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Abstract: Erythrocytes-camouflaged nanoparticles is an in vivo delivery system that uses
erythrocytes or erythrocyte membrane nano vesicles as carriers for drugs, enzymes, peptides and
antigens. This system has the advantages of good biocompatibility, long circulation cycle and
efficient targeting. This review summarizes the type of carriers, their development history, the
application of delivery strategies as well as their limitations and future challenges. Lastly, future
directions and key issues in the development of this system are discussed.
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(erythrocyte membranes nano vesicles, EMNVs)
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Y. A0 M2 M A T A Ry, AR IR R
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TABEE H CDA7, 1% 8 H Al Ik kv 20 i Y
TWEAER . P, Zog0 M2k BAA R4y 2k
Py AR A MBI RO 2R R 0 . Ak, 2140 i
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21 71 {9 %% #% (engineered RBCs) & — i gk F
2T 2] o 5 3 T T2 oS 14D W et P L P v %) PR f, 20
Y PURF R FY . LA 250
RN SR 7 5 B ML (2 4x107-5x10 441
B , 75 i EG A o 40 B A 22 (2 4 A4 )T
PRI, &1 240 2B 48 Ml 38 im0y o A A PN 70 2R )
W MeAh, Ml BA V2 BAR AR,
RAFRAHZAPE im0 ) P AR Ao
&, BRI Z G ANRIT R B R R, B
AR FRAE Y R SR A4

2005 4, Saulis" il i H ZEFL A HLIR I
2 (vitamin C, VC)F1H #2854 (mannitol)%% 2
ANLLARMIN, FERE T NZL40 M 1 8o/ o+ 1) i
HFT . 2010 4F )5, 2140 R ke ke AR AE £ 4
W k. BN, 7E 2010 4, Sinauridze 25
FIIH & 25 2 A 2B B 1 K F IX (coagulation
factor IX, CF IX)Z A EEE LI, R
WD TR PR I B (hemophilia B, J™HE Y
AP B ) TR YT o £1 40 M 3y S BLAR
TR RS . AL | 2T A0 A YIS Pk
2 DA B o) P 46 TR) R

ZT 20 o 2 2R T 2R g A LT AN N B
Z RN 2T 4t b 3 ThT W B o 2T 40 M P B 3 0 R AR
I o 4 Hamidi %158 5 (K2 B 106 6
i £k (valproate) Tt K 1Y 24 K &6 fise 35 B 7E N I 21
M, ARAG TR N RS 4 2 R L 4 2 B
RY SRyl PRET 20 0 2 268 %) o P e 17 3B A B8
Biagiotti %" P&k T —FhidE i B BN IS 1
5 BRI 1 L) b 92 410 1 50— Ath 5 5L ]
(tacrolimus, FK506)F1¥fii[% 2 A (cyclosporin
A, CsA)I D R A ZLARE P o BLAh , 2400
TET W% b 2 — i RT A 7 () 7 2RO W o 4 Fan 2512
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T A B AR A5 T B BRIy T i (low
molecular weight, LMW)7¢ S BE4K Jikr, XLt
AU AT IR B0 T 2120 B 9 | Sk AR A LMW
76 SR 2N K TBURL 4 21 41 i 67 33 P A by T 7 1 1
BRI RS,

P [ e i Y 9 2 20 ARRCR A D 24 70 ) G
B, ORBFIT I . BN, Favretto VI3
THINBEFE A A PR [R] 7 0 e 4R
CLANME A 2R, A R AR B O AN R
(chlorpromazine, CPZ) i &b B 1 A5 ot 74 @k & i
EARMLAMORER T AE R, XEEAT6E
{308 38 ) JYALIEE O sl DA I YA PP BT B e Ah
Mukthavaram %] F 5 i G A v 78 5 s it 5>
SLAN LR [ 4, T R ) £ 200 L/ 200 L A
FHT e 2 M s 26 I o s, 2E4ifii
e 2 PR HL R P R i) e A R R /R A o
WA E TR R, #lan, Harisa S
I8 RS K AKE M XA 7T -7 SR WE 0 K B Jie
(pravastatin-chitosan nanogel, PR-CNG) /il # %]
LA, JERLLL ANt B A et T -5E SR
AR BEIE (PR-CNG-ER) , B FH A 58 o 988 1) 37
RIZGaRAk . esh, Wan ZEU NGB )
F7 1) A L2126 FH (oxyhemoglobin, oxyHb)5
AR K A 50 B R A % (ammonium  bicarbonate,
ABC)H: B i 4K 9 1) RBCs, I T Wl W &
(indocyanine green, CG) Ml fk J7 245 W) Bn] 8 K
(doxorubicin, DOX) AL AR, LB 1O%3h
7197 (photodynamic therapy, PDT)/J# 7 1k
(photothermic therapy, PTT)FI{byT XF L IR & 1Y
PAEAYT

2T 241 b 2 28k S ) Al 2 21 40 L 1) R SR AT
A DIRE . 21 A Y 2 0 R T BB A AR S A Y ek
GRS, Mk LU RE. RE
Harisa %5 7N@EF50IK Ty . 005 & IR 25 vk
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(pravastatin, PR)INZLA 140 Jifd J5 X5 21 40 i i 25
WEAA TR, SR, 5 EMNVs ML, Z0
20 Y0 25 BT T 2 Y PR A A AR AN AR A T T R
ZAEH
1.2 IR KER

