR B A AR £ R
FO 52 R RERAREBEEOKREANGS, @
i, F IUST 445 siRNA 51 38 E A 524K 4l JOAT A4 8 SR ik
Z e w) SR AR T AR s RARAD PR O 6 77 14 SiRNA i
F B KE ), 3% F kT B R R B )2 49 SIRNA TR AR
PR XTI F) sP kAR F 89 siRNA & 9,
st A R AT AT, B SHR T # 9 siRNA 404,
A AR IEBGE T A B F I8 AR SIRNA #EATTRES, ARB
5B e sh ik kG A, VAEAE SIRNA Ao 2] s ikik & ©7,
SLIR, iE Y 4G5 LA T 7L - SIRNA LS Pk Ak o 84 71 77 9,
R I R BB AR ORI % Aty Fvk, Hid
FIHAFERESE—TREE ERARGE, Kd, 22
LERGERGEAMERE. ERX—REARELY
B & RN ARAE A mfe G Aok ey ol b, LRHRE
B ARRT AN Y, B AR KR B B A R R, X
AT IRE E kA, SNART R R R R T
W VAIR B G 5T PTE IRE, MM Bt T 0897 R0
KAE. BAT, A FBT BT EE AR RBGEIN LR,
WA BB EA ", BRERY R EYGIKE, MAT
SN L AR My F AR NA R, AR LI E S ARt
REBBEE G 7 kBT8R,
2.3 INIMARVEERMSIN 324004 B BAKE B A bk B E
ERE ARG FIMEIE) S A RS Y, st
2 LI H W GG T, SSIRAIRIN BEARKRE B4 A M F
A D) B AR R T AL, B AT 3F Fe AR 4 U6 A4S A
BT, SNLRE A RRGMABIK, B g EAH—
T B R¥eE I, [2X A Ies) MAEE RS, ML
RE FFE TG T AE R, AT IR0 5 b R R R
FEIRIETF .
231 AMYEaE AW R A T2 R 6 RS T ik,
A F I R @) AR AR E BuiR 4546, AR ¥e @) ARAE4h
ISR LGS R R 5 R Bt e ) A BT 2
Wby Bt s 5. #)de, IRAK (Arg-Gly-Asp-D-Tyr-Lys) A8J&,
T ol ik AR Y &) AF S 6 HE F, X RE B e ) R Lm ISR K
Gk mit kA aVB3 A E KA S ERRH T,
Bl BT, S bR IR K o el 5 48 45 45 T B & ¥2.16) 15 4y 3|
PP e ERBEF . A BCE- T AL 57 e 45 iR R 7,
HACE F AR 4 5 2k o T gm )3 4 I B 4545 5 o AR
%, @it LB TARAE S RAERS AR AT L tm i 7 A fb R GA A
W F Z AR 4 FUAR SR AR, FFULER B X sk & A ML A
F AR A ARG IR R R T R AR T,
R, FAREARKR T2 5E8BAEXEEES
2 89 N st Rk BB T AR &- - @ S R R SN ik R &,
BhoE G Tl it R R A KB T ZARAF 09 I I a1 B
AR, Anik ded) e AR IR, A A Ak Fe 6) 45 7 0 ta
B VP sesh, sPabAk 2t IkISAR B, RSN T A YR &

