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Research progress of therapeutic exosomes
ZHU Meng-mei’, LIN Jia-li¥, WANG Chu-qi, HU Shi’
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Abstract: Exosomes are a kind of endosomal vesicles that are secreted by most if not all living cells. Due to
their capability of delivering a variety of cargos, such as tissue- or cell-specific proteins, lipids, and genetic
materials, and their broad biological activities, exosomes have gained substantial attention as emerging
therapeutics. Exosomes derived from mesenchymal stem cells (MSCs) and dendritic cells (DCs) are two types of
exosomes that are widely studied. Many preclinical and clinical studies have shown that they have a satisfactory
treatment effect in lung diseases, liver diseases, nervous system diseases, tumors, and other diseases. In addition,
exosomes from macrophages, tumor cells, plant cells, and many other cells are getting more attention due to their
therapeutic potential. Besides natural exosomes, research on engineered exosomes has also made plenty of
progress. There have been several engineering methods of exosomes, such as targeting modification and loading of
active ingredients. In this review, we summarize the research progress of therapeutic exosomes from different
sources, and further discusses the application prospects of exosomes and possible challenges in the future.
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FREEZ R . AN R 5 2 N LB R
SR AN UAA AN TRR AL WA AR, BRI 53 D Eh A A b ik
AT P 5 e S s A4, i B P U5 A AR A AR SCRT 4053
TE A WA AR A iR AR IR BRI, B AT AR A AR ok
Y5t e ) 43 AR, B R OR T e 2 75 18 AR 2
G AT G J R A S5 T TH AT 43 RS

HMIAAAR BT L 22 A AT R WA, H AT 2 S
AN 40 I R PN B 1 S T G A& (endosome), 44 T P
P Ta) i A HE 2 TR s A TR A N 2 14K (multive-
sicular bodies, MVB), MVB 5 J5i JI& @l A B 5 H 1) N 355
TV RN A MRS AR Dy IR SR 485 7y 1A% 33 4 i 18] 45 5L
(B A, SN AR CREE T BRI RS 2 AR P 7 Dh g, W]
WA RIS B, AR 2 Ao b 2ot ECRIG
SPAE . A, PR BA S SRR RSN VB
1215 K i B WL (enhanced permeability and retention,
EPR) &40 5, )2 N H T 25 Wik, an/h oy FAL %
250 B A RAZ IR AR . AR ST SRR T M A b4, mt
AR R AT AU L A0 AR AR A i A 2 A L i 5%
PG T E S A (E ).
1 SNBSS BERAR

T AR 1) K/ RIS S N AR D Re 5 B =
JRPE, EHIT W T AR A R L 3 ) AN IR S B AR, IX L
Ji RIS R HI 2 1 A i Ak Ty e At 7 THI 9 6 9 45 R R AN FF
& RZEIN D B BRI SN 5 BAG AR 22
R ) e A AR FE P A 3 AR R 4 N A B 5 4 Oy
B HRTHE M5 B 5 A O VR ST
VEVE R IEIE RT HERH (i i L B SR N i vk AR
R T B LoV H AT A )V K U 0, LR R R AR

VA TR RSDARE £ P B JBE VR ) £ R R A 86 P AR R 2
Irr e e HA s TE R N B AT TSR BORAR R 1R
A, ER PSR AN B K B R, REMuileik
F Do L 308 3 0 B 0 AN T 503 9 A A2 )5 ik P2 A
I B, e 2 B ISR R e ) 0 T VR AT B AN AR
GITIE AR TE R BB B DAL 7 2, SR 2 5N
PUE BRI 5 A5 2850, AT RE RO R M. iR DE
PR R RE € 1 5 02 J T A1l A M Ath 2290 2 ] 47
FER/NRSE ZE 5 ML I 75 . MEIEVE DU (A
H A%, (B HT T BRI PR A P PT RE S RN AR % . RS
HERE il 70 2 B AN A L vy, DR B T S8 MR A AR
P, B R 3 B R R AR NG ANE B KA P L A i
o S BE SR AT I AT 0 1 v R R A AAA Je Ak b A
WA, B/ BBl AR S, H T B S AN A I
FIAE H AN A 2 TR b 350 ) 0k 72 57 36 1l A e
BT E 2, ANR I 70 18 5 B LR & 5 FERE AR AR VA
FRAS A IS TRI AT 7E H A5 PR R e B de B i 1) 7 ¥
2 (87 RFLERERIRAVINDIRATT

