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A E, AL, AFRA, 4R%4k, BIE MmhELkes, Kib 410208)

#ZE: /)T RNA(small interference RNA, siRNA)T Ak FHiemf FTRKBAR, EETALER, HH 2R E
FEEAEKRIw. AT IR IRNA i 2Rt TR, # S8R THET 2R, MR AETHARARME
A%, BARSOAMMENE KL E R, 23 @5, 2 —FRA & 49 sIRNA i 3% H ARk , R Xt shik 4k siRNA
#iE R G HE R SiRNA APtk 7 RSP hA-F siRNA ek 2 2 p AT T &8, § & A SNk
Sh—Fp#r A fe e BAR A T siRNA i % R 69 BRI
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Research Progress on Exosomes as siRNA Delivery Carriers

LIU Shulan, ZHOU Yilin, ZHOU Lili, ZOU Manshu, XIA Xinhua'(Hunan University of Chinese Medicine, Changsha
410208, China)

ABSTRACT: siRNA shows great prospect in the treatment of human diseases, especially malignant tumors with its targeted
selectivity and pathogenic gene down-regulation. In order to enhance the targeting and therapeutic effectiveness of siRNA
delivery systems, many vectors have been extensively studied. Exosomes is a promising siRNA delivery carrier which exists in
the endogenous system of the body, with advantages of high biocompatibility, low immunogenicity and active targeting, etc. In
this paper, the advantages and disadvantages of the exosome siRNA delivery system, the way siRNA is loaded into exosomes,
and the exosome-mediated targeted delivery of siRNA and its application are reviewed, aiming to provide reference for the study
of exosomes as a new targeting carrier for siRNA delivery system.

KEYWORDS: exosomes; siRNA; delivery carriers; transfection

Ak, /N3 RNA(small interference
RNA, siRNA)#1T RNA FJE(RNA interference,
RNAI), [ siRNA FEstEm . MEHSR . AR
ANEEAIE BT R BRI TUER I 1 2, 2 BBk i 2
G, siRNA BB 19~25 MZATRRASER AL
i RNA 431, Wk RNA £ dicer B2 5 7 N
JEIU sIRNA, 253 4035, siRNA #5 I 5)
— WA RNA 53 V0B & & K (RNA-induced
silencing complex, RISC)fZLEHE &Yl
RISC 5 H#M7FHfi RNA(messenger RNA, mRNA)
FPANEsG, 3 mRNA JPI S, i 7 B
b mRNA B35 BT, AR BT AR R

siRNA 7] I TH#E 4 g, o ] iR 7 il
. R RIRAE . M RGO L H B etk
PIRUST, T siRNA i TER K, HEAZ
PABFrEm, #ishi s anie v &2 2 AT, H
B OR— FT 2 BRI siRNA ) R E; it
Ah, B SIRNA A ARREtE . FIB s R 5%
[ B T IR . oA T X s (i, A5 F
FER sIRNA R AYPRER T, fEHA R L8
IR R HArdnfah . HAT, C8) ZmrsRn
siRNA YK EMEIER A . REW . Tl
Y. siRNA {BECYIFI siRNA & Bl ZE09) R4S
siRNA Bk RGBT TR KA (% siRNA
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YK A AR BS WE 1), HH T2
(A B8 JEPE | IR P DR T B L 28RS B 119 440 i
BEPE RIS A 0 A S5 6, sIRNA 3% 28
PRATIAS BTG A2 I R . FH B BEoR o AR AR R pL AR
MR, BA m AN IR R
EAR SNt OR SR /e = I 7 N o= R N
., AN siRNA B3 1% 55 B 44

1 siRNA # 3B A7 58
Tab. 1 Advantages and disadvantages of siRNA delivery
carriers

siRNA i . 5%
=1 =1
| = 7 Sk

BelBiik ARV, BT RHRBCRIT. BEBAA [5-6]
#, BORIA R Dragt . AMAH |

i 2 S B D S
ReW R SiRNA RZEMAE 45WE TRE. A% [6-7]
e figt fite, HEPEA R

T AT siRNA WFFSL9: B TEZE, Raed (8]
MR YIRS, L2 HEAG
siRNA {4255 siRNA 7EMRSMAOH: Roetkzs | ik gl (5]
5371 P& R
siRNAIE 5 siRNA BAEREMD) . Rtz BAWE (5]
[IUREN R S R 1) L APk
ShMA RS BN AR EEAETORIER R AE [9-12]
GREIETE . AR HPLEIR I . B
I BASWEMA  ETEREE
BRI | R 1L LA

