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Abstract: Outer membrane vesicles (OMVs) are nano-sized spherical vehicles, with a size range between 20—
250 nm. OMVs are spontaneously secreted from Gram-negative bacteria and formed by lipid bilayer membranes,
comprising multiple parent bacteria-derived components including bacterial antigens, pathogen-associated molecular
patterns, proteins and lipids. OMVs have shown multiple potentials for the treatment of various diseases, including
cancer therapy and bacterial infection. In this review, the structure, composition and methods for isolating and
characterizing of OMVs were introduced. The applications of OMVs for diseases therapy were summarized and

future perspectives were discussed.
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ZEIATE R I OMVs IAFAE . 2 T FEIEW], OMVs
ST 2 TR 55 1 S A TR B — A I 07 X, 4HER 4 OMVs
IF1) i 32 366 08 3 PR A2 oK T 1 At i Dy R BT OMIVs
MRS Th RE, IR T 2 FERIR T . SRR T
YT FMEL ) OMVs, & 5 56 A B AH 7] 1) TR DA K 2
Fpg IR AR AE OC 43 T 15 2 (pathogen-associated molecular
patterns, PAMPs)™"*, ${ J5i 2 [ FIl PAMPs #{ 41 fu 5% B 5
53 2 PR A S 4 (antigen-presenting cells, APCs),
A 7= A B R A e MR S IO . B4, 2 iR
YR8 TR AT TE 8 OM Vs B 8 1 /e R R 1k, Rt Y
B3 B AL A O T A R R M S R, KSR OMVs
B LA AL OMVs 7] JF R AR B i g KR A2 1
OMVs Hf &8 iE K i ¥ (enhanced permeability and
retention, EPR) RN, W V533 BE N\ g 40,23 3572 i Jed 388
A E B, Z PP R & R PAMPs R B35 & 55 K 1 bt
i 98 e I, S s H B R IR 9T R M Ak,
OM Vs (1) 30 45 16 o] I i 24 1)k s 24k, 245 ] DA
AN I 2 3 OM Vs ¥ 3R T B 3 26 2 OM Vs (1) P11
B 5 OMV's #4718 4 B0 215 AR 41 B 5k DA 0 st
AJ DASR A B 1) FE AR A& 41 )5 1) OM Vs, S B 41 i s =
A i) S 398 o 8 ) S A7 () 2 AR R
1 OMVs L5 FILE K

OMVs & B A JIg i W 4 1 J2 B BRI 9 oK B2 36, i
20~250 nm"™", 32 B i i) L 2R (5 PAMPs 41
B (1), PAMPs = Z 845 I 2§ (lipopolysaccharide,
LPS). Ik FE .DNA FIRNA Z5E, OMVs [ i it 32 B2
TR ANLPS, Bl MU T4 = Bt TR A A1 BE, T LPS SRR
T 22 Y A ) 4T B, S PAMPs (1) 2 2 4 iR o
OMVs [ R Z S &8 i e, e d—ig
ks SRR AN B 1A I LR NS R TE 2 Y
2 OMVsisrEEEE
2.1 OMVs 5 EMEEH &M

— R U, A B TE VAR B IR R S IR 2 I A JS 2
W) KAR I OMVs. {H OMVs 2> 5% Bl 41 B £ 57 i (7]
2% A B R e, R 9 441 B A= K it 2 i o A A USC SR B ()
BOCHEEL YA R IR 2 AR MRS E BAR, REAB YL
IR E K 7= OM Vs, {H [F] I 41 B A8 T2 5508 39 I, 40 i i
fif, A ) FE RN 4 B 5T B 2275 4 OMVs; M4l B b T
X AR K BT, 3 B A DA AR ) T LA S B R G K 1%
I HA 2 W 5 OM Vs B s I B . Rk, AN [R] ) 48 B A=
KW B e d B B A & B AR A OMVs T R, 78
53 B AR B OMV's 1T, B 56 NI e 40 B 1 AR K th 28, ik
PEEATE OB K USSR OMVSPY,

S0 OMVs i & 1) 7y — B BN Kt R s o ik . 8%
FRIE M A KRB BIR G E R LR . A FIRE
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Figure 1 Schematic structure of outer membrane vesicles (OMVs)

FRILHESFRI AN /WA OM Vs 2 A i & B AN R VA
ATIX 5. MH A% 55983 (Mueller-Hinton broth) 7= %
TP = BUKsL i, LB Wiz 5 77 3 (Luria-Bertani
broth) 74z b 43 - S 56 Hh 5 I R 5 77 1 Bk, A8 B Ak Bk
Ry 4, SREUNIZ 5 OMVs 1% FH 55735 9 LB W
R FR A,
2.2 OMVs BRI G E