8] 78 B T 40 i (mesenchymal stem cells, MSCs) /&
PR AR 15 2 0 rp A e iz BT A0, B AR M B e
5, REW 2 RSP il ) 245 21, 40 B8 16 7 I
AURAAESE o G V15 AR P AN s 217 6 0 & MSCs T H
AR B E R YD BUE R, (8 78 T T 4R AT
AR AR AR (MSC-derived exosomes, MSC-Exos) 1 A
A MSCs )28 B 1R PE . A, MSCs At
7 AR A WA A B ) e B PR 4 Y, LR O R 22 b A S
TG RVGIT -« B RIE LUk, MSC-Exos 7] LAE
MSCs“ T I6 7 7, REW A RO 5 245 M) 175 5 0 -4

DC Ultracentrifugation
MSsC > Polymer precipitation
Tumor ) Sources Isolation Size exclusion
Plant Zspinlu Ultrafiltration
r
Byl \
e
1spin300g, . S ¢ _\3 spin 10000 g
A
e 4 spin 100 000 g /
Nervous system disease . 5
Odontopathy . Tarzsunainuis)
.
Pulmonary disease mean = 3 DNA
RNA
Hepatic disease * [/)¥ 27}
| D
E:*_Q Cancer - 8 v
Protein Drug delivery
Gene delivery
Applications Engineering

A

Protein delivery

Targeting moiety

Figure 1 The sources, isolation, engineering and applications of exosomes. MSC: Mesenchymal stem cell; DC: Dendritic cell
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A3 H B FFE R A AR B AT A R LR AR
HHTRARE RSN,
2.1 [BFERTFHBINAEETT IR

I 8 1 P R P, A O A it s il £
YEAL Nt B Bk v, B A D R SR B I A R
o] . MSCs 40T % 5 T i M7 2 9 18 v A 2tk
il B I R A T — T VR T TV, T E R A PR
BT AR R ML AR B BT AT AEAG IR . BOkE
AT R B i WA 5| I 318 288 SR AP0 18 41 oL 2 11 s
B2 —1, AT I 78 2 B MSCs Al MSC-Exos [#11
GIRIT HA PR AE, IF HAEE JD> B A 45145 S B
FRA IR, A 2 A 2575 S O 0 077 /) BROBE RS v 7
BT RN, SCRE R B A R (bronchopulmonary
dysplasia, BPD) & — P 2 K 2 1% P il 5 % 5 o B T
MSC-Exos /7 ¥4 [f) BPD Il K Hl #F 72 & W], MSC-Exos A~
BRI AT BPD, 3 AJ 3% fifi 453 45" MSC-Exos 1]
VB FHAL -5 U8 755 il [0 4 A 1) 26 24 A %, Jlad )
Wt £ 2 ¢ ML s RS iR 28 M2 28, AT 4100 i 56 ¢
U A G 2 S5 REM o AR R 15 3 R I S 8 A S L ) S B
BERL H, MSC-Exos i i #1115 5 1% 3 15 7% A0 3 5 A
“F 3 (signal transducers and activators of transcription,
STAT3) /i 3 W5 5 A% T A 445 Ml 0 OR 47 4 FH 400 1) il
Bk =

53 4, MSC-Exos £ St 1 Jifi 453 £ F1 G 1 i il 25 3
RO AR AR R FE EE AR FYY . 2020 48, A4 e R 0
73 il ¢ (coronavirus disease 2019, COVID-19) K i 17
X AR IL AT E Prag b A T OSSN, 18 V) 7
BE—FE AT RIB YT COVID-19 & . Bl
J& £t X COVID-19 ) MSC J H A b A 6 97 1) 22 4k
AU 0 1 22 Tl PR 56 17, 45 R 2 75 MSC-Exos
TRIT RENS L R COVID-19 B 1T « HIRIT1E
FIAE Tk /0 400 B B 5 X%, 384 5 Bl vl v B B 0, A2
R R R R B [, MSCs e AN R A
B b il AR ST Rk 25 . Ak, A ARIE AT A
TE MR EY W MY s /g, HTBIT
COVID-19 &,
2.2 (B FERTFHBEINBIEIETT AR

MSC-Exos fE ¥ Z fiifJi 18 5 il 8 S Z AR H], filr
H) 22 TR 52 30 75 H FAE 0 s A 2 vh i va 7 R o
Tan 25O 57 45 S % B, MSC-Exos =5 2238 o 40 FTF 40 g
H4%E . I Bel-xL (B-cell lymphoma-extra large) & 3%
325, DT 0 1) JEF 0 L 00 T2, R A AE JHE 45 3 0 R A R
Qu FE e B miR-181-5p & 1 (¥ i 7 1] 78 J5i 48 fi
(miR-181-5p-modified adipose-derived mesenchymal
stem cells, miR-181-5p-ADSCs) fiT4: &M A& B A Hi AT