6758 | DEHRTIEHR | 5529% | 5318 | 2025F 118

JEEGK R G R - B R ARG T8 = A SUAR o i U
TR E I 23564 g ed sh g U770,

iE FeAR G SRR IR R B o T i R — AT DL e shik
WE AT %, C T A LI G4 T BikegAn AR .
ERRREA SR Z s Meisa o bt FALF BRI, A
B A ) ok o 3e ) B i U, ) o3 A AR ERR
& & SIRNA &9 E3 & B ARSAH 69 S b AR AR A S 34 2 AT
P IR R I E R ey Fed) A Y G4k RNA & ik 49 4h
WARRES G AT e P o) R Ik T A, BF
RFZHT B s B YedAnim & 094 BRIE B AR
A 6 B g RSN e AR R R B g A g F ik
Joi G [ A de @) AP I8 09 58 ) UYL sbsh, A Gk BRI
Reyab B TEHORENER, AT HARENEIKRY
W& BREL R ITHE, 2R RILE G RRBH AL A5, E
T AR B 7 AR Aok . Fakedis T IR L B,
232 WIS TIPS AR SR I LA T E I
FREAGI GG BOR, dofd ., Y. R EFR RS,
Bl de, K8 B F ISR Ak OB S bR A B T VAR T SRk AR K
®ERA, KRG T @ ER R RS T o9 ]
BRI B e Bk b 2 R B, e sh s e e A T,
p P 28 I SR TR G A1 h AR AR AR IR RE P B AR 2 R B LS
MG B R B AR AR G 3 . Rl AfK, MBI
S0 F R B A AR TR P BAC Sk 20 K RALAS A 44 9] 4K
VAN IR T B 2K iR A G 4 e by, ) iR ARAK
A e B sk, BRRAT AR A E K 6 TR AU
75 B BUNR EAF R AL B # AT, R T — A E
TR %5 88 7 BN bR, fE B R R S8 40 AT A 6 S ik AR R
A, T A vlobkdh, AR ARSI B IR E TR IR AR
REHF B BN BRI I B e Yed) i, X AR T S
B AP LARIRAE T #7045 55 B, bsh, ShER B AT R AR
STUAR B AP ) i T AR, R ERERMET F . Hlde,
SRR G R AR RIRRA B RSB FE G RN
RFJBERAL, FEiEAEd, EMAERHA T, AHI A
SEAR P B AT ST VAR BAR S 8 R0E 7 2R L R4,
I3 T 4 5D BB ST VA 45 ik KA 2 IR I8 T AT B
B, AR, EFEZNR, REICERBHAR AL
fem) it E 5 AMBRN G ETIEMEMEZBE, 12
s R R R A0 @ 1 #8445 A5 RS R 5 Ak A 6 L E BLEK,
X TR B, R ZERFLHT ZHARAL
W RARIREY S 2B S A .
233 fFEM ARBMIREARTRERE, TR T4
AR5 S A JLBR I 3| AL e 9, X b TAZAL Il LA 64 B
TG ISR AET . | B I R —FPE A feEve BT pH
BBy DNA 48 ™, STI80RA 1 5 ey shib kit it E 5LIR
BAABMRFETHERTEE ™. RBEAMERLI L
R I A ZAALEK, i A AR RAE e ik
AR, HABREHBESHY D, BRERNT —Fxt
pH Foift BB RO WAL F], ZEEAFEPHE6S TS
Ib I b sk 4, 128 pH 7.4 T Ree 5 MM miest &, X
Fb BEAF T AR A TAZSP SRS 09 220 M35 . &
BLIT L, )R BB SR AR I B A 6 T K, A
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FE A TG R S A MR ERATFRFT —FRE
kLR

LA R —FPE L SR R @SR R, it
F ik em IR EH R Hobh kB &R LS, #HmE
DA R LMo sh 4869 B 69, AFR AP, HA)MALHE
FAER A AL T Fo £ F F B BINA T, Al &
WFRINLRE M ZF LK G LG RIGIL, TR
1FBA AR FE T7 T 4 04 FRUR 95 Je e S sk B, B A AR
FAER EFALFFEFRT —HELTRAER B
AR ABLAYIN IR, ZIN LR P G I R f e B R A
Y sigma TR, oG, MR fLER mie T AR R,
FRZ G AR, sesl, @it shib kR & 81545 T A
38 iR PR m e B R A, B It o R @ 69 CDAT R d
EabAaswmie LSRRG aMEEA, FHE

SR F RN EIE T BEALSE EHR. R u
B AR A T B RCR, B RARNE, HHRRE LA
SFAP bR KRB Rvh, BPR T SRR e M,
) B R % v 2 72 Yo tm it of 9 A AARIR, AR A
E ARG R RAET £ AT £ 5 SR 15 M F L.
BAT, sPibikiR 242, BHEE TSGR,
RIEA ML 6T B AR, TR ERFET R EHAK,
AR H R B, RS, AT B AEes R E R, R
BRE FACE G Rk, ARALIN IR L, ZHAEEE
FeRZ P k2, A, @idTARMKE AR
Sk R FeE i) E B, AR T AP, B A, TR
A AE T AE T AL A XTI b AR 09 AL R 5 A Bvk, GLFE R
JELEM 0 T A BRI R eI, XABEXAR
B SPSLAREAR A R PE IR BT ) Ao i it A, Hok, AR

