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Fig.1 Schematic diagram of cell membrane biomimetic modification nanoparticles for tumor treatment
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Fig.2 Schematic diagram of cell membrane biomimetic modification nanoparticle preparation methods
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NK 4 A —Fp O Uk bk L 40 A, HOm i S
WAL AS I 20 MR TR e S, e it &
B e AR 4B R RE ) 7 S5 T 4l
ANTA), NK A A 38 2 A i 3% T35 A 1 A2 4 .
PR IR 4 ML BE T, O HICRS FAe kst nT LA
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JERES . BRI S, XTI IER T NK 20 i A4
AN K B IR R AT I T, X R AE
YRGB R TR AR
3.1.5 IRAG AR AR B4 KA

ZRANIEERISE RBC, T4, PLT, )
YN, AN T TREARL, PP B RS
A HRFE T RE S BFIE N D 220K 2 Fh A i
PR G AR, HIARAIREEYRR, X gk
YIARAGEE 250, A B TR TR . He 58
Wil T —MiR A A BB M AR QUK R SE, I
2 4 Leutusome. 1% £ 48K i Jot AR 40 K AR0AE 4%

L, RIEEAARA/NE4EH (J774A.1) ik 5
FEAME (HN12) B9 BEZH 5> . Leutusome f# 84 T
JT7AA.1 FTHNI2 BB 1, ] LATE M R B ]
P, IF H AR L R AE Ble M i fr, R
Leutusome ANMYAA T H 40 it it e 72 3k ke D R iA H
Hom A R R m D RE . bAh, R PTX 1Y
Leutusome ] LA RCHB AN PR A4, RIS AR 5k
2 B PERERIER

Gong %5 ¥ ¥ [ W4T ifs RAW264.7 i 5 7L AR
AT AN ARG, A T I 40 e A B TR A5 ot
£3%% 1Y) DPLGA@ [ RAW-4T1INPs, ] TIAY7 I B
FLIR I B i %% % . DPLGA@[RAW-4T1 ] NPs fit) %
T A RAW264.7 FIAT1 M0, i1 T ad
Bl ALK AR W s 35, A R4 R 5 i 2 4 v
T DPLGA@[ RAW-4T1 |NPs X % 7% it Je i) 4 [i1) fiE
J1, TWi4T1RERERSHE ) R AR, il EAiT6e
% F B BRFLIRIE AL TR . INERIR I  78
RS2 86 2, DPLGA@[RAW-4T1 NPs # T1&
RFEFROLE L, I 8 10) LRI 1 it e B T o
[ ik DPLGA@[ RAW-4T1 |NPs i 715 i #2 ff 1) 4k 27
BT, B2 88.9% BT AT, XIHF5E
FFUBE R RIRIT IR B T — R TR I T
3.2 BhERSTT

Y8 713697 (photodynamic therapy, PDT) J&
— PR TG I ARR AME D S, 55 GG
VEPEE MR AUIEA MM, X TOC IR Y IE H 41 8UN #
PR/ O BT VR A O W IR A R i AL A
(near-infrared, NIR) OGRS T r=A#im, F2L
T A MR AL 2T IR R A A R T A T
S, MNP Y T AYIRR TN R,
EEVFZIAKM B, RS IREER | ARYUKR
WK | BRI R . 2 RIRR G W KR
2 00— RGN RSB M E G VAT 4N KR ) 2 T
IR T NPs BT A i fE

Peng 55 ' JF & T — Fh RBC A ¢ 19 2 A
DOX ) & & + W5/ A 4k 4 (prussian blue/
manganese dioxide, PBMn) 4K %Ki, £y £ M
PBMn-DOX@RBC. X~ & 4 NMUHAA K 1) 4
G EREFIE], AT LR G 7 F b 227 s AR 2
G, A HER MR RIVE R . Rl A A A
W, RBCJEAL# 0 NPs 7] DL F IR e iz sy .
Lean, 4 Fe,O, i M40 Kok A1 RBC AT A 1) B8 v
AR E T, il A9 RBC ALk 1) NPs th 2
AR EHGSTFRCR . 74k, RBC B8
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SAKTE, At nT R g RE O AR Ak 2T
2, RBCZ M T 5 M Ani, B RN
(AR B IR I8 120 d Y. RBC R mEA £ 51
. BAS, AR AR bricy
W CD47 & 11 %, 554 RBC [ 3% THT B4 1R 1 M i 1R
B4y, AT RAAT 0k 20 IR P Rz 28 48 % RBC 18144
KKLIGEEEL,  FE RBC B 44 K (A P AIG ER B[]
JFAH FLRB S D6 ST BR 7

