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Abstract: Cell membrane-derived nanoparticles (CNPs) integrate the biological characteristics of natural cell
membranes (e.g., immune evasion, lesion targeting and immune modulation) for the tailorable physicochemical

properties of synthetic nanomaterials, demonstrating significant advantages such as prolonged circulation, high
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biocompatibility, and specific targeting in disease diagnosis and treatment. However, their clinical applications are
limited by the inherent heterogeneity and functional limitations of natural membranes, including restricted targeting
specificity, uncontrollable responsiveness, and lack of functionality. Synthetic biology provides innovative strategies to
overcome these bottlenecks, driving a paradigm shift in CNPs from natural biomimicry to precise design. Genetic
engineering enables precise editing of cell membrane protein expression via physical (e.g., electroporation,
microinjection, and gene gun), chemical (cationic lipids/polymers), and biological (viral vectors) strategies.
Concurrently, metabolic engineering regulates the directional anchoring of functional moieties on cell membranes
through manipulating cells’ natural biosynthetic pathways, such as glycan (sialic acid and N-acetylgalactosamine
(GalNAc) salvage pathways) and lipid (cytidine 5'-diphosphocholine pathway) metabolism. These approaches endow
CNPs with enhanced targeting specificity, intelligent responsiveness (e.g., pH/enzyme/light-triggered drug release), and
multifunctional synergy, enabling them to demonstrate significant therapeutic potentials on diverse diseases including
malignant tumors, cardiovascular diseases, and infectious diseases. In oncology, synthetic CNPs (SCNPs) deliver
chemotherapeutics, radiotherapy sensitizers and contrast agents with tumor-homing specificity and enable innovative
immunotherapies by presenting checkpoint inhibitors, tumor antigens or adjuvants. For cardiovascular diseases, SCNPs
demonstrate remarkable inflammatory targeting and alleviation capabilities. In infectious diseases, SCNPs neutralize
toxins, bacteria, and viruses as broad-spectrum “nanosponges”, while antigen-presenting SCNPs act as potent vaccines.
Applications of SCNPs extend to autoimmune conditions, neurodegenerative disorders, and bone-related diseases.
Although challenges remain in safety assessment, scalable manufacturing, and regulatory framework, advances in
artificial intelligence-assisted rational design, novel gene editing tools (e.g., prime editing) for safer genomic
modifications, metabolic intervention technologies, alongside the establishment of standardized production platforms,
are poised to bridge the gap between laboratory research and clinic practice. Ultimately, synthetic biology-powered

CNPs are anticipated to be evolved into intelligentnano-theranostic platforms facilitating precision medicine.
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Fig.1 Preparation of NCNPs
[The preparation of NCNPs usually involves three steps: O natural cell membrane extraction, mainly involves techniques such as hypotonic lysis,
freeze-thawing, ultrasonic waves, and homogenization; @ preparation of nanocores; @) fusion of cell membrane and nanocore, mainly involves

techniques such as extrusion, sonication, and electroporation.]
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Fig. 2 Engineering strategies for SCNP

[Mainly includes: @ lipid insertion, which incorporates functional ligands onto natural cell membranes through a lipid anchor; @ membrane
hybridization, which derives the membrane from individual cell types and then fuse them or fuses different live cells and then derives membrane
from the cell hybrids;® genetic engineering, which alters protein expression on the cell surfaces through selective gene editing and @ metabolic

engineering, which conjugates functional moieties with metabolic substrates to anchor them to the cell surfaces through natural metabolic pathways.]

2 A R 50 F 0 M K SRR (R R AR BB SRS 60 B4 (BIIpEEdk . ZBEL. BERRMLS), X F
HANGER . B RGBS SONP ML e S el Y,
W (DG FRIUS e, RIS 2 T 41 i o g7
SRR AT, B B R A Ay ‘ o
R T, @ maniem, 2 SCNPRERAEY AR
B 24 i 2 S R 2K R0 P S A B, AR R SR 1 2 &
G0 b R AT MR . A LA SR AR AN, Jk & 4 CREESVEES SUENE NS N R
MR A 2R Ve R . IR A g Hg TROUERNANE, TR SCNP SRS HE R HE
BIREMRIEME AT AL R A vk, (BBTTRESEBUN  YE. VA WIRIMEA 2 e b A 1
2 A B B R B i T A
HTEBMSBIME QBBERSHMID, Wit 21 BEEIEER
T L R 1 HEAT 5 B 7.