AEALIITER . W91 ADSCs &t TF2 iiuis AR IA
miRNA-181-5p, Jf i ik 4 ¥4 74 miRNA-181-5p i i%
Z /N BIT IR 410 (mouse hepatic stellate cells, HST-
T6) B CCL, 5 F A 4EAL T IE . 45 K B, K B miR-
181-5p-ADSCs [ #h s 48 i T i STAT3 Fl Bel-2 % 1A
I BT HST-T6 40 JifL (19 | Wi, By 1k BT 21 4E 46 1K K A2
Liu 0 50 5 107 45 235K 5 1 1) 78 J53 1 4 Mo AT 26 1)
Ak WA & (exosomes from adipose tissue-derived MSCs,
AMSC-Exos) %f 2 14 BT %2 %) (acute liver failure, ALF)
BT AE R ALH] . 45 SR B, miR-17 &1 [
AMSC-Exos AJ @ i j /b VR 40 ) NLRP3 28 1/ A
T AR 235 s 22 B AN D-2 FLBE I (lipopolysaccharide
and D-galactosamine, LPS/GaIN) 55/ ALF, 1fi miR-17
R 1 AMSC-Exos W2 7< B R 55 1) ALF [FIGTT/E o
XTI 58 MSC-Exos I S HE ENLHI SR AL 138710 I
fif, AMSC-Exos ] g2 T £ A& P AT ¢ S HoAth TXNIP/
NLRP3 7 P /A I AH 9C 28 14 s )8 2 SREmes
2.3 [BFRTFHBEINLEETTRE R G R Tm

HNUMETER 2 RGP IR IT Mg E
BRI RE . B AR MSCs AN BRI 7316y o 28 41 g F1
B ACHH 4 4t ff ok S I L B AR AR, HE MSCs fiT A2 1Y
G b A RE B8 15 A 18 K AR 15 T . Chen %528} 5%
F W, EP, (E-type prostanoid receptor 4) $ 7171 7 i 7
MSCs #h i 44 2,335 4% 1 R 3'- 1% % — i i (CNP)
A, T AR 2 2 451 R Hh A 8 70 RN 22 SR AT B, A
FACAZ A ] DY RERIVR S o AR, AM AR
25 R T TR AT TIVE )R R . PALMSCs
LAt B YR 9T T B AR % LR M A mh ) 30 2 e S R K 1
RETK 5, MSC-Exos #& /i 5 H 240 218 = AF F 1) oG g
MSC-Exos B A7 097 i 26 1 (1 T &%, [RII, Ah s 4T g
& B i B 3E g 0 AR W AR S R TR AR AR,
miR-17-92 &% (2 i3k /D 5% Jise JoT 48 Jf A8 e b 8 O A AT
HRAK . XinEPH RV, HE & miR-17-92 )
MSC-Exos 647 ixi 2 H1 7] LA 5 Jik 26 v J5 pih 48 ] 28 1
e LTI RER . 54, & & miR-133b [ MSC-
Exos 1 f2 08 {i 1 X Bl 26 v 5 1 4 22 25 44 R0 1) R Pk
S, ARSI H I i sk L S A R b, ez Ak
WAAIRTT H S PIAE R AL K/  H BB AN D) REVR B 45
5 THI S 7 HH B g 5 RO,
24 [EFRRTFHEBINDAEREARETER

MSC-Exos i ¥ 2 At (176 97 1E H, a0 g ik 52
Jo 5 1 & R AL A8 S AN ER O IS 5, $0 ) IR TR
B8 TR B R A R i R A

B RAE E A AL R BN A T B Ak 1) R, Ah AR LE
Bz kA% A R 4 B AR A, Hu SRR R
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B, AMSC-Exos 1] DAid i<t A1 4k 1 21 4 248 it 1 e P 2 3
FeAs G, 2R D i R, AR e % 38 0 iR
JR R DRI TNL ) 7= A T LE S B, A0 WA 44 T i 3 i 41 1)
JB JER 2 IR R IA DA D JE IR (R T o G Ab, T IR
4fl flg M2 # Ak 5 5% 38 microRNA 1 g /& e jz ik 4515
AR RN,

TEAR AR P 3E 4T MSC-Exos ¥ 97 I 120 %2 21 H
BAOMERYEH, VLA A EZH2 140 i 5 miR-
25-3p 3 B ek 2 o nT B LIS 7R 50 UURE 2E
(M) ya 77 A B 3L FE R, MSC-Exos fg 8 & 7 it 3t
I AR BSORN A 28 U 1 AR L, AT OR3P0 U 55 S Bl S
(700 JUE P A S 2B

1B FH J& 99 151493 1, MSC-Exos i I 1 56 21 ffy
TR RV, ol 200 B R T AR Y B 9 S N R A T R
HEEP, — RFR NI LSRR, 45T MSC-Exos
A R > TR A R P A R A, B
TR AH B AN R R A B R A, a0 T R A
ZUR A AERY . MSC-Exos (WA T F F /2 81T 2 Fih 41 i
R Wi 3y 53 0 T B B0 SR SE LAY