1 SNREREAIEA siRNA BES M E
1.1 S A

AP A 2 T 20 L A W S R B DA 2 =K
] N MR IE G & A 24/ N 23k, fm 2
AR5 240 B PRl 5 T R R 1/ NRE Y O, S Al Ak
P — WAL, HARTE 40~100 nm!', SR A4
TRENREREAR . 5. DNA, mRNA, JF
itS /N RNA(microRNA, miRNA)FIEGFS- 121, £
T FHNAEY AR 555 . SN AR Y 2
TR H BTG ET, PIAT DL giE i 2 4 Y
AT AL Y 0T S5 B sc e . BEAk, AMIARTT
FH AN [F) S A0 () S B AE AR o300, AL 45 B e 4 i
IR AR . TA0M . TSR . P2 T 40 A
YRS, Wz A TAAARR T, TR
MK OB . R . KL FLT . I R
M AE B WA YT MR SR U5 A 45 )
Fo 514 fifd (mesenchymal stem cells, MSCs) ., #%E
R4 f Fn ARG 293 4 g (human embryonic
kidney 293 cells, HEK 293T)!!!-12],
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1.2 AMMATE R sIRNA 33 26 2R il 4

B AR AR AR B LV S T & L 7
B BRI R B 2 — KW ik R
e, SR, BEJRMRTETANTE ERBERN . AR
GiRGE R . TR A FE MR RN AR R S 1) S5 T
ANREIS BN BAR L Wi ik R bR E, AT T
HeG PRI o B Jo 7 S = 2 A s g A0 R T e, 7
G IR R o AN R T B A . AN AR SR B — R
G NE AR RN SR TR ARG, MR AR T
B BT AN AR S F 20 i 2 (B A R A, It
AR EA NAERIE SRR, FERE S AL
i R AR AU, BARAR SRS NMA A A
K RUZBENG, (SN —Fh A gk, X
FH A B W A AL, 2 miRNA Fl
mRNA AYFRIREIR, 1T LU A B P R 4 i s 1
e b, RBg SE IR BUIR BT Jm RO, B
JEAARTE SE AR NG AT fish 2 6 KA e v, 3L
PUMR = A HBE R A 4 S siRNA AIBTIAR, 1T A
JA T S A 91 ] e AN L A5 CDS™ T 41 i
TooRBERETE T BaE U, Wik, SAE A
L, AN LA S 1 A R A P R 2 L
FAN, NIRRT /N, RRAE R bl B
B WE AL R, HLAE SEUARIR A EL AT e i 1
W RN T, ] S A RS A R A
AR I BB A% 375 2ok 11 i o B 2E A i A 1 DALV 70 AR L8
25 2519 77 2RI LA 24 1 R 3 3K Mk N ek
R ITCANIAYT G B R AL T AT fE

MBI AR ZFEHARE GG sIRNA TUF 1,
LA R HEE SIRNA A ST ARERLE AR, 4
15 SIRNA TZEAR YA FI T
2 HMIMAE siRNA BUEER AR

W] E ks siRNA $5 e 2 SN A ST
HMIMATY sIRNA JRI7 I AP BR @t Py ki fb
SEREIRAN AR, BE 5 R L R A, T LUK
SiRNA B2 FAMBAN . LIF 24231 fL 2
FU. Alsfe gy | BEE LI YL o Wb AN AR Y 4
475 8% siRNA #RASM B
2.1 HFHFAL

FH HL 8Ly 7 A 7 A T 25 AN UMA SN it
InAIEE, IR AU T2 BL—A /ML, siRNA
A DAY NFLE A 3 3 AINER B 3 AR T
T RGEAREL, HUZEFL N T 40 B A s v, Ot
ALY B . DNA . RNA 5529k A 40 ffgl1s-191
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25y 1k IR ) A /N FLE A BRI RS, AN A R
TRPRAK A e % . i K/ N B A bRl 5 3
PRES, FLZEFL AR 2K P25 045 A 4 E(AN siRNA |
miRNA)Y, HT, LA R — PR M 5 v
SiRNA [ AMMARARIF R 17T 2 W H]