BT BRIk G eI AR AR A 5 X, #dH
o R NIRR, AIENS. RS RABETHSSF,
X e AU B T AN B4R RS ok 25 4 04 38 1% BOR Fe tm R 49
AMANVRE. 5, TAZAHEL T 48R oh s bk AR A
LR A, R R ZRRRIAILY, S THARIN %

o 4 i 0 AR E M e, B AT R L ORI AT
A ESET RS a kS & RALIEAR 09 sh btk g 4,
T VASR R I e 3 K Y. AR T GALE R IR
JE5 R 7 69K A B R E TR 55T 48 9] K 605 R R AL,
R RA R E AR TSP G) TR ERE,

= 2 | TRRMLONRFESRIRFMEIHIRER

KR FENEY kN &5 PR AT
SR T RN AR & ARG RN e ARG 1CG, AS1411 TETE 4 Ji2 I 400 g
PR SiRNA AL AL T-AS1411 3& it {4 BT

A549 Zff SR PE SIRNA AL %J5i#4 4} DOTAP, POPC, DPPC, POPG  filifii
LR A antimiRNA-21 & antimiRNA-10b Wz uPAR = BT
S fe 4 circDIDO1 By RGD =P

HEK293T 41 SiIRNA AL E3- @At A HI 51 s
5 b e = sglQ1.1 ik AL HN3 JHF4m g
Ay B9 B-catenin siRNA i E RNA & it {4 JF4m A s
241 *0 AsO L E CXCR4 LR

TE B BT 4 2 PO 18] 75 3R 4t g KrasG12D siRNA AL AL CD47 Hifk iy
eIk Y B H ML S B 4 2 fL CD63 Hifh B2 5 k240 M 8
i) 78 53 T4 v microRNA, microRNA-379 gy FL RS
LI 0% miRNA-126/miRNA-231 AL BEZE B /I it
VA 76 5% A s 4 MIRNA-101 3 o

NI 785 T4, 0 MicroRNA-29a-3p 3 I R

5 I 441 i, 120 NF-kB p50 siRNA F{l miR-511-3p YL IL4R 54 Ik IL4RPep-1 A
BT " FAP B il BORHE. I
BRG] T ELANE, Hiltonol AF AL S
g4 ASO S 25 L i s A T 240
MR o JLE N1ND-CPO5, AFP212-CPOS JF4H g

AN e N MRk AL 77 et et LIRS
LA g PTX YRRl JEmE RANE LAt TS
HEK-293T 41l “ ICG. PTX. BREREU JLEE M JRALE LA LI
HEK-293T 41 “* ICG JLE MR, L
HEK293T #iJfig ***! PG e6 Fl 45 14 7] R848 FEE e T 51 it

HHr 4 NIS BEYL PR it

E g ! PD-L1 Hiifk. i E L2 /0 TR
ReNcell VM (ReN) 4ijf “* SiRNA FEIEE PRIR RGDYK ik i ik oirds s Ji J 41 R
FLAEE 4 i ICG i DOX ik UVAIRAR FLI
g & i1 Jt% Gd F1 Dy g RGD fik\ JRAZIELLAM TR

A549 iy ! DOX 2 fL /N i
E w4 PTX et R LI - R i

RVE: 1CG RN e # 4; AS1411 3 i fA F1 T-AS1411 Ji e 44 2 /i 8 1) A% A7 3 I AZ BRE E AR 5 3 38 77 T i i £l it : siRNA R IR/ T3 RNA; A549 4 fild & 7R JE /)
Y i fili %55 40 g DOTAP, POPC, DPPC, POPG 473 il R (2, 3— iM% eyt ) = WAL QI B 1- AR A I Bk —2— DI B O B A0 . AR 096 B O W IR . WG I 9l
antimiRNA-21 FI antimiRNA-10b 73 JIAR /N A ¥ YU v JE S B RNA-21 004k, /NI s RS D RNA-10b Ui 44;  UPAR 7R JRISSELTVA G S I0E SZ A& 1K : circDIDO1
FoR BRI RNA; RGD R &L - H&EE - RAERALEERL; sglQl.1 kiR /R —Fia 5 i RNA K IE R GBI E [ 9 5| S & =R S HEFSILEA 1/
RN S AT R D). HN3 SRR %L B-catenin SIRNA /R B- #5 28 (/N T4 RNA; ASO RIR R USEAZ TR CXCRA KR T AN a1t 5 152 4 45 KrasG12D siRNA
LR ISR TR FE K G12D RAZ /N T3 RNA; microRNA, microRNA-379, miRNA-126, miRNA-231, miRNA-101 MicroRNA-29a-3p 43 Jll & 7= AN [ 1 /N4 1149 P 0 1 Al G
fih RNA 7 Bt; NF-kB p50 siRNA 7 1% Al i 1) B 4 ¥ «— 4% 5% 39 508 2% p50 AL IFIRE 3 PE/N T3 RNA;  ILAR 45 G5 1K ILARPep-1 R R ET X A 4H MU/ 2% 4 24k Bt
MIEE G R FAP R BLAT4EAN LIS AL R 11 —o; ELANE RO MR 41 B 30 26 (1 Hiltonol /R SRR BT R 2 — P& T UEE RNA 254004, NIND-CPO5, AFP212-
CPO5 F/n A% /IMAs4h & B VR IR B 1 i3 5 4 A4 s IR AR BT MR S K. PTX SRR EASIE: DOX FRBI B 3 NIS FoRUbAN Al 44z 8 1. RGDYK IR HIE &
1% - HEE - RARRR -D BB ER — Wi B s ik .
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& ik