H T 2L B A AR 2R B i, Bt R
S it LT 20 L ) G5 A el s, AT R M) 1 32 805K
2, MHBNRR, PRI IR T4
21 it 5 44 K %% YfJ (erythrocyte membranes nano
vesicular, EMNVs)$7 K. EMNVs j&—fi 2 T41
MR B W kR, BN A, RE
VRV G ARAT R LR G548, 2888 75 B3 3R Ak R I 2
SEBE I TR BEUDIREE# . EMNVs S H
il & ) 17 2 M A AR AR A T, ORI 202
2 2 A Ak T =X

2004 4, Skorokhod %M 21 2 fid 540 25
DOX JH T 1 il 285 A Dk i SR YT, R BLAL
28 5 1) 6, 28 T 80 DOX I RIVE T, FFRE
TRETEZSYNIGIRIG T R . LS, EMNVs
HIZE AR L AR W AR S M R0 B [ P 22975 3 1 IR
SEo i, Aryal Z5EUOVR 9 BE A R AL 2 2R
A PRI DOX W T4, e
LT 2 B Y 2RI 24 ) R 8 b A AR N R
i, I HLET 20 MR T A5 580k 259 5 SR AL Br
Itk Ding PR # 4040 K Wik (upconversion
nanoparticles, UCNP) 1% £ 7| (photosensitizer,
POIE R NA%, DALLAMORE Ry St T —Fh
B PDT A, UESE T Z1 20 M JEAE 1 2 A X ) #E
Tia] CHREL ] A b T30 9 A4 AR A2 7 F

Pk, EMNVs ST LI ERIIE RARE, 7Rl
PRAS G BB R AE iR S AT IR % 1 R s 55
GEO) N Tz . MW £ 25 25 (multidrug
resistance, MDR)J2 Ilfii & I 983 /983 R YR 97 32 % i
22— EMNVs AR LAsid Ak sy 2459 i &I VR
FI, WG MDR &0 . B4, Que %FPUA]
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H PLGA .24 Bj C Bl (tetrandrine, TET)Hl| £
PTNs, #RJ5¥ EMNVs flz7E PTNs i, 5
F TR 25 1) RPTNs, 45— R 5 525K
RPTNs KM maER, 5505 B K
PEERIF 1] A58 3555 MDR &0, HIEEPESAR
FIHRE S . AN, EMNVSs 384k r 2008 HoA
T A TEE . B0, Zhai %5025 i A 75 vk
P Wi IR TT 2590 52 2 B% (paclitaxel, PTX)f 2 2]
LA (EM)H, il T PTX-NP-EM (PNM)
RZ ., WFFE4s 550, PNM BAT %50 i 9 40 i
A EEE NPT IRI T R, v AE hy e AR A s
BT RS 2 R G

AR, AL AT RO, F I
BATEEIG 547 250 D [ 7 IR AE o 9,
Chen %2 10 5 HH 61057 25 W) (DOX) AL A
77l (indocyanine green, ICG) % T ZL 40 L i,
#1457 DOX Ml ICG-PLGA@RBC 4K ik
(DIRNPs) . i 5% 2% 5 3R W38 1] e A4 - R (folic
acid, FA)M& i (1) 44 K 21 40 i 25 ) 35 1K & 46
DIRNPs, 1] H:A£5 DOX #l ICG H TAby7 -tk
PMEPEREVRTTY o AN, EMNVSs 140 ] i3 2% 4 25 4
7150 ZE KB A (celecoxib, CB), Bl /R 7% 15 2R
VAT $ T — o R4

2 g R 3R AN OK BURL By Rk
K-

iT 20 4R, 2L ARA T B2y O R
JEAE SF S AR T2 MOGTE . 200 A
4 e ) B S FH R B 124 24 ) sl o e A ) ot (A
ATP 55), Il FRIGT TR OR , i AL o idh ik
G K /T 1 2 ) i ke — B 1 PR XE DL 52 B
J7 IS W (R MERT . 21 240 i 2R 107 ) 48
P, HEARKOEONEE . Mok
SR LT 24 0 Dy 2 R UMY 14 258 280 SR

ST 20 10 £4 2 20 KUK 138 1 SR 3 by PR
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4r: BAR(RBCs FI EMNVs) il £ F11 41 Oh
e 9) K WKL (nanoparticles) il 5 o 24l 45 Y
T A TR AR A Can s B 38 3 bR R A
A, Bk LEAdRSEREE, HES
A % iR 2% i 5 775 WK (phosphate buffered saline,
PBS) [ & Yk % 3R A% 4l 5t i) RBCs. %4 1)
RBCs il izt H 5 FL RS I i3 i B A LI 1Y)
engineered RBCs; L A]K;4liif) RBCs K& 4k
RIS RIS LLABRIE , JF SRAS 21 40 B JI 25 i 75
15K Bk 2 g 2 5% 15 Ak PR S AR AT R AR 48 — 1Y
EMNVs (1), il 8 B8R 15 B ik 16 1 ook
il BEEE 2A), Bk (B 2B)FIH 2R AL
(B 2C)55 )5 ik 28 s oK ks, SIE30 24 ) B
BUAFEY) T R ] 3B 3%