F 4k, BB 7T 3K W] MSC-Exos 1F /8 k42 K &
R R AECRT) 817 AR H, R MSC-Exos X i 8 4
N A A6 R kAR P o BRI 18] 78 5T 48 SR U5 1)
AN A IE Ik B MIMP-2 I8 24048 441 i T 8 A 9 firh e
TP 358 SR A1 32F B9 B9 R0 LM 4 R 35 5 U E B
Jeri 4 2R ¥ MSC-Exos, TEAA PN 44 Re A2 i3k 15 8 83 44 g
A K AT, Sk A G 2% 1 MSC-Exos B8 (2 3 i
LM PN 40 AR S R A A A . A AR L ER
H] 22 2042 B2 A5 1 1) MSC-Exos 78 i i i g v e % 2 1%
58K (R i 8 AR, 28 miR-143 181 1) MSC-Exos ¢
9/ PR AN R, 42 miR-122 481 AMSC-
Exos A& % 386 I i 88 240 J 6 A7 2459 (R SRR P
3 RS AERESRIRR SN AR T

1ER—RL M) % R PUR 2B 40, B9
41 5. (dendritic cells, DCs) |~ 32 43 4ii T~ 2 5 355 457 F1 J2
Jok Hr, TE T8 BB R e 1 S % R 52 R AR
DCs 73 # 11 #b # A& (dendritic cell-derived exosomes,
Dex) 1771201 5 DCs AHA, 45 3 EAHLUH AR
4 %) (major histocompatibility complex, MHC)- J% 5]
a3 A5 G % 40 M AH BAE R B H AR D BE R 3. Dex
IS 55 53 W B A3 WARN N A WA A I AR A T AR AR,
Z: SR I G L At B 3 B A - 4 B A e e

1E5:T DCs W S I 7 1L B LR R Y, Dex R4
FURR I e T 9 AE B I R S AN . B %6, Dex IR B
T DCs & A (1) o 9% B RE 775 FLIR, A A AR 1) I A% 8

PEAS ILH0 G AW 8 A B & RR RS F
&, WL TE AN M T iR R T R PR B RN A AT A T
REAFAE )22 =B il (i 3 1) R IR )
3.1 WSTRYEREIR M SN ARG T B

2 A SR G AR 1 S 2 T VA AT KA, R
FKAALHE DCs 1) % 9% ¥ 15 77 . DCs %% i Fll Dex 55 . H
1, Dex 52 ik T DCs 9% i %% J5 M 22 V25 5 75 5 I e it

1t S g% B e 0, AT S I BB I8 R

Lu S5 30 22 34 W IR B 1 1Y) Dex RERS il A 40
I8 G % S N FE 9B 40 M g (hepatocellular carcinoma,
HCC) /N BRI MR SR B, JCHAE T i Ak = CD8' T
HREL 20 1 /N B RO B R, 3X O HCC e % 7R 7 $e it
TN X — o B . R E T ik
DCs % i i H 5 K VR IT RCR, (B RAFAE VR 2 A
R, T Dex % Tt o) 5 X — & oS e BB 9T
HEE Dex J& B V6 97 A /)N 4t fa it s R0 I PR A 9, JE DA IR
PRI 5 7 72 Dex 2 W 2 M 5, LA i B 28 5 A
(natural killer, NK) 4 i % H & 2 59 00, 1IX 5 Dex if it
H 2R %A% 40 B 2 1% 1 53 D B AR (natural killer group 2
member D ligands, NKG2DLs) /1 & NK 4 i (¥ 3iE H
KW IR R X5 R 28 — X Dex 1 T & -y
(IFN-y) -Dex i it IFN-y | Dex | [f] BAG6 ik, 1
I 5 NKp30 i 45 4 & 4k s 6 5 2 NK 4012, Rk A
H T 58 1) G R BRE 1, SEEL T 6 EE N Al i il e 1 S
97 5 43 e iR 7
3.2 WISRMBRLTEINBIRRTT

