Chinese Journal of New Drugs 2026,35(8)

- HBEMRBHREHARER -

MEMNKBHREEIT KR REEMERBESTRORARAR

skoHRLE HL R T IKREER L R, SR
(WZEFKR%¥K,H% 710021)

\

(HE] LN KRBHERE AN BENEREETRETIH RS  LEN-—AFEALAE TR, U FEL
MAENFESGYREEL X Z R, PR LA R P b 6 Bk R om B 5 BiF S o e F i
B AP RERSHERE REAEADHARAE  BIPARRMN, LRGN ERREZELT -, LR
BERMTHMNET AT, AXRENRBLHRANREURA KRB KN X JRE e kit ke, 4
Bitd e m AL A R EERAN AT EEAE M ET RN A ERERELETENAL
BRAREEIEHE ,ARLTRANANE, EENNKELZREANENT R E RN ARESE,

[RER] MAREBHRA ;@ HE B EBT LK

[HE4S XS] RY43 [ XHEFRERD] A [ZE4HE] 1003 -3734(2026)08 - 0795 - 09

Design strategies of targeted nano-drug delivery systems
and advances in tumor precision therapy

ZHANG Yun, ZHENG Yu, XU Ning, ZHANG Ya-li, YANG Nan, MA Bin-yu
( School of Pharmacy, Xi’an Medical University, Xi’an 710021, China)

[ Abstract |

apy of tumor. NDDS, as novel modes of drug delivery, are capable of penetrating various biological barriers to de-

Targeted nano-drug delivery systems ( NDDS) have provided a new strategy for the precise ther-

liver therapeutic agents precisely to tumor sites. By leveraging their unique size effect, controlled release, stimula-
tion response, ease of modification and functionalization, these systems enhance drug stability and solubility, im-
prove bioavailability, and reduce systemic toxicity and side effects. Consequently, they enable targeted drug deliv-
ery and theranostics, offering promising solutions to overcome the therapeutic limitations of conventional chemother-
apeutic agents. This paper summarizes the advantages of NDDS, the classification, principles and targeted design
strategies of nano-carriers, focuses on the types of commonly used targeting ligands and their mechanisms of action,
analyzes the current developments and challenges in scalable production, in vivo transport, biocompatibility and
clinical translation, and looks forward to the prospects of future applications, with the aim of providing references
for the further development and clinical applications.
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TR 55 E 1 BT 5 8, BT 00 A g 4 Y A bR
FEOFE S T A AT R B N I A I R T R
By T FH AL Bl = 45 S Ve, 70 15 B DR 184 4 %) g
2 0 [) -t AN T e A 2 o) T 2H 24N i 3 A [ AR
JERRI 5. BEAh, i T AT 25 W ) b e B e AR AT
B, AEIR YT i AR T 5 15 A 2 1 [ I Bl ™ A A
BLRORE S R4k 7 RO , ™ T 24 e AR P

T AR, G K AR A A W B 2 Uk 1) 5 1 M F
J&hy IR S R T T RE T BT E ok Ao R RERE
FMUVE AR5 2 2 B S ORI S ol ok T £
JCAR 2 )T B, 2004 4E 36 [ [ R e AE BF 58 BT
( National Cancer Institute, NCI) $2 H} 9 0E 24 >K 35 R
THRI BRI 209 K B A e i g2 12 W 36 97 R R Hh
FIR AR 800 1) AL, L ST 1 8 K R RAE 52 56 % (Nano-
technology Characterization Laboratory, NCL) , & 4 ¥4
Hu T J 9 oK bF kL B il B 5E S N O k. H T
NCL BT & 1 29 100 Fft 45 £ A, 7T %5 299 K B4 KL Y
Yy BEAL s Sy T B A2 Bl e R TSR R AT R G
PEAL K 358 1% R 4t (nano-drug delivery system,
NDDS) J& —Ff ] 44 K RUEE (1 ~ 1 000 nm) f) 44
S5, LAOMURR B0 W) PR Aoy AR W o T S0 25 W ik
BRI 2L, h TR U RS BRI L
A T B TEAE M RE ) R BREE (Al B2 pH
RV 25 ) SR80 O , 1T 038 25 ) A 2 Sl e
IR FRE Mk % (1) B AORE SRR . 1995
A, JEIE FDA e T 9IRS Y —R £ R
T 2 M 5 4 (R 4% Doxil) B 2 25 NDDS A
LRI AT FEE 15 I PRIV o BEE NDDS (A W & Ji 58
LB E BRI C AT 500 F gl oK 258 3147 I K
LRSI OE AN Y NN SERIE FoL /P S T ]
BARBI AR 251 T 2L BRI i 9 s 4 R
FRIRYT , QT S2 R R AR LR (7 44 < Onivyde) (B iR
KA B 5 1A (7 dh 43 : Marqibo ) | 11 88 11 45 45 2!
LRI (T i 44« Abraxane ) IS R 5% T4 B AR 5 1)