15 1% 7 (infiltration method)F- 1 #% H T 24
VI 2 38, H AT E R il A 21 20 i B ey i
[ 05 ¥ o 214 AV 2 2 2 3 1) i B O 41 4 Y
BIERB A EE, (20 40 MoKk b i, 47 F 40
I S0 T 1) L, #3522 1 ) Jo 3 g 1 4 i 5K T

Removing
upper layer

) FLE A LT M P, PR L0 40 M B T e BV R
o, ol 2T 20 M T AL OGS Y A 2
(Bl 2A), ARE B3 Ry H AT P 7 125430
12 375 M v OIS T K 1 o IR08 38 i 2 it B
S I 2 B 4% v B AR 8 1 WRE AIR 21 20 i 32 35
JFE 220Vl 75 it 2 3% BT 115 0 TE R IR OB BT A
Hh R T 2T 40 6 5 8 s R B A e BT,
T4 = 2T A0 A 2R e . BN, Hamidi 4517
1 Biagiotti 25T 2011 4F 3 1“5 B
Do YA LA, SEI YR .
I P i i 12 55 T 00 2k 32 425 40 i (40 4t
VEAMRB W K, AR5 245
YK TR0 U Harisa 4504558 1
RB WA KL PR-CNG %k 220 40 i3 (ER) h
FEE T PR-CNG-ER, M RIRITIRAE TR
o HEAN, ARBA B R CRr 41 40 M A v A A T
{7 B %) Y 300 20 e ) e Ay P 1 200 e S o)
TP Wk N B AT R, R
B WA 25 . BN B S T

— o
O 0 .
90 ¥
Multiple washes %’

W @ Centrifugation

Mice
Whole blood

Platelet plasma
B Packed RBCs

1 Engineered RBCS/EMNVs B #| & RIETE
Figure 1

Engineered RBCs

Erythrocyte membranes nano Veswles
(EMNVs)

Schematic diagram of the preparation process of engineered RBCs/EMNVs. Fresh whole blood is

centrifuged and repeatedly washed to obtain clean RBCs. The final RBCs used for delivery of the targeted
material is dispensed by hypotonic and electroporation treatment. The EMNVs are obtained through further

hypotonic, sonication and extrusion treatment.
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Figure 2 Engineered RBCs/EMNVs carrier delivery strategy. Schematic of nanoparticles preparation by
three different methods. A: Infiltration method. Engineered RBCs are co-incubated with particles in a
hypotonic environment and then encapsulated in a hypertonic solution to form nanoparticles. B: Co-extrusion
method. EMNVs are co-extruded with particles through polycarbonate film to form nanoparticles. C:
Electroporation method. Engineered RBCs and particles are loaded into nanoparticles by electroporation. D:
Nanoparticles release pathways in vivo. The prepared nanoparticles are injected into the vein of the mouse

tail to facilitate the release of the particles.

Ff i ¥ (extrusion method)J& H H il £
EMNVs R H 7, Res s HF 05k
AN K URE 9 1) 4 o 5% 1 10 I K 21 2 i B 5 T 3
HEYFRIR A WA RIS T, ke
KN — B G0k BURL . A0 b ST AR A5
EMNVs, ¥ EMNVs 5762 49 i L85 1
AT T R BORL(E 2B) o 5 FH I R Bk R i
JEHLHE A 400 nm, 200 nm F1 100 nm, 40,
Gao 5D N b B H T 45 L DTV Tk o A
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i R P 390 P 3% il B B 7 K 4 KR - (human
telomerase reverse transcriptase, hTERT mAb
NPs) (L4 T 2L P, 45 21 A4 2 K J0RE AT 4L
AN, [RIRE, Sun SEPNE REB R O
121 (prussian blue, PB)f4 T LHH (Ce6)ix A
ML, T PDT/PTT BEAIRYT AR R
i HAh, Lian P50 Su S50 i B 2ok
M JE AR EMNVs A2k T i ik 9 o i 3=
T, T S BRAE ) 38 0% | S B 4 T I Wk 4
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IR SEAE T, TERE T e 05 AR 907 18 S

H, Z¢ £L (electroporation, EP) & —F 44 4>
AR TA, 8 Z TR 254 H DNA
30 126 BT e 2 LN FH 0 D B A 4T A0 L |
& BUBE K FL (R o5 75 3 21 40 i % A2 8 33 T ek
A5, BB 25 T ELLLANML E B AL B
HARVERE, AT ERRRAL BRI AT O R ) e
(& 20).

U Saulis i@ 13 EP BHUIR M iR FnH 2%
I TREEALLANN . Il )k, W]
HF A 0] 23 L0 LS ) 2 T AT B M .
a1, Fang S RABC R4z - B A P 3047 A 21
0SS S AR I T 5 0 290 5 S B Ak A
BUCORET 290 0 J5E 114 26 T 2 1 o T2 E 5 AT K PR A AS
[7) /N B BE A2 (/N 7 I TR A% 3R #E 1) 52 44
AS11411, FRe] 5 i D BE AL 120 M A E AR S e
A RS PR T SRR SR AR IR BE D . HE
B HNBH I EA R . AW R-EMR
1 . EDC/NHS {5 BT /L 1452 PR (R A 101,
AR 38 R SR ) 2 (R R SBURL , VIR T HERY
LGB LA Ky v T 5 e R S B N
857 2 AN, 9K R 35 T3 0 1) 5 A 1
CD47, "] 55 A A5 = I S A EAE
DA A WA T o (EL 1 290 A N6 2 1) 8 K UKL
S 20 L R ML A AN T A