HILCIS R AR R & R, e 211 ARBEBSHRS
Bt (R AR TR E TR g T —F e DA P S B Bk A2 S H s B B R A A D) e
H RS . AL TR RIS . il BFEAl . A IE R 8IS S IR K P IR X
TR R R R A R Thae E e, o SREUBUREE Y. RSy CIRBURS”, (EERE
1 AT [ PR A T 05 R g, AR A R R R ) 5 A R R 4 PN I F 1 52 A
G AT 0 R U . SR RO A R A BRI AR 5 A b B B R 1 4
T, B HARE AR A RO RRBIRIE AT, TR (5 I AR T F e B 0,



%£7% www.synbioj.com 183

DRI, o o S AL 400 o B T TR A 1R DG B 4
KRR F 2 M D) e i S B AT &, fEH R
B DL K 731 B B2 A 4 i ) AR ) RS 5 4% 3 b R4
ERBEEWAIEM, wad B R TR T B & s R
RARAFAE 1) Ty eV JE 25 11 DURA PR 30 7= ) 1) 2% FE
W) RO 53 A, A2 — P S SCNP € il 44 T fig (1) 181
FLGERE B T R AR I AR T A
JEIX, PRI n] BT H AR A 9L 741 (coding
sequence, CDS); i ik £ A [F] 58 FE 1 41 B B
. B O R TE 32 40 0 i PR B RS )
AR A/AR N/ B G S RE, AT R AR E G
FIE P AR (1 e o B IR B I 2 TR o
J7E CH T SCNP JE R THI B 7] 4 - 89T 5
F A2 AR R IE B e,

FESRBRSYT A4 75 SEAE SCNP R H 51 A
ERBRFEMEN, LLSLBURE € W AEY % ke .
NIRRT IR —FF 3K, a5 R TR R B
55— KRR H S 5 IORTES % X 3R AT Rl &
AN R 5 B A M R T o 3X P U7 45 AT DUBE IS
Mgt ) H AR B AR 208 1. B, AR RE
5 CD 28 BS TR IX 342, ¥ W IR 6 UL £ 1 SR h -3
(glypican-3, GPC 3) ¢t BB v 8 fy BRRIE T
CAR-T 20 JEE b, {3 H BE 9% F 7 MR R 0 N &5 &
GPC 3'fiH 4l . H5 H A B T 118K IR780 ) — S AL

Lentivirus

(

M. A, Adenovirus

Biological ; .. e
strategies Retrovirus @

IIII
Chemical

II.\»;_;//J)f -

strategies -
Lipids

Polymers

/ Nucle
| &

Cytosol 7~

FEYRBURI R THT, P43 SCNP B8 3 250 [ JH-Je 356
B, FRTHEHITIRIT R

SR BRSNS )iz T DhRetE SCNP T
K EFAER TR HEtE =SS, mh
AR 7 0 B 96 OGS TT RE 51 R IR B A B A R AT S
T BE I8 58 J R I8 K P FEAR . D Al vk bR A R,
Zhang % " $2 1 7 3 F SpyTag/SpyCatcher % 4t It
CNP #&Hefb 1] & 777 . SpyTag F1 SpyCatcher 1] LA
WIRE . RS @AW B RS R, ik
T R R T2 B3R A SpyCatcher R4 1) 41 i fist mf
&4 SpyTag FAT B HCARZE &, A& —Fh i i i
B & 5 1) SCNP Dy RE A SR
212 AREFZEAR

TR L YL iR il . S B O kAT
H b AZ R 1 40 B Py i FN R0k, DLSZ B4 il i 3%
R A RS AETRE (E3) 9,

T 25 K% IR DR LS K e A A v v, e DU 2R %
AN gL RROES . FE
WOt RS S R A B s i 7 XN o 2 A g
WE I, K A% R R B A0 5T B A0 i
rpr tevedd o p 2 oL Yk B O R T 1 i PR e 7 40 R T
TE Rk FLIE, {23 B bR IR N . ik i 45
WG, 2 B 5 A EE P B DL S B TR 1) v R
gu ool ZIrik@ Rt B eR s, W TR

Laser
~ Ultrasound
( Electricity
=, W~
us . s \ o Physical
{:Q"r 2 s [;\ strategies
g Gene gun

¥

Microinjection

B3 D e s
[ OFEY B SENE /7S OB 5 AL SRR AT B e 45D . (2 5emg (PR FIER/ RSN T s IS ) R4 HEn%

s %) ]

