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Abstract: The development of nanotechnology has made it possible to develop safe, efficient, precise and
controllable drug delivery system (DDS). Among them, organic or inorganic synthetic nanocarriers have been
widely reported and used for the delivery of tumor therapeutic agents. However, some of carriers have several
problems, such as easily eliminated by the body's immune system, difficult to preparation or poor safety in vivo. In
recent years, with the development of biomedicine, biomimetic technology based biomembrane-mediated nanodrug
delivery has organically integrated the low immunogenicity of natural biomembrane, cancer targeting, and the
controllable and multifunctional of smart nanocarrier design. It will achieve a new breakthrough of nanotechnology
in cancer targeted therapy. Based on the recent advances of cell membrane-derived biomimetic nanotechnology and
the nanomedicine in the field of cancer therapy, this review discusses the three aspects including the experimental
basis of cell membrane-derived biomimetic nanotechnology, the classification of biomimetic nanodrug delivery
platforms, and the application in cancer targeted therapy. Therefore, the review will provide reference for the
design of smart drug delivery system and its development in cancer targeted treatment.

Key words: cell membrane; nanotechnology; drug delivery system; antitumor; targeted therapy

JEAE LR 21 T 20 B N A R 5 2 (R

ok H: 2021-08-24; &1 H #: 2021-09-27. Z Mo ARG IR YT 7 A B AR F ARG
W4 H: FHER (BX) &1F 5505 H (81620108028). ST RIBOT o« o, AT R f i F R RE VR T SR IE 2 — .
*HIAE & Tel: 86-571-88208437, E-mail: gaojianqing@zju.edu.cn; ORTIT. AL 250 1 T K e P 22 < JPh B B [ R 3 G AT

Tel: 86-571-87784529, E-mail: xudonghang@zju.edu.cn

DOT: 10.16438/1.0513-4870.2021-1231 U EE AN RSN A5 SR 0, B R b PR T L PR N



- 86 - 245544 Acta Pharmaceutica Sinica 2022, 57(1): 85 -97

FEIE 2 JUAAERIWTTE b, R EORTEAS [R50 12 W
AIG T U B BR300 ko BT s 2l
VAR B AT RS A 2 R A TR A LA A
AN, IS B TUNR 257, T HETH 2590V it
JE R VE AN O 2 3 2 A SR T R R T, B
TERI AR 250380 B A S 245 ) IR0 A A0 i R 2 44
BRI SERFE, DK 2 BE 4 TR T 2. BRI, T3
RE A0 A 1 (0 4 1) 25 W) 33 15 R 4t (targeted drug delivery
systems, TDDS) % 52 2 4F 70 & 1) & bk, HLAH 15 224
o ORI 225 T 428 (1 2 3k 1 O T e BRI, K2
K AR N Ah KA 5T 2 BEHLAR N IR G 9% 5 G2 TR Al
AN B, 9 K AL 38 e 3% 18 1 A S K HL A it v o B
A IS 18] 3 SRR T8 L 5], AT AE 52 0 R [R] I
DA R SORES g KORL ¥ 5 £ % (polyethylene
glycol, PEG) T4 15 B 46 41F W] 9 /b IR P9 Je 2 4 %
AR B o (H AT S SR ) — e B SR L, AR
PEG L4 K KL AT RE T 3 G B8 S B, S T 2 3 490 K AL
R BRU. U AL, G KL T 75 0 4 17 B 0 0 AR T
FeR e, SRR & R R A BRI, a1
R B 22 A A RO ) A A ) 40K 3 24 AR
4, R MR R 1R T .

2 i R e A R ARG 8 /N 73 1 B TR A%, A 3
BRI T DAy B S B v 24 ) R L VRO A R TR
LA ROR AN FE R B e Qe . Gao PRSI E 2010 4F
S TR A0 B A D 1v) 3 124 3 MR T R ) RTG
I7, EE TR T AN AR B A R e Qe R IR
% A 0 0 L A e A A R (R I e A 1)/
BB AY e, HE2H R) 78 5 T 48 i (mesenchymal stem cell,
MSC) it e 55 Wi = 25 N 4 i 1% 28 Jik 4 S T X 25 40 |
BEREBR AR PRI, ik
AR KL AT 2 E MSC i Cx43 i 3k, #5808 A JE [ AT
A AR T o J 0 /S B AR A RN A, MSCE ]
HEIPUMIE 259, Q05 A2 (paclitaxel, PTX) 44K
L FH T i 2 S8 R [y g7 e AR, Vi A R AR B MR
IR PRAFBNE R R R b, TSRO E RN,
LR 50 JE B PR A7 — S A A L 28 AN B0 102
[ AR, e 3% 40 1 24 W 3 R SRR T AR AE — 25 A 2, B
175 24 ) RT3 2 A5 4 L v P A AL 251 R JOHE
DA ] | B 10 24 0 2 52 T 40 L 1 B ) P R AE B i it
T e 25y n] g o Mt BNk 2502 Oy TR i 4
ZAFAE R, —h E T T R 40 B 8 K SR E R
52 BB T KT PR, 2011 4F, Zhang VR H Ik
RIE 1 20 B AR, R LA B SE AR (FLIR- 4
FiE 12 3 ZE W) [poly(lactic-co-glycolic acid), PLGA] #
M AL HE 2 A A% 58 A R 11 4 e

