F49EFEH 202656 A %¥ri3hak & Drug Evaluation Research  Vol. 49 No. 6 June 2026 « 1857 «

[ #¢ 1
LTRSS REIERTT R LR AN A

& Al Fu!, AFF !, ke !, A2, FEFES
1. REEREAG RS REAHAR, KE 301617

2. SRR FeMESRKFEGH b, Lig 200438

3. REHEARY: ZXEFEHAR, KE 301617

1 E: ZHSYKTEREZFARMIIEA s, BB a5 F 8 T — ANk ik b, sl R ahBEh F 1E A
YKk RG . HATEERTHZH 9K T GBS 259, FRECA . BURIREN . AR 2 B REH 2, AT LLsEsixg
Jigga (R RE M 12 T 5 W YR TT o A SRR P 24 B 19 22 2 e i VR T KT 6 O — B X A s 2T U IS 2 Fh
T RS S H A I RIEEER, A T I B 25 2L A R R AR B KA. RALGR ZH S PIK TR TE
FEREEIT P AR, A R R BT AL CEREREE A AR A . R BRI R X 2
YIEE PR T ), AEME RS BT A RO ERAETF B U R S 2 g A R . R IR KRR AT T IE Bk, (HRE
FMERNE . GPRBARFAEYE S0 — 0 XA, ZHS 9K G0 E NIRRT I AL I T & .

KB ZHAGKT-G BEIRIT: FREEIE; BRENN GRS T EAIARL

FESES: R283.6 XRAFRERD: A NERS: 1674 - 6376(2026)06 - 1857 - 16
DOI:10.7501/j.issn.1674-6376.2026.06.001

Research on multicomponent nanoplatforms for cancer therapy and application
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Abstract: Multicomponent nanoplatforms are nanosystems constructed by integrating multiple functional components into a single
nanocarrier through physical or chemical methods, enabling synergistic functions. For cancer therapy, multicomponent nanoplatforms
achieve precise diagnosis and efficient synergistic treatment of tumors by incorporating various functional components such as drugs,
targeting ligands, imaging probes, and responsive materials. In recent years, multicomponent cancer-therapy nanoplatforms involving
traditional Chinese medicine (TCM) have emerged as a new research hotspot. TCM can participate in these platforms in diverse ways
and exert unique effects, providing important pathways for elucidating the pharmacological mechanisms of TCM and promoting the
modernization of Chinese medicine. This review systematically summarizes recent advances in multicomponent nanoplatforms for
cancer therapy, focusing on their mechanisms of therapeutic effect (including enzyme-mimetic catalysis, tumor microenvironment
modulation, immune regulation, targeted drug release, and multiple physically responsive therapies), structural design, synthesis
methods, and characterization techniques, as well as how to integrate with TCM for application. Although clinical translation still faces
challenges, with further integration of materials science, nanotechnology, and biomedicine, multicomponent nanoplatforms are
expected to offer novel solutions for clinical cancer treatment.
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Table 1 pH-responsive nanoplatform drug release structure, chemical bonds, and mechanism of action
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Fig.1 Mechanism of action of multicomponent nanoplatforms for cancer therapy
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Fig. 2 Construction and characterization of multicomponent nanoplatforms for cancer therapy

fiEe SUtIRINF, 5 rh 24 71340 5 i 7 7 B ] AN
JE N IRIRG A FIRAR N ETEA R RS54 [
Z W5y KT & ALK BEAL M AN [R] (1) 22 b 2495
PR L8R T F— KIS IR AR R, A SN
FRAT IR 22 . RROE RS MR AR YR FH B AR SR
R R, R D R IR T 3 3 ok 30 i HE 1) e
o ZRGUKT G RS P A I 15 R 4
PR RS RS, Aets B IE BT #k b 2540 5
MZRUNMESERPLE . Tk, FEASHKER
N RA KR, ORI R 2 A T 2k e
Wit 5 TR ER 2 H I ERIT 96 M
KR FBHAES, TR AR IR R . Hk
2itt. EIOTHIR, IS AR S BT AR,
BIEMEZ sy 2. ROMEEFRMA RN, 75
e 2 H 0 KR ITF B R B & AT B AR
1) . AME o
31 ETHAmMaAEE

2 2R T RIRBNEY), R 245 RIS A ST Fb
BREMAF TSy, BV B B
VR 20, AP, ¥, w538, &M,
BHIGRY, MUK 725 R IR 2 R0 5 2= i 5

fitl, 0950 18) AT BRGNS L 1 26 AF
o 5 Ml PRSI B A% 2 4 A 5207 el vk &=+ 2 ke
Ak, H R R NS, AR R
Ho DRIk, MR 25 BV e BT ROR 8
S RN B ARG RRE, X HLE AT ThREAL B,
B T 250G VE AL 20 N LA 22 403 oK s
BN TR IE T, SO IRCR U E R AT TS
s [RIAE B DR i 24 e AN i AR RIALA AN BT Y
WEFOE, SR 7RI S EORTT R

e A %% 5 717 2 il B 45 7 7K RO 73 B 45 2
K] B AL AR RBURE,  BIE S B4 5 2 7S5 2
PRI o BE TSR T R R 4 Y 9 RPN L
By, NITAYSTARGLRRL, ] =2 25 5 40
R E I S R L R IR S B R 25, o
DRI R 2535 PR KR ZE L AR NI RR
IR A RS 7R RAR0 7. S5 B FU B /K iR
B b 23 B AR R VAR UKL E D 34, SR A%
T B BRI AT 24 2 P 3E (DTXO, &)
e LIRS AR 28 25°1 6 o Horh P 2GR
PR RA RO AR S Ok 4, hEid
T IEE R R R, RE5RTH DTX 1