OMVs (1) B FI 2 I 32 ZLALHE LA JLAN 2D 38 BE
TR FR 2 A0 1 A R 3R R BT b ) B R4 E
OMVs. 47 OMVs B 5622 i 23 55 77 J& vh 10 200 1 1A 14,
SR FH 0, B 2 G K 0 T TR A A PR
KR AR R . IR 9538 L5, HI
FLIEME (0.22 5% 0.45 pum) 18 J:BR 5% B O 40 18 , L oE
B 1) LA 12 5 4 B 1R R/ AHDE B o A ARV R 72
OMVs ] K /Ny 20~250 nm, 1 F 0.22 um ) 73k FL 3
JELE R AR K OMVs 5 Al e . T OMVs
(77 B A, 7 LR BGER JE ANTIE 1 7 926 OM Vs 3
ITHA
22.1 HIE EOEAHREREFREE HIEEE 50~100 kDa
(10 J5E PR 08, M DA 5% 1 1 968 K8 43 1 4E OMVs 2R
JR A5
222 BRBL OGHEEEOZSE MR OMVSs
FHTR 75325, MR 855 77 35 o S [EDRE - FR K/INAN 2% B2 B8 AN
A (850 g, R PR R sl alifl . B 5k, s
T 0 77 (4 000~10 000 xg) B0y, B2 K44, tn
AHPH AN B o SRR B3 W8 I 0.45 87 0.22 pm
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DE N I g, FR L P8 Y 9ERE 1 50~100 kDa ) i€
I 8, O R i S5 ) AR B 3 AT R T 0 (100 000~
200 000 xg), & A 13 | OMVsP**, a] LUK %5 FE s
B Ok HE— 25 4tk OMVs, 43 85 4 it /] 3k i il 5 b
i B AT

2.3 OMVsHISHiAE

231 KR OMVs [P PRI 53 B R HOT LK A
AV EUH (dynamic light scattering, DLS) Fl 44 >K fii
TEREESY M7 (nanoparticle tracking analysis, NTA) $ A&
KA € . DLS BN &R FRife, BA AR HRig Flmr
HEVELF IR . DLSAES AT 2 F 1R AE OMVs 1
KA o0 B R B K zeta HL AP, R I NTA £ R 73 #r
OMVs, RE % 5 4 [ - 7 A 1l 72 22 73 HIORE & A A4S R K
ANFRTRE T, B8 5 RO N K RURL IR RS B T2, I I 445
B R SIR R,

232 FASFLEH OMVs [ IS5y i o 2
B SR W %2, Wi S T R AMBE (transmission elec-
tron microscopy, TEM). ¥ # HL ¥ & il 8 (scanning
electron microscopy, SEM). ¥ # H T & 5l B% (cryo-
electron microscopy, cryo-EM) FlJ5F /1 265 (atomic
force microscopy, AFM)P**!, TEM J& 43 §T OMVs JE 4
FZE R f i FH B 7732, P RASR B = 0 FR B TR A R/
MEEE S . SEM A] 78 OMVs [ = 4E 4514, (H 2 55
PR TEM AR . 5 7 Z R E R A7 [ e F e
TEM 5 SEM A [d], cryo-EM fE % 43 #1 ¥ % 1 R
OMVs, i G B it 7K AT AL 27 [ 5E 51 1 & 224k .
AFM 1E I & 44 KR RST 77 TR A AR (35, vl 22
AR B AR R S AT AL OMVs, AN 75 R 45 VR i A2,
REAE IRAF AN KL 2R 1 (W Al sl i A5 B PY

233 FEHAER OMVs A KT R 2 Mkt 4T
S M7, W BCA M52 v . SDS-PAGE ik Jie HL Ik « 2% [ J5i B
1Z5¥%: (Western blot, WB). fiff 5 %2 7% % Bl %€ (enzyme-
linked immunosorbent assay, ELISA) & Jii i (mass
spectrometry, MS) 7 BT 455", BCA |5 ¥: 7] & & i1 5
OMVs [ B (1K JE . SDS-PAGE BtR Fi ko OM Vs (1)
| A BEAT 4, WB AT ELISA R 364 H #5 & A 1Y
fEE. AN, T MSEBEEARHAEI T CA %
E T /NEAR, I OMVs AP IR A D) RE £ £
_L[Eﬁ[loﬁﬂa