R P RN [ 1 22 3 B RNA B 4 40 T 7%
1% (tissue engineering blood vessels, TEBVs)K: 1]
W TEAH, S TAEHE MSCs KPS WA T
klotho # YA, Chen SERPULLRE 20 W i £ 5
(G 2 KORL(PEL/AuNP) Ny A, 3@ i 2 A 224
T ANBRIE ) TEBVSs, SR 5 810 B 28 FLR AR
i (adenosine kinase, ADK)siRNA %7 2| b4
H1(klotho/ADK siRNA-ZMIMA) . X4 fAR SRR
W], klotho/ADK siRNA-FMIAKBEE A Al AR IE IR
N B2 tH 2l i (circulating endothelial progenitor cells,
EPCs), HBiiki EPCs 1] LLEHZINBR N,
IR ILIM# A klotho FEFIFI ADK siRNA, ADK
siRNA {2 EPCs fi& L5 A IR R 7 9 55 4300 , i —
AR HE N B AR SEFE AT RS . Shi S gn s Rk
B, klotho/ADK siRNA-#MMAIE ) TEBVs 1] 4k
FriEmik 1 N, HNEILRE. Alvarez-Erviti
2525 ok B ZEFLRS siRNA 2] AR 2R 40 i S i 4
W T B AR P, Ml T BACEL(—F 2
P A BT IR I R 1 B 1 JB0) R AL, B AN AR
1 Lamp2b ST PEIE R MM
(rabies viral glycoprotein, RVG)@-& i A H#E[a] /i
T, SCIRZE AR, 2R SN E siIRNA REFE
PR A1 P T A 33 3 A0 22 50 4 i £R (neuronal cells,
Neuro2A), FF H %0 [m] 48 bk B A R 4t v ik 1%
siRNA [RES) o G FHIKTES RVG FEmISMNBA,
7 B -3- W R I S i (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH)siRNA #{ i Dy i 16 3| fh 22
JC . /NBRARM A R A . BACEL FE[A
TE A N FLA SN AT o 714 BACEL siRNA [
RVG H ] MpA,  SZERXT B 7R 2% 16 SR 9 e Aoy B i
PR EE 11 24 A TE A E TR B3 R R 1T 3R (mRNA
T 60%. FEAT M 62%).

REZWREY], @t L f siRNA
B HBARA SN UAMAS, TR S A 7= 1y 356 1% 21 40 2%
H(FE 2), (AR ZEFLR R EIRTTHE siRNA {558
FETE—SEIRTEG S, ALFRHORE T AR /MR 2,
R sIRNA AUTTERIEAR, DL SMIMA 571
zeta FELO FIUBCAARER R P AU AS KL A2 23241 K ooijmans
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USRS & B, A & — & WU Z PR (ethylene
diamine tetraacetic acid, EDTA)R] L)t 2 ik /> Zh ik
&5 siRNA HZELIFTE I AREPE siRNA R4
Yo HAW > AW BT T A 51 B S
RE YR/ IR R IE IR B 25 LG PR
AL EDTA BEAROMID siRNA JLTE. SR, H
LG, sIRNA ZA MBI E A SR IR o PRI,
HE— LRI IR YL R R R R L
2.2 YA UL A MM I AE i

U SN BN NIRIER v ] ST E e 20 0P
JENE WM IMA T IS siRNA FE— IR & 5
I%, AN NS A T siRNA, Mo b & A
JIr s siRNA SN 71k o %07 1kt AT e A A 4
M b F IR — B, BN E 25 AL AN R
SR ARPE SN IR 1 £ W e A o B T Al M R 22 5%
(NI (U

PEHliE, AN R 3 52K (interleukin-3
receptor , IL-3R)7E 18 1 i 4 Jfd 11 Ifil %% (chronic
myeloid leukemia, CML)FIZP:#E F I (acute
myeloid leukemia, AML)AEEANAE [ 3Rk, 1i7E
TE 1 I 20 P ARFR IR BN IR P A IL-3R
RN AE R P IIR 25 )3 3% R A5 . Bellavia 462
¥ HEK293T S5 Je iR A 159, HEK293T fE
S A2 M RE 7= A B ] TL-3R B4R AAR o 12 3 ] A
WMABBUS K 8 JE 5 & BCR-ABL JE [N (—Fh¥t
ANMLPA TR IE DAY SiIRNA f£356 5] CML 4, 72
I 2 40 P T 245, % e A B B B R VE R A
AP SR EA R, Hixk R G A3
FERIUTERE -
2.3 kg

BT R S AR G g s, R R
T F R g, IR BA B A S S I
55 siRNA il It 16 2 HL 2

Wahlgren %520 Vfifi Fif HiPerFect % YL i) Fs 22 24
TR T O 1(MAPK1)siRNA A ZMNBA , 1%
ANIMARERSE ROK: siRNA 1% 33 25 FAAZ 210 Jif Atk
EL 4, AT 52 MAPK 1 A4 2E#6MEDTE o7 Shtam
SRNRRT S, A Yol RADS1, RADS2
siRNAs 5 lipofectamine fill & B /MB A, Ff- it
HMNIMALE 2, MR A ™ A T RADST &R
BN, SR, AR Y LA BR S, A dE e Y
WD HORREE A, A BE A2 5% Y 1 i o A 4
B AN RSEL , BLAh, AMIAMAE TS RE [ AZ AR 41
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Ji 3 26 SR E sIRNA WA BT BERS, Rtk 5%
k2P BB SRR FOR 1Y JE 1 SN A i Al Ak
ARV SERARET R
24 WH