BB T AREBRIE, Jo o5 17, JHEM B ARATLALR,
R PR, RN AREAEEET P2
BB, BT R BT A A SR
OB NIE R AR R LR LA 0 BAR B0, SE BT RAL
ABIEIFIE, IR F I Feb R il 7 HOR,
Ba R FRT &4 A T oagshibhay ik, @i
EMBGE, RS ARG IS R, LR 2, AR
SRR ERMR R BT FORE, w EATE, Xk
STt e mint RE E S, ARV LR 5
Fem o7
2.4 SNMRBEAGTADBOIRRIVR TR 40, shik
RS W A A AL, CRA 6T ) AR A
% R G B A e iR AR, R KA R X
B, ARG RATRR CANHRT SRR 8 6 77 4R
BRET I s 64 = 8 kg b L B 1) OB G I E B R
Sk, LR A G RRERTT, dt—F IR SRRk
REMIEE T T 0 T8 k., ek RKER
R TR AR A b 46 e, BRI IR
EAZIRE AR, ML AR EEYRE—F.
241 TR ETE LA GG TR
ey dek L2 RA TR A @ et . ARl
1 TF A5 6 SN SR T oA 2 I B A 60 77 M B A R
T FBAR IR T A R N R RS, AL
AR B EE (Ko AT AR PRREFo BME ) & 69 R E 4K, 4o,
SN IEARIAF A KB T 2R 216406, S BE 7,
1AL RE W EACE R IR AR A KA FZAK 2
b, FRAMAARKA KB FRIK2 AL@E; 2F
B9, BEA e kS AR, ARUR A KB F%
K 2 5 69 Sh IR MR BAT B LB A " Bl e,
A) A AR B B SR 0 K NS AE 09 345 % Rk 2 69 F
Ji%lé&]ﬂ@f’]‘w&@, ﬁﬁﬁ]\f‘)&%ﬁﬁl‘%ﬁﬁﬁiﬁ ﬁl]’f/}?)ﬂ T ﬁ%@z
AR FWIRE MG, AR 2 T IS 6
Ak, RERRT SRMAEHE P, LR —RALE
B oA T —H A T B 5% 7 M 69 37 2 de ) 42 1 4
FRT- &G 189 SiRNA Shaktk sk 08, AFRAM, 5%
SIRNA &4 2.7 S1 ik AR 28 R 4L 78 A (KA e Ao B K B 0
B EAM I KB ST M T AR R SRR G -
S E G LKA IR, AR @ 154 0 R AR
M B A 2 R B 2 A B IR IE SR F a shabik b,
AT BRI KA B, AR LEEBE TR
LSS EX L 2 S R R L
BAEK, FRHBRY EHGERD, REFMRMS £
F ARSI kAR R vk 09 3R E, [24k 2 22 4 9 de i T R 5]
SO B A A A, AT R EH AR
R G
2.42 ISR R A _Ede @) I AR TAZLAG SN
BEAR B AT UL LR JG ,  FofT SIF M R AR R ) R A
AP, Ay AR =B, AR e ST ek AT
WA, T RAAEAT TAZAL SN iR 85 4% B 8] o7 35 04 9594 77
B L B PRI, Shaik s 25 0 BALRS R AR B,
A e S TR A, R TAS IR TR