* 1866 F9EFH 2026568

4¥38at A, Drug Evaluation Research

Vol. 49 No. 6 June 2026

HRAPIRI RS, 3 — 0 B AR PR BUR S, ik
B LI TS 2R (APS) NIhAsHE T, %M
ARk MR 1| (GLUTD #Eafcfa.
FTPE T AT RSS2 EER, Bl — Pl EE
BT IAE F T B AR (PTXO, il &15
F| APS-PTX 40K & . %A R AT [R5 K AL BT
(AT - S I8 TT RS, A8 ] = I FL e 1 S
REAK GRS, [FN S PTX 51 K 1 a0
HIAS RN, Bralirh 25415y F A 3E4L, TR AL
E2M) 5-RRENE (5-FU) 5rh 258 0 B ATAE
Y1 (IPADE) LM BIBEIF B 2402, #50 FANPs 40K
&, HrhhZh4 5y IPADE 7SR 4 i £k 6
To\ fE#3E CD8 T iR, 5 5-FU F=AA0y7 1) [F)
RN, BERE I I aE, )OI R M SR
I b TR S B A AR S PR A5 80T

RKEFFUESS, TEEIELH /6 rl il | 24
TEBOKEERL . XTI B RE =4 2 A9k 2
¥, HASRIKERE, BEAT H BEREITHIF, H
VRN AR S IAT 03I s[RI R (IR
VERE S A BB, GBS S I 245 R 1] 0% KR
KRR B o A TN I R e B S R R
% 2 PGS PERL Y S InIA T S, Hil TRk AT
ST R TR, A R T 0 H B 1 A
GIIKIEVEAS R A N Dy WA A0 ) FH FE Al AR 55 ]
R, TS T 245 s I 4 R A 0 =) S 4 24 TR A A
Mo ZAER AT RR A AR A KRN UBRRIK
HRE AR 4/ A B (Egrl/CSPG4/AkD) 55
T, 5 R A AR T B I A AR Y 5
AW R AL ZRE, 4 Ca STk 5 2 A /KB
T MBALTT 25 BRI NG ROA SR,
Na‘\ K'5 Ca* K4 T B ik LR E R, 218
I = HEANK I 2 fif s, SIIR 24P 48 P L ) ] s e
T AT 22 BREANAN A Sy 101 i 45 P L ] 0% 1) s
Jii, @S Toll B2 AR 4-F LR IFTTH T 3-
JH X %4k o-ATP 256 G55 18k A1/ATP 45 & 8%z
& G1 (TLR4-IRF3-LXRa-Abcal/Abcgl) {554
PR B R AR AU, (kB R ZH A M2 A ) M1
RUMRAY, TG IR B R OA B, S T YK
RN, SEMHIHTERE (MSS) MEH
¥ (1) 9 3 e 1821

gi b, HET Ry E B VR T R IO AR
P g BB ik 1) 22 A1 oy S RE VR TT AR T & DA R R 2
TR T UIH R SE .

3.2 FHHE

HZREYERC (IR, S5 20, 2
) A RA MR, (HS A KIS PEZE
VIR FEAG. RN, RE A 2. #EmdE
S5 ) . 3B R 2 A Ak T A R LR AT A
B, TUARGEMR R MR, WERT
I PE SRR 77, 2 25 AL IR L FH 1)
—NE AT

K AR B0 R LR T s B R A 40 K
PR AT IRIRES B, RSBl 2858 R
HAE, BB RRTETRET, W Z A
YPKIBIET- 5o 1%V 6 0w N R B A BT, AT
BRMERR. PR YRR 5855 1.
o, e R s T AL R «B (NF-xB) 35 1%
0 e LA A A 2 Sl s R [ o 4 s
NATE SRR R S T bk, B omi b SRERR
ER YR BRL RIS A TE o [RIRT, R A ML
AT AE A 5 DNA SRR & i, 5%
F5US N T BRI O~ AH ELIERORNE, B[R] SE P
PRIESRAVCKMELIATT o A 2907 S & i 3
= AR . AR A6 EE s H B R R
R, B EA R R RN 2235 2 3wt
R, AT SELZG I A R P AR A

R IR R 1 A0 T A% 3R 24 SRS AN V& T 81—
HHEENE R, FIAERT R T g 0T R
MY UL S IR IR S - IR R S A AR R, [R5
25 E T PZH, BRI e g2 A
KT 4G PZH/Zn@CaNA . 1% G w 7E ihsg g v
A S5 A B R T PZHL S5 PR 2H 4y, — 5 THLE I 4%
Janus Wl 2-(5 5 # 3 5 FBIER T 3 (JAK2-
STAT3) {558 ELHAM I A 40 f s i 59— 7
M5MET SR ThEER, @S E
IR fih R A A T IS ¢cGAS-STING %, A
BT A AN 56 A T RS B R T JRg T 2 0 1) Ak
WEE, WEBHI R RSB,

WRIEGOK A S 255 1 o B AR M,
BRI R — bR MIE 0 P 2 E RS .
A LR VE G A P LA % Fes04@BixS; BA
YRR, SR PR B 6 kP 25 A9 B S H
FEIHFHEEE (Brudo 123k 2414 2 0] 76 Mg B M A
B R AR LAMBOCE R T, PR Bru 5865
T5 Bru ATYENERAET 5 550 B Nef2 #0417, (23t
TP ORI R S R AN AT, R I P



