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ABSTRACT Objective: Macrophage is a kind of immune cells with the ability of inflammatory chemotaxis. In recent years,
macrophage membrane-camouflaged nanoparticle delivery system has attracted wide attention of researchers. Herein, a new method for
macrophage membrane to camouflage nanoparticle-uptake-extrusion method is developed, and then we characterize the nanoparticles
prepared by this method, and investigate the uptake of nanoparticles in different cells. Method (s): DMSN nanoparticles loaded with
doxorubicin were prepared by sol-gel method, and then DMSN was phagocytized by RAW 264.7 macrophages. Finally, macrophages
were continuously extruded to prepare DMSN@CM nanoparticles. The particle size and zeta potential of DMSN@CM were measured by
nanoparticle size analyzer. The morphology of nanoparticles was observed by transmission electron microscope. Polyacrylamide gel
electrophoresis was used to verify the successful camouflage of cell membrane. Then the uptake of DMSN@CM in different cells was
investigated by laser confocal microscope and flow cytometry. Result (s): DMSN and DMSN@CM nanoparticles were successfully
prepared. The size of DMSN was 116.7+3.2 nm, and its zeta potential was -29.5+1.3 mV; The size of MSN@CM was 128.0+9.3 nm, and
its zeta potential was -26.7+1.2 mV. TEM and SDS-PAGE jointly verified the successful coating of cell membrane. Cell uptake assay
showed that the camouflage of macrophage membrane could inhibit the uptake of DMSN@CM in RAW 264.7 cells, and promote the
uptake of DMSN@CM in MDA-MB-231 cells. Conclusion (s): Thus, we provide a simple and efficient method for macrophage
membrane to camouflage nanoparticles-uptake-extrusion method, and successful constructed DMSN@CM nanoparticles based on this
method.

Key words: Macrophages; Cell membrane; Nanoparticles; Doxorubicin; Drug delivery

Chinese Library Classification (CLC): R-33; R943 Document code: A

Article ID: 1673-6273(2021)14-2601-06

—HLR, R ﬁ%ﬁﬁ(nf%ﬁxaﬁﬁaﬁﬁ%x&% s
PR —FET AW, gkt oxliok TUUER . HHT, 7L

YN

i

o}

* FeTH B R AREEEL AT H (81773274,;,81572998)
YEH TS ARG (1994-) 2o BB ST AR, A5 T 1] « g 2 8 25 3R 4%, E-mail : maysitu@163.com
o JEIRVER 78, B ARSI, B2, RSy Il : R HE [ 33 24 2R 45, E-mail ; fangchao32@sjtu.edu.cn
(Wshm H #9:2020-12-06 42257 H #:2020-12-28)



2602 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol21 NO.14 JUN.2021

i A 3 ] e o 5 e v ) M IR, R AR 52 7
WA A2 AR B o figp DR X — PR , © R AR ARl
TG U

AR, GURBURLE N 250535 &R IRZ 38 T T2 /6
B4, H T A bR A7 B R G 1 o 3 M R B AR
(Enhanced permeability and retention effect, EPR), {5444k
RE IR B P IR T, B K TR TR o (B 2 4R T
RLAFAETEPE AN A ARV 22 0 [0) B, 3 HLAH R AURL I A A 23
KR IR N B2 26 R SR BRC -, A RS Ay A T N IR 0 I,
BA e RSN RE LA K BRI AE I AHA D, 25 e
V- A RSN FH T 2 R AORE 1) 3R 1 FR 28 , AH LR A D e 9ok sk
RG, BRANFEDRIE L RGE W B IR RUR 1,

IR, A SO W4 R AR i 4 RE R TLRE 7 , 38 i B -
B A B A B R ) A B A AL AN R R T, T - 4 ok
RGNS F B0 R RE ST o IR AT E S HA , W] DA A
A7, JF ELUAT LAGE S A AR TR " A% " G AR ABORE X 22 Kok
FHEFT RO, AR HR I B B e AN [R] 24 1 Rl R B A, Ry o
SEPTRTTHRAIL T —Fh B Oh e 938 FHEOAR , A2 98 1R YT UL
BT N AT