3 OMVsFEMERT FHNRAMRR

3.1 OMVs{EAMBREZERT A

3.1.1 OMVs{EAMBREZERATAYMME 191
20N 3 DAk, 4 TR R B 7 ) 4 T B R A .
TR B A IS #UE R RR IT 2 B BE 71, ELUX R S
PRI [ e 1, T AR S B eRg A b,

il Ji g8 AR AP (BAHBE  SORE RO R TR g =
Z A BA R K HR, M LIS B e KAGTT R, AFAE
ZARREY, OMVs 54 5 H L, A B 2% & 1 (1 g
EHAE SHEAEUR DR, 2t KRG . R,
OMVs & H 2 Fh b 12 FI B IR -, e % 45 40 7% 2 i iR i)
FIEREL, B s R 414, OMVs id A2 9K ] F ks
-, AT LU i EPR RGN AE R H 2 B R 5 3 R 6
G g8 ], Pk VBT PR AR AN R ROREY

3.1.2 OMVs{ERMBREZIATHY TR %
955 2E A 45 MRFAE, OMVs B HT IR 4 FH 52 2] el R ik =2
9. Kim S5 T OMVs TR v v, 45 3 5
7~ OMVs fig . 3 A 250 Hh 175 5 K A B Mg 4 928 IO, 56
A AR R R A B AN RS, OM Vs i ik 45 24
Jii, AT LU S P AR v e 2H 2R 9 HLAE o 2 2R A R
75 5 U 40 M X1 CXCL10 A IEN-y (17742 . i T
OMVs K251 i &G IR 2 B, vl Re 2 5 B8 am PR ik 23
MRE AR B, FH T g v 97 i 2 ) R 2 k. B
W FEH, W 903 LR T B AR Y (wild-type) R [RI& 1
% (AmsbB) E. coli 7= £ 1) OMVs X} A JE i 5 HEK293
S i ) s, 25 SR IR MBI J§ OMVs 22 4 PR T s
TEARRK, BAZXT OMVs BT BE IR A 1) 2 4 EVEAl, A
T R OM Vs Il PR B ) 22 4= 1

3.1.3 OMVsZEXR{EAMBRERTAY (EiE
TBIT R, AR EAT A AR T & R — B R SO 7 AR
TR W& . Chen 250G M €5 25 98 41 g B (cytomembrane
vesicles, CMVs) 5% #5701 IR H OMVs il &, 4 8 3
¥~ I #% B& ¥ (eukaryotic-prokaryotic vesicle, EPV) 44
KFE. MAEREPVES T MR b5 OMVs
AR TR, 22 HE 9 O PR 0 B3 e 928 3R 40 P75 i
SRR M e RN RE T o R R PP S IR R B, 452
P EPV J& e R R G0 IF 5] K PUih e % O, TR
N R A2 A A B I B, R T AR N T PR %
BRI 7. (R ERBAES T, B T EPV
R AR - I LR IR Y [poly (lactic-co-glycolic
acid), PLGA] F1 W] Wt & %% (indocyanine green, ICG)
(PI@EPV), ICG W Wil 21 41 )6, 5% A6 Sy i 41 1o 11
a1 B EE PR, 5 T s IR AR B AR T, R AR R RS
M PR . SR OFBEREIE, REPIKEHE
R AR R S A SR, SR AR S YR T TR T T )
PR BI/E . Wang S50 OMVs 5 B16-F10 &t
FIFYIMY (cancer cell, CC) i ZH i OMV-CC 2% 5 i, 4
HRBE A2 B L B % (hollow polydopamine, HPDA)
KL L, ] OMVs %36 77 F HPDA i 3 H) 6 £
VAJT (photothermal therapy, PTT) FHL 34 SR = 5 B (4
RPN R
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3.14 OMVsE&EWXTAMIERMBREZRTTAY
Z U 9T 2 7%, OMVs 1 5 5 R 470 g G 88 I 7,
ST 23 AR rT D 1 S R 1) S A PR,
TG JECARE B e 988 5 B 1 fiebggd 52 R A #1), Kuerban
VSIS T T BB 254 %2 ZE H A2 (doxorubicin, DOX)
5 OMVs 37 °CH: 0% 5 4 h, 75 21 B A5 X ik 75
) DOX-OMVs. £ iF MTT 2% . WB i 2% 21 il R 43
T, DOX-OMV's 7E 44 41 0] 5] 2 53 £ 1) 441 it 25 75 FH A0 4
MO T 7E47 98 BALB/c #1 L+, DOX-OMVs [t DOX
Xof Ji B3 F 2B K ) U T AR BEAE FH R R . BF A0 45 R
7R, OMVs Refig & A K A TT 2654 DOX iz 2 AR/
Y Hfo il e AS549 40 s, DOX-OM Vs £ it J 3 A B 4R )i,
1T OM Vs [ 6 928 J5i P, 5 106 400 it 7 o988 Rl 35 vp 55
£, 5 F1E MM P R B, 5 DOX = A= ¥ [FAEH