Fig. 3 Strategies for gene transfection

[It mainly includes physical strategies (e.g., electricity/ultrasound/laser -assisted perforation, gene gun and microinjection), chemical strategies (e.g.,

cationic lipids/polymers -mediated transmembrane transport), and biological strategies (e.g., viral transduction).]
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TR B G 0 AAV /N TG U JIE L BE DNA
i, ERRAKEL Sk, A5 LA EESEE, F
AR 4 B 9 B DA 52 ST o L BA B A Bl At B2
AR, AAV R RAC, waetha, HaEe
7155 Bl R E A RIEKFEAC. BRiEERNEE
LRI B E RNA 75, JEPRIA A 8N 8~10 kb,

SRS B R — R AL . AH b A I S
185 85 fe 6 4 gy o RANHE 7 A, B E T
S DL L (2R A AR L B . e AN, 1B EERE
g E A NTE ERRAME SR MEERNERE,
AT TR AR A R, DAk 2D bk [a) 57 i 2 9
REATY M, & H AT SCNP it b8 F #2195
BEALR N SR UL, 0 EE MR RE 8 S AL
FasE M e e, JUHOE T ME DAFE G it 4 e 25 A
(R AR A B vy R TR e/ HAFAE g i
FIEL GEAR R 25 AR ) 2 A AR

SR TREH AR MW R N & A R ThRg i
Y MRS UL T RTRE, AT SCELEE ) A MR S
FTHAZATHERFEMTEREL, BERRET
SCNP FIAEME IR MM (R D . B IR Y
W|EARMPE R, AHESIEMEE. S8 E
B A B ) SCNP 4 i i 2 ik

2.2 RBIERAR

AU TR AR ¥ Dh e o 7 5 AR 4
&, MHEAER NI S RBEYE &R,
A SEOLINRE 4> T I B e B AR BT R A
[F A6 BOSE, T SCNP B g 45 AR TR+
ARu] gk — 5 bl TARFNR R TRESRmE (R2).
22.1 HEIREFEA

BE TREBORR FH S MERE S A A g
BREMAMEE, OFFMERRIES. M N-2
Bt ALHE % (N-acetylmannosamine, GalNAc) #hEL
B BORAREE P G i R T I) SR MR R A 2T I
[t P e % 2 #4295 IE - (mono-sialoganglioside,
GMD) M=MERRAATTHIR] 2 NHHEER
(botulinum toxin, BoNT) &4 FIEEE (1) KB SZ A
VY Mt f N- £ Bt H 25 i i% (N-acetylmannosamine-
tetraacylated, Ac,ManNAc) 1] il i e 3% 2 A 15 A1
B S AL A it A B B b e T IR R L, i
il # ) CNP £ 35 5 = (1) BoNT 45 & Al fif 7
ey B,

T D E A TR T B AR R AN 5] R E
BIR R N “ 2R pE” BRS04 iy oot 6 141 11
CNP I AW IER N5 2 s &, Sl —
FhOCH S 5 A e S VR A M S ) SR . R T AR
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R LD TR (b 20 B R 90 K UKL 1) A2 1 = 25
Table 1 Biomedical applications of nanoparticles with genetically engineered membranes
e TR 8 3% 2 A MAEBRIE  FrRREEN APl R f;
TR SR AR i W7 SR CXCR4 il id CXCR4/SDF-1 48 i1 4¢ A F iz [76]
T4
157 B A RAW 264.7 CCR2 I CCR2/CCL2 HE ) HIE F AL , BT 98 hEAS 5 , G2 i 28 0E [77]
LX2 TRAIL I8 IE TRAIL-32 #AH ELAT 355 o 4 o A [80]
Lz B il CXCR4 I8 1d CXCR4/SDF-1 # 7] 48 REFBAL , 5 8% M i 57 b [82]
CT26 HER2 ik I HER2 47t fA/HER $E [ Jie 5057, 00 I e S % [19]
RAW 264.7 HA,RAGE i3 RAGE/S100A9 HE i) 5 i 5245100 L, 22 Ak 5 RE AL LS4 5 38 [81]
I HA S0P kiR
Jl B LA DC MHC- 1, i3 MHC- [ /PD-1/B7 3% 46 T 43 , S0 e S [79]
PD 1,B7
AT Lamp 2b-RVG WL RVG/ 2L 18R B 52 VA I 1) 4o 20 20t , 085 1T ik 8 o [78]
e IH B i o 44 B16-F10 IEEEE,  JEITINE A E/CDS0 VE 1k T A1 , B R G [31]
WAk CD80
B16-F10 HA BT HA S2H A R k% [86]
C1498 VLA-4 BT VLA-4/VCAM-1 $E17] 4 5E S AL [39]
HEK293T PD-1 3L PD-1/PD-L 1 $E ] e A7, BHL I b 25 6, BOd o e [75]
HEFRAEY 4T1-Fluc KillerRed JEIT KillerRed S MG J13R T » A% gl [73]
B16-F10 CD 47 T iR G [74]
KO/CRT
R2 AR AR I RGN K RIURL IR A B8 B AR D B 2 18
Table 2 Biomedical applications and synthesis of nanoparticles with metabolically engineered membranes
R TR W &R AR AP R 22 ik
B LA M Y PR 3 12 N- LT H Fe bt AN BT, h 1 SARS-CoV-2 [87]
ManNAc
N-B R HE AL Eeni i AN, BBHT CD3e Bt , Bk e Fa s [88]
ManNAz AN, 3G SR A A -2 K i 4 [89]
NN, B IE ALN, 407 21 27 [90]
GalNAc #h A L 1% N- P8t FUA NN, FE ) JHR £ il BCN [91]
GalNAc
Jig 5t A2 CDP-JlH g 4% JIEL5; AN, B RGD , #E 17 il 8 [35]
Choline N8I pMHC- 1 /CD28 , B i 55 [92]
NN, BT CD205 , B i G % [93]