DCs #1598 5 5 i I6 97 1 32 28 55, W
Dex #il 5 5 DCs AL A=W 22 Dy g, DR T B2 T 4R ¢
H & G R RIRIT o AN A T B #4 Dex, K B #4 Dex
G A0 P Dex 35 HA BT R FFIESY . RGBT
# (rheumatoid arthritis, RA) /& — #1814 B & %5 5
e, HRETE T F B R B MR IR, TRIE R IR &% .
Yang ZECUFEAF 7T RA 7 VL R, 48 TL-10 8 1L-4 Ab 2
ik ) Dex B ] TR A& i 38 08 B T2 L 4 (W1 FasL Al
TRAIL) F 4 30l 4 Dex, B A8 RA 10 il 771 5 G &
7~ HAE RA BERS (B K %077, REIB BIAR G RA I H
M. R HET oM TI09T B S S 5w Sk 4k
95 T PR GG PR 38 W 9, L2 B 190 2 470 i B A 5 A
IR, oK B2 Dex BE 0% ol /D 4O T T 48 B 1) 6 9% B8
TEUSL, IR B G 5 M I R R I, ZE K2 HE 4
PIAFIE IR0, 5 Ah, 2 BB (n7E 4tk DC g &
ik FasL\IL-4.1L-10) B{Z IL-10 4 ¥ i ) Dex, H ¥ N
BT REVEA PRI A AL 5 & e e R AL Ny
A PR TT ARG
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3.3 WRRMLITERIND S B MERIETT

Dex 7T [ IR FEAH BT 152495 « O A R0 4 28 50975 S5 9R 7
AT R L 5 KR T . Li ZEPIE W R M HE R ik
3, 5 microRNA-Exosome 41 #f Lt:, DC-Exosome 21 f)
CDI1lc" DCs ¥ # % />, 1fi HLA G" DCs (¥ Lt 471 12 3% 3%
fn, ELEE A DCs [ Dex R] 7E B¢ Bk # 48 J5 BRI 7] 5 3
G 52, 4k K I Dex TE R ITT I KR AR J5 IH) e 1 HE
JF A MM E . Zheng 555 I B 8 K U5 1) Dex Af
DL L 1 75 Tregs A1 Th17 40 i — 3 101 17 >Ry 2 e it
FEREE G RT3 . DA W7 R B CD4" T 40 i iS5 1k
AT DA kOB B4 1 # A, Liu SE57E /N BUOR B bk
5 Dex J5 K LR CD4" T 4 A 1) 4 PR - F0 98 0E [+
B KGN, T O JUE S it K e e A R R A =
J5 BE JEBE = U0 T e R AR AT B B B oG o AE N
Wik, Dex IR B A E RXBINM MM E. LRERH, &
IFN-y 55 1) Dex 75 M H T 5 U] Fy 85 7265, 7T DL
2 00 R A 1 TR R AR, TR BT 82 R 1) S A B R
£, SOl Sk IR PR IR IO, R I At A0 A 9 L S5 B A
Y B VR
3.4 HthAEpaoihisNb ik SE®mIaTT

Bk 1 MSCs Fll DCs 473 WA HI A A A, 10 Ax 2 HoAth
2 R R [ A0 A A OB iR T8 A D6 T R 0 I ik 24
). McDaniel %P7 753 B, JFFIUE T 40 i SR I8 (1 40 ik
R a] DL i £ 38 miRNA let-7 25035 /N B 587 S 3 A JIH
THRFRPE AR 44k . AR L T IR 2443 Y, Wang 6PV 7R
5 R A 1 1A A AT DA BE A SR 3 DCs Jil AT
9 MHC 22 X 238, DL 58 DCs #7810 U I8 2808 o
Zhu PR R TR B D5 T 40 B ) AR 4w LA i g
07 S % R 0 (1) A 3 20 A A8 A7 O, 2 A A A 7 5
L (M2) 43 Wb L 75 13 Jie DA ik oK €8 T J 1) 152, R %
TR AL TR K .

Bk T sh¥a] CLor Wb A AR A1, R 40 H i BAS 31 41
WARRIAHCIRGE I B T X — I AU R = .
SRIR IR AR AT B AN AR SR I B X 259732, O
HIF 58 R I A 22 A WA Ak P 3 3 1) LA T b & A R T 1
microRNA, 1] DL i 4 8 T 1L-22 AL il & 5 /N B
J¥ 3 B B gk T VR T S 28 AN, R AN IR RE G K
YLV IRIEE YT B I TR B e iy A
5 HUR PR S E R B AR T W) R B i IR
A, PRI E AR SR MG R S B b BT R () S A A
4 TREMWINBENBTFERET

B 7 R IRRUE AR IR, I 4K, R 2 I 5
K TSN AR R ET P REAERPE 1. H
A, CLAROE 1 /M stk T2 A0 T B AL 46 A0 WA 44 B8 ) 1& 1
R4 A 0, 8 P 73 55