988 A5 ) A SIS AR TR EL AR S ) 92 A S5 AR 5
(1) G e e i A 7717, Forp— AN EE AL 2 o A 1Y A
FFPESET 1BCAAR 1 (programmed death 1 ligand 1, PD-L1)
7F 35 82 TFN-y B2 52 (1) o088 40 it 35 1 R 2. OMVs 76
N B AR N 221 SR 20 A TEN-y AT 240 A S 19 50 iR
YEF o TFN-p b1 i3 SR 55 v 1) e 2 ) B8, 45 )
& PD-L1, o] AEBHAS T 40 i3 o B8 I PR i S 28 v6 97 2008 .
Li Wi TR E colidi B e RIESKMEA
ClyA il 1 /)N B PD1 A3 1) OMV-PD1, iX Fft 5 K] &
Wi AN 23 5 1 OM Vs fillt & % 2 W00 11 68 /1, 110 H. OMV-
PD1 7E i 30817 () B 28 AT LA 0 4 728 41 B 2 DC 41 i
FNK 40 B (1932008, B80S 7R A 10 S i R B . [ B
OMV-PDI1 #Tf L [¥) PD1 4M&BH Wr T PD1/PD-L1 % 3%
) b P AR ELAE (-9 CDS' T 41 g, CDS™ T 41 g Al
Bk MR 4 i . A2 98, TR OM Vs DK Z) i
98 TP RONE T A ML AR R, R R 2R G, RO EL SRR R
SR OMVs 5%, PD-L1 Hii /& 5 4 .

OMVs /13 (1) 3% 97 10 5 B IR TR sl 5 A b
BIT kA, AT — D 5 R R T AUR . Grandi
LGP ON R A KB T2 AR & T2 (epidermal
growth factor receptor variant I1I, EGFRVIII) [ 14 >4
FER B 41 i 28 A7 A1 kif18b FE K] 1) CD4™ T 41 i B7 % 47
(B16-M30) HAHELE A &1 OM Vs, 2K T A& 5 1
EGFRVIII-OMV's % 9% 7] i 2 #1 fi) 98 42 4 . Zhuang
PG PTT F1 OMVs %7 iE M & &, W E R T
OMVs [ %5 257 &, B9 T OMVs i ik i 5 45 2 5] ke
(AN R s B FHEE P ) 3, Bin [ 3 S 470 i Ja e T 7 2802
3.2 OMVs{EAMEBZIIEE ik
3.2.1 OMVs{EAMBAMBRERAEMMLE OMVs
VEN I 2k Bk R AR 2% . B2k, OMVs
AL DL [ 3 36 24 ) B e AR A, B X SR AR A B AT