FE49EFLEH 2026F 6 B

’éj’f"%ﬂ?ﬁ{ ER Drug Evaluation Research

Vol. 49 No. 6 June 2026 « 1867 -

W (1 4R -6 (IL-6) /JAK2/STAT3 15541, {2k
H AR AP R IR L SN2 L IR RIE R
N, IR G A, B A SRR AT
e EETNi LR YA

BATRLLER (CeD) VENET A MRS E R I
BRAETSE SR, Al e S £ DhREIK FLPM ik
HE N AR mm IS HEBE, 4L R 4 iR e BRI 40
KWk Cel-FLPM. JHRI4H A = R IA I FL R R A J
JUR T T A S 1 R DD FUIREE , (R AT ER T A oK Bk
) A K GOK A 4 e AR TS A s I SR o e 1E HR
Tt AT B A P TS A7 6 PR A, 7 A e L B, S
B Cel [ZHE AR 3 Bl $E ) 883%

TWEHE R BIIE R 4 2R, AN 335 R kA
B AR B, SIS A A 2
ATEIE (PF) ZKiGME RAF, mlid bl B K A
T-pUE5H T F 3 (TGF-B/SMAD3) {5 5@ I &
S 2 IR AF DG AT AE B, ARG DRy 5 I ) % T
W& PF@MN, 513 Cel-FLPM 4Kkl ikt
FELN R IR i T DRI AR, BRI AT 2451 RE S AA R 5
IR IR IS E T, S Cel-FLPM IR 2181
FEREEM . 1% 2 H BRIk /AU T Cel L]
PEASIE IR0 i B B () 55 ) 8, AT s 5 R
Y M B T IR AR DU R g, B R
FRMAEK SR,

g5 b, R R 2 BARTE PR RS S 2552 T (1 B
e S1ER R, AT LB IRIR S L. 9
TR AR R T B R B rh A 2
HougK-F6&, Bt — 00 TV PR I g
2, SEILT A RO TEME . MLEIBA . FRoE Ak
HbuJi R 4 M) YE T o
3.3 FERIRERI ARSI

S 6 A7 A A R A0 RS TR A R AP R R 1, L
A NE AT 2 FEHDIR G5, I8 1571 e 1Y)
W|EA. ZKRE, BAMEDIRE. H2RIER
A WA T8 R KT B 245 0 W T BN T AR 24 6 I A A
Wi fo oy B AR B, S P ARE RN iE T
B4y (. SEM . AP, Al LU A 24 1)
RS IR, AR R — N AT I TR
PR AR B 2 RIR AN SN, DT
RIMBHAZ5Y). NPs 2N 5%ssk, Wazdny
YRV, ATCASEIUE N e . LIRS, =
R R B A YR 9T

5] 1 308 S 2 SR 9 0 4 A A AR O AN

A PRI, I S B KA AR A AR 3
mZigr e B e, BHMWER-R O e, WEE
AR50 TTHE ) R0 e 4 B R 52 AR I
RURRILZGW; R A 24 2E SRR A4 B i
s B A B VLS 3 B4l (PI3KD) -Akt {5 530 H 32
RAEGUIR G, H A A+ ATP 456 &0
Ktk B A 1/P-FEEE H (ABCB1/P-gp) FKik, Wi
IR ey, w2 HUHRE, ] A
JE AR SR, JFE 8 R I ARSI,

HAT, X ZkIagn o sns a7, %
LT ANF 250 R AN R R 4y B S e R A RIE
BOUE, T TAEE SIS . b 2 Ay
YK & IR T I SR 1) Va I (0 A SR 7T AT AR
MEZ . KK, KICZHS IR GRS RAE
BRI RIRFER L, W AR a7 5 T 284K
e T R L 1T ST 72 5 1)

34 PEHRIENHRS

2 SR R B L BER A B R T R B 4K R
il dems (RUAR ¥ 27/ ook, Eidik
RN, WTEEI S BH/ANEIRRM KD, B2 .
WG o R 2 2 R, R R R
A HLAT SRR AL . REAK, Rk
T 10 nm (I GERRIE T AR BRI 25 %505
RANE &Lk s LR 2 et ge . BALERE
PE EATEYE X RAFAE VAR M, B AT AR B A
2SR ) TR o 65 0 5 25 BT K180, AR G rh 200
1l HH R R 2 M T2, 5 R 2 R s ) R AT L
FEFE . EONENIE, vl B v 24 25 300 I 2 B o
RIMIEIKIG T B RS IR T RS .

Bl iE I A RIE R R 2 R S e TR IR
SN i) 4 PR /N RS I a5, SRk T pH e 2P K
B R 2, Al R A st T A T E
GRRE IR BCIET T, A5 R e T2 R 8505 2254 1)
W FEpERR, BRI G S, BOE A S PR
G, SIS R i Iga R M i e 1) Bl (R 1) 871

OINMERR & —FloRIE T 2 PR 2500 R B R
Fffy SRIEEFNIEIE RS, HBuMR g 52K
PEAG . AR 25 AR BEAR T PR o S8
AKFGE, LA 23 P R W B A T A 1 TR ik
M, REEGFEEHNERRE, RE T MR 5
T, B RIMKEHAR e, AR
RN, FHREG AN AN, AEYR 2R %
. Be A N 22 R R R T (MAPKD