Ok % 48 K R (polypyrrole nanoparticles,
PPy NPs) 7E NIRH&RG T2, Bz H]
TR e Y AR R, R TR
4 RBC F1 PLTJIEiff) PPy NPs, 75%]PPy@[ R-P|NPs,
Al DL E H27E NIR T A58 s 4 i @', JHorp RBC-
PLT IR IR T PPy@[ R-P INPs {4 P K ARG ER i 18] #1
M EE . 2 RS PPy@[R-PINPs 7, 7
NIRBEOCIE T, Sl S iimas, M
R, TAEEPLTRE, KEPPy@[R-PINPs
BRI ZEE BB AR BT, P38 T NPs 7R 4141
H oA, DTSEEL T S IS PSR

Wang 45 15k [ RBC Hl BI6F10 1Y i 2 i
BT AT 25 O i 4 B A 9ok L R
R IR EE ST . S Ah, Jiang & UV R
RBC 5 AFLIREANM (MCF-7) BERhA 7 —i,
il i RBC-Ji 41 i i & AL 4 1 NPs R 458, 15 %
Melanin@RBC-M, H T Mg CHa2YT . RS
WA IR A R AR 1, b MCF-7 B o3 i)
1P 25 149 558 Melanin@RBC-M 1 [6] B4 ¥ [a) B8 77, 1)
RBC i 1% 53 AT A 20 /0 B g 48 il % Melanin@
RBC-M YRR, Jfelcss Hm g g st o], sesk, {4k
HMERE 25 R, Melanin@RBC-M H AT Fifi %5 NPs
R (64~148 nm) ¥EHNTE R AL H (5, JFH
U R KAE 680~800 nm FEFEI A, G PRIGRE S
NPs i 2. 19iH] Melanin@RBC-M & 3
HE R G e L e R BRA2Y T Tl

i RE AH 5% B 4T 4 4 @ (cancer-associated
fibroblasts, CAFs) 2 [IfJe i PR 5% Hh Mg 2 o 40 fifg
M) EZRER, BN IR IR I E R
—o — 7T, CAFs b2 A K A Fgn i K+
WG IR A R 5 L Tk, fEb A AR, B
JkA . bR R RBTErEAE S —
CAFs 3 23 42 [l b 987 40 ffg It 7= & 40 g 4h 56
(extracellular matrix, ECM) BH IF 2543 A e 41
JiL 2 B CAFs #4181 O 4 i Jed 200 A 1 47 38
b, BHARPUIER 2Pt AR R FEVER . R 200

UG 0 BT CAFs MR HEA TIRYT . A Li 55 1 1Y
W R, (LB 5 B NPs 7] FH 48 ) A1 R 5t
CAFs, 1 B i Jeg 25 5 (%) A5 P AR B A FH DA T 3 5
NPs IR &R, W5 2, #OLHG ZoF16Pc &
RRNVREAGIKRTET, SRR E T et 4E 40 A
& A REE T AR X 5 Bt (single chain variable
fragment, scFv) J¥AI & B gkE A Fm, 153
scFv-Z@FRT., J5ZL50 5% W, scFv-Z@FRT A] L)
AP RO A S PDT, T8 BR R i) A%
LFYEZMG, $95R NPs [ R 6 5 5008

Hedft Li &5 1 B T — P Ak ) Bl 2T 2 4 g
(activated fibroblasts, AF) A4 AR 8% 1Y) 2 S
B A W 40 Kk K (semiconducting polymer
nanoparticle, SPN) HI T s M0y, XAhFR
) AF-SPN [ 44K 525 )0 45 5 A7 NIR WA 2 5
KRB AW (semiconducting polymer, SP) #l AF 4|
MR, SPAERIGIF WA, AR LU A H T 1
B NIR 7, AT U™ A 5% 1 T PDT A
PITFIE . FREAHE AF 40 A R A 15 NPs [R] 541 =)
CAFs, {2 3EJ 40 i B (1) NPs B 21 P it 4 580k
BWHNATT IR Ak, HA 2P Asagsa aT LU
XA AEGREGYIT, 5IABRBOLS RO
Pk ZRAIRIT W&, IS R AR Y
Ji547 98