W IEAZ-HEAR I SR g, Han 25 ©V 76 T 40 o fi 3 1
RERERER (N, JF# AN LR AXGE [6.1.0] F
K (bicyclo[6.1.0Jnonyne, BCN) 45 N\ fiffei 41 i &
T ) SRR s B0 A N, AR e T 41 A 5 F W5 e 5 S 4 oK
WkE (N,-TINP) A 8% 38 i G 2 50 AL 4 1E 28
A 25 X0 R A i) e R 41 B 2 THD 1 R SR L L A BCN A
T2 AR, AT AR HE T 05| 75 SR AE bR AL 1 AR
PAR G 8 eah Jriayr (4.
222 fERIAEFEK

Jig B8 AR B AR FH SR 8 5 (4 N TE A=

[ B 5 -5~ — W & IE B (cytidine 5'-diphosphocholine ,
CDP) &4 55 ] S gn st 7. 5 49 1E 22 -FE AR
SR W AL, I TR TR SR E o 5] N AR A I A Sk
HFE SR RIS — S % A . ZhangZE KA
5 S B A -IR Y 3 g, FIH CDP-H
WA B AR TR B A PRE B N B, KX
W AR ) ROk R A LY N S SR B e e
SRS, NoFRic B E 20 B mT gk — B A5 B pMHC- 1
CD28 itk . ZGKE A LA RS CD 8T 4L 1)
PEA, BRI 4R T AT IR R R R, H
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S

B4 N-bRic 1 T 4H AR AT A 40K SR OUEE [ BL ) 7 i ]
(@) Ny-TINPHI; (b) J8iL Ac4ManN-BCN Fiiab Bl BEAT AR BEACHIARIL, {3 TR 40 4% i BCN ZE I . N,-TINP W] Je 5 T 41 i A 1 4

B LK BCN 5 N, 5 ] 2 i) () 42 ) 1E 52 fe 2 B 1 e ]

Fig. 4 Schematic illustration of N,-labeled T cell membrane-biomimetic nanoparticles with the dual-targeting mechanism "

[(a) Synthesis of N,-TINPs; (b) Tumor cells carrying the BCN group via natural glycometabolic labeling by pretreatment with Ac,ManN-BCN. N,-

TINPs could target tumor through immune recognition of T cell membranes and bioorthogonal reactions between BCN and N, groups.]

FPEAR BRI, 2] 1 SOk LR A
Koo U, A N AR IC AR B 4 i ) % 47 AR R
AN, I S A 2 S B Arg-Gly-Asp (RGD) ,
RE % A7 RCHE [+ [P 60 400 P 36 T i B I B 5 K o, Bs s
L RO IS sIRNA PR AIRAE L [N (1 0K, 8 22 i
BAK . BT, BT N EEE R D Ee g TRk
TEWE O R N Tz B 4 R A S R i
£59 N

AU AR S ] R R A W) & BU& 12 7E SCNP
R RIADREVERCAR, FA R A R P
PEo BbAh, JEIE TR A Y G R A S A S
ZIARIET PG, AEAE 52 R4 SCNP R n)
R BE S RN T 8 % o BEE N A IR AT TR
RN Z AR 1) R 5 R e, AR A2 i) o g
N A BB — 29 K

3 SCNP W /Bt ag

B R A T D TR AR AR Y K A%
o SR, R VA 2 R A 1 RO I E ) B AE ) RE >
Ty WA SCNP 1 55 P 48 ) ok 7 1 L R A I N2V
GBI e W T ATRE ) (5D, R T
— B RS T G BE R i