K ki (cell membrane-coated nanoparticles, CMC@NPs),
SEIL T KA AR BRI E LGS A, R
RN IS L . FEIX — 4K R, CMC@NPs 7] PADh 25
B R 20 i, AT 6 dE % R G R I 4 K AR i
%) A0 PR B[], 33 o fi 988 B2 [r) 1) v 35 0 AN 3 BE R0
(enhanced permeability and retention effect, EPR) s& iF
WL o [FINE, DR AR A BRI 1R A2 % i S R 2 TG A
AT LI #% 2 CMC@NPs 1, f#43 CMC@NPs B
HMAEF A =R . Bk, AN TR 28 2 1) 2 B i ] A
X T CMC@NPs £ Fh DI fg, SCHlH 2 FEAL AR N 2B )
SEAT NP I 212 LA 1 94K KL (red blood cell
membrane-coated nanoparticles, RBCM@NPs) 7] i 3
2 RG AR A E, ERARNIEIR, B 2530 7
SAT NPT PR 4 P R L B 1 49 oK KL (cancer cell
membrane-coated nanoparticles, CCM@NPs) E 4 [F] &
S B8 77, 1G9 25 W) 15 e 98 2H 2R ) SRR D, G 2 g
B0, ) A K s ] R A P B 3 R T R, ROR
KT AW B RIE IR, e Ah, 20 i Rt B A 1) i g
TR AN 2RE FR AL VA S B ), A TR 2 MR T #
AREST BT A BRI 2 DI REAN, KL A% AT AN
A BT T AN [F) 25 W 1 e 8, S B e ) 40T L ek
J7 ¥ (photothermal, PTT). Y5 /797 % (photodynamic
therapy, PDT) LA & /83 BA% 55 DhRe (& 1) A itk
A 29— A T S5 1) 8 B0 ) #1048, CMC@NPs | & 21
A BE LT I T I TGS . AR SR SE T CMC@NPs
(R Ae 3 5 AR A 77 v DA R A7 AR BRAE IR B2 18] ¥R 97 B
B, I3 — B R T BT AR BORAE I R R Ho Y
Bk B o

1 HRERE {4 R ARAY SEIG E Atk

1.1 HRERAENRAEIEE CMC@NPs 14 i
JIEFEEAA A B AR LR T L T E b
R 77 =02 B ATl 2 CMC@NPs &0 A R 7E5,
26 2 T 11 2 I, 3 S e DR R A 1) 48 3 AT IR
5 P B S VR R Ak B DL SR IO B R . T
i AT e B2 ZARE A, — R FEHUORIT 25 1) 7 =X 4 g
JERE e 3k J a0 22 L S R TR IR I 5% e, 3R A5 48 i JlE
TR . B, K 40 MR BT AR 1 3890 5 P ) 46 1
YN AKRL I R % AL S 455 R B0k, DLk — B 3R 45
JEAT AR A% - SR GROK R o 3K P T LA % I (4 i 7 =X
FEWTFE ), TOiESCHA 25 . TR EG, A — S i
K FH B Ay 15 B 1 R S V2 ) 4% CMC@NPs™ ), SR 17 it
FE VA 2% B AL A AR AT AN ORI 5), HL R 8 il Tl R
UG R F AR T . AR, TR L LR A
RS K A B o 6 T A S O . IS I R G TR
SR ALY A IR IEIE (S TR Gl L LA



SEAAE s 2 05 A A K AR TR iR L 17 33 24 R 4 P R T - 87

Drug |oaded core

Mesoporous NP

Polymeric Np Melanin NP

B o m Ccp47 y Antigen

2 Exogenous “ Adhesion
- antibody molecule

Figure 1 Various cell membrane-coated nanoparticles

(CMC@NPs) developed for cancer treatment. Cell membranes
were extracted and leveraged to wrap around different types of
nanoparticles for cancer theranostic. (Adapted from Ref. 42 with
permission. Copyright © 2020 Elsevier). PLT: Platelet; RBC: Red
blood cell; WBC: White blood cell; CD47: Cluster of differentia-
tion 47; PDT: Photodynamic therapy; PTT: Photothermal therapy;
MRI: Magnetic resonance imaging; NP: Nanoparticle
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Figure 2 Physical method of cell membrane coating technology. Extracted cell membranes and synthetic nanoparticles were coextruded

through a porous polycarbonate membrane. (Adapted from Ref. 35 with permission. Copyright © 2019 Elsevier). MOFs: Metal-organic

frameworks
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Table 1 Strategies for preparing CMC@NPs and their characteristics

Preparation strategy Approach

Merit Drawback Ref.