A, B A M K 5E (Au
nanoshell, AuNS) F 4t il ] H T i3 o6 12
7 1 RGN MR, i HAE NIR SO R
SR, WA E R AuNS 7] DL AR SRR
BRI RIEH] . SERAIEN], R GEAT LIRS
A 1l SRS DX S PR ) IR A, R R e A
Ko A, Meng 45 107 K L 05 20 i A i A R I
SR FLRBEAE Fe,O, 9K A I, R &1fi NPs
HAT R g RO CHaZ T B RE T . AHGER, T
1 R 8 R P A AR RT TR 8 e % 4
ST IE AT Y 3 b, R A RS A Y
NPs [A]#E ] F i ey, i i 2044 0
WEH 2% (indocyanine green, ICG) 9 4 it JR 1
B A ARG KR, AT T AR 1 R R e
HHYTI
3.3 MEREiaTT

NK A1 Ry —Fh e K G ie o 4u i, HAE i
SR PEEIR T GG T T Iz RO Y, NK 48
JHO T LAGE 3o 53 A 45 PR AL PR 5, An e SR AE I 5 o
(tumor necrosis factor- o, TNF-o) ¥ 37 4 $& [
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g R R R S 3 41 MY (antigen presenting
cell, APC) MYRG, HETT T T 4 M A 58 b7 240
JiL S FEBUMR S ity b, NK 4R AT DL &
F3 058 A4 i ] A8 ML S AR AR Ak, 38 o NK 21
MR AFAE R R (41 RANKL 58 DNAM-1) #1
) HbRAEE . T NK AT LSS M E
YRR AR AL, DRI RSA RE S VT A A A4 i
Z— 1 Deng 25 1 3T NK 40 i )5 A= 16 1
) NPs, RINK-NPs, FHTMiEwiginsy, e
FESYKE L ARAS U IR Y7 8O . NK 40 i sl
NK-NPs 7¢ 98 m 5| & 0 41 ) 42 % PE M1 E g
AR AL, DA P A A0 RS 5 B TR . T
A, B3 AE NK-NPs H1 %) TCPP 1] L) fii % PDT 15 5
G g2 RN MIAE T, FF IS APC AR 473 AH OC 1) 43
T, $EE NPs UM RCR,

PR g ie (dendritic cells, DC) 7E45E KR
EP R E mEEAEH Y, 24k, DCEIE
A i EE A APC, 3T DC P i it i 1Y 1
R, AT RBAEIRE e ey ik h R R EAE A Y,
H230T Cheng 45 1) SE 3 4R B0 A e R TF 2 T —Fib
i DC M0 AE AR FE T, BRI DC 248 i i Aes
M3 7 4k 1/ Z-2 9 PLGA-NPs |, JF& i DC 4l
L BB M gl KR (FR R “fBL DC” ) o X
“IHAIDC” BIYKBETT Ak 7K T DC A M B EE 1,
TP RSB T AR RE ST, HAER N
PRAINEE T T AR TE PR o e B SN U A
5558 DCREW AR L, “fR DC” X e 230 At
SR TR T DI, LS AR Mg A R i
R R VR . XS R BRI, < DC” W]
LA Ry — o 5 {68 100 A R0 4D 8 14 A 398 iR 0 9
Jrids

Jiang 5 " I T — AN FRBIHLHAR IE CD8O
B TR R, A0 AE A% 7 S 2 R B A1
BT S H SR SR IR TR LN Y
P HATEAE NPs R, 45 T AR A B g oK
R85, HTRIERIEIRIT . %0 RGIET A RN
MEfY APC 5 G 9Kk APC #4447, HA i
2R T AETE AL T 1 o TEARSMREE I 5 )
BRI R RAFPUEIER, A TIiEA
HEAIT L