13 R [ S VAR AN O S
(engineering nanoparticle-erythrocyte hitchhiking)
Wt — R Wb By s R RN . B BRI T
RN, 38 3 g K U 7 2140 i 3% T 1 I
B LLJS gl i, LA R PSS 40 K BOREL J] Bl )3 1
DAS 5OR R 5 3 R SR8 % . Ukidve 2064k
“F il £ 1) OVA-NPs F| 158 4219 Jr 5 RBCs
454, JEAL hitchhiked OVA-NPs (EDIT), #F5¢
L5RRW], EDIT af DU — Ffie FH B st , K
2N KA 1] S NE , LGRS TR A
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HATE % EMNVs i AR s Z kN5
INEIER . BRIEHI AR . W% & A A EAE
M. FWAEH . EMAEVEH LA 7T 6e Bl
B HAR P oA 5 5y sURR AR 2 DA O,
51 2290 R 3 3 Bz P v SRR R 20-200 nm
Cy5 bric ) 21 20 A B A0 9 19 94 oK T /s B A
P, TSRS R, et B BRIk LAY
i1 S oV 1 B o (V2 4 B T 213 S S 8
P S AR N A R AR AN, 3] A v )5
1L E KR ST IR783 Fric Y 4 i 560 Bk 19 49 Ko
FANEAEN, EERBRGAER, RNALH 5
Afi 8 A > 1> il > 0

3 L1 R ERAKE N A

3.1 LIHREE KR A

ST 20 Hf e AR B AR LA H A SR A L R
HORME B F &P YA S, fE2h
Py RN 15T S RN T
3.1.1 AR EZRARELYTIRIEA

EZYIN T, £ o] H FikJe
¥ J¢ (prednisolone, PRD)F1 £k b 7T 55 254 /Y
BB3% . AN, Shavi SEUCHE o8 T KA e A0 9 ol
ANRIZZIRFR (O 1 F2 1 — HIBLE. 0 DMSO)AY
Wi BEH AN PRD 8 A N YL MR Py, &3
HA B EEEMGBICR . JF B 257k
WA >t~ >8, S EMNVs 2k R4
N A ST SR AL T SRR FE 5 o A, Harisa
SEUSITE % 7 3 T 3 A 52 M40 K BE 1K (chitosan
nanogels, CNG)ZL 41 i (ER)VE b 2 D g 2144,
sl T WUIR N B2 2 i (reticulo-endothelial system,
RES) X 4K ZAR I e e oG Rk, DA 2
JH R B T PR AN K A . 21 40 i £ 288 AR A T T -7
9 K BE 11 (PR-CNG-ER ) FH A $ ) 98 1Y
B . PR R], SR LL 40 i
HHEL, PR-CNG-ER 3 3t 5 W] Ik i) Wi 19t 22 24 PR
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(phosphatidylserine, PS)Zk &% (PS #{ 1A M J& F W
S e B 3 35 5 A O R JEF 44 L 7 R A A T ) A
JObF HepG2 (R 5 T JH-HJ: 40 a3 ) B veg 1) 240 i i
PESFRE A
3.1.2 MR BRAREERMEANEA

CLANMISE FSR T Al sk 2 WAk, i Al
AR RS T, BT, Hamidi 2597084 i
8 F #E H (bovine serum albumin, BSA)/E A #I
U/ H R AN, R4 BSA
1Y 1 40 Y 2 — A 1T 5= 1 R B (reticulo-
endothelial system, RES)# M Hr i ik R G0, I
Hh, RO A N R B i A 5% N D36 T IRt
Jii (carcinoembryonic antigen, CEA)-ZT 41 ffd A= 1l
Z (erythropoietin, EPO)/J# T CEA-EPO H 4
JBAE S8 b 2H e T AR A U 3 3 il T 4
i, e T LMY, S AR,
7 CEA-EPO  JE [N i BL I A) 21 40 I8 v 3 45
R S AR AN (YA E I RGN R el e
JLE 1] o3 AL AT AL v, SORT S A e R
PR LT A I 1
3.2 (IHRRBRAN KT IERIAS A

EMNV's SEARHARER R | 30 1) 1 LA 1
FHE A6, TEZ5) . 2 1 R0 H At 5T 7 FH
HFE
3.2.1 LIHREAE AN K B B R Y SUE RY B2 A

4R IT 2 W RIG 9T S5 oy B —Fh
Bt #4250 n M DL X 25 RIE F Y R
615 240 T T 2 1 34 i LA B TR 7 AR R A B i iy 14
Wi Bk . X V)RR B A B A
25, R IREGYIA RN, A% R A
TBITROR . EMNVs {742 34 3% R G0 LA AT S2 L 24
P2 e . 0 PRk BT I o 25 Y i 7
PEME LS, B #45 . EMNVs i 3%
R G HUE K 2GR N G PR 8 . 204
MRS A G e IR PR LT AR M & 1 CD47,
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24 EERPURSYIRS SR, T REOE
WA R A, SEER AR EMNVS
Wik R R H R CD47 BEE AR T, K
ZLANML N ) B e o 258, SR
TEERFIZE BRI L 41, Gupta ZE52 V] ] EMNVs
i % AP )L (fasudil, RY7 B BkEE), & E
5% fasudil AL, fLZ7E EMNVs 1 fasudil
WA T 2 6-8 £,