VR (7 44« Eligard) % MBS TAE G 10254
19T, NDDS JE Bt 2 07 0 D B2 i
Tt s M R i L R A O3 A 5 Q) SE K 25 Y 2
S PR AR YR T B 5B i v 24 W B 1) 3 3K, AR
AR KA @ BT A WA A A W B A
AU B S By iR AL, AT S IR SR T 52T
—kfk. DRI, NDDS T IT K %) R iR T B
B Y, ARSCHGE T NDDS (9 E SRR M g K 3
TR 2326 B A F AL, LU NDDS )35 £ 3
AEAL B REAL AL 1) Ak 1 T 1) K Je i (L3RI S8 g
1 NDDS pi#EEA R

H i, NDDS (4 3 1% 32 22 4 % 2§ ] A1 3 5l 40
] 2 AL,
1.1 #zh§mE

BB HE 1] FE 70 AT 1 5 B 1 R OR B 800 (en-
hanced permeability and retention effect, EPR) , 4} K
SUASE 4] P e 96 2 2 B4 1 Y % R T 1 O ) R B
G CREP QU o R B ) LR A EN I
R ) AN R 25 ) A i R 2 2 e Y e R R K
AR
1.2 £z m

T Bl H ) G W S S G AR -2 AR B - B AR S O
T A 4R S P TR A T 5 NDDS R o ik 3% 1)
PRAL , e 49 1 TR e R A i % T 5 B 3R 3k 1Y 32 AR B
PUIEL, 92 B K RL 5 R T D RE AL 1B i , 7 — 2D Al ik
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LU A S O A B AR T R SRR L T 4R TR
)97 280 DL AR 3% P B 1) AR T R A < R R )
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1.2.1 AYRIyTEHANT

L2 1.1 fifk itk 2 FmorF B 2 &K
3SR 2H R, X T 2 B o R S R R
A, EMREIA ST T, EGFR il HER2 2 4t 14 19
HEH R, EGFR 78 2 Bl M g vh A7 7 i 3R 8 B
R, 003k B (80% ~90% ) = BAMEFL I (52% ~
54% ) | & T Bk 20 R (50% ) Kl g (40% ) G
HER?2 7 31 g g 1 0P 850 8 % vh i 3k, $1 HER2
BATT PR ( monoclonal antibodies, mAbs) 52454y
G0 oK UKL THT SR, T g 2 AR A 5 0 o A AR A
HOIE AL, 412 38 A g 2 i i A B B
1.2.1.2 REERKKHET REAKKEFERAEN
P8 T PR S M A P T e 3 3k 2 A Y R A0 L, T
FE R S 1) i i . EGFR J& — B 25 [ i 24 1R 34 il 32
R EECE Y IR T W A Ry I
JAYEHR o EGFR W 7RI | Sk S0 45 W i B i 9
FUMRIEE (P L9 5% e i 0 i S5 22 b W i g v
ik B EGFR 1Y 44 K UKL 7E 142 P 418 3 B 3 55
S O F R 0 A A

1.2.1.3 #gEn HEgEnL Mol
80 kDa fY I i #H AL 1, 8 L 45 B ¥R E A Z KN &
R 1) BRI IR A1) 0 Y S g s K e R 0 RS R
At SR8 DR T A, 140 1 i e A i 2 T e ik
BB SZ AR R AT LR I 4 2 5k A B ik
SEMAE S T S ) i Y 32 R 2R

