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Nanoscale drug delivery systemsfor multidrug resistance
inhibition in cancer therapy
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Abstract: Multi-drug resistance (MDR), the phenomenon of tumor cells resistant to traditional and new
chemotherapeutic drugs, has become an important obstacle to the treatment of malignant tumors. In recent
years, it has been found that nanoscale drug delivery systems (NDDS) have unique advantages in inhibiting
tumor MDR, including promoting the solubility and stability of drugs, avoiding drug efflux pumps,
achieving higher drug concentrations at the target site with lower doses and negligible toxic side effects.
Therefore, NDDS has emerged as an effective strategy to overcome MDR in cancer treatment. Herein, the
MDR mechanism of tumor cells was introduced, followed by summarization on the research progress of
ligands assisting nanoparticles for MDR inhibition, mainly peptide ligands, folate targeting ligands,
transferrin targeting ligands, hyaluronic acid ligands, dua ligands and others. Furthermore, the design,
structure and MDR inhibition effect of endo- and exogenous stimuli-responsive nanoscale drugs were
reviewed. Finally, the existing problems and future development direction of nanoscale drug delivery
systems for inhibiting multidrug resistance in cancer therapy were discussed.
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Fig. 1 General mechanisms of drug resistance
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Fig. 2 Formulation mechanism of BU@VeC-g-CSO/TPGS-RGD mixed micelles (A); Cytotoxicity of BU and BU-loaded
micelles on the HCT116/LOHP cells (B) and LOVO/ADR cells (C) in 48 h at 37 °C!*®

2.1.2 ctBR 3o Eik
MR Z AR (FR) AT 76 M 40 i b s &Gk
(100~300 1% ) AYFERL, XMH AU I TETR
S, SZMME, Nt (FA) fE it
Bt A B A BIan . FEAf A7 i A A0 P e
AR T R, I H G R B 9% N A R
B o FA AL2A B T 2R, B XS T) 40 2 50 R 5
B FR I ) 45 24 ] BB A fi R R B b4t /= A T 7 AU
4 ] B R A R 22 e K, BRI 25 5 9 R 38 i PR iz
o B, JF A R Z FA &4fif) NDDS 3k 5 flk MDR.
T A A HE S AR AR 1 ) AT T 25 AL
BEAK U IhHF % T —FhIET FA (BIBNE B4Ry
ZUIReGIR R, TS EE (PTX) M
% (Cur) o XFHRIARREA FA B md % 2-5%
PIFEIRING 22 A B Cur A1 PTX BOIEI7IE Y, M
iR T MCF-7/ADR 21 o 4 i 24 1
#5407 25 W) AN 2 2 it 245 3057 i) NDD'S 75 e
fiZ MDR 75 Tfi 75 H A5 2L i B3 [R1280%; . ZHONG 4122
T RIRFILLRAKKB T (PLGANPs) | Bfl5-
R —FE ( DSPE-PEG ) MI#Efg-HR £ — B -t iR
( DSPE-PEG-FA ) U4 Ker 4ifigfk & ( PTX/TQR
NPs@NanoRBC-PEG/FA ) , HI T PTX I 2-Ji%3&-4-
FAESLRMRR (TQR) MBEA Lk, Livd FLIRE
i) MDR, il FR A NBEER, 290k IK R0
PTX Fil TQR [R A iz 2 N L9 25 42 B it 24 240 fifd

( MCF-7/Taxol ) #iifg, TQR W T P-gp ZMi
R, HMT PTX MER. ksh, 5 HAaE PTX i
K LT AN AR £ ( PTX NPs@NanoRBC-PEG/FA ) A
., PTX/TQR NPs@NanoRBC-PEG/FA £ i 4 fifd N
WA (ROS) /KFFITN - (MDA ) 7K -4 ) 1
T 1.38 1% A1 1.36 17 (181 3) . WANG ZByg 1
Hhmk [ E (DOX ) FimflF (SIS3) Ay FA
R AR 5l DOX MIH, Za A i %
PEEFREFEAS B bR 6 PR o 1) 9 oK AR IR 5 3
PEALTT 250 R 22 2T 245 90 i 700 0T R — AR 4 1 OR
W, PRA A ARR R DR, angE iR S A o A B
I, PEARFRIG AR, RIFE A, SRR,
I, FE 9K 2R RIS HUm 25 5 P-gp i 5 AR
45416 5 ilk MDR J7 T EAT AR KA g FH A (A
213 #sEGies itk

FA b, A ) AR B 48 KR H RV
FEN B ETE M 5, (H 5 S50 A 4K 25 4 kA
G R B BE AR /D, (HAFTE R, JUF e T55
BREE 2R (TER) A 1) 9K AL T B AR A2 17 I
R TIR JE—Fhis BRI E 3Rk, fERZH
i 5 2 2 T 3 ke R KO AT, 7 e A i e
ko BERER (TF) & —F 679 MaILM RSN
MEFEE A, X FREL R 7.9x10%, ZitE
M5 4K 25 P A I vT LI ) TER, BRI, TF )2
N E B 28 .