I R R TR AMIMA S siRNA TR G
B E WAL SOV AL RESE L siRNA SR A
%Yy, Banizs 529V i 8 14 500 A Hela 4 H RIS
KR EANIBR, B P YEL Alexa flour 488
(AF488)FriC I siRNA 5 lipofectamine JE & , I7E
ISR SAMBARE 30 min, YA, KR
BYIEDE 3~5 U, BIE, H5 sIRNA 1MNBMA 552
RANMIIE S 37 24 h, TR SN siRNA #e752152
PRAH L), Didiot SFBOMd HIR F 65 B4 IR 114
HNIR, 7= 2T (Huntingtin)/ s BUSRL -P#TE A
Hi /K& siRNA(hydrophobically modified small
interfering RNAs, hsiRNA), W%<%] hsiRNA 7£ 3t
IR I AT DA A5 e 3 ANMA T, FAR S B
1 K /N A 5 58 B M . #A Al 8 | Huntingtin
mRNA f#] hsiRNA ARSI R/ BRI Z 2
JCA N, FEE#E Huntingtin mRNA FIEE H 1)
RIS EDTER . K20 hsiRNA {9 S5 A8 3% 5]
R Z o3 A RAEIRITAE R, A i — s
I B B AN A A 2R AT PR IR T T
)& & .
3 MRS siRNA #[E)ii%

HMIMAAAL AT LIVE N BUA T2 siRNA, 38 7]
PLZ 3 A A A 1 5 D7 Al A B ) P A, (4
S 0S B A ML 2R AN T, BRI IR 2 2L AN i Y S
FPE, TR SRITRL . DDA RN . H EEHE ]
SMIMARRITTIEA 3 Bl DFESMIBAR R 2R TS I
[ ik 5 () T 1) JO LA 7 18 G A P A A 1 o I 14
FL ) P AL FRAMIAAS , A SRS MR AH DG HTJE
3.1 Bk

TEANUMA Y R T A IS ] B, DA A A,
5 40 i 9 T 4 A D A2 AR S RS G, SR SRS
AL s ) )T N — o PR A RS
PEAE R 69 5 05 2 1 (RVG IO AE Ry 41 i 44 36 T
Lamp2b £ H RS, 1 REla SN A ) i N 2
PRI B SZ 14122 RVG I ] S AT LASH 38 1 i 57
R 33h 1L ) A2 & W(MOR)siRNA, [&f MOR (935
KK, TR MERRER, tLyp-1 AR(ZHERR
#5105 CGNKRTR)EFrGE L AEY, BIEukst
A L[] 440 T 5 S AR 1 neuropilinl (NRP1) A1

o E AR 22 2021 4F 4 A4 38 4 7 )

neuropilin2(NRP2)[ i {4, NRP1 Il NRP2 7E {45
A /N0 B it s A P B bR H R rh AR T Rk, a2
PUIMIEE 2590328 1% 2R G0 10 32 ARHE 5o tLyp-1 VR —Fh
e S ZE IR, AN RERE ] IR, IE BB S A b
JeA 100757 F T ST 17T R AR o Bai S50 o JE N Fr 21
AR T —FE L [ IR tLyp-1 B S MBMA
REA RO sIRNA 32835 3 il S HT i, Aok
JERE IR T B T —Fh ARG A S p B R -
3.2 HABBCHRB SR

iR (folic acid, FA)ZZ/AK(FA receptor, FR)/&
— M AE 22 R A0 M b ok R T 1 40 i T A AR
F, BHAEER M FCRBEARL . Hil FA
WAE A T 2R e (A5 7L | o . DS
L A EE . SRR SEIRS T YRR ] 1k P
A, ARFSEE H FA IB120h siRNA [FMBA,
KIHZ M FR A5 K siRNA 815 A 2 i
Bt , A% N AR A 2R, DA B 3 o
siRNA HYZIRE . Zheng 50T FA 14 ) SN A
#§, survivin siRNA , JE i FA/ZMMA/survivin siRNA
BEY, KWAMNBIATES FR 456G )5 5 40 o R Rl
A, WA RCHKE 2847 19 survivin siRNA BECE 41
Mgt teAh, 78 KB 4RO I 3R B2 A g 20 )
A B0 e S AP RS A /N BB Y |, BFSE N B )
REALHY FA/SMIMASE B4 T Tk, 455K,
SN HNMAR) FA-survivin siRNA X RZHAH 1L,
FA/AMI A /survivin siRNA & 250 17k 4 i3 4
Mg A A, B FA/SMIBA/survivin siRNA 7E{R P I
TRAMERR I b 2 i) BRI TURRICR o
3.3 AUmIPEALFRAMBA, (IR IA b AR DG

