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Recent Advances of Nanoparticle-Hydrogel Composite Drug Delivery Systems in Cancer Treatment

TANG Haiyu, LI Meng, YUAN Zhixiang, HE Lili, HAN Lu " (College of Pharmacy, Southwest Minzu University, Chengdu
610225, China)

ABSTRACT: Hydrogels and nanoparticles have great application prospects in drug delivery. Hydrogels possess good biocompatibility
and physicochemical versatility to enable disease-triggered in situ self-assemble and sustained or stimuli-responsive drug release. The
high targeting ability and low toxicity of nanoparticles can significantly improve the delivery efficiency of antitumor drugs. However,
hydrogels and nanoparticles still face many challenges in their applications, for example, hydrogels suffer from low mechanical strength
and have difficulty in delivering hydrophobic drugs, while nanoparticles have off-target effects and low accumulation and retention in
tumors. Therefore, the incorporation of nanoparticles into the hydrogel network can form a novel multifunctional system that enables the
hydrogel to serve as a reservoir for the local delivery of nano-drugs into tumors, thereby combining the advantages of two preparations to
produce synergistic therapeutic effects. Herein, we review the design of drug release behavior of nanoparticle-hydrogel composite sys-
tems, and outline the recent progress of nanoparticle-hydrogel composite systems in the local application of antitumor drugs, including
intratumoral and peritumoral injections, subcutaneous or intramuscular injections, transdermal administration and intraluminal adminis-
tration, providing insights and references for the rational design of novel anti-tumor dosage forms and preparations.

KEY WORDS: nanoparticle; hydrogel; composite drug delivery system; tumor; local treatment
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LA IR e I8 2 17 A0 o SERE T JRU R A2 770 348 326 45 1A TN 1) APCs
A REWE TC IR S G ol T DCs MR N B 5 OR Y
APCs ™™ DR IHe o R0 928 T 338 2 ) 1) 56 2 8 1) 8406 1A U
£ DCs W,

— S DCs 1 S M 2 8 B2 1 = 3 sl B S 48 ) =
DCs (JEHIZ R ELZ5 PN DCs ) 33k AT L3 1o ] 19 1 0K 14
e B3 T HL A, 2C0RE R T2 C PR BT MR R S
BN IR AT R A0 T, 4K 0K S 9 T
25 W DCs P FIMIC, I HL 495 K UKL 7T L[] iR 47 J52 A
A3 2% 45 TR)— A~ DC, AT 5 5 B S A 1 ffagi R 201
DAL, K b 0 D A 70 S ) 2 1 98 DK JURE PAY 2 e g
P IBIR O IRAT SR MG o SR, 9K UL R v TE AR T B
20 YR R R ) Y T S 4 2 A BB A A L I 9 G
B X R4 27 A2 AR R B DA I T BE o A
PRI, I AT e i ik 29 K 32 1 19 A 8 HL A T B A i R O
SLo T3 —TE DCs 1SR M A TR A ST 55 19 A4 Wy 4
A R T 15 4 5 B R 70 D A2 790 AN BB R 98 DCs
1, B 5 ot B O b R TR SE4E DCs % 3 4 368
DL ABRIE 4 R S AR AR 1 R S K R B 4
SRR v A 15 P T IZ N, A AT A T AR 2 4 5 X
FERCHT AN TR, HF 0TGR4 B0 I T i e P A5 R A it
Wt DA TS 5 B0 700 Jat T S5 5 ) 2 B B2 88 i 4117
SR, 7K BE I INE T 11 25 2 [ A 5 0 380 58 UG 4 7 11 5
1100, DL RIS AR 57 ey T BRA A oA R i 2 A A (5] 8
JHCAT Ay L 3T 23 5 B G it A2 s 2 A R AR
L K TR DR 790 3 () 2 A 9 K R P, P8 A AT 3
SEKEEIRE A, AT LSS & 2 i 50 04 00 25 v A ok A
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Mo Meng 45121 UG i 2 14 (ovalbumin, OVA) £ J Jif 532 45
R (30 R837 ALt 46 AN A E 1, F45 A 2 75 0
2 A EEIRE R 3 I 2 YR P I A o 4 K 1 R
DAL LPE 1 20 WK G B I AHCR , 45 4 anti-PD-1 5, 1T A5
S A B8 1) K I BEL LR AR S R (9 5 B A2 Az o NP-gels
S AT L) S [ 49 K 0 -5 7K B M 140 55 40 2 B B A 2
FIE ARSI R BB RAT o LA B I OVA
g N- == F L SR A0 K 0K 45 AL 2 9 2 RE Ak 19 13 W1 5
WK BRI T ! py T A e e R PR P 4N KR A B
TEBEREH UIE K OVA BB, /NS T2 2505 , A ML H.
A5 FIT 9 20 K DA K 356 I v b TR i, 4B I APCs 7515, 1
SR | AT S A I 245 1) RS 0 ) B L R P
AR SEHE ) APCs $RIC, Ay o 500 i, 75 5 K0 e g2
TEACIN o MNIX A H1 13 SR, R I 1) 58 R 007 N 28 T A )7
AL T I o B8 3 JLE 7 1 0 B IR ™ £ 2 Wk S g ik
Fito BEAN, JCHAE LA B T4 i 2 1 0, JR s i
YT BE DCs 403G Ak GRS L TR
1, NP-gels i T L2 380 3k 08 ) A0 O 3 i 7 4 31 TG 4
T6 9T 5 W 252 T i 1 i e 9 2 1 P 3 % 00 2 R 4 8 o 38k
R