4.1 b RER[E &

RARGM LRI EE 1) Be AN A2, PR T I R LA,
T T A/ A A 3 THT A i A S 2 B2 4 i 08 TR ke 389 558 b
PREE T PE . Fu S5 A% 0 5 4004 7] T 48 i i N 4 B
ik & LR 52 4 (chimeric antigen receptor, CAR) [#] &
[Al, Ff-4li 4k 15 2 #5717 CAR 141 il 45 CAR-Exo, B 7T R
I CAR SZARTT A5 A1 WA A Ko e 98 170 308 o) 28473 25082, EL
H LT CAR-T 772, CAR-Exo B % 4V m A2 %
et A i PD-L1 4 & %5 . Shi % 1a) HEK293 48 /il
O\ CD3 f1 N3 % 4 KK % 44 2 (human epidermal
growth factor receptor 2, HER2) 4 752K . 1% LFE
1 HEK 293 2 ffd 1 b W A4 BT X0 1) T 41 i CD3 7+
AL R AR DS P R HER2, #E1 5] S 40 i 25 1 T 40 %
5 HER2 4 7L B Je 441 i

BRI DRAE 1, Z AR I8 Tl 3d i Ak 2 T BE B SR 1)
B[ o Tian S8R H — i iy 0 bR A0 AR 1) 1E 22 1)k
ST, AE MR 2 TH FE B2 3 m] IK ¢ (RGDyK) 1R A #E
1) i R L P 25 P B0 o AR AT 9 IE S 1% A0 WA A 1T 2 el
L 5 e, 7 i R L PR 57 £ DX 4, Uk 8 i e SR AN
SR T
42 SN BETEMR S
4.2.1 MBS FHY KA INET SN ARG R T
P2 2 I AR S T SV AR T L AR AR R R e A,
T 34 58 25097 3%, DDA RS . kN 3 250
TR S B B A L S R R A R
MOSLRE 7T . KM T 2N L A2 (paclitaxel,
PTX).Z LA (doxorubicin, DOX) Al ZE i £ 2%, HLoE
KPR IE G R AL & 75N Sun S04
JeAd FH L0 5 0 77 V26 22 3 2 BN /) BRI R 4 i
R EL-4 TN IR . W5E, ZITIERTHE | g Ak
N 2.9 g LR R RASSEIRSE AR, FH LT UiF
B2, A A 22 B EK 1A A A A R ) 35 0k e )
IR, RT3 220 2O i 2 0 T IR R AR R e 1
TRA T o TE 7 — DU i, Yang S5 R FE R FH 4L 57
BT, BN T I 24 PTX Bl DOX. &1
BORAH VLI E, 1 png SR ATER N (7.3 = 1.1) ng
PTX 5§ (132.2 +2.9) ng DOX. {HEERE K, 4hikik
2 P AR ERER UK AR, A5 E T RENEE
AL, B2 S ECR R TR, A TR
£, 355 2, Thakur 070 T R 2 4 B 25 28 2.
1% 773, DOX F PTX (1) A 35 28 43 Ji 18 3] 19.7%
17.7%, &35 = T L0 & 1 5.

Bk B4 ) SN AR IR 25, TR ) — R
BE S 25 5 VE 1 AR A0 SR LR, 58 B I 2 6 H 4%
HCHW” A, By EPES 25 77 . Pascucci Z51
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R I TE) 78 5T 40 B o] FE AR AN PTX HRE I & PTX 1
HMIER . 1ZAE SRR BVE A R B PR A A T A
HNIMEZ 1) o

422 MEBEBR (ESMBREE N INEE A R
(1775 TR UG R gu . v 7 #275 sgRNA:Cas9
IR E A E G WINERER, Ye 9 kK 1 — Mk
THEA-EAMEAERR I, B EE (green
fluorescent protein, GFP) 5 #h i 4 bz 7 4> F CD63 il
&, K GFP 4K fitfk 5 H Ax 8 B Cas9 fil &, #) H] GFP
A GFP 20K #7044 2 [8] {4 26 A1 /) 51 3 CRISPR-Cas9 %
Gk NAP AR . Yim SEUOHRGE T — Fh 44 9 EXPLORSs
BN RS, B s R Ea-EE A EAEH,
MR B b5 8 B 5 W IRV SN AA APk AR R R
F B A G T 2R R AN AR . B BRI T
A, O Z R E AN RS IT K. SR, VR
2 JVEAE S SR R0 3 R R NRR E VSR T TR AE =)
PR, e i 250 MK Dy R 2R 1 20 e BB AN AR TS
Rrik— B RET,

423 INEAZER  JEBEIT R — FOR BRI T I
5 DR A ik 381 BB A o IR Tk, BT RE A S T
Sto R, H A 3 DR 3 38 SR A AT A7 AE iy S SR A2k
BEPEIRAZ IR Jy B 4 o) B, PR T DR T B I
IR o A BA TR AR 1) ] 52 4 200 i 32t 16 A% TR 1Y) e
77, BRI AR SR 78 A% R 386 36 M 32 B vz ki« 2R Aed
TN 25N &, A% R I N AR ] 23 B N
BN P UEPE I B A e AN ER 7 T (W miRNA
F1siRNA) & H# % . Alvarez-Erviti 55UV K H T H

