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Abstract

BACKGROUND: Currently, exosomes were widely attracted as a new form of drug carrier by many researchers. Based on the modification by different
bioengineering techniques, natural exosomes were engineered to obtain the enhanced exosomal characteristics and functions.

OBJECTIVE: To review the preparation strategies, research progress and challenges in clinical translation of engineered exosomes.

METHODS: We searched the articles on PubMed database and FDA online statements with the key words of “extracellular vesicles, exosomes, drug delivery,
engineering, engineered, treatment, clinical translation, scale production, isolation, characterization, quality control, storage, safety” in English. Finally, 73

articles and 1 statement met the criteria for review.

RESULTS AND CONCLUSION: (1) Engineered exosomes can be produced by cell engineering and exosome engineering. The enhanced properties of engineered
exosomes manufactured by the two strategies have been verified in basic research, which proves that they have great clinical application prospects. However,
both of them have a series of problems such as biosafety and low drug loading efficiency that need to be solved. (2) Engineered exosomes have been proven

to have great clinical application potential in various fields such as tumor, cardiovascular disease, tissue regeneration and repair, and nervous system diseases,
and have shown better therapeutic effect and targeting ability than natural exosomes. (3) Clinical transformation of engineered exosomes faces many problems
and challenges. All kinds of common cells can be used for exosome production and manufacturing. Changes in cell number and culture condition will lead to
variation in exosomes. Expanding the scale of cell culture is the most direct method for mass production of exosomes. Different extraction methods will affect
the yield and the homogeneity of exosome. The methods on scale culture, isolation and extraction need to be standardized. Characterization and quantification
can predict the expected therapeutic potential of drug-loaded exosome systems. It is necessary to further develop gold standards for the quantification of
exosomes and the description of molecular and physical characteristics. Exosome products require additional quality control to ensure that the exosome end
products meet key quality attributes. Freeze-drying is most conducive process to the commercialize exosome therapeutic drugs. Guideline for the safety and
efficacy of exosomes product has not been issued yet, and it is necessary to improve existing methods or find new methods to prove the safety and efficacy of
engineered exosomes. (4) Although none of the engineered exosomes has been officially clinically applied yet, their therapeutic potential is indisputable. There
is still a long way to go before commercial engineered exosome products are ready for the market.

Key words: exosome; bioengineering; engineered exosome; clinical translation; scale production; isolation and purification; ingredient characterization; quality

control; storage stability; product safety
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FESKERN, MASAIY I EmR, FRET KA
AE KT Ktk