3  NP-gels 7£ 22 7 454 75 ( transdermal drug delivery, TDD)
Hr Y Rz

TDD J&— P T e Bk, {8 25 9 2 3o o J5 )28 ik AR Y
TEER L 25771 . HRT, TDD B0 A T 83 35 298 iR
JT SR R LB L T R R AR5 B
R T TDD B3z i AT, [X ik, TDD A BIF 5% T 50 A2 42 5 24
VIR G KB BRE T o T UOKBIR I3 K B2 RA w55
PE R AR BRI 5 S8 e A 4 ) T
SRR I R TR A TR S AR R . —
ALK Y S B R A, DA K 9K 25 1 78 e ik
T (148 B IR W 412 0 26 0 119 28 B2 W AC, Chen 2
R TR780 il % AR B4, FF45 A BIA IS U K BEIE | K
T ey AR TR 25 BH 32 1 ) RE A TR780 45 300 %5 358 £ 2 )2 I R -
138306 ) JE T IR AR AL B B B AL, TR OGBS T BE 2 2 4
il g A, HIC W] R R . X TURIE S R B R A
IKBERE 25 G BA AL 25135 K W BE T, (K BE I TE
B IR IR R E A &, B 325 8 IR 2 AW
2, R 2 B 25 2 1) NP-gels 587 5 2 2 1R 45 25 4 g ik 5
BRARYTWEE , SO IR AT DU e X — W4, @ R BR 5
— AN IR L )RR 2 25 ) ORI T W R R
Bz Ik A7 02 B A BE R A . BT (microneedles, MNs ) 4y —
TR TR 03 25 B R, B S O ey T R R
AP A . MNs HA WO R/ 5T Sk, 33 Fh Ay
TR B SV GORMAN K G 24590 e ROHE A 35 3 1 Jik A7 Jo
JEURL A, MNs T B S 9T R BT R IR
JTHEAE o Chen %5 33H K5 0. 3L BRI 19| M5 4 (indocy-
anine green, [CG) [ 72 B4 K B (1CG-NPs) 38 1 5.0 UL R
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FURCER T , FHRE G P52 400 4] T 400 76 5 1-F 3 5 1R ( 1-Methyl-
tryptophan, 1-MT) 7 2 F Gl B3 i P VR D BB ES M 1 4%

5& MNs, Jvj i F B 788 36 437 J& , MNs Bl 41 20000 i, B i
ICG-NPs 1 1-MT, J: [5] $476 BU b I8 S 52 225 . MNs Jg& 30 45
SR BT R AT AL FR AR AT JE g L R 35 B i 2% BE
J1 /3 MNs B FERI/N, gk 2 AR &, B 25900
AT RE 2T 2 2y S B R B Tk UL R ) S R R
Wiy, Pt MNs 55 A 38 2 700 e /N 2 BEVE FHSR A0 259 . MNs
W SR RE T A S &, SUERE T ) MNs RENE BT JR A A
A0 1) B 7 Jik R 2 89 DCs B 200 Bt 1 98 T e R
e i SR T 2025 MNs R BB 540 K 0K (1 22
Bk LAAL , U ZE L R P U LA R AL B A T B AR L
F AL NP-gels RGE L HENTET .