Table 1

LI JT 5, ¥ siRNA ¥ N\ DC 4 fi >R 5 7 i A4 . [\
FER 7 1240 75 miRNA $N B 1 18] 78 51 T 41 e K
TEAM WA . SR, HL 5 AL AT BEFEBE & siRNA R AR 1)
TE R, 5 BB 56 B SMIAA IR siRNA B0 e 14070
KL, 75 20— P oz 7 ik BT R A BT &
Brossa S5 H S T — BB 0 SR i & 1 #0071, A8
miRNA P & T4 WA 1 2 T 1) RNA 25 5 8 A, A %508
1% miRNA [ [F] ], £ 47 miRNA A4 RNA i P4 ff. 7
Y5 I AR ) B 40 i 1) s A b s 4 H R AR R
B ZoniEv K B R M N3443 . Hung 257
RAE T — Pl 44 A BE R AR AL FE I N % (TAMEL) 1) J7
5, A AR GH B B N I AR JE 2R B -2 (lysosome-
associated membrane protein 2, Lamp2b) 5 MS2 I 1# {4
K ret H B RG B H, MS2 W AR AR 52 8 [ &5t In]
5 H b5 RNA A Al (1) MS2 2538 45 &, fig 3E 07 ) RNA
TEAMAR & S 755 — W7, Li 50708 i py g
AU I 1 CD9 5 RNA 45 & 8 H 1Al 6 8 H SEa
RNA 33,
5 SMRRIERREFR AR

B 7 BRI R AT ST (3 11292020941 4830 553658605083
A VF 2 A A 97 3k 0 NI R 58 B B« MSCs Al
DCs F& 4130 A (1 A 7 2 Z2 1) 40 B K 9. MSC-Exos F
A o3 AT R RS A7 R R AN RSN S
R, CAERE PRI BT IR I BRORE - HRE 2 48 B 359
I LA 9 S I I 5 I 2R AE S5 2 A R OT R
& R FE . Vi 2 I R BTAIE 70 R W], Dex £E IR« H 5 %
PR 58 2 Bl i B TEE IR IT AR A, A ORI R R R

Summary of therapeutic exosomes from different sources. BM-MSC: Bone marrow-derived mesenchymal stem cell; ADSC:

Adipose-derived mesenchymal stem cell; hueMSC: Human umbilical cord mesenchymal stem cell; pMSC: Placental mesenchymal stem

cells
Source of . - :
Disease/condition Mechanism Reference

exosomes

ADSC Liver fibrosis Activate autophagy; down-regulate STAT3 and Bcl-2 in HSC [23]
ADSC Acute liver failure Suppress NLRP3 inflammasome activation in macrophages and reduce the [24]

secretion of inflammatory factors
ADSC Brain repair, subcortical stroke Enhance angiogenesis and axon remodeling [30]
hucMSC Breast cancer; ovarian cancer Transfer MMP-2, re-organize the tumor microenvironment [39]
hucMSC Diabetes mellitus type 2 Reverse peripheral insulin resistance and relieving f-cell destruction [83]
pMSC Placental vascular system development Mediate microvascular endothelial cell migration and vasculogenesis [41]
DC Non-small cell lung cancer Promote natural killer cell activation and proliferation [48]
DC Autoimmune diseases and Reduce immune stimulus that depends on T cells and induce immune tolerance [50]
inflammatory diseases
DC Myocardial infarction Activate CD4" T cells to facilitate wound healing after myocardial infarction [55]
DC Migraine Improve myelination and reduce oxidative stress [56]
Tumor cell  Lung tumor Trigger stronger DC-mediated immune responses and decrease Tregs in the [58]
tumor microenvironment

Plant Colitis Vesical microRNAs shape the gut microbiota [60]
BM-MSC  Multiple myeloma Transfer of miR-15a [80]
BM-MSC Cutaneous wound healing Promote M2 polarization; transfer of microRNA [81]
BM-MSC  Breast cancer Transport tumor regulatory microRNA, proteins, and metabolites [82]
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TEB AT FEA) WL AL 5 W AN T ) B 1A AR /DN 4
fififi (NSCLC) £ # H, Dex At % o 4 £ 1 S 2 16 7 1
H, AR R AE 44 H B I TE 3 g 2R A7 I [) (PFS). It
A1, T3 24 PR SR U AL SR U 1) A AR BRI R YR 97 38R
[EREAE B TE . B A4 2 40 B eV 1R A i AR 4,
HHEYRIEE SN BAEE IR RIS P . K284 T
AN SRR BRI R 7 T A A2 PR 1 PR 98 AT 9 3
6 RE