1.2.2 £ikns

1.2.2.1 RGD ik RGD J¥ 4 J& —Fp &k = ik, th
K& R (Arg) H & MR (Gly) MK A E MR (Asp) 3 Fb
FAERRARYGE TR . F9E K B £ K BE S R

SRR AN o SRk S R 2 R R S
HORBAR avB3 Fl avBS 75 8 4k 240 A0 il 5 i
ik A RN 0N RN AR 400 b
Wi I 1A 2 KR | 25 A 55, DA E i Bk 7 24
Wy AE AT M P B %

1.2.2.2 Bk Bl R — AP NS R K AR
AERIMRNRAT Y, S RKRMEZER2 BA S
RS o T 2R N o I R R AR R R 2
K 2 5 ik, PRI 32 A mT AR Ay 3 5l 88 e 48 A 114 0
TERE o B IR R AR 5 T 3 o 3K 2%
Z Rt bR 259, Bl % 3R ((doxorubicin, DOX) | %¢
A2 ( paclitaxel , PTX )  FLMI YK F ( periplocymarin ) &
FLHIFF T ( periplogenin ) 25 (sl

1.2.2.3 AP Jik AP ik 530 IR 4 200 114 52
REARESIEEM A" Wu 22 6 & T AP ke
09 pH 137 5 4 9 e 5 ( AP-pH-PMs) § DOX {0
FEA{E AP-pH-PMs 4] % 5, DOX-AP-pH-PMs, LI A —
P31 L i 200 i MIDA-MB-231 385 A5 14 /N BRI P9 52 56
VAl DOX-AP-pH-PMs WYL IR VE T o TESS 15 d ),
i 11 i B DOX 4k B A4 /N B F 19 i 4 AR 4 /) 2=
(544 +98) mm’, Jfij DOX-AP-pH-PMs &7 1) /) B i
FERFRF /% (183 £37) mm’ B AP-pH-PMs £k
— Tl T R oK 24 ) A A B AT A A PR L 1)
1.2.2.4 tLyp-1 ik tLyp-1 lKE—Fh&H 7 &
1 1 fie R 1) 2 K (2 9 A =L R Y BRI 2 Ik
Lyp-1 B #E I 30) o thyp-1 Bk B A 2% il i C
Ui LI ( C-end rule, CendR ) PY 45 i 42 41 3 ) Ji2 o /R
Wik AL T2 K m M & BHEA-1 2R RA &
JE A BoR S
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1.2.3 B RN
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1.2.3.2 ASI1411  AS1411 J&—Fp & 5 (0 P ik it
DNA ZEA% 1 B2 il fie 7, Xt 41 8 F A 5558 1 25 A
J1, UL BEAE 1A T 2 B b3 40 M i) AR K I . B
BB JE RN A 2% 58 5 4 Fh e RN iR 38 N IE A
S, X B R P B O YA O i R G AR B Y
ASTAT1 W] Ry 5 30 o) B0 3800 toes 2L M8 Ly
f“%yﬁ%ﬁéﬂiﬂﬁi F R ER

1.2.4 L

1.2.4.1 ﬁﬁﬁiﬁ@é 7 B TR S — R A R AP
P2 TG S e LI T R AR A B B R AR
2% AW HFH TR0 R R A0, T CD44 " 2 R R
b 96 240 i b ik 2R 5k, TR T CD44 " 32 fk 5 i B
R A S5 A 0 5 T S R i 9 £ 4 A g i ik
1.2.4.2 N-ZBEVFURNE  N-2BF 2L AE
JHF S8 i) A, T 25 el Y R W R 11 A2 MR R I R SR R
J1 L LR R Al 1 45 S N-Z AL
W R I 175 A 00 B0 B 11 vl 07 e L TR B B, DA T R R
OB BR AL, DL R R V- 2T 21 2L e 18 i 1 40 K 2
AR LS 3% 9 200 i F) ﬁ@%ﬁ“

1.2.5 R EY N F A

1.2.5.1 m@ ﬂf@ﬁﬂﬂ%@%ﬁﬁ@ﬁ,,ﬁ\ﬁimﬁﬁ%
S P R R A i 2 T B4 R % A 4
Je G AR FTE B i AN . R A7 AR R A
IR SN N S I = S NN = N
O g A0 I 9 5 S 2 1 B R b At SR ak DAl Pl i
O3 440 X AR Y R