I R 5 E

1.1 SEI8KH

IERERR B (TEOS,98% ). 5%t 3k i fk 4% (CTAB,
98%) W4 4 35 ¥ Sigma-Aldrich 23 &] ; I EE  Jo/K LB S 4L
#1(NaOH) . 5k 84 (NaCl) e fk gk (NH,CDIW F [ 25 fb=4 K5
/] s Hoechst 33342 i [ 35 [E Thermo fisher /A &) ; $h g B2 &
(DOX -HC) M [ b a2 i Ak 2= b AT FRZA 7 5 E k41
(RAW 264.7). ZLEERE 400 (MDA-MB-231) iy § ATCC;
DMEM #5325 F1 16 2 1fiL 7% (FBS ) [ Gibeo A Bl ; R L 2% i
7 (DPBS) FIi5 5 % - 45 2 (OO0 )W H LI U555 A4 Ykl H it
Iy BRAA T s BCA 25 YR BE I IR & % S e i Pk et
Wi BB RS T (Marken) I T2 R RN
1.2 LIV 2R

XS205 e, F T [ Mettler Tole 4% ) ; MS2 I i HE 4R
i JKA-Rtc basic 5 A $E45 14 A FEE KA 2A6] ;I8
PREF 250 26 [ Avanti 2 5] 5 Z I BERGHR{X . Sorvall ST16
Y2 VR B3 UL [ 3& [ Thermo Fisher 24w 3 S GBS 41K KL
ST e Malvern 23 ] 5 25 9035 569 7 St Gl e B
2 FEL/A A SO R A W Gl 1 78] Leica A+
1.3 A%
1.3.1 ERRA RAW 264.7 $555  FIRU0T BL 5 Bo i B mg
JfL % 3 % 44.5 mL DMEM 1% %3¢ +5 mL FBS +0.5 mL X7t
¥ RAW 264.7 B BEAM MR D -80 Cokfahiuh , & F 37°C
PR K VA R S R AR UR AR S R A TR A e TR
DPBS 5.0 11,800 rppm, 4 C & N &40 Smin, 7% L
JEEET 10 mL TR E VAR T, B A 100 mm 3557
L, F 5% CO, B F-Af i LB 9%
132 DMSN My#l#& MR SCHER "2 SR - BT A AL
MSN, BARUNTR K% FRHL 0.5 ¢ CTAB ¥ 240 mL =257k,
A 1.75 mL 2 M NaOH %3, IR SIS T 75 Cilla &

PFFRIZEEFE 15 min, SRJFZRNA 2 mL TEOS, 60 s J5Huf
JA 3 mL 2R Z.g, 60 s J5 {5 kB, =R N #-EBR{L 2 h, i
3 240> (12000 rpm, 10 min) 4 MSN VL€ , 3+ HH BEDE U 3
KRB R SR AR, B TR R

F B T Az vk, o MSN I i 70 B TR 2 1100 V1Y I 0 ik
(10 mg/mL, 100 mL)H , JK #8753 h, #5.05(12000 rpm, 10 min)
WCARTTIVE , A b A AR =3k Bk AR