5 5 11 BT, S WRIRREIRYT Z 25T 25 K 25 IR R R - 993 -
_________________ C
n ~ N 05 -
4 <8 0 i —
. \\J ) 4% o 9 : W | 04 %
‘ ----- i llﬁ\\((é\ --;----> & & / A: TQR : ,5\.0 '
. U ~ ‘>~ DSPE-PEG : E
= " |~ -DSPE-PEGFA | 3 03 S
RBC RBC ghosts  PTX/TQR NPs@NanoRBC-PEG/FA i =t
Q
L 02p %P
e}
0.1+
0 1 1 1 1
jressssssssssaanasssay 30
B ' Normal cell (©) Tumor cell ® NPs /| Receplor-medated endocytosis !
7 i *
| o 8P . 247
S o . %
fo £ PP
2N I Feam £ ;- " b_on inhibi A S SN 518
©) { (L) ! -gp inhibition : ) Az
A 7 :'--';rfﬂ: :FA recePIO? s Prug efflux | 3 | O
YO CAY KO : v Qe et &7 B
Voo ) TR ¥ = A '
A - SO e 0 | 6
. . ® o o - E e S I\Nucleus [E
e o Cy— EPR effect™, ! Endoeome S el ) ) ) )
Blood vessel i - S=c 0
O Control A PTX NPs@NanoRBC-PEG/FA

OPTX NPs V PTX/TQR NPs@NanoRBC-PEG/FA

K 3 PTX/TQR NPs@NanoRBC-PEG/FA il &I FEREE (A) ; PTX/TQR NPs@NanoRBC-PEG/FA £ MCF-7/Taxol
Jiggg v 1) 32 B R 1A 4 X MDR 35557497 ( B ) I8 48 h J5 , PTX NPs, PTX NPs@NanoRBC-PEG/FA Fl PTX/TQR
NPs@NanoRBC-PEG/FA %5 MCF-7/Taxol 4iiffl ROS (C) . MDA (D) /KF-fy 75 {422

Fig. 3 Schematic diagram of preparation process of PTX/TQR NPs@NanoRBC-PEG/FA (A); Active targeting effect and

MDR reversing therapy of PTX/TQR NPs@NanoRBC-PEG/FA in MCF-7/Taxol tumors (B); Levels of ROS (C) and
MDA (D) in MCF-7/Taxol cells induced by PTX NPs, PTX NPs@NanoRBC-PEG/FA and PTX/TQR

NPs@NanoRBC-PEG/FA after 48 h incubation??

WFoE e, Tf DIAREAL Y NPs 458 1 25 X i 24
JibRd 0 LR %, TE— R LR T BT 24
£, SCHEEREN 2512158 FY K Ui il 4 T PLGA
NPs, J&¥H5 TF B, 7fEmZig R, Tf 454
B NPs i~ ) FE AR 6] NPs 3575 19 ROS, M 3.75%
W 86.45%., fuZE PTX fil TQR ) Tf-fER 2 —
5 -1 CWEN: ( PEG-PE ) R 1E 00 56 A0 S 2242
Tt 25 20 ife ( SKOV-3TR ) g ifif 25 9% 3697 Hh
7 BRIV 2O, T L 1) Ji o T BRI Y 2 ik
S, XA RS & AR Z T LS K IR i
BTERE . MK, T 99K8825 KRG TebihRia
I7 RN i 22 27Tt 245 7 T A AR R A g FH I 55 o
2.1.4 FH W BB B4R

BRI (HA) Z—F KR EY, &9
JH A RE T B TR Ay, XA AY AE KC L HE RR FA
ERETE O HA B S A0 R R A
(CD44) 255315 5B Y2 1G 3, LG43
B REME. ok iR IREFLE AL BLA,
HA B R St . K5 . = A A A A R
i P A oy 7 0 0 L 1 2 ) A KR ) R i
IR

LIU 257 J8 T AMERG B ( HEK293T ) 4l

PSR (hEVS) ISR IR 55242 19 HA(lipHA ),
b gt T — A LA bR PR R AR oK R
( DOX@IipHA-hEVS) . % 8K 38 oo 45 55 P 1 )
CD44, RAMIZAM, JF-Hdl  ABCBL 3 465
P-gp MLIRE, MR85 (&l 4) o

NDDS H F= gl i [ 156 5 FH 24 19 7 15 AT DA SE 3L
Fl MDR HL Y [ B i % o 28 HA 848 0 BH 2 7 4%
SENKL % I IR IZR 206 W4 KR HAIPEL NPs ),
TABK R Z P EAZEE (DTX ) AR/ @R
P450 1B1 ( CYP1B1) #Hil5 a-Z5#Hd ( ANF) ,
T REE CYPIBL #ik, &AW wHAIHE,
DIXTHL 4N (o % P1BL 55 LI £ 24 i 25128,
WANG ZEPRg iy HA B4 (0 20 A 5 i 2L 25 24 &
g, sk ST 25 PTX 5 3/ B b8 1 R
(MiRNA ) 3G W H T 0P S ) 2 25T 25, HAT L
5 TEM SKOV-3TR 1= 3R iA 1 CD44 AZ (K 4e S 45
B, JCBUE RN BRI, I e A 110 3 1
5 150%.
2.1.5 B A

ST iy A 1 R Az AR R SRR, FEBhiE
] 44 K 25 4 © B A% 38 3 A7 AR = 1 N AR A A /0
45 PR S5 0% ) e 400 i



<994 # #m & T FINE CHEMICALS 55 40 %

DOX@thA hEVs y

DOX@hEVs
éUV punﬁcatlon‘ “YY™ incubation £

e DOX
~&— HEK293T cells
T lipHA

Y cD#4

0

Tumor cell

N

K14 DOX@IipHA-hEVs il #5id B B (A) 5 DOX@IlipHA-hEV's 18 1% 8 42 I X6F i 24 i Jgd 1) 36 97 1 AL
#l(B) 1
Fig. 4 Schematic diagram of preparation process of DOX@IlipHA-hEVs (A); DOX@IlipHA-hEVs delivery route and
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