1.2.5.2 P3UBE PR ZUBEVE R o B OB i 5 2 G
BU 22— B ) 3 35 2 LW 32 UK Y R 40 M, £ 4 i
g RN SN O g A e R PO o S
L 003 T 259 2 A0 OK UKL B IR AR b, T 4R
e 200 LK 24 1 R AT S DTG T R 1) 4 N T 4R
2N,
1.2.5.3 XU
5 R 400 6 O T BEL Ok

e
PEHMART

PR 5 R4, w1
TS B 400 M A e
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B PR3 1 2 A kT v R O R T, 400 o i 4
WHERIBIT RN EE S, BASTEHE
50% ~70% W4 @O Mo, F L RNBERRES . BT M
R L 1 f 2 /\)ﬁ’*ﬁaﬁ@ 55 B UG A A AR AL
JBE R 48 o % B AL VA AR B R SRR T TR, e
S 12 ( zoledronic acid, ZOL) Fi1 ] & Jg B2 4 ( alendr-
onate sodium , ALN) A A B 8 18] & 97 &% % FH 0§82 4
Fo SLEFB,ZOL B4 Al ALN b4 n] fiff 44 K J5Uk:
(B 2H 40 i BB 23 0 hn S0 A8 4%
1.2.5.4 YR HEVWHRE— ﬁ*éﬁiﬁ’éiféﬁL
T EMIE A b e I S T IR R AL S
i‘%ﬂﬂ,ﬁi@gﬂwﬁ%ﬂ@ﬁuﬁﬂﬁﬂﬁﬂﬁ 0V2008 Fil
ID8 4% iz % 40 Mg COLO-26 | AE K 4 Jifd J3 41 fifs P815 |
i 98 40 L M109 '3 9 41 s RENCA AT RD0995 DA &
LR A0 4T JC AT MMTO6056 H | A= ) 2 22 fk %
iAW BR s 4 K BI2 B R
2 MARBEMSERES

# AU NDDS (9 15 11 5 8 1) 56w DL 1
FE T YK AR BT AR AS T, BT LK NDDS ) 44
KAEARG R 3 2 A HLAOKR AR TCHLG K AR N 475
KA LR 2,

Lipo: flig {4 ; CNTs : e 9K 3 s NVs : JOK 3830, PMs . &
YBEH; Den s BEECR KSR 75 QDs: it 7 40 SAP: 11 4UR ik
RBCM : Z1 40l g 158 s EV's : 40 g 41 3230 ; AuNPs : 45 40 KR T 5

PNPs : 442K 5 & W) BikL ; MNPs : %
95 2 B R
1 Hifihyg NDDS #5115 0 ) 2R i s = A
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AR, M2 YA i R AL H R AR
AR AV 2 WA o 40 b B BUR

A By AT 25 W38 3k L o A 2 B
Hil&HS, "AZERK

HAEAOKERL T R 2 R KU A S R
BAREIT  RLSUBIBHE, BEELLONMOE MR IR T DRI L
BRACKE EAIEEIOR. BRMBRTIRL R

HISERRAEAR, A0k Rt t ARk 2 a

RABRSE —— FLAT MR R Atk DA e S B e B

IRIITFIE — W, WRERIR N IR
EulillESIUes

S EEBMNBIE, B TR TN AR

Bl e — BATSRBREERE A A i

B2 9K 2 B R

2.1 BHMKEE

A WL A AR S B o ) B e sl A 2E G
Fe2y , SCI G B R N s ik o AT PN OR R iR J2 2
P R B A R 3R B 0 a0 K B AR 2, T R A AN K 3R
R A FEGOKR R G YEOR R A PR BRI 45
T Ak A
2.1.1 J8fFEK

% J A 2 ph W43 T2 5 4 A IR B P A RO 4
W, EAT v S R R A A R L R B AR AT 4y
K SR M2 2 3 T K A% B K 2 W R BT R
JRXUZ , 5 35 9 K 25 49 5 R D90 BRmF i) L e A,
I AT LK B ) G AR Ak 2 B 2 2 g 5 R4 T 2 I 4
TG TR 25 ) e B, DI L2 Bh e Y
2.1.2 REWHKBEK