# MSN (1 mg/mL) 1 fi] & # (DOX, 0.5 mg/mL ) i fif
TEPBS i, KBS 5 min, HIZI$E 24 b, #5.05(12000 rpm,
10 min), i} HEPES 2% K (pH 8.5)¥EE iR L, 52 )%
DOX Y23,
133 DMSN@CM By #l& 0 M CO, 2 i 15 77 4 B
RAW 264.7 E W20 M5 R L, W5 [ A 1537 5L %51, DPBS ¥t 2
W, IMA 5 mL 45 DMSN(DOX 400 pg/mL) [ 56 435 F 3%
W, BT CO, MR FRAE 5% 2 hyo BURAHMIBEFRIL,
1 mL B A6 K 40K T T ok, BB B 048 v, 800 rpm B
.L> 5 min, DPBS %% 2 Y5 #1875 15 T DMSN [ RAW 264.7 5
WEAN A, B AN B T DPBS H1;0 KA BRo W AN R 4
S 10 wm 5 wm 1 wm (B RERFRERAEET 1, A—25 0 BlBF
10 ¥k, FH 800 nm JEARITIE; o L UEJE MV T .0 (12000
rpm, 10 min) 3k L3E, FETF DPBS H1, #ifH 5 min HI155]
DMSN@CM f1) DPBS % , (17T 4 ‘C4 .
134 QKKHIRMESE  DLS i A HT AR I 44 K 11
TR zeta FRIAHLE s A AACRLIA TGS 456 o T in T4 9 1,
H X 1S5 TEM B [FYRRL B S5 R
1.3.5 WiEgKp R EMMPER R INth%E  RA SDS-PAGE
FIEEAIE MSN@CM R 4 RAR 1) sl T th%e , BB IRINT .
0 HlAAFIRES: : F AT 7 4 3 £ MSN MSN@CM
CMtreated ( [ I 41 i 28 S Al R B S 455 HH 98 7 ) 1) DPBS ¥
R o EEN: BUEE MSN MSN@CM , CMtreated 1
DPBS ¥k, RAW 264.7 ZH g (CM), [ H il A RIPA i fifg 54
VR, VK 24 20 min, ¥ 7RO 0 (12000 rpm, 4 °C 20
min)CEE 17550 BCA a2 5t F IR U 5 04 25 B i A 2 (1 vk Ji
i eI 7 45 LR P R MR, P 00 M gt R e v
PR —E0 FETACER . A 4R PN A—E & 6 151 SDS,
L S 1 4%, 100 i 10 min, B EFIRGHAET
20 CykFfrh & ;0 BLRE - Selcil 15 mL 10%0 4> B iE , 2
1A 7 :7.45 mL ddH,0+3.75 mL 40% Arc-Bis+3.8 mL Tris-HCI+
150 L APS+7.5 uL TEMED; Fifitihil 6 mL W4, HAK K .
3.75 mL ddH,0+0.75 mL 40% Arc-Bis+1.5 mL Tris-HCI+60 pL
APS+12 wL TEMED, 0 |- #¢5 H ik < 1B 5 UK AE i, ik
52 % )G HE AR S SDS-PAGE JEAEFLIY, 60 V Hiyk 1 h 5
TR RS 90 V Ik 1.5 hyo i e o YRR BER 5
0 BRI 13 1) AL TR B RS A T
1.3.6 RAW 264.7 fa3t MSN@CM MBS R ZE o ¥
RAW 264.7 4HHILL 2 x 10° 4> /mL By%% BE SR TS In A TE
) 24 FUtR I, 35557 24 hyo MR FUA BR3R3E, 9L 430
A 1 mL &4 iFluor 647 471 (1) MSN . iFluor 647 F7 it i)
MSN@CM (135 352 H 75 Wi (iFluor 647 {3 BE & 10 ng/mL);0 4%
SRHEFE 3 h 5, W R AL P SRS T, 9 DPBS RSBk A



DREMESS#E biomed.cnjournalscom Progress in Modern Biomedicine Vol21 NO.14 JUN.2021

- 2603 -

oKokr K 35373 ;0 Hoechst 5 DPBS(1:1000) Fe il TAEW
Yefa, 5 min 7 DPBS %k 2 7R, 4% Z B P EEFE E 10 min J5 , #06
LI £ U (B O 20 P9 20 5 WICEE AL, 4% 22 5% P B 1 52 J 5
T SCAS: 0 240 P 2 e
1.3.7 MDA-MB-231 %t MSN@CM BB R ZEER o
¥ MDA-MB-231 4ffiLk 2 x 10° A /mL #9553 43 R /e 7 56 fin
ANCH 1 24 FLHR b, 5555 24 hyo WA B9 3L, 11 L
B 1 mL %75 iFluor 647 47iE ) MSN . iFluor 647 FRit
) MSN@CM (1357 5% (iFluor 647 (¥R 10 ng/mL);
0 AkZEEESE 3 h g, WAL B 3R SLA W, JF FH DPBS Yk &
TR R I IE S50 ] Hoechst 5 DPBS(1:1000 ) fit i T
VEW, Yeft 5 min fi7 DPBS %% 2 ¥k ,4%% B #E [# %2 10 min
J& L BOGIEIR £ BB UL AN N 5O s IR A, 4% 2
TS T 9 20 LA SRS 00 24 L P 2
1.4 Git=aHh