EMNVs HA7 245 980 1) 3 3% 1 F . i,
Algahtani %50 EMNVs 40355 5- 5 K W5 g
(5-fluorouracil, 5-FU) 1 2% i Bii& (liposomes, LP)
LI NEM-5-FU LP, Wi 2158 7 480 il ]
F P K S GT 97 40 6 ) L [ o S o 326 1Y)
Fhth b, T T A I e A i R 39 5 2 4 1 %
oMM, N, Zhu ZEPKHT IR 259 PTX
BT 4 99K % (Au nanocageas, AuNs), FK %
HAYEETY. EpCam UM (4 21 48 Jifd it
o, B4R T EpCam-RPAuNs, %44 K kL
TSR AR, TEAE 2 W RR YT . [
W, Liu 285 i g Bt 9 25 9 00 5 A A Ath AR
(gamabufotalin, CS-6)AY={EH o) Bk i mIVEH
7 T HA@RBC@PB@CS-6NPs (HRPC)ZH K i
o 1R WA ) T3 ] 431375 BH J5T 2 (hyaluronic
acid, HA)TE R 5857 HRPCs 1R B HF 4 B G
RITRCR, TR BRI . BLAh,
Long Z:PSILL FA &M A 21401 2.2 DOX il
ICG, 4 1 #mliA RS (WID@M-FANPs),
WID@M-FANPs AJ ] Jifgg - i) S %, B
RN TS . EMNVSs [1%)#8 8] 15 26 7 I8 5%
)R A R G [RS8 T 3 5 %o 9 200 7
PEAEFH . Su %P5 EMNVs 4038 ER iR/ NEEm
(berberine hydrochloride, BH)E/Ilk T BH #tik45
YR ET IR | IR ILE | OO 45 Z R R
HB. [@EF, Malhotra Z58F] FH EMNVs {028 B
IK 259 5 B (camptothecin, CPT), TE 44K
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$iki (nanovesicles, NVEs), Jf/& 8 NVEs AJ #{
AS549 AN fEoRIE5E NVEs X fii i 240 it i 75
Mo DL EAFITFRIA, EMNVs Al A %08 2591 19
BEPEAE T, o T 38 ok 308 o] {3 1 1 5 98 K ABORE X6
P 20 R ) B

EMNVs #ik iy s L, FEaH
PiA R B THRIERIT A (R 1),
EMNVs 3 3% R GL 7 P /i Mo 1k y7 254
(DOX. PTX #l BH 4§ 145+ 5 . Filln,
Wang 45575 21 411 i i (RBC) F1 2 €2, 22983 411
(B16-F10)ill %5 HY R & /5 2 I )= (RBC-B16) . £,
DOX, HA RIFHHUEMEH . Sun M Ren
204 3 5 EMNVs i3% DOX, S2# DOX
AR, AN, PTX 23k /N0 e . o
SLI8 R L S I R AT iz —, |
PTX A B 22 H S B i ml = AR ™ B Y
BIVER . 4R, EMNVs [494%k 7T 45 20 Peix —
[R) RS, 20, Jiang %1% iF EMNVs 3%k PTX,
Frl et g AL, JESCT EMNVs Al
Reek g PTX ) F IR AE P 1 BE 25 1 8R4 . Chen
Mg PTX f#T anti-EGFR-iRGD &4 (1)
EMNVs 1, ZRGnlfii PTX 13 B 40 i Jf
AL IR TR A 28

R SEEL PTX TERRYE MR PR EE BT, Gao
SR pH HUBSR AW (L-y-A Z R H H]H)
iR EMNVs @2k PTX, 748485 PTX HL
Jiseg VR o

R LI ARTROCR , R AT AT
25 5T RIS B TR IRIGYT o PTT 27
H G #F% £k 5] (photothermic  conversion agents,
PTCAs), AW LA A, Rl inidt
THAR RO, e PTT J7 80 R R 4
TR AR R LOG e o5 . IR
DA fif g 3 07 (R B 1) PR (O . EMNVs ] A5 5%
EOG-PIT RN, Rl DR A9 g 3 T R AL TR R
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Ho BN, Piao ZF R ik AuNCs 1 2R & 1
JE O b ged W R BR A, T £T A ML B (BC) B2 T
AuNCs f2 1 (BC-AuNCs), BC-AuNCs HA5
RIAFr TR ErE B T AuNCs MAFI £
fLFIh 254y, ATAROER PTT HOGIE i
# . #E—3E 4, Chen ZEL°Ms (4% BK#5)ZNPC- (B
WHHICG W TLAMBLRBCM)N, #4851
ZNPC-ICG@RBC #IKiRE . B4 REM,
AN KGR ][] B 7= A= 3 4 4 (reactive  oxygen
species, ROS) FIFIT I I KIRITROR , TG
By LA 2 =B SOR . EMNVs 38 AT T
HIEGTAR R YT, AR PR K %5 3R (gentamicin,
G)%#, T AuNCs H', JEM. T AuNCs-G, Ji¥
ZY R E T EMNVs A3 19 44 K 1% L (nano
worm, NW)HT, FEJEIRELNT . 42 . AP RN
RVERTT, HoA @R A Y A e,