B TR AR R AR . AR T LS Ah ik
PR 1T 2R SIS (A0 Lamp2b 1 AH [ ) A %
KBS LR A SR, Bt R
#H FH (designed ankyrin repeat proteins, DARPins)/&
—RE UK, AR5 AR B B A AR
PE. Limoni SFPU7ERISE bR FHASER A K H 7
% {K (human epidermal growth factor receptor,
HER2)¥: 51 DARPin #4577 HER2 # (i) 44,
XUEEHR ] HER2 (94N IMABE ] T 17 HER2 i %Kik
Y A 968 40 Bt 36 2% siRNA, # i #4H7 Lamp2b-
DARPin G3 % 5 4 X 18 75 75 2 4 0 HEK293 T 4
MLEAT 7RG o AT IR PR SRR R A 1 0 4
JfL, DA % S5 o3 B Sk SR B 7 A 1 I A
FFFAE, SRJG 253k siRNA, LU Fifi 5 1263% #1) SKBR3
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%moﬁ%ﬁ%HmQ%T%*ﬂf%wW%ﬁF
& DARPin G3, XEEANRRRT ik F P S
HER2/Neu 54 , BN R £ X TPDS52 KA 1) siRNA
oL 5] SKBR3 4iiffl &, NIHEEERIR A
70%0351 3 —J7 P AT BEAR A IR RN 24 4 3 i #]
HER2 JMgg i, A 3 PR ya T A 25 93 3% $e fk—F
R
4 SN S siRNA BE N AR
ZEEINIBMA S siRNA L3, TEARF AP
o, RSN AR R # % siRNA L ER AT ) 55 P
MBI FHERZ ., Aqil PO ABL, SMbRRT 3
# VEGF. EGFR, AKT. MAPK, KRAS Zf§ 5+
PEIEHY siRNA,  H REFEAS [R] 98 20 B ik o i
ik, #%ﬂm240WMﬁl%%$ SiuNZ'an

B Sh A, DIREME siRNA AT FH T hogg #E 1] 35
JrB7T, H%E%ﬁ%%aiﬁ%fﬁ@ TE Il

K$E%*o%% T MR BB 2 28 375 I ik
. ANUMAZE SIRNA FEIRTT HRKHR 4 R G BH
ﬁﬁ&ﬁﬁ@k%ﬁﬁW“3ﬁ$%ﬁ%%M%
IiF siRNA i3k 19— 281 FHAF ST WL 2.
5 SMNIMKAESS siRNA 382 2 R mmaY Bk ik
SMUMA R T H S AE WA AR | RS S
A B A ) M SE L3, 7E siRNA B3 ik v
MOk HAT WG] . SR, AMIMARAE R —FfoEr A
siRNA ik A filn & 15 2Pk . OARFRIE

F2 SURA-T siRNA #3057 A
Tab. 2 Application of exosome delivery of siRNA

PIAMIMAR DI BEANR], S BOL 2B Fnatifb e LA
PrfEdl, BRI T HE R E A 5 AR TR 4 i
AT EIINDIARR R 22 5 W, NILAE 2 )5 5T
A W B R [ 40 A SR TR A S s A A T A R
fiEs ULk, FESEATIR BRGNS, o4 ) 24
WA R, DU o Rt . Q7ESM bk
mMIﬂW%ﬂﬁ$,hW%@ﬁ%ww%Ew
AR sE M AN IR I 5 i B8R 1 AL 4T, A
5 MR AN A () A= 0 35 e NIk, )32 1A 40 it 5%
HAM A AT 3 3 Z AR TN ARE R . R
SN EIEA . BRGSO MR R SE i)
{EAESE  ANIMAR TS Y SNIEPE siRNA () 7 i AE e
SIRNA ZRAE | WFAH () 3 DL R S5 A 181 55 Ry
MM, SEONAIE T siRNA BEEFAR RES
JIg 1A A 15 (Faruqu 55147041 45 1) HEK-293 T S
& siRNA FLEFHA N 10%~20%), iS4k —Ff
LR R T B AR A Pkt . B ATx ok
WA FE A B R VAR A 2, ANIMAR Y AR
Y|4 R e 1 L) L RN B N2 B IS 3 0
PRI R A7 RORN 3 MR 38 75 B o 2 AR N 5%
6 NESRE

AR A AR ) A YA A, HAA EEN
I PRI B, A 2543 6 TFRE T 7 A 408K

8l = I R EE , BRI T 325 I A1 s A
# siRNA [ eMEMAaRE, HANBRH R K

HMBAA I AR SRAGE I 5 A WIEME Yk 2930k
MSCs klotho/ADK siRNA SMUMA SN B IO Z140 TR M A FH T N S AL AN 3K AT 1) siRNA 4338 HLZEAL [21]
AR ZeRamE Lamp2b it R G TSR R SMACKE SIRNA 1433530/ KMk HLZEfL [22]
HEK293T BCR-ABL siRNA A 3R-3 SZAHE [ SN P P4 &M R AT A ) U3 A 1 A= fzeftge  [25]
JiiE4 CD63. CD81 #l CD9 AR ) 2 AT AR L 4 A % 3 A IR siRNA L 2L [26]
i hsiRNAs ANBEA R IIFK B siRNA (U6, FF 5 &1 mRNA JiBk ras) [30]
HEK293T siRNA tLyp-1 #MNBA TR tLyp-1 SNBSS PRIRY T EUA, AROE siRNA F A4 B 2EfL [31]
HEK293T FA-siRNA #MNi A RERRAEMIMSMNIAA 3 T SiRNA (MUTfERE, IS TR IMARER ik [33]