3.1 $EEEX

SEHLVR T 701 e 00T A ) 32 36 R I PR 1Y)
BRI GOKER A W O B IR . B
NCNP [E A 1) &b B 735/ [ P58 17 LA 4 A:rﬁizi
) A S o 2 i R i B ) AR P i R A
FLIR R A PRI RN, 20 35 SCNP [R5 L 48 7]
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Bl5 SCNP & A2 A
Fig.5 Additional functions of SCNPs enabled by synthetic biology

REJI. FRAREIVE F IR MG 7 Ok .

iR A 9 RE & H BT SCNP A BT I K H
M/iR BRI AR 4 i 5 Sy B R A
BT IR A RORE AL, A AR B TR T
FHOG SCNP B8 & 25 LRI fE Jy . lan, HIR 18
HAR¥ HER2 F5 571 CARJEH 5 N CT26 4 w4l
M, F9E CAR-CT26 4, 4 HCH: 41 fifd 5 ] 45 1)
SCNP B[l B4 CAR A3 (5T SRR S A1 B 1) R s 4
I [ 58 0L ) FR) 5 e SR ) Dy e M ROREZH A
PN R 4T e % 1 O I AT B B B 4 -1 (vascular
cell adhesion molecule-1, VCAM-1) &KL DIZELE
S e i . DR, d ol B TR T Bk
13 %8 € 18 VCAM-1 [F] Y5 AT 74 3R 4T I -4 (very
late appearing antigen-4, VLA-4) ] LFE4b 400
JE,  Bef A 2 3 HAH ¢ SCNP ) fii 3 48 E B

3.2 ML

CNP [y s 2 ¥ ia i e h AR RS SR 29
BT IR A AL 25 R T R FTRR o Ak, BA
2 T RO A BE 7T 1 SCNP H 2 2 B GE. &

Ft SCNP &I A F Wi ML Ak BRI (oot 1
Yy EEEAGEAE) LUAJRERNE (i pH. ALk
Ji R A A A A A 2 2 A LS IR BT B2 1 i)
M 7 1 R g

T8 I 7 2 M S SR T AR A A ) IO RL T O, AT g
SCNP -7 € i HUIA B h i TR 25 . RE B
R T-E A 1 (programmed cell death
protein-1, PD-1) 1 # 5 1 40 Mg 46 1= Bd 44 1
(programmed cell death ligand 1, PD-L1) HifANF
[ % % 6 A 5T FH T (immune checkpoint blockade,
ICB) J7ik CAEZ F i -h 8 2N, {HPD-L1 /Y
i 4 bk CanFAn e . b R An . Rl 7 R
T AE) 1] AT 0™ R R AH A R B P,
ZHRBINES R K, Tang %6 7 @ I R TREEA
RAFWE K RIS A B &8 B H B2 (matrix
metalloproteinase 2, MMP2) i 3 4 38 i KA 1 1)
PUPD-L1#iifk (aPD-L1) (M40, s HHA T
I, 55 6 /N KRR B 48 K KL Cultrasmall barium
titanate, BTO). 4> E& 452451, Rk o] fH 1 aPD-
LI 5IEHEHARLE S, BEEMBAR ®REM
MMP2 V)], AT S 8L M8 4 5 PD-L1 M. 5
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UG R, BB BTO 7588 75 4F F il & i1k
GV AR S W e W N L e O B e |
JiL B P T IbK E2 40 PR R R R T, R e
ICBJT 3L, A 200 il 2 5 298 /0 BRI g A= K
. Lin% ™ Wit 7288 MMP2 g i A
SCNP, i i mURE HOZ B ot BRIl , A Ao 58053 1) i
Jo 2 M A0 DT, B o TR O 1 5G4
RS, 3850 9 1Y) 75 3l 27 30

H T 0 FE 0 B SCNP B0 7 - E R AT
e 4 2 K A% O B BT, AE I8 I B B P T e
S PR O R I R (T T il an, ek B
EAS5MAEMESR (W mMaple3) &4 EERIAT
JiEE 2 Th0 B AL 4 N\ O BURGE B B (40 ChR2) ,
A SZELG I 2R T Y AL g ST R T
S IR [ BT Ve N RE 24 AN R T T 4R 2 Th R
i, A RO R e R R T R B T S
7 AR -

3.3 ®RERA®

T US40 M B [ A B, 2 R CNP RAR A
HRESE R AR TRE S HRAh, 4N B AR v an i
5 B AR B S, F R T E ) R 4R
T AT N R X AN TR B, S T AP R
N EE B Ay . Rk, SCNP B ECA fe % 18 15 5751 1
S A 5 3% 28K A R 47 A 2 T 1 B R