H AT 3 AR 45 A0 5 A 11 20 B Sk 95 e L AT X 4y,
A [F) 240 P S 5 1) A0 i Ak B S [R] (4 RURT ) R, BRIk
Az B HG A R R 2 B P AR BERAS . AN
[ — S U (1) S A AR SR — Fh 28 o R FEV R, (H2, sk
8 2 R UE 4R 2 B, RISETE AR A P 50 47 75 S 3 12,
B HAT AR A= P B P L N AL B T
JIEJ5T \DNA F1 RNA [ 2H Bl 73155 A R I 2, 1% 26
TEREA T T 52440 M o R DR 22 5 3R, AT X6 52 A4 4
Ji P AR AN R R SR o T o A A A ) S o A 3 o T
BT H AR A o T AL AR 4 A RD T e B A 1) HE
J&, PRI 5 22 33k — 25 AT A s A B RO 25 AT ) R &R o

B A1, TR 2R A (] 4 B S R PR A1 8 42 PR AR 1 R0 1)

H B F A R B F0 « AR SC329E MSC-Exos 5 Dex
757 I8 2 99 HR IR 96 97 T 6, AT DUR B, MSC-Exos 5
Dex 1E B R A5 0% BT 0 1 48 22 B 00 A iR 5 2
oo g3 o 35 J IS VR T AR . MSC-Exos A . 40 7% 1
FREVE A AL R R 1 BORUIR R K E 22 P
WA Bl A 2 Bl A0 RS, R I R SR ERR . T Dex [A]
H B DC 1) — 2 Rpt, 75 F 5 %5809 F1 258 M e v
RAEAEH

Ty b, AR (TR G T P A (1 A1 A ) TR
AR PN 2 o BRI o L 3 A, X A o AT i PR ) L I
PRI o A BF 7L B /N B2 8 2R 41 il &% (B16-BL6)
KR UAR, 225 ke 24 5 2P = U 2 min®™7 . %
ot 7 I 7K St Je , a7 5 /i 22 7 st e R TP i A8 B K
BEIR, O F T 2 K AN TE SR 3045 B2 i 1), 3 5 41
AR R T RS AR, X Fh 5 IR ANIE A K 4
B 45 25 1 A A 1 T

i A A 1 e 5 07 AT AR G2 —, >R FH 40K B0k
SRR 2 AT R T 0 K SR 94 B 5 R, (LI B A I
5B, AR R U B . O 22 W A R S S A
BEAM B AN AR e . BRI ENER S

Table 2  Clinical trials of therapeutic exosomes from different sources. CSTC-Exo: COVID-19 specific T cell derived exosomes; EXO-
CD24: Engineered HEK293 cell-derived exosomes CD24-exosomes; Dex: Dendritic cell-derived exosomes; MSC-Exos: MSC-derived

exosomes; QD: Quaque die

Intervention Condition Status
Senescent melanoma Metastatic melanoma Unknown
cells derived exosomes
Plasma-derived Ulcer Enrolling by
exosomes invitation
CSTC-Exo Coronavirus infection Active, not

recruiting
EXO-CD24 SARS-CoV-2 Recruiting
Adipose derived stem Periodontitis Recruiting
cells exosomes
Dex Non-small cell lung cancer ~ Completed
Plant-derived exosomes  Head and neck cancer oral Active, not
mucositis recruiting
Plant-derived exosomes  Colon cancer Active, not
recruiting
MSC-Exos Coronavirus Completed
MSC-Exos Diabetes mellitus type 1 Completed
MSC-Exos Alzheimer disease Recruiting
MSC-Exos Cerebrovascular disorders ~ Recruiting
MSC-Exos Metastatic pancreatic Not yet recruiting
adenocarcinoma; pancreatic
ductal adenocarcinoma
MSC-Exos Multiple organ failure Not yet recruiting

Phase Dosage NCT
Not applicable Unknown NCT02310451
Phase 1 Unknown NCT02565264
Phase 1 2.0x10® nano vesicles per 3 mL; NCT04389385
on day 1 to day 5
Phase 1 1.0x10°-1.0x10"" exosome particles NCT04747574
per 2 mL saline,
QD for 5 days
Phase 1 Unknown NCT04270006
Phase 2 Unknown NCTO01159288
Phase 1 Unknown NCT01668849
Phase 1 Unknown NCTO01294072
Phase 1 2.0x10® nano vesicles/3 mL NCT04276987
Phase 2; 1.22x10°-1.51x10° NCT02138331
Phase 3 nano vesicles/kg
Phase 1; Low-dose group: 5 ng; mid-dose NCT04388982
Phase 2 group: 10 pg; high-dose group: 20 pug
Phase 1; Unknown NCT03384433
Phase 2
Phase 1 Unknown NCT03608631
Not applicable 150 mg once a day for 14 times NCT04356300
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