TR R IA 50E 5 A GraphPad Prism 7.00 ¥ 3E17 801
I3HT o DAGRRL I IME IR A, JUREES i 71 43 L R A AR 2

A

il size 14k ; LAAAAL zeta ZRTE HL SECH R AR AR , 43 A1 5 BE S L
AEFRZ T zeta 2R AR i A , 0T8RP AL bR iU &
mEWEREMZ . Flowjo St zN 4 ARG A . 452 LA
mean+ SD /R,

2 &R

2.1 DMSN WHl& 5 R

VAT - BRI A0 oKobE 5, DLS #6040 KA (R 445 1l
zeta FETH HL I, DLS 45 0 MSN i {2 h 116.7+3.2 nm, zeta
FIAHRFEN -29.5£1.3 mV, JiZ /- H &% PDL 24 0.18+ 0.01, —
Nl PDI<0.2 BUEATACAF 35— Bl 4 47 i) DMSN i
INEHR 1, 2T TG TEM WEGKR 1T 50 45 0 B R
SER/IN, TEM 255 R 9ok ok S22 B Sl JERE ],
AR, FLEVEW, B2 100 nm 247, %63 T DOX
MSN G ALK I I 2T €6, 22 D RERE ARSI H7E 480 nm &b
A (1),

0.0

480 nm —— DOX-HCI

{ Y =0.007146*X + 0.1214
R?=0.999

= MSN
~ DMSN
DMSN@CM

MSN

DOX - HCI DMSN

T T T T T T T
350400450500 550 600 650 700 750
Wavelength (nm)

E .

DMSN@CM

R e R B
0 100 200 300 400 500
DOX concentration (ug/mL)

-
-3 n
=3 =3

Particle size (nm)
o
o
:

(Aw) [enuajod B0z

I-30

w
=3
1

DMSN

1 DMSN HJSRAE
Fig.1 Characterization of DMSN nanoparticles

Note: A) TEM of DMSN; B) UV absorption spectra of different nanoparticles; C) Standard curve of DOX concentration; D) Aqueous solution of different

nanoparticles; E) Size and zeta potential of DMSN determined by DLS. Data are expressed as x + SD, n = 3.
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Fig.2 Characterization of DMSN@CM nanoparticles
Note: A) TEM of DMSN@CM,; B) Size and C) Zeta potential of DMSN@CM determined by DLS.
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Table 1 The DLS size and zeta potential data of nanoparticles

Nanoparticles Particle size (nm) (PDI) Zeta potential (mV)
DMSN 116.7+32 0.18 £ 0.01 -295+1.3
DMSN@CM 128.0+£9.3 0.13 +0.02 -26.7+1.2
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Fig.3 Verity the successful camouflage of cell membrane on the surface of MSN@CM

Note: A) Quantitative standard curve of BCA protein; B) SDS-PAGE of the CM with equivalent protein contents from the nanoparticles followed by

Coomassie Blue staining.
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Fig.4 MSN@CM can inhibit the uptake of RAW 264.7
Note: A) CLSM image of RAW 264.7 cellular uptake of MSN@CM after 3 h incubation at 37 “C. MSN treated cells were set as control; B) Flow
cytometry showed the quantitative assay of MSN and MSN@CM uptake by RAW264.7. Data are expressed as x + SD,n = 3.
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Fig.5 MSN@CM can promote the uptake of MDA-MB-231
Note: A) CLSM image of MDA-MB-231 cellular uptake of MSN@CM after 3 h incubation at 37°C. MSN treated cells were set as control; B) Flow
cytometry showed the quantitative assay of MSN and MSN@CM uptake by MDA-MB-231. Data are expressed asx £ SD,n =3.
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