FE R TR O, 5 2141 ) AR AE 1 (1) OM Vs, {2 i 25 4))
TESE ) BRAL AR B9 H = ghKoki 42 1 OM Vs RE % 38
it EPR T Mg v g sh AR R, A BT 24 W ik 22 i e
AP K =, OMVs B A 5 H A 244 A8 LR L35, e
5 QR A7 245 W)L I B8 p 2 1T AN B A AN AR 1 i b 245
VIAE JE S8 1) 3 A7 1 B 750, DY, OMVs B A % 9 5
PE, T PAS 5 B0 9% I B, (H B0 9% 3 G i B e B2 0] 1 32
a0 3 A5 0. T BL, OM Vs 75 EL T Il 2 A0 B, 2
5 OMVs AF iy il 988 25 ) 326 3% 287 78 I IR B2 FH 1 22
S
322 OMVsHZMTGE OMVs 2l H n] LR
PR T, BT T DB 2R 3B OM Vs T 4h, ik
A] DU SE AN T 43 0 OMV's I AWk A 3 i b 2 35 24
PR, B — T iR S 3E T OMVs [ IR i X 4y 1 J2 45
M, BA BB K SR &R . — S
IKHEAL & W Rl LR 3L 0 B B 3 1 20 E] OM Vs,
DOX"™, S - — e ff DL s ik BBk 2 47 k) S 7K 1 2
W, BT LASR R 7RO R g ALO T RPN O
W 5B M T IE A OMVs AE W & it FE 3 3 25 W,
Huang 257 41 0 55 7= B N 259, 4 i 2> 38 i f
2555 5 2 OMVs B XAk 259, T 3R15 3806 2
Y OMVs. 4R, B 70 # AT D M A B A=) T %
JEEY, R B TR B A g, £ H AR K2
o i 2 E AR B B 1 4 T I OM Vs T
FRALIT OM Vs 325 3003 i, b nT b & A 7=, A B T 5001
I PR %% A1
3.2.3 OMVsHIMESREETT  HArrIMgE T r £
AR HRRA, B WA, AT 2 e R N 2
Bl PR IHGE bR, A A, REE AR NS R
IEBETT AR, OMVs AT AR A A 240 b J8g 8 ) jaf 3%
AR, YD ATT 2SI AS RS, ARG IR IR T T 5 .
B FR S — MR AN, B AR B
7% 145 5, B E TR ) 4 ST iR BRI R TR T AR
At Peng 25 il pDNA-TRAIL ¥4k E. coli, 3135
5 Wb SR BE IR 1 A o5 0 TS % 5 B K (tumor necrosis
factor related apoptosis-inducing ligand, TRAIL) 1]
OMVs, H & i a f, % & 2 ¥ 17 iC /& (tumor-targeting
ligand Arg-Gly-Asp, RGP) l ICG & 1fi OMVs, 3k 73 [F]
I & A TRAIL M1 ICG FJ 88 #L7] 1) 77 I-P-OM Vs 24
I-P-OM Vs J| T~ B Jik B 0 3R A i, il ied B (3
[l 1Y) RGP fll o B, B & 2 2 A R e Ve 45 &, AR 40 4b
RIFCT, 1-P-OMVs AR LA G810 I A P 8 3K
BRAR B IS T [N, IS T TRAIL 5 S HFE B
R AL T, ARBR B R . AT R A e N E NG
ITF B (B AR B 22 A B i RS M AN RV
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Shi &P E T — AN T OMVs 9K -F & T
g W e R 9T, A AL = AR T 9 K KL (mesoporous
silica nanoparticles, MSNs) 12 1fi OMVs Jf 11 £ 5- % JK
BERE (5-fluorouracil, 5-FU), ffil] % OMVs-MSNs-5-FU, &5
BT AR F G I A 2 RN AR ) A 1 g 3
P, 25 S T A AR R 1 RO R A4 e A R .
A kI B (human papilloma virus, HPV) 75 f 2 (A 714
FR)RF 20 2 ) 0 TR B0 J IR, TR 1 HP'V 9% v n]
PAB 1K 2 $05 f& HPV 3 55 1 s, (HANRR IR IT T
SE RGP A ISR AR . Wang 1L, T2 LAY OMVs
NPT AR, K HPV16E7 i 1 3 8] 1 20 5 R i A 5
OMVs 1, N 4155 5 E7 PR 5 57 14 241 M 4 92 B
B, A AL T e IR B R I ORI B MR S %
SN, S5 A TN BB S A A A

324 OMVsHEFEREBMEMBRGE OMVsiE
R ) s 3 AR AR A ALE ) B K I R R e, T
OM Vs ) Ho 35 J5 1 2 W0 LA #88 Se 7 HE 22 5] 4 %
A, FEARRMEZEIT, Qing Vil it 45 g
J# BALB/c /)N iR 5771 5 B 22 711 & i Dk 73 35 OM Vs 174k
OMVs RN EEPE . B 9T R BN, 75 SEI6 45 AT, F R
FRIEE S A 50% /N BRAE TS, B AR B A 22 5]
A BE T B, BALB/c /I A RETiT 52 OM Vs J7
V5. Rk, Wi AR 45 (calcium phosphate, CaP) 5%
L4 OMVs, [EMIK OMV's 75 14 778 3 B 1 98 i & R o Si
56 45 FLUE B, OMV@CaPs i IR T OMVs ™ 5 4= & %% Jif
S 87, 3833 EPR F 1k M8 J5 , CaPs i 5¢ 76 TR 1 (1)
9% F il 983 5 PR 5 (tumor microenvironment, TME) H
W, A OUH BT A FIER 1 TME, T LK i s 5 i T
TME %% 875, 51 & 2 Z M s fEH . CaPs i
Sk B iR PR R RE 1S 058 RT3 B 4 L M2 [
M1 & BEAR AL, DASE mfi s O . b4b, CaP Ak 7 m]
DA D R P o tn i BR BOG BRI 45 &, B TG
YRIT RIS RIVE TT 28R .