A 4 CD-9. CD-63 ANIMAAE S SIRNA BRI ASMTEY 2L [36]
HEK293T fl MSCs PLK-1 siRNA HANIMATEF Y SIRNA JUER B BESE 9 PLK-1 2R AL [37]
FAFLIEAML  CBSA/SiS100A4/4NMA  SNBAS S0 siRNA 383530 HIFLIE A S5 WE [38]
MZ RN A HSP27 siRNA FHAMNBAFRICH) Hsp27 siRNA J8I7 APHZEEAIIIE , FRAR T B 200 s [39]
o las
HEK293T BT - A4 Mu siRNA B ) SR AT B 52 0K Mu siRNA 38367A 7 MER % fepseye  [41]
HEK293T HPMIMA/TRPP2/sIRNA S A A% 5% TRPP2 siRNA $0i] FaDu 4HfAY I f 8 5 4k WE [42]
I PAY 2 4 VEGF siRNA FHTERING P4 B2 ML WA AN A AN K L 1434 siRNA, IRIBE St mAE N fhedbge  [43]
B AR IR R
Jiik) CD31, CD45 HNIARA G sIRNA 33825 H FIR97 S VT I BE e [44]
| Bz MCF-10A CDK4 DIREHESM AR SIRNA. [ FAE 3% ARSI A P P4 L2 AL [45]
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I siRNA FIEE PRSI HT R A . AR A
Figrge H oA ) F 2RIz —, (HHH % )7
LRI BAT —E MR R . S TR AR
WL, A5 (0T A ) B A I N B — S 5
S ok, IR LU, A RAAA
T IR R, ok — TRl RE s Al A AR
(BLAE PR A= 05  AED) hARRNI AR B 2 AL A1 i
PRIV T AR, X T AN 21 siRNA
IR B R, i 75 B A A A 7 F 53
BT, VRS IUINE B A Y ST RSN AR 5
At SE AR SIRNA 157 & o N AR 45 4
UL R/ NS L SR BRI A T A . FLAT,
SIS SIRNA FORFFE (UL A5 B 7E L 90 2 B BE
R FORL Tl PRI 75 2 — 2B ORI

REFERENCES

[1] CHEN Z, KRISHNAMACHARY B, PACHECHO-TORRES J,
et al. Theranostic small interfering RNA nanoparticles in
cancer precision nanomedicine[J]. Wiley Interdiscip Rev
Nanomed Nanobiotechnol, 2020, 12(2): e1595. Doi:
10.1002/wnan.1595.

[2] ZHANG P, AN K, DUAN X, et al. Recent advances in siRNA
delivery for cancer therapy using smart nanocarriers[J]. Drug
Discov Today, 2018, 23(4): 900-911.

[31 ZHENG M, TAO W, ZOU Y, et al. Nanotechnology-based
strategies for siRNA brain delivery for disease therapy[J].
Trends Biotechnol, 2018, 36(5): 562-575.

[4] LEIRO V, SANTOS S D, PEGO A P. Delivering siRNA with
dendrimers: In vivo applications[J]. Curr Gene Ther, 2017,
17(2): 105-119.

[S] AIGNER A, KOGEL D. Nanoparticle/siRNA-based therapy
strategies in glioma: Which nanoparticles, which siRNAs?[J].
Nanomedicine: Lond, 2018, 13(1): 89-103.

[6] DRAGONI L, FERRARI R, LUPI M, et al. Small interfering
RNA  delivery
nanoparticles[J]. Nanotechnology, 2016, 27(12): 125102. Doi:
10.1088/0957-4484/27/12/125102.

[7] TIAN G, PAN R, ZHANG B, et al. Liver-targeted
combination therapy basing on glycyrrhizic acid-modified
DSPE-PEG-PEI nanoparticles for Co-delivery of doxorubicin
and bcl-2 siRNA[J]. Front Pharmacol, 2019(10): 4. Doi:
10.3389/fphar.2019.00004.

[8] PANDAY R, ABDALLA A M E, YU M, et al. Functionally

modified magnetic nanoparticles for effective siRNA delivery

through  positively charged polymer

to prostate cancer cells in vitro[J]. J Biomater Appl, 2020,
34(7): 952-964.