. 1868 - EAOBEH 20265E 68  LEGSAR

Drug Evaluation Research Vol. 49 No. 6 June 2026

{5518 Kirsten K FR PR 8 05 25 6 25 R [R) YR 40
(KRAS). &1t B-Raf HH (p-BRAF). BRI 2
Y JEEAL R S 1 (p-MEK 1) FIBEE L2 o 4 M i
TR H B 1/2 (p-ERK1/2) R ARIFRIE, 71K
FIE T w8 TR A H R R AR K S
AR SN R8T I R BA 1 2 A B e 58], 3% 1
fR R — M RRZEM RGN, —AfMGT. AR,
RESEFRANEIE RS, FMHERR, B34 R
IR ZE VMR R 1 22 B [ e 55 5 i L, S /K
gk, 5 ZHOSUIREAE A AT G )i T 3 3%
375 110k 5 s S80S o) R A B b A, s A T
IR 4 (PLPP4) FIA T4 H B Q. 75 40
MERZET:, A R 15 R e i A0

gi b, PRI R OB IR A KR YT S
PR 24552 ST ST AU X ATy T . H A2 T rh 2y
B R 3 22 Ay 9K B I FE AT Ak TP IR R
BBl ARRATRFEI A B SO0 AR, A
AL G 2 BT I 2 AL TR B 5 T
Reciuis, #E— UM mR. . SR IR T SR
TENRIBTT T &

gi b, ZUL GRS G N 2 A
B AEFIPLEIROR . 25 R0E e Z AT L 32
P ArEE B T T B S He ALt Az; s 2y
SINRIE 2 Hor 9K Q0T T, WO R %4
R BETARG HE AT BT 0K 25 TR TR S
i R T AT, BE LA 3.

BN SEAMERITHRTR (vlﬂm ! '\
; RS ;
o WY bt
- YA
w8 " E -
) L)
8@ W, ~¢’ R
A W ——
E * ( i,
s A‘ (‘ RESRR
& | WRRFHRR N
/ BHSERITHRTE R
ey - BENB R
;’k » T SRR
@ T 5 T
< -3 To
i % ’ @? " b i’
. 18 * & e
o‘ﬁx ¥ ) %
°sg %\) Y, % @ *®
ot S *
\_ marmeown ¥A£:§{;f—ll"4) FHMHR R IR, R

B3 ZASEERTHARTENPHNA

Fig. 3

HEESRE

Z WM FEREIRTT AR & DR A 3508
TEAEVRTT RO TR AT %, O ER 25BN L
ROt T AR SRR B . B RGN 2 A0
KT S HIVERIPL] . 20 F A 2 SR 5 SR AL S
AR HEE A 25 AR AU A AT ER, RERS TE D Axi
RN I AN E S BT -

HAT, 2 MMy T K- F & BAE IR KT
BRIE 7E A R I H 8 A B LR T 70 (BRI PR AL
ARG 2 A SR )
Ze sty K22 e tE UG UESE W) R R . 5155
B RCGRARAIEL, T2k & DS 2T e #ik
H A BNR RTINS AR, EEDIAE

4

Application of traditional Chinese medicine in multi-component cancer treatment nanoplatforms

PE PGS A2 AR S B RS, vy
KT B R AE I R FER A TR IR . S
VRIS, FEGAR G i Rk, BAGURT & il &
RILZFRENEARL . KT8] o 822 5 K55 o R4
Ao KL, 5787 KA A B2 25 R IR LS (kA 1,
R L A AR T 2 A KT Gl & T,
SEHLA A T RO ARAEAL . T R AL B T
o RRWEFCRIHE 2B R 2 0 iR TT 9K
&, WA RIS /1, RIS, 6
WA, SRR SR . WP a2 Hrgk
T E KR EEIA R, MR E A R
EHBE (GMP) B, SEUMJEUREE R 4 5
By, MERERES LZWER.



FE49EFLEH 2026F 6 B

ﬁ'%‘%f-’iﬁ‘{ ER Drug Evaluation Research

Vol. 49 No. 6 June 2026 « 1869 -

B2 RAG RME R RIRBHHE . KIT2 A
KT ERR, BT RGBT ALBMR S
TEFIHLEL, SREME ST 25550 U . R LA i
S, FERMPELZ L. 2RENRITIL
o UEAh, ROMERITRE LAEE L fwtse, HESh
Fey S U A A A A P BRI PR AR, iR
ZNYIRERL 3D R SR AR B s BN SR, SEHER
TGOS A A 7RO e At di
Btk 75 N AR PR G  TA] (220 . E S |
M PR S 75 AN PR BT 0 58 B8 E 2 A5 T i e 40K
B, R BT AR It (1 e RIS 7T
HEPHHAAENE TR et w52k, 2z
HENOYAHRAE, N A SR R SR B . AR
K, B 2 U AR AR SIS T A
WRRHR L B 2 2 A R BUMR VR T TR SRS, [
IS thoRs e B 25 2 R LR HESh B 28 BUAN SR
(b ESpaRibf 7R

FEAR PAGEHEARGEAZTR

SE

[1] Yang G B, Zhang R, Liang C, et al. Manganese dioxide
coated WS2@Fe304/s8102 for pH-
responsive MR imaging and oxygen-elevated synergetic
therapy [J]. Small, 2018, 14(2): 1702664.

[21 Zhou Y F, Fan S Y, Feng L L, et al. Manipulating

intratumoral

nanocomposites

Fenton  chemistry  for  enhanced

chemodynamic and chemodynamic-synergized

multimodal therapy [J]. Adv Mater, 2021, 33(48):
2104223.

[3] ChenQ,FengLZ, LiulJ, et al. Intelligent albumin-MnO2
nanoparticles as  pH-/H20»2-responsive  dissociable
nanocarriers to modulate tumor hypoxia for effective
combination therapy [J]. Adv Mater, 2018, 30(8):
1707414.

