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Recent advancesin the drug for mulations of anti-tumor antibiotics
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Abstract: Anti-tumor antibiotics exhibit great application potential in the anti-tumor therapy. Some drugs
have become the first-line medication clinically. However, there are always various problems associated with
anti-tumor antibiotics, such as poor solubility and instability as well as severe systemic side effects. It is
important to choose suitable delivery carriers for a reasonable delivery system for a good targeting ability,
enhanced anti-tumor efficacy and reduced adverse effects of the anti-tumor antibiotics, especialy in the smart
delivery systems. This review summarizes the carriers and the advances in the delivery systems of anti-tumor
antibiotics, including anti-tumor antibiotic drugs currently on the market, in the clinical research stage and in the

basic research stage.
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WEEZENMEO. BT, FEENTUMREHUE R RA
WL, 5828 BT AR R R R i, — L
CAp & AImIK—2 M%), £ E (doxorubicin,
DOX) ML FE X (daunorubicin, DNR) . HAlH
PR PUAE RE G 2k FEIKZE. BORZE. K
AR ZRTF Mg RN R IR R A5 LR, PAJTis
#H# (lidamycin, LDM). £# % % (calicheamicin).
k% 2 (bleomycin, BLM). DOX. HiH%&E &
(rapamycin, Rapa) . 2% % C (mitomycin C, MMC)
SRR A, — B R KPR AR T 4
W R R A B EH, ftih B (itraconazole,
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ITN) i@ Hedgehog 1% 5 % 01 il 1L A= s A i B
BRI, EL4MMAFELEMEL R (thier
bendazole) th i i — 5 (IFLR T /7, Zhang %51
3 3 240 it S 56 R P SIZ B0 IR B T 3 6 R AT DL 3
il 1M A A K IR (vascular endothelial growth
factor, VEGF) fii & 4 5 F €1 3 8 1) T 3L

SRIM, TE1E 2 RIS AR, RA D
St NIRRT, /D32 3Rt Brdi o BEAS B MR bt
ARKRBEMEZERRG: © 49085 k15
FEIEM, BRI RS RO RREM, #
oK R NI R A AL, KR P R 2 ] A 4L 4
Mg, @ —suZG W SR K PR B T L AE A
PRI AR . RIS, 4N Rapa, DNR 2589 @) 1 T-45#)
RirL, KER o 29D AE MR W IE BRI (8506, B 80T &=
T, HEZRARAZNE, @ MRz
PEf PR A 25 383% 248 (drug delivery system,
DDS) He %A Rih 32 5 24 W ¥ 2 B35 P 5 Ik 2D 25
A 72 A= DO 3 R 25 433 3% R G 10 R R R 1
2y WP AR, BB E R A DDS DU#
e BRI, 780 RAEZIRAMMNLIR, AR

N PR ATE S 1) R b £ B AT FE B B LR SR R
A M HEAT T 450k, EENGE TGO A
RAMHIFIIRT AN, EFEEIEY . BEBA. 1K’
W BERRD T B EHLGPR RN R 4% .

Table 1 Anti-tumor antibiotic drugs that have been approved in the last 30 years.

1 BLEHrmMERE ZAWHIFI

Doxil /& H A4 FDA it L iy it &
) 700 o b AR A AR AR IR — 28 2 S L R IR A o
1995 4E-FEERA L, FEHTIHRT E RV
FEAFE RS ME LIRS,  Doxil HI#AAEM B4 RAE A
LI i IR Bt 2 % (DSPE)-% 2 ¢ (PEG)/E L
KEWENE (HSPC)/E[E B (Chol), i 5T 4 i AL A% £
80~90 nm. A DOX & MR Eh S, 12 %0
IR B 1) 55 B BB TR AR, (HREBE#E Doxil
H, B2 BB —Fh 5 AR R G0 B0E A S iR PR
LS (CARPA), IXFIAN R N AT DLIE i 98 18 245 )
TR e . LA BT MR BT A ZE W DNR. Rapa 5¢
A M2 kAL i,

B T R AR, BRPUAR A AR A AR S
FIRABHES) & PR LA R P N AR . &
1017210593 30 4F 4 $RAL_E T I HT IR B A R4
1741 o
2 KT I PR ER O BY B A R 2T

BEE BT BT RN, 2P R
/L P ISEZSs PN )7 SEE oab e t=5t PN ) 7N apv hes
RoiE G TR, W DOX FHRBUR G i &
ThermoDOX ™, DOX pH #HU# il 24 INNO-2061% 24 [11
IR RIS MMC pH BURATZ5E N T IR PR 56
2[5 ol INNO-206 #2255 — Mk AR . Fl 1A
W EE AE RSB ZY), DOX 5 6- kit
fe i pH BURIRBEERE, &k 5 2 N AETE