[9] PARASHAR D, RAJENDRAN V, SHUKLA R, et al
Lipid-based nanocarriers for delivery of small interfering RNA
for therapeutic use[J]. Eur J Pharm Sci, 2020(142): 105159.
Doi: 10.1016/j.ejps.2019.105159.

o E AR 22 2021 4F 4 A4 38 4 7 )

(10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

SYN N L, WANG L, CHOW E K, et al. Exosomes in cancer
nanomedicine and immunotherapy: Prospects and challenges
[J]. Trends Biotechnol, 2017, 35(7): 665-676.
SHAHABIPOUR F, BARATI N, JOHNSTON T P, et al.
Exosomes: Nanoparticulate tools for RNA interference and
drug delivery[J]. J Cell Physiol, 2017, 232(7): 1660-1668.
DAS C K, JENA B C, BANERIJEE I, et al. Exosome as a
novel shuttle for delivery of therapeutics across biological
barriers[J]. Mol Pharm, 2019, 16(1): 24-40.

KUMAR L, VERMA S, VAIDYA B, et al. Exosomes: natural
carriers for siRNA delivery[J]. Curr Pharm Des, 2015, 21(31):
4556-4565.

EL-ANDALOUSSI S, LEE Y, LAKHAL-LITTLETON 8§, et
al. Exosome-mediated delivery of siRNA in vitro and in
vivo[J]. Nat Protoc, 2012, 7(12): 2112-2126.

LUANX, SANSANAPHONGPRICHA K, MYERS 1, et al.
Engineering exosomes as refined biological nanoplatforms for
drug delivery[J]. Acta Pharmacol Sin(H'[EZ5H244R), 2017,
38(6): 754-763.

LU M, XING H, XUN Z, et al. Exosome-based small RNA
delivery: Progress and prospects[J]. Asian J Pharm Sci, 2018,
13(1): 1-11.

LU M, ZHAO X, XING H, et al. Comparison of exosome-
mimicking liposomes with conventional liposomes for
intracellular delivery of siRNA[J]. Int J Pharm, 2018, 550(1/2):
100-113.

KOOIIMANS S A A, STREMERSCH S, BRAECKMANS K,
et al. Electroporation-induced siRNA precipitation obscures
the efficiency of siRNA loading into extracellular vesicles[J]. J
Control Release, 2013, 172(1): 229-238.

SHTAM T A, KOVALEV R A, VARFOLOMEEVA E Y, et
al. Exosomes are natural carriers of exogenous siRNA to
human cells in vitro[J]. Cell Commun Signal, 2013, 11(1): 1-10.
WANG J H, ZHENG Y J, ZHAO M. Exosome-based cancer
therapy: Implication for targeting cancer stem cells[J]. Front
Pharmacol, 2017(7): 533. Doi: 10.3389/fphar.2016.00533.
CHEN W, YANG M, BAI J, et al. Exosome-modified tissue
engineered blood vessel for endothelial progenitor cell capture
and targeted siRNA delivery[J]. Macromol Biosci, 2018, 18(2).
Doi: 10.1002/mabi.201700242.

ALVAREZ-ERVITI L, SEOW Y, YIN H F, et al. Delivery of
siRNA to the mouse brain by systemic injection of targeted
exosomes[J]. Nat Biotechnol, 2011, 29(4): 341-345.

SUBHAN M A, ATTIA S A, TORCHILIN V P. Advances in
siRNA delivery strategies for the treatment of MDR
cancer[J]. Life Sci, 2021(274): 119337. Doi.org/10.1016/
j.1£5.2021.119337.

LU M, ZHAO X, XING H, et al. Cell-free synthesis of
connexin 43-integrated exosome-mimetic nanoparticles for
siRNA delivery[J]. Acta Biomater, 2019(96): 517-536.
BELLAVIA D, RAIMONDO S, CALABRESE G, et al.
Interleukin 3- receptor targeted exosomes inhibit in vitro and

in vivo chronic myelogenous leukemia cell growth[J].

Chin J Mod Appl Pharm, 2021 April, Vol.38 No.7 - 885-



[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

-886 -

Theranostics, 2017, 7(5): 1333-1345.

WAHLGREN J, KARLSON T D L, BRISSLERT M, et al.
Plasma exosomes can deliver exogenous short interfering RNA
to monocytes and lymphocytes[J]. Nucleic Acids Res, 2012,
40(17): €130. Doi: 10.1093/nar/gks463.

SHTAM T A, KOVALEV R A, VARFOLOMEEVA E Y, et
al. Exosomes are natural carriers of exogenous siRNA to
human cells in vitro[J]. Cell Commun Signal, 2013, 11: 88.
Doi: 10.1186/1478-811X-11-88.

LI Z, WANG H, YIN H, et al. Arrowtail RNA for ligand
display on ginger exosome-like nanovesicles to systemic
deliver siRNA for cancer suppression[J]. Sci Rep, 2018, 8(1):
14644. Doi: 10.1038/s41598-018-32953-7.

BANIZS A B, HUANG T, DRYDEN K, et al. In vitro
evaluation of endothelial exosomes as carriers for small
interfering ribonucleic acid delivery[J]. Int J Nanomedicine,
2014(9): 4223-4230.