[4] SunR, XiangJJ, Zhou Q, et al. The tumor EPR effect for
cancer drug delivery: Current status, limitations, and
alternatives [J]. Adv Drug Deliv Rev, 2022, 191: 114614.

[5] JiaWL,Jin B, Xu W J, et al. pH-responsive and actively
targeted metal-organic framework structures for
multimodal antitumor therapy and inhibition of tumor
invasion and metastasis [J]. ACS Appl Mater Interfaces,
2023, 15(43): 50069-50082.

[6] Qian W H, Zhang B, Gao M, et al. Supramolecular prodrug
inspiried by the Rhizoma Coptidis-Fructus Mume herbal
pair alleviated inflammatory diseases by inhibiting

pyroptosis [J]. ] Pharm Anal, 2025, 15(2): 101056.

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Liu J, Xie T Z, Meng C, et al. Self-assembled Matrine-GA

nanoparticles
GPCR-mediated

cAMP/hippo/Ca*" signaling pathways [J]. Chem Eng J,

2026, 529: 173059.

Luo W K, Guo X, Song X W, et al. Surgical-adjuvant

hydrogel of full-natural bioactive compounds from

supramolecular ameliorate myocardial

infarction  via regulation  of

Chinese medicine for enhanced traumatic brain injury
therapy by inhibiting complement activation [J]. Adv
Funct Mater, 2026, 36(10): ¢08893.

Deng Z C, Zhang Y J, Li R Q, et al. Honeysuckle-derived
carbon dots with robust catalytic and pharmacological
activities for mitigating lung inflammation by inhibition of
Caspasel1/GSDMD-dependent pyroptosis [J]. Adv Funct
Mater, 2025, 35(24): 2418683.

Tu J, Xu L H, Guo Y Q, et al. Dendrobium officinale-
derived nanovesicles: A natural therapy for comprehensive
regulation of angiogenesis, inflammation, and tissue repair
to enhance skin wound healing [J]. Bioresour Bioprocess,
2025, 12(1): 74.

Zhao B, Jiang X C, Li W S, et al. ROS-scavenging
microneedles loaded with Portulaca oleracea L.-derived
exosomes for atopic dermatitis therapy [J]. Nano Res,
2025, 18(12): 94908151.

Xu'Y, Zhao J Y, Xu X Y, et al. Engineered biomimetic
nanorobots orchestrate targeted nose-to-brain delivery to
resolve neuron-Glia entanglement against Parkinson’s
disease [J]. Small, 2026, 22(18): ¢13394.

Zhang Z Y, Du W Q, Zhang X J, et al. Self-assembled
dictamni cortex nanoparticles ameliorate psoriasis by
epigenetic modulation of HSP90OAB1 and suppression of
the inflammatory response [J]. Adv Sci, 2026, 13(1):
e12422.

Jiang HY, Zhu X Y, Pan W Z, et al. Iterative-designed
multifunctional carbon dots nanodrug for celastrol loading,
targeting delivery, and combination therapy of kidney
stones [J]. Adv Funct Mater, 2026, 36(35): ¢23181.

Chen T T, Duan Y, Dai W J, et al. Carbon monoxide-
releasing nanomotors based on endogenous biochemical
reactions for tumor therapy [J]. J Colloid Interface Sci,
2024, 663: 396-404.

Xiao Y, Yu T J, Xu Y, et al. Emerging therapies in cancer
metabolism [J]. Cell Metab, 2023, 35(8): 1283-1303.
Mellman I, Chen D S, Powles T, et al. The cancer-
immunity cycle: Indication, genotype, and immunotype
[J]. Immunity, 2023, 56(10): 2188-2205.
Boedtkjer E, Pedersen S F. The

microenvironment as a driver of cancer [J]. Annu Rev

acidic tumor



- 1870 -

FA49EFE6H 20265F 6 B

4¥38at A, Drug Evaluation Research

Vol. 49 No. 6 June 2026

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Physiol, 2020, 82: 103-126.

Li Y, Zhao L, Li X F. Hypoxia and the tumor
microenvironment [J]. Technol Cancer Res Treat, 2021,
20: 15330338211036304.

Ai Y J, Hu Z N, Liang X P, et al. Recent advances in
nanozymes: From matters to bioapplications [J]. Adv
Funct Mater, 2022, 32(14): 2110432.

Dong S M, Dong Y S, Jia T, et al. GSH-depleted
nanozymes with hyperthermia-enhanced dual enzyme-
mimic activities for tumor nanocatalytic therapy [J]. Adv
Mater, 2020, 32(42): 2002439.

Li HR, Huo Y, Peng W T, et al. Hyperthermia-accelerated
ion-radical production for enhanced tumor nanocatalytic
therapy with inhibition of tumor growth and recurrence [J].
ACS Appl Bio Mater, 2025, 8(8): 6830-6842.

Gu Z X, Zhong D, Hou X Y, et al. Unraveling Ros
conversion through enhanced enzyme-like activity with
copper-doped cerium oxide for tumor nanocatalytic
therapy [J]. Adv Sci, 2024, 11(11): 2307154.

Li MY, Lu Z J, Fang C, et al. Cobalt-based hybrid
nanoparticles loaded with curcumin for ligand-enhanced
synergistic nanocatalytic therapy/chemotherapy combined
with calcium overload [J]. J Mater Chem B, 2024, 12(19):
4642-4654.