5 CD4T T “AERZR” FES5MER, W
T A 3 2 A B A8 D ol A 7 e i % T IR
Moz W MRS MEASES TR “1ZK (et
WS % R G, 858 22 40 i AN 4
W A I #E 9 (outer membrane vesicle, OMV) %5
BN B AR RE AR Tl A R AR R A
SCNP % [f] B ¥ 2 B S VE PR R A Cl o e i
YU BOR R AR KB, BE S HR FH9 H e Bl 1 2 Ak
A R K S PR 50 08 R 5 L DL G
o A O, W IR B A R Gy BORE e A LT
R AL S W ) RE R — PR )R R, {8 SCNP £ 9T
JRRE S PR N AT R I R T e A Rk M U T J B
HOCRE AR B, O N — AR BRI T W h T R
e

K Ho P WOE YD 2 W T SCNP e 28 10715 T e 1)
BB . # I RN TS DC R L [F &1

me)” %5,

/% (interleukin, IL) IL-15/IL-15Ro & &% .
iR AH SS P IR /MHC- T A S IE 384y 7, il 4%
Y MR TR, WA R I R 423 CD 8T 4H i
(58 5510 D SRS IL-15 97 VA B, %
15 A= 4 K 2 1 B A R 0 g B e o, BRSO
R B S T AR, P 22 AN /N R TR DR
Jib R B Y P A K

Yo A 4T (A PD-1 A1 PD-L1%%) 2
TR A 8 R T P B A U R b T RE LR
ik PD-L1 #1 K 8 PD-1 & A %, AL A] DL 58
SCNP 1) i 8 $E 7] B8 J7, 3 B 5 5 4 14 BEL Uit Jie IR
) PD-1/PD-L1 % % k& 25 fd Bh, Yk 5 4 9 40 g
Thie 1

B b IA S AL, SCNP A fit i i 7 3 A8 2% Bt
W N TFREBUR. S R A AR T
PGSBS % T ThBE, AR IR T YR IT A P
[F)yE T 75 T B A R 35

3.4 PKBEBN

CNP H A 55 1% 43 1 50 J5 44 45 & i 3 H 2k
TE IR, DRI AR R RR O 4l PR A oK AR Y
H iz b AT Re 7 A THE BR AR A 2 Foips 22 [
T, BIFMEER. WFEEY. REARE T
PR MR RS . HEr, AR giMIgy K 4
CTI-005 CL3k 75 56 [H & i 24 b M B B R (ULS.
Food and Drug Administration, FDA) #ff 5T 4 81 24
(Investigational New Drug, IND) fitifE, HFiRJ7
fiih B4R P PR 4 B LR B BR B, R T CNP R 4F 1
ik A< 82 FH 5%

Hr BCAE R TR g CNP AT DL A 2508 i 441 i fgs
R &M MR EE, #—PRem
7o BUM/IMRZIH) P2Y |, 52 A4 H0 ] 751 52 i PR T3 7
MG IT MR PE I — 2 2P . SR, K
2R AW o3 50 ML R T R AT OR ™ B A HY I X
Bro I RIEP2Y,, S AL DN TREAL 293 T 2 i A fiE
T R P2Y , 2 A I ), B B A L K
B, WERAHG . BERRE™ED
PR IR W 25 5 AIE 68 R 8 75 2 1 52 1 I A K 5k B R 4
g II Cangiotensin converting enzyme Il , ACE 2)
(¥ HEK 293 T 4H il i 5 THP-1 53 k% 2 fifo 5 i3t 17 b
4, il SCNP. i F 49K 17518 ACE 2 Ref% 35 4+
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P 45 45 6 WR9 5 PATIRE COVID-19 B4y, M # 4% 40
I B 280 3 D) 368 3ok e R 58 1 4 P IR (A TL-6 R
Y B - Wk 4 B AR VR R R ) kAR I A, SR
WrEA T

PR o sh FRE S 4h,  EK SCNP 144 Py 15 2 B
] DA 2 FE 5 B0 B 1 25 6 2 T2 4k 2t SCNP
)% — 7718 . #ill, Pro-Ala-Ser (PAS) J¥3l /&3¢
Ky AT ZIKEEY, HILRIE S
PEG AHAL I A BRI, W] 78 7K 1 BR85S jk
ToHE I 4540, A AR B ) S R B A
AR R LR B A R SR A B . @it
i TR T B R A 4 i 3R T 12 1 PAS JBE ) 41 2 4
UE S A] DA RICE £ SCNP [ P34 FR IS ], AT 24
5 SCNP [ 5 P e 7y 1

Mz, i G BAEY) S T B s SCNP AT T
R ARG A RS 1 s PR o, TR T S A A 2 R AL
IhRE, N HAE IR 27 T I N B T 18
SR . AN, AN ANk R BE TR T
SCNP B N+ & MR Mg, HN%E:T SCNP 12
J7T— RN [FVR TSR AL T S 2 AT R .