DIDIOT M C, HALL L M, COLES A H, et al. Exosome-
mediated delivery of hydrophobically modified siRNA for
huntingtin mRNA silencing[J]. Mol Ther, 2016, 24(10):
1836-1847.

BAI J, DUAN J, LIU R, et al. Engineered targeting tLyp-1
exosomes as gene therapy vectors for efficient delivery of
siRNA into lung cancer cells[J]. Asian J Pharm Sci, 2020,
15(4): 461-471.

JURCZYK M, JELONEK K, MUSIAL-KULIK M, et al.
Single-versus dual-targeted nanoparticles with folic acid and
biotin for anticancer drug delivery[J]. Pharmaceutics, 2021,
13(3): 326. Doi:10.3390/pharmaceutics13030326.

ZHENG Z, LI Z, XU C, et al. Folate-displaying exosome
mediated cytosolic delivery of siRNA avoiding endosome
trapping[J]. J Control Release, 2019(311/312): 43-49.
LIMONI S K, MOGHADAM M F, MOAZZENI S M, et al.
Engineered exosomes for targeted transfer of siRNA to
HER2 positive breast cancer cells[J]. Appl Biochem
Biotechnol, 2019, 187(1): 352-364.

REN J, DING L, ZHANG D Y, et al. Carcinoma-associated
fibroblasts promote the stemness and chemoresistance of
colorectal cancer by transferring exosomal IncRNA HI9[J].
Theranostics, 2018, 8(14): 3932-3948.

AQIL F, MUNAGALA R, JEYABALAN J, et al. Milk
exosomes-Natural nanoparticles for siRNA delivery[J]. Cancer
Lett, 2019(449): 186-195.

GRECO K A, FRANZEN C A, FOREMAN K E, et al. PLK-1
silencing in bladder cancer by siRNA delivered with
exosomes[J]. Urology, 2016(91): 241.el-e7.

Chin J Mod Appl Pharm, 2021 April, Vol.38 No.7

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

ZHAO L, GU C, GAN Y, et al. Exosome-mediated siRNA
delivery to suppress postoperative breast cancer metastasis[J].
J Control Release, 2020(318): 1-15.
WANG C, CHEN L, HUANG Y, et al. Exosome-delivered
TRPP, siRNA inhibits the epithelial-mesenchymal transition
of FaDu cells[J]. Oncol Lett, 2019, 17(2): 1953-1961.
REYNOLDS J L, MAHAJAN S D. Transmigration of
tetraspanin 2(Tspan2) siRNA via microglia derived exosomes
across the blood brain barrier modifies the production of
immune mediators by microglia cells[J]. J Neuroimmune
Pharmacol, 2020, 15(3): 554-563.
LIU Y, LI D, LIU Z, et al. Targeted exosome-mediated
delivery of opioid receptor Mu siRNA for the treatment of
morphine relapse[J]. Sci Rep, 2015(5): 17543. Doi: 10.1038/
srep17543.
DE RIVERO VACCARI J P, BRAND F, ADAMCZAK 8, et
al. Exosome-mediated inflammasome signaling after central
nervous system injury[J]. J Neurochem, 2016, 136(Suppl 1):
39-48.
YANG T, FOGARTY B, LAFORGE B, et al. Delivery of
small interfering RNA to inhibit vascular endothelial growth
factor in zebrafish using natural brain endothelia cell-secreted
exosome nanovesicles for the treatment of brain cancer[J].
Aaps ], 2017, 19(2): 475-486.
JU Z, MA J, WANG C, et al. Exosomes from iPSCs delivering
siRNA attenuate intracellular adhesion molecule-1 expression
and neutrophils adhesion in pulmonary microvascular
endothelial cells[J]. Inflammation, 2017, 40(2): 486-496.
ZHAO G Y, JING X, JING Z, et al. Functional exosome-
mimic for delivery of siRNA to cancer: in vitro and in vivo
evaluation[J]. J Controll Rel, 2016(243): 160-171.
LI C, GUO F, WANG X, et al. Exosome-based targeted RNA
delivery for immune tolerance induction in skin transplantation
[J]. T Biomed Mater Res A, 2020, 108(7): 1493-1500.
FARUQU F N, XU L, AL-JAMAL K T. Preparation of
exosomes for siRNA delivery to cancer cells[J]. J Vis Exp,
2018(142). D0i:10.3791/58814.
TAO H, XU H, ZUO L, et al. Exosomes-coated bcl-2 siRNA
inhibits the growth of digestive system tumors both in vitro
and in vivo[J]. Int J Biol Macromol, 2020(161): 470-480.
ZHANG Q, ZHANG H, NING T, et al. Exosome-delivered
c-met siRNA could reverse chemoresistance to cisplatin in
gastric cancer[J]. Int J Nanomedicine, 2020(15): 2323-2335.
ek . 2020-04-19
(CR3CTi4: 250

R E BN 2452 2021 4F 4 H 45 38 45 7 1