Mao L Z, Xarpidin B, Shi R, et al. Natural enzyme-loaded
polymeric stealth coating-armed engineered probiotics by
disrupting tumor lactate homeostasis to synergistic
metabolism-immuno-enzyme dynamic therapy [J]. Adv
Sci, 2025, 12(16): 2417172.

Folz J, Jo J, Eido A, et al. Photoacoustic chemical imaging
of tumor microenvironment pH for prediction of
chemotherapeutic efficacy in breast cancer [J]. Nano Lett,
2025, 25(41): 14808-14816.

Liu J, Huang Y R, Kumar A, et al. pH-Sensitive nano-
systems for drug delivery in cancer therapy [J]. Biotechnol
Adv, 2014, 32(4): 693-710.

Tan X, Huang J Z, Wang Y Q, et al. Transformable
nanosensitizer with tumor microenvironment-activated
sonodynamic process and calcium release for enhanced
cancer immunotherapy [J]. Angew Chem Int Ed, 2021,
60(25): 14051-14059.

Qian R, Yi X, Liu T, et al. Regulation of ion homeostasis
for enhanced tumor radio-immunotherapy [J]. Adv Sci,
2023, 10(32): 2304092.

Zhang L X, Zhao J, Hu X, et al. A peritumorally injected
immunomodulating adjuvant elicits robust and safe
metalloimmunotherapy against solid tumors [J]. Adv
Mater, 2022, 34(41): 2206915.

Zhao S F,Li HH, Liu R Y, et al. Nitrogen-centered lactate

oxidase nanozyme for tumor lactate modulation and

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

microenvironment remodeling [J]. J Am Chem Soc, 2023,
145(18): 10322-10332.

Li X W, Geng S, Chen Q J, et al. Disrupting tumor lactate
homeostasis to sensitize chemo-immunotherapy using a
glucose-disguised lactate interceptor [J]. ACS Nano, 2025,
19(23): 21556-21570.

LiYJ,LiXY, YiJM, et al. Nanoparticle-mediated STING
activation for cancer immunotherapy [J]. Adv Healthc
Mater, 2023, 12(19): 2300260.

Cen D, Ge Q W, Xie C K, et al. ZnS@BSA nanoclusters
potentiate efficacy of cancer immunotherapy [J]. Adv
Mater, 2021, 33(49): 2104037.

Liang J L, Huang Q X, Chen Q W, et al. Perturbing
organelle-level K*/Ca?* homeostasis by nanotherapeutics
for enhancing ion-mediated cancer immunotherapy [J].
Adv Mater, 2025, 37(12): 2416574.

Kang X Y, Chen W W, Zhang Y, et al. A sono-responsive
nanoplatform integrating STING activation and CXCR4
blockade for synergistic immunotherapy of glioblastoma
[J]. Adv Mater, 2026, 38(7): e12104.

Weng B S, Zhu N, Li H R, et al. Reinvigorating CD8" T
cells through ADRBI1 blockade using copper-propranolol
nanoparticles for enhanced immune checkpoint blockade
therapy [J]. J Nanobiotechnol, 2026, 24(1): 24.

Ling Y, Liang X Y, Yan K N, et al. Bimetallic Ca/Zn
nanoagonist remould the immunosuppressive
hepatocellular carcinoma microenvironment following
incomplete microwave ablation via pyroptosis and the
STING signaling pathway [J]. Adv Sci, 2025, 12(23):
2500670.

Yan L, Chen C, Liang Y, et al. Autophagy-targeting Fe-Cu
nanozyme for tumor immune microenvironment
remodeling and image-guided cancer immunotherapy [J].
Adv Sci, 2025, 12(47): e12575.

Theivendran S, Lazarev S, Yu C Z. Mesoporous
silica/organosilica
immunotherapy [J]. Exploration, 2023, 3(3): 20220086.
Dong Z L, Feng L Z, Hao Y, et al. Synthesis of hollow

biomineralized CaCOs-polydopamine nanoparticles for

nanoparticles for cancer

multimodal imaging-guided cancer photodynamic therapy
with reduced skin photosensitivity [J]. J Am Chem Soc,
2018, 140(6): 2165-2178.

MalJY, Wu HJ, LiY, et al. Novel core-interlayer-shell
DOX/ZnPc MSNs@
CaP@PEGylated liposome for enhanced
chemo-photodynamic therapy [J]. Pharm Res, 2018, 35(3):
57.

Zhao B, Lin H J, Jiang X C, et al. Exosome-like
nanoparticles derived from fruits, vegetables, and herbs:

co-loaded pH-sensitive

synergetic

Innovative strategies of therapeutic and drug delivery [J].



FE49EFLEH 2026F 6 B

%¥38at A, Drug Evaluation Research

Vol. 49 No. 6 June 2026 - 1871 -

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

Theranostics, 2024, 14(12): 4598-4621.

Abid AT, Conzatti G, Toti F, et al. Mesenchymal stem cell-
derived exosomes as cell free nanotherapeutics and
nanocarriers [J]. Nanomed Nanotechnol Biol Med, 2024,
61:102769.

Jiang Y J, Hu Z L, Wei Y Y, et al. Biomimetic cell
membrane-mediated nanodelivery platform based on
natural products: Emerging strategies for
combination therapy [J]. Biomaterials, 2026, 328: 123908.

Su G T, Xu H, Zhou F F, et al. Boosting reactive oxygen

cancer

species generation with a dual-catalytic nanomedicine for
enhanced tumor nanocatalytic therapy [J]. ACS Appl
Mater Interfaces, 2023, 15(51): 59175-59188.