PEG: Polyethylene glycol; DOX: Doxorubicin,

MMAE: Monomethyl auristatin E; DNR: Daunorubicin; Rapa: Rapamycin

Company,

Name Preparation type Indication approved time Main drug Ref.
Myocet Non-PEG liposome injection Breast cancer Elan, 2000 DOX [7,17]
Doxil PEG liposome injection Breast cancer, ovarian cancer, multiple  Janssen Res and DOX [7, 17, 18]
myeloma, kaposi ’s sarcoma Dev, 1995
Adcetris Butuxima- MMAE antibody Hodgkin lymphoma, non-Hodgkin Seattle Genetics, MMAE [18, 19]
conjugate injection lymphoma, T-cell lymphoma 2011
Afinitor Tablet Advanced renal cancer,breast cancer, Norvatis, 2009 Everolimus [18, 20]
lung cancer, pancreatic cancer,
gastrointestinal cancer
DaunoXome Clitric acid le erythromycin HIV-associated koposi °’s sarcoma Galen (UK), 1996 DNR [17, 18]
liposome injection
Zinostatin sitalamer Polymer conjugate injection Liver cancer - Neocarzinostatin [17]
VYXEOS Cytarabine: DNR (molar ratio  Acute myelogenous leukemia Celator Pharms, Cytarabine, DNR  [18, 21]
5! 1) liposome injection 2017
Erythromycin hydro-  Injection Acute myeloblastic leukemia, acute West ward Pharms  DNR [18]
chloride injection lymphocytic leukemia Int, 1998
Torisel Injection Advanced renal cell carcinoma PF Prism CV, 2007 Rapa [18]
Mitoxantrone hydro-  Injection Pancreatic cancer West ward Pharms  Mitoxantrone [18]
chloride injection Int, 2006
Ellence Injection Lymph node positive early breast cancer, Pfizer Inc, 1999 Epirubicin [18]

advanced or recidivity breast cancer
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W5, INNO-206 51 HEH M 34 Ay AR
A, AT 03 25 9 a3k N S A 98 O 4 v 2 W AE SE Ak
IR, N SUS, Ti  r Z T RE T
DOX22:24 g 213719, 2234 )3 4 Sfe ik N I PR 7 1)
ETIN ibl=E T B 23T /B S
3 AT EAARM BRI R E I E R AHIT
31 AYNEE
311 REY-AMEBEKY ME - NEREW-4Y
R S~ R - K- S Immkng e i (PVP)
ERITE, BREV-ZMEBMCERIET 60 RFE.
X T HAh# 2 R G, REV-2mEBy b2 m
EELn ey &R A th R AW AEAY .
XFE A AEA LI A © BB K2 K
W @ FTDMRIEASE B B R RS gAY, s
DULERF € B T AW BRI, W pH BUS B, B
READCBURESE, @ KAMESREVIERLEEE
KWLEAR NG L], @ 5205 259 1) SRR 1)
JEIE A B 208 (enhanced permeability and retention
effect, EPR). [AUth, X Z8#ikRe08 oo IRPU R Pk 2=
WEREVEZE . AR oE MR 22 DL R o AW K Y 22 1 1) R
W RS £ 525 PEG. Ba FE MM £ ik 2509,
N T AR DOX  [RIBE [ ek 2227 SR (O JIE 7 1k, 42
e DOX FE B2 1) 73 A 1k 55 T 2 v PR 108 R, Tu
SRS T R &R R AR 2 (MMP2) BURK
KRG Y- R, Jels PEG A4 i 7 K
(TAT) i MMP2 Uk — k& 82151 5 PEG-ppTAT,
W TAT eI = R ik 2k 1) 50 4 5 1 Sk I e B 45119 DOX
HERH1E R SR LY PEG-ppTAT-DOX/MMP2., X
PR BCY) B8 72 K Hp 20 %8, BA B BUR Rt
T AT R R, BT MMP2 JEBUR R &
ZERAYTE ABA9 Y LR m i 1 &
Fik P-HEEE (P-gp) BI4HuXS T PEG-ppTAT-DOX/
MMP2 (¥ 25 I GE 77 L7 25 DOX & 2 £, $emi%
R RE 0% 00 %% 240 M PO i 24 1 o BE R 25 5 4k 2
W A R % 8 1o R HE B [ FH i o e 8 0 11 2R
Lu 260 3R Rik: (B-CD) 5% 24 Wik 600
(PElgoo) JEFEHIFF I — ik B L Y poly-conjugate (PC)
5 DOX AN &5 & BUB Y, 5 IE AT PEI AT LA
T AR F [ 4 p53 Tk, 1% E Ak & PC-DOX/
P53 FE N A i J5 BE A2 £ Bl P JeR Ak 6 6 R B2 Wk N
A%, PhIRE AT T . N AR A R S 4 )
R, WiF e DOX T4 %) 24 K5 H I 60% A0 T4,
1Ml PC-DOX/p53 H7E45 % 45 K J5 i /N RAFTE RN
60%, iEWILL PEI Jy#AILE ps3 kLAl DOX I {H

SR AE A ) e A AN i AR A I B — e R
312 Bim-AMEBEKY RH-AMERY (anti-
body-drug conjugates, ADC) HiFfi. 2454 A% 2
=y A Ho, BBURERERAER, 4K
FEAIM B, M2 RGN, 752 2%
ERZGYIR R Sk, Ik, ERE RN T ADC
{5 R 24 1k R A DG L JE R R L N R
@O wIWIR R, (B VA RS . TR
BORABEH K (GSH) @R FIW %, @ Aalirs
TR, 250 00 R 2 AR T B P R E AL )
23