224 AVZFZGRA LFRMEMS GPERE R, S E—
SR JE AR IR R B Z R AR L R AE TR P AR, B dEHh
WG BT RF IR tae R S KRR AR A TG .
o T ohab AR A F Ak i BRI, AR b B ) 4024 6906 97 M Eh M) BAk
E% 3 iz FE, 2010 5, SUNSE ™M Fh L2452 R 2
e, LA S kRl i ] B g I F T VAE A KM 4 44
BAEBIK, Bk, ZHUANG F ™ T R A E M 7 ik £ R E R
HEETQEIIRT, SMREEFERF S £ 1 BT A
BRI AR R, AT R E 7RI B R 69 ) IR fa LK
EAK AR A K, E TN A G SRR KRR AR
K. HARANR EFNFQGF %, 3 E LR @miestibik i m
BEAT I R am e de @) IRAS AR, AR ST T LN AR AL A5 AR AT 49 FE k)
K2 M K P B bk A RAEA 4 b dn RS, RSt ARl b e
BEFH T ZIRINIK, ZIALYS 5% 237 %] T KR 4G KR
B RIABmp AT Y, B —REhY, FRAENT TR
oy SE R 18 R T e AT A G SRR G 5T % ROPERR AV E 69 3K
R, KIEAEBI7 RS0 B d A A% A9 3G 0, R VAR K da e
BT, FAEARINIEIE Treg a5 RV AP 2 K EFLRE 3,
F IR BB I B B S I AR ) AR M s he sk B O,
2.3 THINUMAIRERZRCEVAE SHkER T A2 L oh bkl i3y
IRAF AT, BRI RAF TG T F R, TR KRG Tk
&R R L X9, K, SPabRe) T kb A F iR
W F BN, i0E B E 5 RAAEA = Fa i B s/ K. BF,
—ANSEH TSR EBLATER: 5%, MR 4
B FavT & 52, MmILA 99NN 4h 7 iR AR ik i R T b2 R
RERBBEALGHARRE, RFEAMABRAR, ABAZ
FEAAMFRERENRTEEH L2 RF LR REM A G B
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S Bt M ESNAR G R BRI AR AE F BB
R A FAE. A AR A = S e AT &,
T TARA SN SL AR 8 6 JREEALAF 269 19 AR 5 Bk,
231 FARMILGNEARFRAFEAR SRR A T AR S A
Hh|F (B IAFZ A A ) AT R e B AR Z R T 472 B
K. FARMG R FAIE MR T SN bR A 095 B XA IR,
BT, xFoRabih A = o A ARE Rk iR, & BARE AL
SR YTE M AL 4R )T A A B A 0 S Rt Fe BB M R ik
BEAmit, sk, BAEREN. BIaiR (wRRIK, L
HR ) Ak AEFE AL R PR T 2ER,
T I JE ISR E AR b £ B R AP AR T e R E e,
R AR gm0, A2 AT AR G BB R 4 S AL ST R T b ek A
%llﬁ [10, 47—49]D

EFEAMIBAIESR, thdoE R mIo e R EBIE T d E A
RETA, LRINARAE FiT2E B B KA., AT
Fobm fodE I B F R T RAF 09 SR AR TT 58 5 MBSk dm A Ak B
H RSN LA TR, BATA 3 A RRE £A 4
BARAR TRF @RI RR IR A hFRAL b
HRF A RBRIZRA, HARFZIAEL, ShiE
SEFAR B A AT ek KA sh bk ed A B,
232 HARILA F R BRI R E R, SNk
HFaRAAEYF AR T @ XA, ZRidf b e
DN TAGT AR R SN Sb AR E A M AN, ST Ib AR T AR HY
Fom, A AR IR, F3) 6 TR RAREIE KR
4k, BOST ¥ PUAFZ# %I, 5% DMEM 325 LAk, 1%
F| Opti-MEM 32 FR A M EAR | B 380 T TAALIN bR Y = 5,
Ft B Ay = F 3 e 5N AR kiR R K. KEARI AN,
PP Ak R IR T AR ) 49 35 K 20 I IR G A5 B 69 91 AR AL T B R
EHAH etk B,

5 AKIARAE = 09 MBAR TR, SNk ag £ 4 = 4 2
— BRI, TREA LT RARYINKRFETE—ANEKRY
Pk, FRAmRIER T RO S BRI AR BUR
dE g, 3T ARR IR IR, IR AR, A
B RRERAEYE R E T RATT ., T KA s
Fro AT VAE RN A R 35 (%35 20000L), F & #EAFX
AR (53R 500 L) R—AKHAMR L (5H3iA2000L) FHig,
A it AR et i) AR A, RFEAHMXE %L, KM,
R ARG AXAGEERE D, FZ0iEERR, Fk
TR IR BLAR T A8 IRAT K B 2 AR B PSR 09 AR R
R A% 4473 91 L ARAE 9 25 4 BAR GG 7T AT WA 5 AR BEAT o B,
ALK E A 2405 o KAAE S B 4R 49N bR 0 HARAD F 4R A,