Hiil, 2iYnsik REErmEEZ, Wik
F14) 200 L 45 e (0 40 L T 328 400 i 0T
240 VAT LT OVRI g 440 B BT T4 ) s i 4 K JBURL
(virus-based nanoparticle, VNP)"2 K 4 #L %1 K}
[poly(actic-co-glycolic acid), PLGA]"™ F[poly(lactic
acid), PLA]"% ., FE{5/E Al th rpr, 21
i B AT Ho B 2 ] AR, BT T
iP5 . VNP 258 ) S TR D ik
A 328 325 355 A JOR A R i ] ) AH AR 388 25 /N o3 1
259 ; A HLM KL PLGA %511l 13 8 i W1/0/W2
OKELIM ALK SEBLEG 03 3% o T EMINVs AH LE
VNP FIA AL R 5 AT 2 v] 3 4 245 ) B 1
IR SRR ) . BRI T
S HEE . Zetithm. %4 EFTER, EMNVs
L [ 3B 3K R — BN A 25 i Ik R GE . BiE
g B TR 2 ) R T B 1K | HE A 25 W2 R R
R . BT ERLE, EMNVs
TEHAB G A2 17— PR R R, AN .
T 1A T il S50y Jo 114 R 1) 2K
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Table 1 Advances in the application of EMNVs in drug delivery
Drugs Diameter (nm) Delivery strategy Advantages References
Fasudil ~154.1 Sonication Favorable entrapment, in-vitro release, and stability profiles [52]
PTX ~69.7 Sonication Promotes the recognition of cancer cells and facilitates [54]
the mitochondrial guiding
CS-6 ~140.0 Co-incubation Extends the circulation time and the ability to escape [55]
from immune surveillance
DOX,ICG ~132.0 Sonication; extrusion Prolongs the half-life time and avoids unnecessary [56]
drug leakage
LP-5-FU ~191.4 Sonication; high osmosis Has a good advantage in enhancing in vivo liver [53]
cancer targeting
BH ~256.1 Extrusion Avoids recognition by macrophage cells and no [57]
obvious toxicity to HEK 293T cells and LO2 cells, and
does not cause hemolysis or aggregation of RBCs
CPT ~150.0 Co-incubation; sonication Prolongs circulation time [58]
DOX Sonication Exhibits infusive specific self-recognition to B16-F10 cells  [59]
in vitro, markedly prolongs circulation life and
~150.0 enhances homogenous targeting abilities in vivo
Sonication; extrusion Exhibits a good photothermal conversion effect and [60]
NIR-responsive drug release
Extends the circulation time, and improves the efficacy [61]
of drugs on tumors
PTX ~150.0 Sonication Improves relative bioavailability [62]
~49.0 Extrusion Enhances accumulation of the drug in tumors, and [63]
improves tumor suppression in GC
~130.0 Extrusion Exhibits a raised therapeutic effect on lung cancer, in view of [33]
their characteristics of pH sensitivity and long circulation
AuNCs ~89.1 Extrusion Exhibits superior blood retention and circulation lifetime to ~ [65]
their biopolymer-stealth coated counterparts
ZNPC-ICG ~120.0 Sonication; extrusion Prolongs the blood half-life and improves the tumor- [66]
targeting ability
AuAg-G ~170.0 Sonication Shows good biocompatibility and in aggregating at the [67]

infected site

Data were taken from the literature on the application of EMNVs in vaccines/other fields.

3.2.2 IARRRYAREBERE USRI N A

RE W AT SR VT 20 I TR R YT ik . &
B (R0 1 | S R 8 7 28 R B s F e i A 7
L) ms . B —ME AR, S
PG 58 4 M S8 4 AR 51 24 ml 5 e Jag 8 4 B 1) 7
PEo M EMNVs AJ i 28 Jt ik 52 A 5 240

Jifd (dendritic cells, DC)/» T O HT I Fe HAS 18], A

http://journals.im.ac.cn/cjben

T B 2R AN, IR AR E BT 1) 58 X3k
EAERUSPL EE, AT AR B SR LA Y
RIPENE, AR EA RBERIER- NG
SR, HAh, EMNVs 2kt R 4460
SEEATT B R A R, A ST
KL, EMNVs ] AR08 % 2R R . Bl km
Sl B8 o) AR S5 ) B (% 2)6
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Table 2 Advances in the application of EMNVs in vaccines/other fields

Name Diameter (nm) Delivery strategy Advantages References

PFTs ~80.0 Extrusion Effective in virulence neutralization [76]
via spontaneous particle entrapment

Hgp100y5.33, MPLA, 149.2 Extrusion Combines the antigen entrapment and [77]

mannose stimuli-responsive property from polymeric NPs

hTERT mAb NPs ~197.3 Sonication; extrusion Has long circulation and an intracellular delivery [78]
of intrabody

PFTs ~113.5 Sonication Loses toxicity to not only cells but also live animals [79]

BPQDs ~100.0 Sonication; extrusion Leads to apoptosis and macrophage recruitment [80]
as well as stimulates a strong tumour-specific CD8"
T cell response in cancer cells

PLGA GOx, MCO  ~148.0 Sonication; extrusion Reduces the cellular uptake in macrophages [81]
and prolongs their blood circulation time

Cur, PLGA ~162 .0 Sonication; extrusion Suitable for uptake by cancer cells and retention [82]
in the tumor by means of the enhanced
permeation and retention effect

ATO ~163.2 Sonication; extrusion Prolongs the duration of ATO in vivo, thus reduces [35]
administration times and enhances patient compliance

Tio,, AuNRs ~198.5 Extrusion Has good stability, and reduces the cytotoxicity of [83]

the Au/TiO, nanoparticles

Data were taken from the literature on the application of EMNVs in vaccines/other fields.