OMVs [ G & Ji P2 —4E X J) &1, 1T OMVs [
“HEE SR, BT 8 R AH M E AN B, BRI T
JT R S ILIE T, OMV's 1 5 8 Ji P 42 o i e 16
()L, A BER H OM Vs 1) # 2 J5U P ] 38 s Bt b g v
JTRCR o Li%E 0 7 —Fh g K 54k & 4t (nano-
pathogenoids, NPN), /] OMVs £ % PEG-b-PLGA Jii %,
Hh PR GH LR 85 45 B0 0 R Y A NP, Bl A H YRR GH
JH [ei) 58 R b 988 (1) 3T #%, NPN 4 30 3ORE i, B Ji5 4 i 98
R, REEBUMREAER . RS R
FOMVs"TIECK F 7 A S, AU AE Y R G, A% 0
A gl oK FEV, B B OMV's 16 6 4 7 2 40 i ) R A
7, Go ST R T 4% i Hh ZE K A 1 OM Vs 5 40 4

DKLV, B ) 0 P B 4B, TR OMVs S8 4 & 4
SECR G RN FH R E T 32 B4 B (2040 B e am
i 5 R [ M 4 D i 4 ) 40 FE OMVs, B OMVs 5
fily 5 B 240 fifa JEE k5, o) & 2 A 9 KR, 7E FR IR OMIVs
G 95 JE P (1) R B, 3 W] DL ZE KA 2R IS A], 48 VR T
5‘(:5( %[43,44,73] R
4 OMVsTEMRBREEHFHNBAR
4.1 OMVs{EAMBLEBEMWKE

OMVs % 4 £ # PAMPs, REHE - 5z 240 i A1 4, 72 4
it L #0455 28 IR ) &% 4K (pattern recognition receptors,
PRRs) Rl H- 0% S [ . Pt Jit i 2 40 i (APCs)
X OMV's (VR Al FI B B, fe k0 i 52 38 L 3o+ 1
FEAE AL 2 4 B IR - 19 o0 Wb o IR = ANME S R B 51 K
P e S PR T 40 M B B0, S5 A6 CD8T T 40 s =
PR TGN B R L 41 A, CD4™ T4 ig g 5% CDS™ T 41 i
()2 PR 25 1, O B 4 B AR AR T

5tEg 5w L, OMVs BA LU R A 20~250 nm
[ R /Nl FL 25 5 e b D 2 A0 A B 5 2 R
PR G 9% IS B 4, B B8 9 1R 15 3 32 30 S 2 ) g
73, SR T — B R I OMVs J T LU 4H i % T
AR T UL B, OMVs A R HT — P
993 S A A B G T 92 VR TR B AR
42 OMVs{EARMBREHR

T 245 241 B 14 BB H BN A% 36 AT S8 2 — A Mk DLAR
YR ), BEAE LB A K22 A, AR AU
VIR TR R DT, i 24 2Rk ok bk vay, I PR e 55 0 2R 4
BRI A 2 AT T Bk T R M R AR e TR A0
(carbapenem-resistant Klebsiella pneumoniae, CRKP)
TG — AN TR I PR )8, Wu 2657 1+ F OM Vs £
S2E 113 A 2K A (bovine serum albumin, BSA), fill & 1
i i Fa e . K/N3 — ) BSA-OMVs 9 Kz . &
BN-OMV %9 J&5, BUHE 7 & CRKP &4 (1 /) BUAF V&
BERE. M2 ARSI E (Acinetobacter baumannii,
A. baumannii) %5 51 # )L B G . BT H
24 ) fE 7 i 24 AL R A, AR R s RO,
TN iz i 25 = S, 4RIl R VR TT T SR EOR P -
Huang %5 /N2 FH A. baumannii OMVs (AbOMVs),
TEARA A T BRI TgG Pifk . 7EMUMRE AR, 3=
BRI B G e BB B FH 2 S5 B = T2 i 24 A. baumannii
Xof W T T S DU T 24 ) RO M o AR i R R
AbOMVs 5 e A B BCA N, #8172 A
B E, 2 R AR T SOAE 40 M IR i R A AE 4 i
7R, IRY T /N 552 A. baumannii WP ) B
1E Choi & (1 iff 70 wF, 32 #h 4 % 18 (Staphylococcus
aureus, S. aureus) OMVs J& T fe % 175 T /1N iR T 4H My B
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%, FVRILRNE ST AN T 4 AR AL R 7 7E APCs HH 3R
iE, T BIEHIE S, aureus YR BB & S. aureus
SIEHIIG AR . F&RHTE (Zika virus, ZIKV) BYL 23 1,
PREFNE B P R G0 RE LA SO A ) LI I, 38 V) 7%
BIF R AL ST ZIKV I . Martins 255 R FH A A 46 2%
B A B (Neisseria meningitidis OMV) @l & &%
YU 0 R L ZIKV, 15 3] ZIKV-OMV Fif . /MR 4
PESE RN, 5 AR /N B B, B A i 2o K
T 11160, G N &L W0E T THI A1 TH2 480 i 6 B
o A, I ORI RE B TR A 20 T i R 4 R A 2
(MO59J) Hjm B3 R0RL 1) SR G