Coextrusion Mechanical force Uniform particle size; Time-consuming process [26, 40, 45,
great bioactivity of membrane 48-52]

Sonication Ultrasonic waves One-step method; Uneven particle size; [35, 43, 44,
high efficiency irreversible protein damage 53, 54]

Microfluidic & electroporation Electric pulses force Uniform particle size; High cost; [38, 46, 47]

high efficiency

irreversible electroporation
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Figure 3 Schematic illustration of RBC membrane-coated dimeric prodrug NPs [RBC(M(TPC-PTX))] for light triggered on-demand drug

release and combined photodynamic/chemotherapy. (Adapted from Ref. 49 with permission. Copyright © 2018 American Chemical Society).

TPC: 5,10,15,20-Tetraphenylchlorin; PTX: Paclitaxel
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Figure 4 A: In vivo time-dependent biodistribution of PPNs and CPPNs in 4T 1-breast-tumor-bearing mice detected by fluorescence imag-

ing. B: Ex vivo fluorescence images of major organs. Lanes 1-6: heart, liver, spleen, lung, kidney, and tumor, respectively. C: Quantitative

analysis of tumor and lung accumulation of PTX in PPNs or CPPNs. n =3, x + 5. D: Representative fluorescence images of tumor and lung

tissues at 8 h after intravenous administration, respectively. Scale bar = 100 um. (Adapted from Ref. 39 with permission. Copyright © 2016

John Wiley and Sons). PPN: PTX-loaded polymeric nanoparticles; CPPN: Cancer-cell-membrane coated PPN
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Figure 5 A: Development of cracked cancer cell membranes (CCCMs) and NIR-responsive carrier-free nanosystems (DICNPs). B: Sche-

matic illustration of in vivo blood circulation of DICNPs and their preferential tumor targeting and enhanced chemo-photothermal therapy

upon NIR irradiation. (Adapted from Ref. 69 with permission. Copyright © 2018 Elsevier). NIR: Near infrared
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Mesenchymal stem cell PLGA nanoparticle loaded
membrane vesicle (PM) with Doxorubicin (NP-Dox)
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Figure 6 A: Schematic illustration of MSC membrane-coated PLGA nanoparticles (PLGA NPs) for tumor targeted drug delivery. B: TEM

images of different NPs. Scale bar = 100 nm. Magnified images in PM-NP and lipo-NP are inserted. Scale bar = 40 nm. C: Average hydrody-

namic diameters and surface charges of different NPs were examined by DLS. n = 3, x + 5. D: Expression profile of proteins in different

formulations of MSCs was analyzed by SDS-PAGE. E: Expression levels of two membrane proteins in PM-NP and PM were analyzed by

Western blot. (Adapted from Ref. 36 with permission. Copyright © 2018 American Chemical Society)
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Figure 7 Schematic illustration of NK cell-membranes-coated nanoparticles for PDT-induced cell-membrane immunotherapy. (Adapted

from Ref. 91 with permission. Copyright © 2018 American Chemical Society). CRT: Calreticulin; ATP: Adenosine triphosphate; HMGBI1:

High-mobility group box 1 protein; APC: Antigen-presenting cell
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Table 2 Classification of CMC@NPs. PLGA: Poly(lactic-co-glycolic acid); PEG-PDLLA: Methoxypoly(ethylene glycol)-block-poly(D,L-

lactide); PVP: Polyvinyl pyrrolidone; MSN: Mesoporous silica nanoparticles

Membrane type Preparation Core material Property Application Ref.
Red blood cell ~ Coextrusion/microfluidic =~ PLGA/melanin/Ag,S/ Abundant availability; long PDT/PTT/ [25, 27, 40,
membrane & electroporation/ PEG-PDLLA/surfactant/ circulation time; poor tumor chemotherapy 47,48, 53,
sonication PVP-Au/Fe,0 /lipid targeting 56, 64, 65]
Cancer cell Coextrusion/sonication PLGA/silica/Au/liposome Homologous tumor targeting; ~ PTT/chemotherapy/  [30, 44, 50,
membrane unknown security phototheranostics 57,69, 70]
Mesenchymal  Coextrusion/sonication SiO,/PLGA/gelatin Tumor tropism; low PDT/chemotherapy  [36, 37, 54,
stem cell specificity 82, 83]
membrane
Immune cell Coextrusion/sonication MSN/Au/PLGA/ Inflammation targeting; high ~ PDT/PTT/ [34,51,
membrane mPEG-PLGA hererogeneity chemotherapy/ 89-91]
immunotherapy
Hybrid Coextrusion/sonication PLGA/CuS/melanin/poly Inheriting hybrid PTT/chemotherapy/ [45, 52,
membrane (histidine) copolymer functionalities; incomplete immunotherapy 92-94]
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