4 SCNP fER5IwZ Yy i R

£ AP TCRE T SCNP AT A5 RS ki ey Y
RE WA N2 N 22 D Re SR e 1, A Bh T s iR % Gt 7 v
rEtkzZ. BEMm. ZABHREERR, £
G Ji R O LR O TR R M 9 A I e TR
HARFENE LI ) (R3),

4.1 EiERhE

SCNP &M e 1297 Hh (1 8 H C45 3 12 B
Fo EMIRZW 7T, SCNP #% T B EZ A Whr &
Yy ker I, 38 B [ Vv 0 SRk UG BE o A BRI
JE AL (circulating tumor cell, CTC) & R4 #%
VRAATERL T B E A AR EY, MR B AR
5 o RS RS W00 i 1 2 kAR . N T
FE 4R KA AE E R R B AEKR T ZAMKE
(epidermal growth factor receptor, EGFR) £
BERTAS B (scFv) [ Jurkat 40 i, 33t — 2D il %
A ZE TG A R K FIURE 1) SCNP AE N RE 7 4% 4 35 A i
AT LLSEILXT EGFRCTC 1 & 801 ) A v 40 B2 Al 5k
B R T IhR (1) CTC A 5%

SCNP 1 i J68 4% #E VR 77 77 18I [3) FF 2 30t R 4 1)
L FH A 55 o A% G0 R T 1k 1 O B kR AE T R S A
AR KGR FFEIER . SCNP AT H T H %24
Y. T EEEBON . BRI AN, SEIAR S
JEAE ARG I IS )R e 1) R AR N B 1k,
RS AT e R R RN
(oncolytic adenovirus, OA) % F& 1% 75 T 4 i 24 3t
ECUR T AR A R B T VR AE I R A RIE 5 R Il R X A
HEoRs tH R AR IR T RO . R, OA 51K
o P58 I8 2 A I B Ak 8 7 L PH RS FLIm RS . o
PRIX — ] fR,  Liu &5 M 3 i Kk R T 5 W o) %15
Wi Asn-Gly-Arg (NGR) % Ik f 21 21 o JiE 1 Oy
OA B, (EIH R &SRR T3 15 7E R FE TR OA
OB T AR [F A7 PR L S e B Ak

i T8 4 95 7 3 R e 2 S R SR 0 RE B

F3  SCNP TSI ISIT o I E 28 A

Table 3 Applications of SCNPs in disease diagnosis and treatment

82 g HL] 22 R
A R i 988 S i) TEHESE 2T, W RGD \NGR [35,110]
G gEIT Ik F IR AT SPUAREZ A, BT PD-1/PD-L1 15 54l ; [61,75]
AB 0 P R R/ e T8 4 P 15 0 B B0 P T e, R T DA [79]
AWK S IE HI [1) F22 figt AB 0 1) 2 14 VILA-4 s ML /N 565 200 0 45 (84 4 R 8 [ R G VAT [81,111-112]
Gl
SRR 1 FpR g JE A BN . 52 A4 /e A /A, i 2% [87,106]
WO G JR AR B R S B R R AL [113]
B G2 M i) e o BN B2, 11 0X40.CD40, FELIT 4 05 805 15 5 [114]
PRERATYERR SRR B B S B I PR T A SRR  AB AR IR 43 F, 4l CCR2 [78,115]
RS/ B A TBHRHE ) 437, W CXCR4\ALN [90,116]
rH ORI B R Tt FIE R N SZ AR, 41 RANK [117]
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JigRE, LT SCNP I G B Ak 25 o5 HL Ui R i 98 928 1 7
BT IR B R . R R IA 2 A Bl Ak
(1) SCNP 1] LAPAT 40 f (5 5 5% S DhRe, ik i i 15 42
ST 1 G B S PR . — S iR A i A R R T 3Rk
PD-L1, it 545 4 PD-1 17 5 208 T 48 i #6355 ,
e 30t Fip R g ik . S G AR 2 2 FELIBT /& SCNP
Wit (5 57 1A . S TR AL K G R A
PR EYSZ A A LSS, SCNP REA% I 16 Rg 440, #
FZBH Wt PD-1/PD-L1 {5 5 4, AT 020> fi 989 40 ffa 11
Ga e, BT ST . Yin 55 Y JE I 18 0 B
YL AS PD-1 1 ik (1) T ARk B 40 R s, A %
SCNP it % Wi [ i I8 T 20 58 1A 1) 22 M A B8 - 1 2
I i B P, BHLT PD-1/PD-L1 15 5%, 32 & KR
RESH IR 1197 20 (B 6) o