SR, BT OMV's % 1 52 31| i 40 2% ) PR AT
— PR Z AR E] . Chen Z5™ R ] OMVs 4 ICG
i # MSN, ¥ ## £ $t Ji % 1 (EV/ICG/MSN), ¥ EV/
ICG/MSNs % & T- 306, 213k 7 SR 4H Y (dendritic

cells, DC) i #0173, 32 5 1 25 1 A% M A0
MHC-IERIE, 398 T 8 B B A v o 2 ki 4%, o]
T T 24 45 5 T T A
5 REEERE

OMVs J& B A lg W 4y J2 40K 3R 26, i
B X OMVs (9 ¥ i, 1 56 IR T2 | B A% 4 5 A5 4 5
5, AT R BPE TORN 25 4 3 3k AR AR SR, AE R R T R
PU K Y S VR T AU P BoR BRI (R
| 2-464-5L38.9965.60687-820) H OMV's 9 Ifei PR B AT 48 A7 12
VP2 ik . B Jemh &2 OMVs ) % 4 ok 1) 0, B4R %o
OMV's MM ] LA B I S 228 Ji 1R R 4, (E B BR ) 17
FIRLRIEIT RH . LEAh, OMV's & 4 B 177 4, 1552 2%
1 NARIE S5, OMVs 5 1] R 2 P L A0 25 B 10 oA 855,
SHOERAE . fEARK, TFE X OMVs (1) 4l 46 Fl 95 23 12
AT SERE— D B T, LAk B REE A VR BOR, SRR 2

Table 1  Application of OMVs for diseases therapy. ICG: Indocyanine green; PLGA: Poly(lactic-co-glycolic acid); NPs: Nanoparticles;

PEG: Polyethylene glycol; RGD: Tumor-targeting ligand Arg-Gly-Asp; CTLs: Cytotoxic T lymphocytes; DOX: Doxorubicin; PD1/PD-L1:

Programmed death 1/programmed death 1 ligand 1; EGFRVIII: Epidermal growth factor receptor variant III; NIR: Near-infrared; TRAIL:

Tumor necrosis factor related apoptosis-inducing ligand; HPV16E7: Human papillomavirus type 16 early protein E7; 5-FU: 5-Fluorouracil;

CaP: Calcium phosphate; BSA: Bovine serum albumin; CRKP: Carbapenem-resistant Klebsiella pneumoniae; ZIKV: Zika virus; MSN:

Mesoporous silica nanoparticle

Application Bacteria Disease Design Key advance Ref.
Tumor Escherichia coli  Colon cancer OMVs: induce antitumor immune responses Eradicate established tumors without  [42]
immunotherapy notable adverse effects

Salmonella Melanoma OMVs envelope with melanoma cytomembrane Evoke the tumor-specific immune [43]

vesicles: co-delivery of tumor antigens and
immune stimulants

responses, protect mice from
melanoma challenge

ICG load with PLGA: induce immunogenic cell

death and generate supplementary tumor

antigen to immune system

Escherichia coli Melanoma

OMVs fused with the cancer cell membrane:

Potentiate the therapeutic ability, [44]
eradicate melanoma without notable

cancer targeting and immunotherapy ability
Hollow polydopamine NPs: mediate
photothermal therapy

adverse effects

OMVs fused with DSPE-PEG-RGD: activate

Provide effective protective [45]
immunity against melanoma

Tegafur-loaded micelles: sensitize cancer cells  occurrence, inhibite tumor growth

Salmonella Melanoma

cancer immunotherapy

to CTLs and kill cancer cells directly
Klebsiella Non-small cell
pneumonia lung cancer

appropriate anti-tumor immune responses
Surface-modified OMVs with PD1:
combination of immune activation and
blockage of the PD1/PD-L1 axis
Decorate OMVs with EGFRVIIL: elicit antigen- Induced a strong inhibition of tumor  [50]

Escherichia coli  Colon cancer
Melanoma

Escherichia coli Melanoma

specific, protective antitumor responses

Salmonella Colon cancer

typhimurium Breast cancer

photothermal ablation

Encapsulate DOX in OMVs: facilitate the
accumulation of DOX in tumor tissue, induce