Song Q C, Zhang Y R, Deng X T, et al. Amplification of
oxidative  stress with a  hyperthermia-enhanced
and MTHI1
sequential tumor nanocatalytic therapy [J]. J Mater Chem
B, 2023, 11(17): 3836-3850.

Yan X Z, Liu H S, Guo L, et al. Multifunctional drug

chemodynamic process inhibition for

delivery nanoparticles for combined
chemotherapy/chemodynamic/photothermal therapy
against  colorectal  cancer  through  synergistic

cuproptosis/ferroptosis/apoptosis [J]. Mater Today Bio,
2025, 30: 101427.

Zhao W, Zhang L, Guo J, et al. Intelligent nano-cage for
precision delivery of CRISPR-Cas9 and ACC inhibitors to
therapy lipid
metabolism disruption [J]. Adv Funct Mater, 2025, 35(13):
2418090.

Zhang X Y, Zhao M Y, Cao N, et al. Construction of a

pH-responsive

enhance antitumor cascade through

tumor microenvironment cleavable
PEGylated hyaluronic acid nano-drug delivery system for
colorectal cancer treatment [J]. Biomater Sci, 2020, 8(7):
1885-1896.

Bae Y, Kim Y, Lee E S. Endosomal pH-responsive Fe-
based hyaluronate nanoparticles for doxorubicin delivery
[J]. Molecules, 2021, 26(12): 3547.

Chen D Q, Lian S N, Sun J F, et al. Design of novel
multifunctional targeting nano-carrier drug delivery
CD44
microenvironment pH condition [J]. Drug Deliv, 2016,
23(3): 808-813.

Jangid AK, Solanki R, Patel S, et al. Improving anticancer

system based on receptor and tumor

activity of chrysin using tumor microenvironment pH-
responsive and self-assembled nanoparticles [J]. ACS
Omega, 2022, 7(18): 15919-15928.

Maity B, Moorthy

pH-sensitive peptidomimetics for

H, Govindaraju T. Tumor
microenvironment
targeted anticancer drug delivery [J]. Biochemistry, 2025,
64(6): 1266-1275.

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

WuY H, He L, Zhao S B, et al. Tumor microenvironment
pH-responsive size-transformable peptide self-assembling
nanocarriers for tumor-specific treatment [J]. Biomater
Ady, 2025, 173:214293.

Tan H S, Liu Y L, Hou N, et al. Tumor microenvironment
pH-responsive pentagonal gold prism-based nanoplatform
for multimodal imaging and combined therapy of
castration-resistant prostate cancer [J]. Acta Biomater,
2022, 141: 408-417.

Chen K R, He J L, Zhou A W, et al. Ultrasound-activated
sonophage synergizes sonodynamic therapy and
saltoptosis for solid tumor eradication [J]. Adv Mater,
2026, 38(4): e08245.

Yang Y, Hu T T, Zhu Y F, et al. Layered double hydroxide-
based

multidimensional cell death network for augmented

sonosensitizer triggers “paraptosist+”’
sonodynamic immunotherapy [J]. Adv Mater, 2026,
38(13): €22763.

Li HY, Kong X J, Han S D, et al. Metalation of metal—
organic frameworks: Fundamentals and applications [J].
Chem Soc Rev, 2024, 53(11): 5626-5676.

Tan J, Ding B B, Chen H, et al. Gallium-magnesium
layered double hydroxide for elevated tumor
immunotherapy through multi-network synergistic
regulation [J]. Adv Mater, 2025, 37(21): 2501256.

Wang F, Wang K, Fang B R, et al. Hollow mesoporous
Prussian blue nanozymes alleviate doxorubicin-induced
cardiotoxicity by restraining oxidative stress associated
with Nrf2 signaling [J]. J Colloid Interface Sci, 2025, 686:
1074-1088.

Xing Z, Dong B'Y, Zhang X X, et al. Cypate-loaded hollow
mesoporous Prussian blue nanoparticle/hydrogel system
for efficient photodynamic therapy/photothermal therapy
dual-modal antibacterial therapy [J]. J Biomed Mater Res
Part A, 2024, 112(1): 53-64.

Huo C M, Ding P L, Tong S Y, et al. Biomimetic
nanozymes catalyze cascade reactions for enhanced tumor
nanocatalytic therapy [J]. Nanoscale Horiz, 2025, 10(10):
2381-2396.

Du Q Q, Zhang Q F, Li J L, et al. Enhanced integrated
therapy for breast cancer employing Honokiol-loaded
mesoporous polydopamine nanoparticles in conjunction
with photothermal effects and low-dose metformin [J].
APL Bioeng, 2025, 9: 016115.

Lao X Z, Liu M D, Chen P C. Synthesis and
electrocatalytic
nanoparticles [J]. ACS Appl Energy Mater, 2025, 8(10):
6246-6263.

Zhang C, Bu W B, Ni D L, et al. Synthesis of iron

nanometallic glasses and their application in cancer

applications of  polyelemental



- 1872 -

FA49EFE6H 20265F 6 B

4¥38at A, Drug Evaluation Research

Vol. 49 No. 6 June 2026

[67]

(68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

therapy by a localized Fenton reaction [J]. Angew Chem
Int Ed, 2016, 55(6): 2101-2106.
Cai S F, Liu J M, Ding J] W, et al

microenvironment-responsive cascade reactions by a

Tumor-

cobalt-single-atom nanozyme for synergistic nanocatalytic
chemotherapy [J]. Angew Chem Int Ed, 2022, 61(48):
€202204502.

Wang X, Liu Y Q, Xue C C, et al. A protein-based cGAS-
STING nanoagonist enhances T cell-mediated anti-tumor
immune responses [J]. Nat Commun, 2022, 13: 5685.