4 REHREE

A0 7 A A R O AN RORE A 240 I R 1% 2k e
RE, AN S ekt | A DA SEE AT BN A ) i e g 4

], XA BT NPs #5747 19 25 W0 A R0F 82 F i g 3
£, $&EMIREIRIT R . AR T CMBMNPs
FEMIRR IR S PL . H LA A ik AR AR A
W J7 %, 5 B 20 eSS ok TR 40 L A1 45 . RBC.
PLT. /400, T4uffd. T400. FWE4lE. NEs.
DC. NK4fes5. HAEELIM . NEs. DCHINK
G0 M E S B B AR, Fh K 2 R R TR A A
CMBMNPs BE 0] 2 5 g #t i fb gy, T2 5 e
NHASYT IR PE VAT . THIM . PLT. T4 o A
2N R LA g e, T RS A A AN ok,
T g # Ak T . RBCAE S — Rl L ik gkt 45
PEVERRIVANME, )2 T B GRAR A T i
AT ARG . IS, AT RUREE G
I R A AR, S — T, i IREA
() P 200 LRSS, AN () At B B ) Dh e itk — 2 T
NPs 1, fefE(H NPs 26 g6y h R HEERAIR YT 1Y
e

YKL AT 5T fe 2T BEE I RGBT, i Aa
FE L B A B RS A KRR — S B PR
7 S LTI B (1 == i I g o e
NPs, XX —[m@, A0 r=Re ) A 4 i
BB, MRS R EAIEERIR . HH, Hil
AL B0 . SRR IS AN R B YR = I
AN, TEEEMN TR, Fif, Hhk
e T 1 4 L S0 4 NPs AR A e Tl Ak A 7
MER) IR 2 —

CMBMNPs 7E 6T 5 T 2 28 Wos ORI T
IR RS, SR g X IR 78 e s AR e —
AMERT, JRAEE— SO R sl B A 28T 200 M S )5 A 4
T NPs H AT LSS &A1 A IR 253 BE S IR RO
SR Z IR A A 1 {E 7 BRI SR BE b T
{14 1] 5 W s A E03 1Y ECM,  NPs JovE ) Jis 28 12 i
SR I Y R, R PR R A 2 R [
IR ) A TR, T T BRSBTS [ g AR
AR BRI ZY 5. 7ish, BARENT
OV R, A0 A i i NPs FE (R N
BA RO EMBEERHERSE . 48, 40
BARMERE, (HEN IR AR A P2 23N ATh 7
BATHIMITE . R T A0 I A A A KR R 28
HISRAFE R Z 0 E A, R I 400 e A K e
X B R AR W ) e T B — s . IR H
CMBMNPs # 7EFEFIIEAE R R ER, (151X 8L
JFE B A P A R (R VAN, A 10 7 A
FH AR AT 40 0K 25 ) 33F — 0 58 48 78 W 0 L i
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Hp (2228 A SRR AT ST R N — A B e =
SR A e AR W) 2A I BE R CMBMNPs, A i
% CMBMNPs 7& filt i B rh AL 8, I HL 4y e