OMVs combined with photothermal therapy:
activate the immune system and effective

and tumor metastasis to the lung,

extende the survival rate of

melanoma mice

Lead to a much more substantial [46]
tumor growth inhibition, apoptosis

and necrosis

Lead to a significant reduction in [49]
tumor growth and no apparent

adverse effects in non-tumor tissues

growth, protect mice from tumor

challenge

Effective elimination of tumors with ~ [51]
no significant toxic side effect
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Continued
Application Bacteria Disease Design Key advance Ref.
Antitumor Escherichia coli  Melanoma NIR irritation combined with TRAIL: switch Complete eradication of melanoma [65]
drug delivery TRAIL-resistant tumor cells into a sensitive
state
OMVs modified with « 8, integrin and ICG:
penetrate stratum corneum and target melanoma
Escherichia coli  Cervical cancer Decorate OMVs with HPV16E7: delivery the  Stimulate specific cellular immune [66]

components to antigen-presenting cells

response and intervene the growth of

Tc-1 tumor
Escherichia coli  Colon cancer Encapsulate MSN and 5-FU in OMVs: combine Enhance cytotoxicity and cellular [58]
high drug loading capacity of the nano drug- uptake toward tumor cells
loading system and the intestinal adsorption of
biological carrier
Escherichia coli  Colon cancer CaP shells covered OMVs: decrease antibody-  Enable potent OMV-based tumor [68]
dependent clearance and high toxicity microenvironment reprograming
without side effects
Anti-infective Carbapenem- Carbapenem- BSA: reinforce the OMVs structure and Mediate higher CRKP specific [59]
vaccine resistant resistant uniform the size antibody titers, increase the survival
Klebsiella Klebsiella OMVs: stimulate the immune system rate of the mice infected with a lethal
pneumoniae pneumoniae dose of CRKP
infection
Acinetobacter Sepsis and OMVs: induce a prolonged IgG antibody Improve antibiotics sensitivity, [79]
baumannii pneumonia response reduce lung inflammatory, reverse
caused by bacterial resistance
Acinetobacter
baumannii
Staphylococcus ~ Pneumonia OMVs: induce immune responses Protect against staphylococcal lung [80]
aureus caused by infections via Th1 cell-mediated
Staphylococcus immunity
aurets
Neisseria ZIKV infections OMVs: induce immune responses and enhance  The serum neutralization prevents [81]
meningitidis the immune stimulation induced by ZIKV infection of virus particles in the glial
vaccine tumor cell model
Staphylococcus ~ Skin infection ICG: induce lysosome escape Modulate antigen presentation [82]
aureus caused by MSN: facilitate the binding of negatively pathways in dendritic cells, prevent
Staphylococcus  charged ICG to MSN and treat superficial infection,
aureus OMVs: activate T cells responses decrease bacterial invasiveness

I AR 56 ) & 2k AR VR T R, R OMVs 1T
5 S R, EAN [ R S E AR AR (4
S, AN 5] 4H B SR R 1 OMV's S 75 43 % 26 78 2
) i JRE 2 B o R U MOR S B, ELAS SE IR AN Y

Wt

i PR N2 FH RIS T ] gt

fit , BT

B & STk BRI 471 97

&R Rt — 2B I SR

Zr BRI, OMV's £E 595 1R 77 A8 I 7t 22 5 T
5 1% 2 BhiK, (2 OMVs TES R IR T /7
THT (R D18 545K oA 26 I = AT PR R 7 ks SR A T 55t

25 )71 94 i YAC 4 8 AR SR,

HTF OMVs AP Th g, |
— BB AR JE T NBL R LA T F: O OMVs
FREE AL B . OM Vs Il PR B FH 38 1) 75 S R A 4
B OMVs EAR; @ il & OMVs. HHiX OMVs
IR I TR AR D, i B g — DR R K OMVs 4
P2 JEVE [ 7 R S B FF K A7 4E OM Vs, OMVs [
PAMPs 41 BRIl 7 387, 45 & R AR AE DM KL 1 Sl
e e N T9KM R 2 DhBeds 2L, #8142 OMVs,
PAKEEE OM Vs JT T Il 1) i) @8, @ A F2 AN [5] R I OM Vs
X AN [E g G M . T OMIVs S il o 11 2
TR R0 e 99 D SR B K, A T S Y OMLV's S5 A [i] it 1)

IS S UKL RE T VBER NEERR RS S
SCHR GBI 20 b L i) KR 9 D 45 3 ) S A
RMPATBC AR ISR .

B A SO AR KFR AL, AAFAER 22 7 2R
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