24t KR e K AR FOlE B K B m itz ks, Sh
B B AL R — AR R LA KA. AR BR
o R AR B W IR E Z SRR, SPILIR REELA BT R
FREITAS & P & ] RF) 6944 RIRISPibIR, 2R B S, FEA
JE B s fa Ro<F HEFL &, 35 3543 69 9 b4k B 7 B AR 69 B & R FodE
B, W EARINAR D B iR A 0 B h RE RS R BB, sboh,
ER B, FEAEB S F R T HEL & AR 4G 45 AT g A48 K
AR R RIS IN R ART AL S R XES,
T BN AR B B B AR A M B X EFEEGR. |
sh, EHAFFRET, RS BABRFLELREELETEY,
B RAFF R 09 o1 ik BEARA T a2 Fv e R0 97 2R .
233 RHOKIE @ TFINRG RN AT o, RE SRR
B9 FE, I HOR T B2 PR TARALSNIL AR 7 S ) 4 BEAL 2 |
S TAFE R ARG P RAE, B AT A PR S RAERE At T



PEAATERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

BRI AR S G HLH B IF A — A R, JET AR M T sl
KK S, AR S ITAZ T AT E A R,

LA BRI, SMibikegmEHER IR, E—7
BE SR IR EA R F G HiRiEEE S, 250nF
B A d A AEF R S RIEA @ e B KHER BT, B, shakikeg
FAEE F AN B K DAL E, ABRSNF TG REEE
Wb, FAH T BN A RAL I AR G M e K 69 AR T
. M, R T RS A RS T AR bR B AT R
FE. 4R SR IR AT T VA8 3 3R R Fe o AT BRAL 69 A BB 3 Rk
Tt F R a KN AR P AR X R R A A X e
FOAR 6 Hmh B R RAT R —FF EAHK BN Tk, CEST
AR @R T AL He R R EAZ T, @il b arAge SRR
WAL B 49 B AT L7840 BT, —se 23T A 69 A AL F R
(ZQ R pifk. BIAEAME. BOMEXR )T
R R ARSI IR AR . AL, HBEHRAK, TR
WA TN B RA . IR F AR ), ARA
W F RMAE, RSN R I S TFARAEM T EME T EX
k.

A8 RIS FAE L BT VATRM 2K 25 1 ik £ %0 TS

FFHA, 422 F AR R Z I AR T AL VA BT oty TR AF AR
Eeg A, FRIFLIN R RAEERAES T F XA B AR
o R AL —3R 5.
234 EEel Rk, ARl P eE Ry RLAEA Y
S PR ER R E A S . BAT, XA LB NMIR ML
RwFRES4E., Km, IHNAETFTEARLAOGEE -
BEQNEANTEFK, ETRHRESFREWOFRE. NTD
EAt e AR A, XA RIS R WA S R 6
hm TG Hrh, L% FAEME B T L Heh . 13
EFE R, w0 B AR BRI &,
BAHH TR BN EANT @, QIETE. SPbIRE R I
WA MEW S, 58 Fais 3 era il et R, il
Ay bm L6 X A AR £ E o) v vAB id R AL 1E B Ar Ak A AR ER AR
12, SRR R AT A S, B, ENAERRE T RS
B E A (RSN ).

RSN F AR P AR e i P AE s 20 AL EE G
Sk AR # BBk, BARME, & T8 RALTT gt
oA E N A S KRk, Shabikh| itz 948 T
ol A AR A AL AR A M B, R A — TR, 4
BARB AR TTVAE S X e T e Hal b Y. A2 is R ag Ko
AB A Ao e B 2 R Ik — K =8, BbE 2o eiis
SEANBAR A FF AT e s, AR T A AR B KD AR
HERT M. RR D R F R EA R E—KEY
SN BLAR G G 5T A, VABRIR I L AR T S i RS R R
P ¥ - LA
235 fAEBAENE REVAR EZER P EETIPAESNLAREG K
AN W e E AR ke St (42 -80 CTH=4 C ),
A2 IEH R IARIR A 0 O, BRI 4 C TG ohibiksk
xR EAFARIR S, s, R stk Ko A B/ -80 C
THRERE, 2487 —AWEmemE ™, agawg
WA —80 C T A1k, 121 & 5 694 75 i 4y 69 R AL X AT 77 ik T
HEEA., BNFENRSE T BRI E, WUEF TR %
SP i RARAGAE GelMA KERIZ B il VbR B, R BRA
PRI B8, FRAGHRBEN TEARLEZEL S NERE
IE, B —FECE ILaG IR A ik = 4 % T &, CHAROENVIRIYAKUL