KRG NG e P R H A
A BB AEIE T, ELAH IR K o Hu 250°
T 2T 2 K IURE Y 7 3R R R ORI —— SR W AT LA
U 4 A% 3B AN A2 W I 1 AL 3R (non-disrupted
pore-forming toxins). DA% BRI o3 M R
(alpha-hemolysin, Hla){E WAL AIEE R, FELI
AL R i A T IR YERY Hla VS P25
o (AR AL bk Hla, Ji45 40 |t 25
fL % (perforatins, PFTs)@ ik fEFR MM, 4 T4
KEFHR,

FH AR RN, 5P PSR R A
P, e g R JORL 22 3K (H1a) B /1N BURY A7 75 2%
R T 545, AN, Guo ZUEE T i JE ik
(N ZRPUR 25-33 N IER A B,
hgp1002s.33) . 457 MPLA FlH @420 1 1435 7
MY ARPE T o IZANK P T AT 5y A5 [ 0 i 2
41 }fd (antigen-presenting cells, APC), JL HJ& DC;

&: 010-64807509

PRSI T AiS s JF Al 3R TFN-y

SR CD8' T 41 s v o

DL EWFSE 20, EMNVs 1] 4 45050 b J5 46
W (A3 3%, O I DR e 3 2 1 A R B AL T
(3845 . SR, EMNV's A i 326 26 {78 AT
U AT TS, A R

TR H .
3.2.3 {I4RBEAR 4N K 5 8 7E H b g B9 N A

EMNVs # kb6 R 500 T 76 LA PS40
Uk G AN, FEIB L BT REYLAR . PR A
by Pk - B A AR ) T R (3R 2),

EMNVs AJ 335 B g G A, #E 1m) I 2540

AL, BN, Gao %V i % M T YE 1A 1 &
hTERT mAb NPs, Jf# T AMIMEHN, 155
ST MO 4209 Anti-hTERT mAb NPs fiji% &
4t Iidik RG] A BIER mAb NPs 7EAK P (1)
PEI R, I 50 ) 2% 2 R 4 i . EMINVs
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i R IR TR TR (e RE 2 S I, DR LA 25
Mo B, Chen U AT i 4K UTTE L H 45 T
PLGA, Jf¥ EMNVs ix# %] PLGA #% L. Jf-4%
FIAHFEE (pore-forming toxins, PFTs) BT
EMNVs (R, JERLLA0ME IR K24, T
B R 5 I

BEAh, AT O 2 B R . Co
ARG FRE D URE L e oAb frbeg =K,
BT IR 6] . EMNVs 388 3% OB 1) 25
Yy, SRR BN, Liang %010
FEIET S T 20 MR A K U (RMN V), Jff
RMNVs 5154 2 % & + 25 (black phosphorus
quantum dots, BPQDs) il 7 & & #f i il & T
BPQD-RMNVs., WF5E45 R KM, %05 E gk iik:
7E NIR OGRS AT 41105 1 (apoptosis in
cancer cells), Z54E g4 IT175 T 0m 200 bR
Fr5wk CD8' T 4l S b, EMNVs &% I T CO
SRS BE R VLR A EE AL S, A R
fA K i, Wang %5 EUS0Ks 6 4 B A AL il
(glucose oxidase, GOx)Fl Mn,(CO),o T34 il A= 4
HHAEVER W (RIARILLMER), 755 MGP 9
KAGUREL , I T L 40 B8 B 0 K Ok, il 4% 1
MGP@RBC HK kL, AF5E K AL AR FURL A]
HIF CO ARy FRE =L (energy starvation)
0k R 4 A K . EMINV's 338 2 37098 A g 1
AW, HTHEae/ MR a7 . Bilin, Xie &™)
i I A R, A ZL AN (RBCM) &
72 il 5 192275 K (curcumin, Cur) PLGA NPs,
93] RBCM-PLGA@CurNPs, 5745521,
25 HE R B A 9 DR AT MR 1 o [R)I), Lian
435I = & {k. — i (arsenic trioxide, ATO)7E
S0 54k 40 M I 9 (acute promyelocytic
leukemia, APL)HINEI A A TFR (14 1 2 30 R
H, FF & RBCM 132 1) 5 FR £l (sodium alginate,
SA)4H K Bk (RBCM-SA-A-ATO-NPs, RSANs).,

http://journals.im.ac.cn/cjben

R4 R E W, RSANs HAZRBA/EM H il &
EHIR ATO M#E M, X T APL WYIRYT FIBLAT
FHA BRI, AN, EMNVs i 0] [F] i
186 R O HE 1] W) AT AR AR R, S B AT 45 R Y
I, APEMGRE AN, Fan, Li 0K
HEAL TR — A AL BRI AR (TIO) 1 AuNRs (L2 T
EMNVs H, #l4 T Aw/TiO,@RBC 44K i 4 .
WFFEAE R RI, I PUK 2 T LU GHE T I i
(photocatalytic degradation)iJSZ# AuNRs [ 1]
PRI, BETIT) AuNRs 8% NIR OB G 5 =4
BITE S M, St~ 1 ROS A B 756
Bl ) A SR AR