RA YK AR h A Wb Ak i ok A A e A
Wows , RGPS 1 ~1 000 nm, ARG 2544 22 5%, R
S S NSESIPIS TIPS S 7L E A s
WO AR R T ok i Y R
KREBEEG MU, BT E . B80T A
Wy PR R S LT 2 I () BEPE L RLAF I
Yy B8 e FIURE 250 DL R X e S 1 98 s 7 9 1) iR S
LR
2.1.2.1 REWYKER  RE YK PR RS
PR T PN CE Sk /E DI RN T T TR N
7910 ~ 1000 nm"“* ;5 & 4y 44 K R 5/ A BLIY
DL AT DL 55 T 2 245 ) 7E I Jeg 40 i PN 1 & R R,

T AE 4 245 4 2 28 0, 4R s R AR Ak, ol
HTER G YA KPR R TSI A— R &8 & 158 )
B RE AL B /N SRS R R R
L ) TG AT SR B

2.1.2.2 BEWER  REVBHRZh & Mk B
B BB AL R YT L K T AR, RO A
JULBL T R AR A AR 9 5T 454
B 7K Y AZ AT g R 2 XE T M 24 ) 0 LA ( cispla-
tin, Cis-DDP) . DOX | = & ## ( camptothecin, CPT ) |
PTX 4 35 4 08K 245 400 19 5 i 5 R ™
2.1.2.3 BECRKR T WAERK D T2 —Fhie
] X FR R B BRI S) R 9 oK 23, BAT 4 E 1Y
S HYESER DL S B SRR R G X, 2503 1l
AL AR GG AL N AR BT R R 31 3R T ) i ]
MM YR A -2 ey, Pan 51
BT RO ZEEACR R BCR R G- & A O b
() L% ¥ [ mPEG (2k ) -dendrimer-DACHPt | [
T35 97 U9 B 5 . mPEG (2k ) -dendrimer-DACHPt H.
AW S 10 R v I A R L AR SKOV-3 B L9 /) B
RERL R G2 AR 00 i Pr R B AR AT /S 36 h ik
#(2.80£0.73) % , .3 & T B F 4 (oxaliplatin)
f(0.03 £0.01)% ., 1t#b, mPEG (2k)-dendrimer-
DACHPt 7 10 mg-kg ™" 55 19 /) 5B R 7R LA 1L
Xof B ZH 2 45 /0, 3 I S A i B I R R o
20124 GOREEH AOKBEER A B EUR SR B
W B0 P S 1 3 7 AL BRI — M o TR S . AN
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K ABE IR 1Y) T 25 1k R B W W3 2 AN AU A B 1
[ 2 T Y 37K 58 BERRE , 3 P v s 490 5 ]
N P ESL E - € R Nl T R T /) P2
K BEWL AL LS, B8 08 19 2R FLAE 1A N 1Y 2R W 40 A R
P, SE 22 245 ) I figp R 2R 16 TR, R AIRBL B R0 o 4ok
L 1) S5 48 55 IR BT AR AL, B T IAE Ry 2R K P 25 )
R KA 25y i Ak
2.2 MK

TCHLAN K 3 A = DL TS WL A RE (N 4 5% LB, —
SAARESE ) ) 25 0L 9 KR T, B AR HE TR Y
GO R R G T P K OB 4 K
RET BROAK A BT RS LG K ik
TEAR S A AT IR 5T R S 18 1 5 e 4 2 1k SRR A
TE IR 2 97— VAR 1k 450 S 2 B o) h o g A 3
2.2.1  BEMHEGAKIBURL

0 1 90 K UK 2 6 A S AR R Y 0K, TTAE
2 25 49y 1) G S 1) 38 3% 2 A, FC S 8 S g R AR T
106 7 k) 7 B S P A W b 7S W 0 RBIE T . e
B R P AR Ak B 4l 2K i k7 (superparamagnetic iron
oxide nanoparticles, SPTION ) 7E i J8% 12 Wr A1 ¥ [0 I8 J7
AR
2.2.2 EYUKRLT