6] T A8 B2 B RE ), 8 B B i BOIR T ROR -
CMBMNPs % Mo — A E 2R R, 52
WA Tt — PR i R

Table 1 Cell membrane biomimetic modification nanoparticles for tumor treatment

F1 AT AT AR E &AL
Tk NPs{A & NPsFh2 2 R il % 7k iR 25 Y i;
feggim ) cske-PPiP /PTX @ Ma cskc-PPiP S BUST & FLI L6l
fkJ¥  NM-NP-CFZ PLGA NEs s FLI [65]
DOX-QDs-Lip@M IS 44 BUHT & FLI [25]
LLV EZREZLP S SEN! LmE PR [17]
CCMNPs PLGA B U A BUbHT B3 [27]
PTX-CL/NEs JIg 5 A NEs Wi E Ji2 I Bk R [33]
NNPs PLGA NEs BUbHT & PCl ] [66]
NNPs PLGA NEs BUbHs it e e [67]
TPNP PLGA Ttk 240 HURB & B [74]
NKsome Jig o e NK4 il BT LI [82]
TRAIL-Dox-PM-NV KR PLT BUbHT TR [48]
MSC/AKIR R 5t DNAT%W&E%W?K i) 78 5 -4 s L I k4 R [59]
SEMEL
MSC-Hjiz PR3 T4 BB I H U [60]
SCV/PLGA/PTX PLGA T4 BUbT & FLI [61]
MNP@DOX@CCCM Fe,0, 44K KL Jesh 20 VIR €7 a0 e SRaniusE . [52]
R
CCM@LM AL RGO R RN BUbHT & FLARIE [40]
Leutusome JilEP5iRES S E U= ] Wbk RIRCN ¥ [86]
DPLGA@[RAW-4T1INPs  PLGA S22 O W e ) B TR [87]
R4 ICNPs PLGA I 2 UM BN [54]
#J7  PBMn-DOX @ RBC ARG RBC BUbET = FLIE [o1]
AF-SPN uSPN Jer R A O BT 4 4 i BUbEs = T [105]
MPCM-AuNSs SRR Bl BUBET & SR [106]
Fe,0, @ MM NPs Fe,0, 494k ELRg 41 HUBE T [107]
Fe,0,@PDA-siRNA@MSCs ~ Fe,0,@PDA 4k T4 BB I HI 51 e [108]
NPs
CM/SLN/ICG ARG KR H PR 4 A A [109]
(SLND
Melanin@RBC-M RSER 7P/ 1A RBC. AR BUbHT & FLARIE L101]
PPy@[R-PINP PPy NPs RBC. PLT BUbHT & i [99]
Jga s S-CM-HPAD NPs HPAD BasES e PR I ROER [14]
¥a¥7  NK-NPs PLGA NKZH i BB LR [23]
CCMF-PLGA NPs PLGA T4 BUbHS & B2 J5 B4 e [50]
WAIDC PLGA DC HUBHT P L [119]
AP-NP PLGA R R AN i RSl ST [11]
iR RBC-UCNPs UCNP RBC HUBHT SR [125]
RBC-MNs NORVALTILP/S A RBC T Ak L B LI TR [92]
37197 F/P-RM: Us/PS UCNP RBC UM & RO R [126]
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Research Advancement of Cell Membrane Biomimetic Modified Nanoparticles
in Tumor Treatment”
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Abstract Malignant tumors had always been one of the main diseases endangering human life and health. The
development of nano-drugs had the huge potential to ameliorate the prognosis of malignant tumors, particularly
by modifying the surface of nanoparticles with cell membranes, it was possible to obtain effective malignant
tumor treatment. Biomimetic modification of cell membrane was an emerging way that enabled nanoparticles new
biological functions by coating different cell membranes on the surface of the nanoparticles. Many studies had
shown that cell membrane biomimetic modified nanoparticles retained the complex biological functions of natural
cell membrane while displayed physicochemical properties that were suitable for effective drug delivery. They
prolonged blood circulation time and exhibited lower immunogenicity compared to traditional synthetic nano-
drug delivery systems. Modified nanoparticles cross various biological barriers and even posessed specific tumor
targeting as well. Based on these properties, cell membrane biomimetic modified nanoparticles emerged an ideal
drug delivery system for tumor therapy. In this paper, we summarized the recent progress of cell membrane
biomimetic modified nanoparticles for tumor therapy and discussed their characteristics which included: excellent
immune escaping property; high drug-loading capacity; specifity of tumor targeting; outstanding penetrability for
blood brain barrier. Then, the protocols of preparing cell membrane biomimetic modified nanoparticles and
characterization analysis were briefly introduced. At last, we demonstrated the positive roles of cell membrane
biomimetic modified nanoparticles on tumor-targeting therapy, tumor photothermal therapy, and tumor
immunotherapy. This review provided guiding rules of methodology and theoretical basis for studying cell

membrane biomimetic modified nanoparticles in tumor therapy.

Key words cell membrane biomimetic modification, nanoparticles, tumor treatment, immune evasion, target
therapy
DOI: 10.16476/j.pibb.2021.0038

# This work was supported by grants from the Natural Science Foundation Project of Chongqing (cstc2019jcyj-zdxmX0009) and the Fundamental
Research Funds for the Central Universities (2019CDYGZD002).

## Corresponding author.

Tel: 86-18002324926, E-mail: tieying yin@cqu.edu.cn

Received: February 6, 2021  Accepted: July 8, 2021