BT R AR MR )RR FENE, — L CONP REW
TERNZE S IPUR 2, SIRAIE RN, @A
B ) 2 F B AE 200 3R THT % 98 e 8 o S M R
BCH A S % WOE Y, Re gt — A0 1Y 58 SCNP 2 1 1Y)

PR AR . Bl dn, i 3Rk URIE & (A 1 CDS8O g fih
J68 240 PR PSS ] A B0 e R R S M e R B Liu
2 T BT Y ASPIRE iR % 1 Jl i 7F DC 2 i 4t
FIXMHC- | « PD-1HufF1 B7 Sl sy +, ik
iy 470 SR 5 36 A OO AR FIFE SR Y T 40, %
I HE 3 ) IR A DR

4.2 LIMEKRRE

ORI T FZEFER 2 —, 1M
RAEAE 2 FhC ML B (NS ks FEREAL 5D 1
RAEK B REREEER . Bk, B RIEE
Ir] 455 1 1) SCNP 7E /O I 5 95 8 1297 v B MR 1
71 RERM/MRATIE L P-1%£$£ % . CD 44 FICD 47
S BB RE e R A e 2 AL, el iR TR R
K 1/ B 5 R 5 A HE AT Rl ) 2% 0 A R BT AR
(P-Lipo), wH T ksl #E A4, Catherosclerosis,
AS) W R IRREMANIE ST, B WAL A 1 &

*/[{% ;Eé_[%— 591 ﬁz‘;l; [119-120]c

Fabrication of PD-1-MM@PLGA/RAPA

PD-1
expressed
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d
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CEL W21 i 2 23 K AN % 125 10 i B B S DL AT i 326 I B S TRRAL Y PD-1 i A8 52 4 M 455 PD-L1, A5 2 BT PD-1/PD-L1 {5 5 4D

Fig. 6 Schematic illustration for preparing engineered macrophage-membrane-coated nanoparticles with enhanced PD-1

expression

[61]

(Macrophage membrane-derived NPs permeate the blood-brain-barrier and conduct targeted drug delivery; in situ engineered overexpression of PD-1

on the macrophage membrane competitively binds to PD-L1 and effectively blocks the PD-1/PD-L1 signaling axis.)
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HT G T 0 B S S A SRS B A B 1 X
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B7 EW Qﬁﬂ’ééﬁiﬂﬂﬂ*ﬁifmﬂﬁ%ﬁ*ﬂ"?m s1RNA1$1£/‘ﬁF Co UL Fe L P VR 2 A 495 1 P
[(@) MMM/RNA UK BORL ] 2 75 73 18] o i85 4 i HA A1 RAGE FO B0 5 5% Qe b i TREAL B4R . (o) Lo UL I P EVE A B A kv 5
MMM/RNA G0 KGR 7~ 5 o UL I P 458 4 2 W8 5 DR I v ) e PR A, 3 8 v ks 4 A8 S0 DR BT S T00A9 A AE R 7. MMM/
RNA K UL 5 8 1 RAGE % S100A9 ¥ BB 2 54 S0 UL 47 X 38 . MMM/RNA ZR9AKB50RL 4 v L 20 B A 0, 38 3 8 2 1 HA S
BL AR, K siRNA #4532 240 i 5 ]
Fig. 7 Schematic representation for MMM/RNA NPs-mediated siRNA delivery to treat MIRT®"
[(a) Depiction of the MMM/RNA NPs preparation. Macrophages were transfected with adenoviruses encoding for HA and RAGE to construct

Nculmph}l phagocytosis

engineered macrophages. (b) Diagram of MMM/RNA NPs injected into the tail vein of myocardial ischemia-reperfusion mice. Myocardial ischemic
injury recruits a large number of neutrophils in the blood, which activate and release S100A9 inflammatory factors. MMM/RNA NPs rely on their
cell membrane protein RAGE to recruit to the myocardial injury area along the concentration of SI00A9. Neutrophils engulf MMM/RNA NPs, and
MMM/RNA NPs rely on their cell membrane protein HA to play an endosomal escape role, transporting siRNA to the cytoplasm.]
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