6760 | DEHERTIEHR | 5529% | 5318 | 2025F 118

89 B 18] 7 KA BRI I8 204, HldeJe 3067 s K
F8E L 6hRIE B G0 maERE S, XA TS
KM FERA TEREARD EZIRNGEHERS D
. RAN, 7 WA A A 6 LA AL vA T 35 4 B
B KAFERFQRMBER. 2 HEF R TEHER
T34 ARSI AR AR A AP 2R G 6645 R 2 AR
R OB @it AR T REHoh T DA LKL 6918
EhE, BRAT AWK, FERTHENLTRR. 5
BRAR, 2 F ok B R, R A T,
R R SN R OIS B AKX A K E 7 mRNA o
AL e6 Y SP IR T ARAR B Ok B IR, FHHFH AR A
& & 7 mRNA 45 # 1% 1% £ Je Bk C57BL/6 +)s R84 P I AE B 28
g W B2, DA AR EAGE I T8 ik & 6 Ferh)
oF Aot 32 R A AL BT 18] Ao 18] LA A M E ST T
B\, R A ) Fe B 8] G R A Yo AR £ 69 19
A, A2 it — 2 7] e A KRR R, AR 2
TERES T 3216 25 40 69 3T AR .

2.43 TARRIN ARG e R A SN BEARAE S T K 4 )
FRZETAGEMAKRFEE, BATA SR RIKEIE
JE A I BEARAE A 115 BAK GG 2 M Aoy 2k M, 4o,
H 37 IR FUIT B AR £ 6 KR IE A ClinicalTrials.gov #
J& (https://clinicaltrials.gov/ct2/home) ¥ % #F 7 % &, JL
F3. ¥ 2R G EKFE TR EI DR R
SR, R T EMBRF Gk A. o, F S AR
RIREAR, AR IR 69k G i SLsh 4 IR 69 91 b Ak B
ARG R A7 wAr, HRFem s, —E KK IE
FE 34T+ (NCT04879810, NCT04698447, NCT01668849) 2,
W T EERIK, ARSI, TRA. Bk,
iE G e AR B g RSN ST VAR A 3t 3 AT R R 6 R
RGFTH . BFEFNRL, —LE KRB EERF
Shib AR R AR A AT, AR R B I E 4m A 64 Ak R
i#i% 254 (45)4e NCT02657460 F= NCT01854866). iX 4k Af %,
R T ke, M RARIN LA, TSN R B, T
WAEGIE T TR R T EHe Rk, EANEEST.
NS T AL ARG LRI RE T #7685, AR
RNG HARG R, TARWIN AR ARG R FE IR P
KRERTIEEHME, FIAALEEE LT 66 5.

3 | TSNS X AXMIRRIRIE 7T =

SMMARIE  FEREH O BRUERL MRS RS MR
A% 2011 4E 1 H TTERFAT 45 B35 NCT01294072
% 2018 4E 3 H TR M S 3R NCT04879810
N5 L 2mfn 2020 4E 9 B FIPERIS fifi% itk CD24  NCT04747574
HA
[HFE B T4MAE 2021 45 12 FHMETETE Skt K% AR A NCT05043181
H [EBEIMAE AR

[MFEF T4 2021 4F 1 A FTIERTT B PRIRI P T Ji 55 NCT03608631
G12D R4
/T4 RNA

[HJ 80 F40 M 2019 4 4 H FIRPERFFT A B miRNA-124  NCT03384433

3 INEERE Conclusions and prospects
3.1 B AEZITHRN RGN /214
SRtk 2 BB A M. M FE TR RIT KA
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BRHAT HEFEAT, AR LB AR e ik
AR R R R, X3k 2 ST A4 TSP ib ik 09 R
Ea. BARERDGH XFEZAFT@EAT, Aiblidd
SR TATRSPIEAR, ARSI S S Fs K4,
Je N T M. E O RAAZIRE, MR A B R T AR,
I3 5 8 7 AR B R R R L, XA MARIF T A2
P Sh AR FERY I8 06 TT AR B E K& A %A1, 54,
ISR F AR FENEME LT, W EGRAMR
%, XY F TS RRT G AMIFEY, BT
AR, T A —F IR ARAE 5 T B R A
JEFadk Fobk U R F b, DA LARE A i 6 B
R R R, SRR A itk A G @ ls & — 2k b
e DI bR B AALAIRE AR Rk S ik, #
7 R A B KA & 3R BB MR, B AT 49 44l o7 ik )
F o B AR B RRRAZ F, FRB T iz m A
@bk E R ) L BT R B, AR
THAEAENE M Ao mBE P, BERRABHNAHT
Shab ARG R L 69 B R @RE DA AR T
RN RAFR, HAd s ar P2 & m AR
B RERANEE ML, QR TFERALERRE
TRIE QIR S AR E B B P AANE, B AT R AT
FTE SRk = Sh e 45 12 2 B R 3% 2 n I B8 2 B 4k 3] Y,
BB B ISR E So b E X @ if  — AR K 69952 &