SRR 5 H A R AF B T R 3R R (surface
plasmon resonance, SPR) , 3 H 7] L4 3 i 1k 24 & 1 5|
N RN YT B T S A = S v G | 7
P2 R R EHL 208 08 1 T 21 AN OB O S5 7T LA
TRATERAL GV AR S LU ) 45 2 8 11 B S 9L
A S5 S 24 W 3eh 3% [) BN T e K BIRRE Bk 2D AR A S
Fi 988 40 i Py 1B
2.2.3 fRYKE

e 4 K A8 O ol ik BT )2 A R Y S 0 A A
g, BAT IR B A 2 AL R P | e 20 45 JBCRT
BRI RO, 2BE Bk 4 K 45 ( single-walled carbon
nanotubes , SWCNTs ) & 48 2 i2f i J63 41 i 1) 40 Jid fse
R e e 40 v A M G R W BT B R AL YT 2
Pro BEAh, SWCNTs 2 5 By b2 i BLR 35 #2517 2
Zifie 1" . Yang % i ik R Ak 4 B SWCNTSs L3k
{498 L 90K 4 CNTs-COOH , 15 5 7, = ¥ ( poly-
ethylene glycol , PEG ) F1 58 ik ik V. % ( polyetherimide ,
PET) 3 i ] #¢ CNTs-PEG-PEIL, H X 2|, B 9 44 Jfl
MCF-7 B 1C, {8 M (27. 14 £4.65) wg-mL ™", B FK
T DOX 4H#(164.0 £24.5) pg-mL ™", F B CNTs-
PEG-PEL 1E6 Y7 3L I8 J7 1 BA B B 0%
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Cy" PEHMIRE 2026 F55 35 558

2.2.4 BTHE

B R 2 ~ 10 nm 192 SRR I, H
Bl EE W I ~ VI 0 R 5928 S AL A, 3 g
L5 H I T T B TS 00 B2 Ak s e e Y 7
LW (NSO IR ) MG ST (An e sh 177 ik s 2 4y
) 7 R AR SEAR M o Nasiviani 4% 4 T 9%
TR B B T 0 T EIE RS W) (MIP@ ¢-CQD)
FH T B & ME % ( methotrexate , MTX ) Y pH ) ij Bl 4
i 968 245 1) 3ek 3%
2.3 MK

H BT, 05 A2 B RHE AR 1) B2 27 FNR 97 12 W27 55 9
Wb R AR AR, BT A YRR R AR A
Pe o) TR REM G PL o 8, 7% AR W) Jm s
P HE AR A3 S A LB 2 A= )Ry 725 Al I Ak
PR R a2
2.3.1 4

200 L JEE A7 A 290 oK SUR S A1) D 400 5, s ) 44 K
UL, I 40 i B (4 22 T BE 1 5% A% 3] 94 oK Bk 2 1
DASRAT R5 2 Dl . Hu %57 46 T i /MR ( plate-
let membranes, PM) 4 # i 40 K 2 PM-NV, X} PM
R EE 52 W8 A, T S SHAE ) 336 K R R S
FERC o IR SR FE IR 7 A0 DG T2 15 F B AR (tumor nec-
rosis factor-related apoptosis-inducing ligand, TRAIL)
A1 DOX A Ay 240 i 94 1 fc B2 10 40 i ARS8 —
H A2 T PM-NV # % 69 TRAIL-DOX-PM-NV H F
i IRE I YT, AR i) SR O W EE 4 T, DA TR A A5 o e
TR IR THT R
2.3.2 HEWRIFTE

A )R 535 1l T H 22 DR R R 4K A A WA 2
PESZ B2 OG0, T A 24 0k 2k i 47 2R N
KAPEE, Hrh IR th TR IR R AR HO R A A W R i
RIS VE e AT P R B,
R B R IR A 2 7 8 R Bz 1 B i,
i AR LA Ty (Y AEAE Ty e A B A T R A
K 1) T A 5 HE B A 5R AE R Hgh
) BA 4R 2 i ARG R R R E PR AR
TEERF R W R o TR 25 Wik b ] T 2R 25 )
TR RN 125 25 W R L DR RS

Zhang %' JE T 2 i = Ik Asp-Phe-Tyr ( DFY )
MBEAE AL R A T T R R IR IT
i ged 4 1 B AR RS, R AL R RS
DFY = Ik 45 P8 3b 5 A% 7 1o 24 IR il it R ik iy SR (0
FIEANNEh o N RS K R A T AR
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