Lin Z, Cao RY, Guo X Y, et al. Herbal medicine-derived
natural product self-assembled nanoparticles:
Orchestrating chemo-chemodynamic-immunotherapy for
tumor combination therapy [J]. Adv Healthc Mater, 2025,
14(18): 2500913.

Zheng P, Ding B B, Jiang Z Y, et al. Ultrasound-augmented
mitochondrial calcium ion overload by calcium
nanomodulator to induce immunogenic cell death [J].
Nano Lett, 2021, 21(5): 2088-2093.

Meng S C, Liu Q, Dai R, et al. Development of a novel
macroscopic regulation and microscopic intervention
mode nanosystem for osteoporosis treatment [J]. Mater
Today Bio, 2025, 32: 101829.

Xue P, Hou M M, Sun L H, et al. Calcium-carbonate
packaging magnetic polydopamine nanoparticles loaded
with indocyanine green for near-infrared induced
photothermal/photodynamic therapy [J]. Acta Biomater,
2018, 81: 242-255.

Shen Y Z, Ma H T. Oridonin-loaded lipid-coated calcium
phosphate nanoparticles: Preparation, characterization,
and application in A549 lung cancer [J]. Pharm Dev
Technol, 2022, 27(5): 598-605.

Yang Y Y, Liu X, Zhang R Z, et al. Size-tunable micro-
nano liposomes: Enhanced lung targeting and tumor
penetration for combination treatment of lung cancer [J].
Small, 2025, 21(20): 2409593.

Liu M L, Lu B G, Yang G G, et al. Concave Pt-Zn
nanocubes with high-index faceted Pt skin as highly
efficient oxygen reduction catalyst [J]. Adv Sci, 2022,
9(12): 2200147.

Saladino G M, Vogt C, Li Y Y, et al. Optical and X-ray
fluorescent nanoparticles for dual mode bioimaging [J].
ACS Nano, 2021, 15(3): 5077-5085.

FuY F, Xia F, Sun L L, et al. Anti-lung cancer therapy
using nano-assembly particles of traditional Chinese
Medicine formula [J]. Mater Today Bio, 2025, 35: 102502.
Ye D, Ding D, Pan LY, et al. Natural Coptidis Rhizoma
nanoparticles improved the oral delivery of docetaxel [J].

Int J Nanomed, 2024, 19: 8417-8436.

[79]

[80]

[81]

(82]

(83]

[84]

[85]

[86]

[87]

(88]

[89]

LanJ S, Nie W L, Bi Z J, et al. Astragalus polysaccharide-
based nano-platforms loading PTX to boost chemo-
immunotherapy for triple-negative breast cancer with
intrinsic GLUT-targeting ability and immunoregulatory
activity [J]. J Nanobiotechnol, 2025, 23(1): 628.

Wei X J, Cao Z, Zhou H Y, et al. A translatable
nanoprodrug integrates traditional Chinese and western
medicines for chemo-immunotherapy of hepatocellular
carcinoma via ferroptosis [J]. ACS Appl Mater Interfaces,
2025: acsami.5c18878.

Hou Y, Chen L, Li Z Y, et al. Co-assembly of natural
small molecules from Cordyceps militaris into a carrier-
free hydrogel targeting Egr1-CSPG4-AKT signaling for
glioblastoma therapy [J]. Chem Eng J, 2026, 532:
173945.

Zhang J, Bao C J, Zhang X L, et al. Lycium Barbarum
polysaccharide-based hydrogel as a novel oral colon-
targeted drug delivery system for enhanced MSS-CRC
treatment by macrophage lipid reprogramming [J]. Adv
Funct Mater, 2026, 36(33): €23769.

Zhan X, Xiao H, Wang Q, et al. Natural killer cell nano-
engagers drive ferroptosis—-immunomodulation synergy
via inhibition of the Interleukin-6-JAK2-STAT3 Axis [J].J
Control Release, 2026, 390: 114581.

Wei C Q, Liu H Q, Zhang S, et al. Multi-stage regulated
peptide enhancing ferroptosis in
melanoma therapy [J]. Adv Funct Mater, 2026, 36(32):
€27288.

XuHY,HuD X, Liu S X, et al. Folic acid-modified ginger-
derived

microneedle for

exosome-like  nanoparticles  co-delivering
sunitinib suppress renal cell carcinoma via PI3K-Akt
pathway inhibition, P-gp downregulation, and macrophage
reprogramming [J]. Adv Sci, 2026, 13(6): e12563.

Zhang L L, Luo W K, Chen Y, et al. Green synthesis of
boron-doped carbon dots from Chinese herbal residues for
Fe3* sensing, anti-counterfeiting, and photodegradation
applications [J]. J Clean Prod, 2023, 422: 138577.

Yan Z K, Cheng HW, Liu Y P, et al. Reprogramming tumor
cell death via processing natural drug to carbon dots
overcomes collagen barrier and activates antitumor
immunity [J]. Adv Funct Mater, 2026, 36(24): €22706.
XinJ W, Song M W, Liu X L, et al. A new strategy of using
low-dose caffeic acid carbon nanodots for high resistance
to poorly differentiated human papillary thyroid cancer [J].
J Nanobiotechnol, 2024, 22(1): 571.

Deng K, Zhang L L, Gao W, et al. A functional carbon
dots induce ferroptosis by suppressing PLPP4 activity to
inhibit glioblastoma growth [J]. Chem Eng J, 2023, 475:
146473.

[FiEsmit 3R]