3.2 FEGAXBIFMARIVER TELKRT RZX
Fobib iy BRI AR, R KB FERIRGT, A, X
FARBEELAR, AT I LARAEIT G FARIRA Vs IRAE1 04 B
R, LFRMLALTRILT TARIN LR BaE R,
BIRZ BT E AL GG REAIEAR AT & I 69 FFFF E)
5 Pk,

3.3 ARNVSIRME 4k AT S AR ILIR S A
JB R &K R AR bk, R MR RS A2
SNk ey BRI AR X L F N, Bk, TRALIMbiRAR £
B T R TT R A G A .

3.4 BRNEBEN BEMBOLRALKBERTHE
ZRA, HF HM I IE 06 F) B XA R e
R, Bk FF RIS A s T %,
TSN E R A KRR KA E G A MA SR
A —FP A AR G iR hapitit s, BAT AL
IR 2 Z 0k AR RA: OAR%HE T f240: @i
A& 4n i = A BT E 0 B M RSN bk T, @A R
B Tk 2 EEHE, BRERTFAEREMR
B-FRAE, TR FIERGMIETHARS LG Il b
B iR E; QIR AR BRI E T AR
B A L ESN AR, @A TA: KB et
BeAR Y B —FRR R 4 KA RN T R HT 6 B A ah R AL,
A AEINBR T fetl, XA EZ TS LE L T
E—AAE A Y Iy DRI R B R T,
Bl ) THRAEE T, ®TINRG = E. B RAEEH
A WA E K, XEIE KRR S HARA TR M.
B AT AR A5 IR B 4R s TARAR SN AR 6 AR BGE T K.
EFLE IR R R IR T ARG E R, B

JRA B FeAT R e 4 . HAR TS, A DA LR
R4 & e dedy A e sl L/, B FHIADERRH
Yigir P ARG AR ", LFHRTRFRT
FEALSP LR G Bt Rk, B R R ALK, §AEH B
B I RAE—FRFT 8498 5T R,

3.5 RBAEFREXIRFKAVRIN RE NIk Mtz 2 4%
ERE ST @A ERBA, LR Tk RKEZA
MAHFSEREZRE, H—, MBABAR, HH®ES
FACEAMF . EFAHFARGEAMAR, AomE
RSP LR 8 2 ARAH] . RAF AL, AR MR ZAEF
AoutEtE, XK A SNtk R R —F
A Fa pL ) B2 R o, B =, AL DAL
R, F YRR A IR BGE R R, B ERAE
AR, 3RSk M HRIEAS R M, R RLA TR,
MR, VAMRS) A i AR M T2 . =,
g P bIk B ik ik R G AR LA L sk At
MAAL, VAR SRR 2R —E M, AR R R
ERIE, FwW, ERBIERINIRENIEE R RGHER
sk i, SRR IEEEAENE A, H
BRI FREDEHENG, T EELME, R
AR B RAE FRAR KA A, A A A F R AR
F 49 8 & Ae iR AR S,

fEETTmk: RA KR TR XIRE 515, IRFHT 7 rikHESR
B RBR TN, THBREORLALRIBRE . B HE R FTAERIST.

& BFn A
FIZEMEE: X T3S AU, ERMMAFLFRE LT R
BEA# R,

FFHBRERARRR: X2 — B F AR FE, ARIE (Kt E F 5T 00
“EL - WAL - AR 7 REF 4.07 Kk, ESEINAGHEIALT,
AARAAIE T L4 B 9 AT RN L%, A% &, R ALFE
TR PR, FTHR. N, £, 3760, k. BR4EHEIZIHK, FA
2 F RG], AR 0 AR R T AT AR A IR,

BRAREELL: E R BRAT AN 5 R EE T LE AL i,

HERME: LFRBETFTT (AABERRESHRENL)
(PRISMA B8 ). ¥ AT © 23+ b R 2| 4 Lkl & %84T 3 K
FF, XFZPRTHFERFING, RATIFDUAN L FASHFIL

BEE.
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