L EWFFE S8 EMNVs A A 5080 [n] 3 25 24
Yy SRS REDUASEY) BT, i EMNVs 844
1 3R R GUTE-E AU B TSR AL T BRI SR

4 2120 3P b Bk R

EMNVs B 75 240 & i, (B4 HA
JRBRVERBRELYE . PN EMNVs Byl 25
EMNVs 94225 9 7 T 2K B R 1% &R G2 1 s
Pk

T, EMNVs Byl & BE 4. Huit
FE T TR 2120 1 3= 2 sh W o IR 2 /B . R R
FNZEM IR o B s 825 T I L 3h P iy 21
MUTCH% , T HRAFEIESS . SR, /BRI
p N RORIIEAS = 3D B Qi i A= ey N = 4
L, At R Y I FL 30 ) A T A A i D A
(specific pathogen free, SPF)Fli2&, dE SPF Z&#d
SN A0 T REHE T AR e o, i RS g
S /O 1 S 195 2 0 i 3 O ) BT MR A N
iRyT, THIEMA S, Z2RIAMEA &
F4) ML 9 B8 5 A LV T R 1) I YRR A, X SRy
FRPESE EMNVs IR H B E KBk . 1esh,
EMNVs (1 il £ 75 224 3R I 1l 4 i A 7K
AEFL, BRI 2 S AT AL RS, 3845 EMNVs,
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EXAH S fE, TRES RBURR IR A M
AEEEBkAS . T EMNVs 2K 28 40 1 26 Sk ¢
HEETERRIPEE M CD4T MfAE . s
B, CD47 FMIBEEE H ml 8 B w40 iR 3, B
NN A S R B 7S SN O SR 4
#r CD47 HHMERI, FEREANIE AT BE S 1%
KA 35 B

FLR, EMNVs A 30 AR & — 4~ Kk
i HRTHTH A R 8RBl
b 24 B 1) SR B A 3k ) 2 R T B A o ik
EMNVs F1 T 26 4 5 v 55 . e, B
WE5E Rl A I GROR R 28837547 PBS sl
Fee AN , H A R ATORE R AR P B R e M AT
FMARTEE . B, 7ERAE . T BTG,
YR ARG 1) 40 K R B T LU B 2 R Y
BTN A IR e A SRS R A
Sz AR A, A R A A —
1475 f P R ME . EMNVs AN ] [0 dR i, V1%
TR AR B 2 s EMNVs g5, BES 0%
B N RR . b, A SRR
AIRET 3L EMNVs B e RCR . iR a2l m)
WBE R CE, AR R B, BRI
YERAERE, ke ek 7B . BB IR %
PRI S AR R G B I, Rl AN R
N, 2 HATEFIE A E

5 k¥

2140 M B AR R A N TR EOR A AR R
B N TR A AR RN R BRI, R —
A AR . A EMNVs/engineered RBCs
VER RIS . . FRBT AP S5 B A= )
WL, B DA EBRR ., RN EY
Hl engineered RBCs t 8 I REED T, K H R
-3k 6 R B S, EMINV's Rl 28 1 187 2 7
BRI B R T2 0 A2k . EMNVs R
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TRIRMWLLAM, HRESAHIFZEEN . IR
R Z b, T H R Ak AR . I,
EMNVs 1] 3% 3% 36 97 75 19 25 9 Fn 8 45 1 10 1k &
Wy Can B A e TR, AN B LR T I, 52
B ZUIReEI% . BLAh, Sy S AT A ) %
AT SE R S A ) B . BR T X R
EMNVs H# M 83% 07 R r=, @k
EMNVs A 2% 5 49 K JURL (905 56 1 b 4 oK %
i, SCIRRIIA N R R G E R . BT
IR W R R R i A IR O A
EMNVs N, SEBLA] 4 B i

21 40 M %) A 0 AR 25 P R0 38 8] 30T 4 0
A, R T HAEZG Y . BE N R H A ) R 4 %
T RS, WOR T At 4 A AR A 4 8 % 1Y
IF9E o L0 oy 200 RO 0 T MBS AR 5 1) I 25
b, ] 38 2o A R O 2SR AT 25 R T A
# . EMNVs RIE T RIRAL, Bl LILE &
FrseE . Al AL AR 52 A2 FE o T R Y
SUEFAIE LB B A, T 2RIt

HHi, EMNVs Wil & EARF X 2y, BA
R R, WL, SCBRBUR AL 7= 58 4
BATREM . BRI, R MBRE S R seR i
fb . EMNVs SR Y 2 4Pk B Ho 4 i R 405
P, DURE AN LB N IR TS 4 . EMNVs 2k
Wik R NEE R N EE, R
PE T U A I o AR AR R TR ] v il
I PR, A 2 FH 8 1 AR 2 A5 3] R A P 1
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