4 NP-gels 7£ 218 N 9 5z

BUIE 259 1 Jis T P9 0L 55 6 AT P 1 S
YWNIRYT S A 2 T IR IR YT | 4 T e % 1 IR
W%, LR E AR AU RR KER LA
B FR S H R T B IE IR Sk HE A 2
SR, 24 2ok 13 28 2 B R R AR S A AR AR T 2f i 2
(A Dt e, X TG B 2 AR 25 I 97 80, i K 25 4y ) T LA
TE— SRR I A R 07 245 4y 5 R R 19 I 8, L3 T g
YR IE LT R KT TR, R T 25 5 4 5
T AL 0 2 0 7 T 4 7 B A5 R S 2 R R 5 Y
FRFMZ— VAL RERE PRI HEREREG
PR k5 B 285 R PR A PRI 7 A 5 K e ) ) 5 %85
ik, {5 25 Wy A% 2 2 B L L 7 AN Mtk A BR R S — Rl 4
2577 R B R RE AR T 4 8 KRR AE MR A
(b sy G D1 266 B 2K 1 0 22 B e AB Wi bR BB AE 3R T R
W 0V 5 R R Ay Ll 1 2 0 e B AR DA R Rk A
RA Y CHb A S A0SR H v 2 A P R R RL 3R TR M R
FE B AR T AT A G A R A B
RS Ty A ] 4 R M SRt o R R AR R IR A T s 3 2 24 T
HEINZ5 S F A EAE L, B 25 W R s 25
REZRE S B B G K R AR
UK BRAARGS G, 55 R NP-gels & 438 25 R 40, (L FT K
I RE IR BRI E 5 I H 9 o Frank 2517 4 7 2
Tt NP-gels 53 A1 % : &H R837T MR O NTRAIK #E R I 4L
ARG T AR O R R B, DL S &4 R837
MR C MR K EE B AR RKEE R, S5t &k, 5
R837 ZRRIAH L , 15 Fifr 44 2R 1 EL A 5 4 1) I 3 5 RS 2
BB MY R ), T 50 SOMEEE I AL 3E 25 095 3 (1 BE
JIBR . XTI 5T 3 W] NP-gels 142 2R (195 nT AR 3E 25 4 1)
0 R FRR A, AR 5 0 — 25 1) 552 56 56 F 32 1) 57 6 g e HPV
INEITRTT R

NP-gels [ 28 5 B A AL AT RLBRAR T — 28 25 9 1) o
Ph o Zhang %50 s R 7 4% T 44 K Mg 5 A vl A ) 1
FYOR G, [ 2B U 1R SO I S e R S B

R 2 s 2024 B 5 715 59 4 10 1)

22510 07 M T3697 5 B, R 5 K L% NP-gels &
3 1 0 B AT 250 28l B 7 B T R R0 A6, el 2 F T R AL
RIBNE, RFRE T L2tk B NP-gels B ik 25 W) 15
JI TP 265 B A2 2, {EL I PN ) 28 9 R L B AR ) AT
SRR BTG 25 S Aok 25 Wy i BN R o O 3N g
ACRLAE R BN _E B2 20 19935 38 BB T, mTAE 9 KR 3 i
ATIE 5 U, A2 M 5 SR 05 AT PEG Y &
Wit R B S AL R S s
AT DL A KO B 4 1 i A 28 B 5 IR A L ) B R
AE D 12k 25 1) 7 Jis 18 b RS 00 6 WA L % 25 W) 2 3 0, AT
38 5 25 W 1) Jey S AR

5 BEERE

REAROR AN W A J& D b 1677 SR 44 T CBR T BB 45
EYRKLFIKEEIE 2 Fhith 25 R G H ) NP-gels, RILERER
JATEANZ ThREPE I B ST R 2 M X i BT -F- & o NP-gels
A LA B DR 25 W A MEE I 2GS 1) P 22 i B N [ O
B AR A TRV, R B B 9 AR AR A R AR T 30 4 1
PERE , A BRI 5357 s B B A AR 22

JRAE NP-gels 15254 1 1% SGUR AT BRI H, (A IR IR
L Z B, AT A VF 2 Pk AT 22 e i, NP-gels 1 E 1942 5
EISISERIPS ISR SEx7/h e R R (U L Sy
TERE I, FA T30 T 25 R A KL (9 R/ AR R o
DA B AR R 7R IR JEE H 114 R 1) 5 1 28 Xk 290 AR T
P2 2 I R R AR Py st R P 52 20 o il R e 3
TR )R K PR AR R ABURE A 7K BE I A9 R SR A mT R 2 3k
PUPPERE AR, I X iR 4 3 2 4 J 15 3, AN — B B
JEHE A5t 23 B 25 MR A 5 R AN, (EL XA 5K R AL 1) F 5 4
HERZ o HEAh, NP-gels IR AT T S TSR B0, LR T 2
Fift T B I NP-gels 55 (/LA B9 AR EL AT T, LE AN OK BRI AE AN [+)
ANPRZE SR AP P TEARPERE (Bl 199 2% 8 12 FLBRE R A1k
55 ) ARl R R AR R A WP R R A, LA
Lo NP-gels o8 AL I A A A 4 20 A AR R R 1 4
FHIE . f)m , NP-gels (BT BN B 2%, 7052 BLI R ¥ b
BT, IO A% DR NP-gels FRO4™ R AR 7 St 4 il L 47 A 2 1 A0 2K
PR AR AL, DRI, A A 50 R i I A B8R R 1Y
e A Al TR AL, AN 2 — R i SR A 2R I S REAL Bt RV
T I 1 22 PRI X, NP-gels S8 A 1 114 790 B 10 35, 72 e A K%
bR 1 BT 2 W ARG TT o AT AR 1 9, AR
Wt BIF 5 9 TR A L R AR K P 1 8 57, NP-gels (191 RS 1L
K AW .
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