Z ORI AT IR TR TG, AR ARIF IR
HEBR N FREORAE. SMTEE, AWFHEEEEY
ST BRI N FF R RN, BORT A SHE I RILE,
AR A TR TR 6 B IR0 . w e R P AARIR A AL B
IR, PRI AT oAk 06 97 B 09 7 kA,

236 Fonadt ARADYTHEFH L RRLIERELL
A, el B . @R FRERGEAIE. AYE P,
SR REEG MR IR A LR EREE, Hik,
xt TAZA SN iR 6 g oM Ao A 20 e AGE B 3 BF AR SRR
— B

BAl, FoablE@ine Rzl b A aabslA2zhe,
Fo R AT TRRMAE R G4, B RAR S PALR G IEE S
B (ARARF A ) e T oA vk, BRI ERNRFN, 4o
RN 7 BORT VA B F oMbtk L KA 4, mARREG
AR RGP RSN AR, M SRS AR T AARAL A IR ). XA
DT, EZINR oML, mAEZ/HELMERN T X
A R R EIFEY A LE|RR, FARB/TT
12 0948 B 75 XAeuhl, T oA ALF AT T 006 R KR 77,

T IEHEF RN RAEA T 0B B XIE P, AARINR T S
BB AT AL B X AP e, RARCAH — LA AN FLT AL
A4 B RSP BEAR E B, 5] 4 Brianstorm 2\ 3] &9 & AR5 85 18] AR T
LS R g s VY, fe B BT 2B Ak s MR KL S LAY
FRFR, MARRKIAEGR A F, LA T RALAEIRL S N
B, FH, £ F G RIS ARG AT ] FelE R ARG IT 8
A 18] —FRARAE I8 e, 4 8 & S Db AR B 3% Fo iy 42 X BRA 1) 7Y
EH W RETRAEA, BRI AR &6 16 R 4%
AL B 18] 2 R AR e 49 4 219 A, DONG 5 " t4 BF 50 R BA, FIF+
Fa F AT R IR G I SR AR TR R IR HE R, A RNk ke 2 A
RAET TR,

FIAF FEARIN bR, e 2 FAP SN bR B4 2o A8 16
KRG T e, BBt g Wk T A e s R K e e ik A
o, SR B BB 0 TRAE VAR IR AT e b e 5 ) A, M
RE R, SRR TN R EUE, BRI AR T BRI R
FRALPT F B A 4G KA SRR, R R TR B AP IR IL AR E S A aK,,
(25 L3 F A2 8) B MK T ik 4 R — 7, BRI E A
AR K AT T Ao T M KA s P iR 4G A M Fe ] 8 H S B
W, B E ZATILA 69 MR F ik AT G R F KA kAT
FEACIP LR 6 S M AR A BOM HHATIE R, IR TAZALI bR =
W R A A RS AF R G — A, A IEANE R R AR
R —4,

3 REE5REE Summary and prospects
3.1 BEHEMBATEZIUSARNREAEAENEE L+ £ & Mm
fo TAZFadh il AR TAZPRAS 7 @ b &, *F B AT E A g TARA b
R0 ) B SR R AT G A L 4 R R R B AT 42K, BARFRILE
ILER 3.

i AL R FE 3T INIAR FE A AT, FEALART
. BREBREMHEAYERT FHk. mIETET FR@IE
kBT EAHF, LERAR IR T X, REXFREII
VAL BEAR, sh AR AH R R e LT A B E IR S
FAFg e b, ARST A8 it 4 032 Jk d JROR R BT IR AT K F 40
K, AR R A FEFA K @IL, it TR S a2
FTA KA FINLRF R R E Bt — SRR, THE—
BEf e, b bk TAZ R A s oMb R AT GE, T A
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