Xu 2B LDM MR ZG), ST EGFR Al
MMP2 Bt T —FlOXCHE ) B B 5T XY . LDM AT
TR EaB (AE) M EGE (LDP) i, #H
] EFGR {1 5 1% 7% Ec FI¥E [ MMP2 17 BL 4T TIMP-2
5 LDPiEiL (GlyGlyGlyGlySer), Rk, T ah&
W, RIGHAAE, &SI 1 B HT-Z P B It
A /N2 B i A A BT 9T R 5 LDM A L,
BB BN H460. AB49 K4 i 25 /F H 3K [1Cs:
H460: 4.05x10 ™ mol-L™* (% LDM), 5.24x10 %
mol-L ™ (BAi B EEY); AB49: 6.67x10 ™ mol-L ™t (Jif
B LDM), 4.69x10 ™ mol-L ™" (PAfLiBERYD)], [FII T
H460 S Fft i1 (1) /N R AR R /(0.2 mg-kg * i
B LDM: 55%; 0.2 mg-kg ' B4R IEEY: 74%). Yang
U390 46 7 — i 6 4 R B (% BE SR HUAB R, B AE
P2 DOX HIMR PG ERIS ] fif ok DOX HE i 14 22 17
Xof B ZH 2RV AR I ) /R, 45 MR DOX 5 e
BREE G (1gG) iz, widxl 1gG HHAT MR
(FA)-PEG 1&1fi, n LIS SIHE [A) FA SZ2AR I KA A 2k 24
ARG, HETEL PEG IBIHIIHEM, ZBBITEARN
HIOE IR 18] 22 W%, 575 FA &6 (0 B (8 B MR L
ZABEBCYINT HeLa. KB 41 i 4 i 35 4F Fl = 8 1%,
It FA-PEG-1gG-DOX 1] LA{Ey—H ADC 45 24 5 s .
3.2 BERK

JE SR AR AR Sy — Tl b oK G ) (1 gt ok Ak, Bl T
FEA L 407 P A 0 R 2 ARG B DA S 2 T T A
RE A% 2 25 45 = 2997 O Db 25 R IR A A
RIPEF, )2 S F T 25 7m0 F 71048 4R 1 i
JRARAF LR R VR . 24 R T 2% 12 0 /AR i 5
REESGE, R, KAEPRSE AR, PR5E MU fig
AR B ATTF R . MR N & & GSH, X A
355 0 S5 24 B3 R R AR AR A T Bt R R Sk,
Patil 2SI T FA 32 AR ) I S50 )52 7R R 5 A,
V22 fih 8 41 it 2 1 v 05 FA 24K, e R dn i,
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Table2 Antitumor antibioticsin theclinical studies. MMC: Mitomycin C; 17-AAG: 17-Allyl amino-17-dimethoxy-gridamycin

Drug Preparation type Clinical phase Indication Ref.
MMC pH sensitive lipid prodrug/liposome Phase [ M etastatic colorectal cancer [25]
Clarithromycin/PF-06647263  Antibody conjugate Phase | Advanced solid tumor [26]
17-AAG/AB-010 Albumin nanoparticles Phase | Solid tumor [27]
Epirubicin/NC6300 Micelle Phase | Advanced or metastatic solid tumor [28]
DOX/AEZS-1-08 Prodrug Phase 11 Prostate cancer [29]
Rapa/ABI-009 Albumin nanoparticles Phase II Non-muscular infiltrating bladder cancer [30]
DOX/NK-911 Micelle Phase II M etastatic pancresatic cancer [28]
Ansamysin/L-annamycin Liposome Phase II Breast cancer, acute lymphoblastoma, leukemia [27]
Mitoxantrone Polymer nanoparticles Phase 11 Liver cancer [27]
DOX/PK-1 Polymer-drug conjugate Phase 11 Breast cancer, lung cancer, colorectal cancer [31]
MMAE Antibody conjugate Phase 11 M etastatic pancreatic cancer [26]
DOX/IMMU-120 Antibody conjugate Phase 11 Multiple myeloma [29]
DOX/INNO-206, pH sensitive prodrug Phase I, Advanced pancreatic duct carcinoma, metastatic [22-24]

aldoxorubicin Phase 111 and advanced soft tissue sarcoma
Itraconazole Oral prescriptions, Phase 11 Basal cell carcinoma, non-squamous cell lung [3,32,33
liquid preparations, cancer, prostate cancer
capsule Phase 11 Ovarian cancer
DOX/ThermoDOX Thermosensitive liposome Phase II Breast cancer [7,34]
Phase 111 Liver cancer

DOX/BA-003 Polymer Phase 111 Advanced liver cancer [27]
DOX/SP1049C Polymer micelle Phase 111 Adenocarcinoma of the esophagus [7]
Clarithromycin/CMC-544 Antibody conjugate Phase 111 Acute myeloid leukemia, non-Hodgkin lymphoma [19]

FA 1ENEEL B TR/, oF. LR s vEm
SRR R R, MEE K MMC 5 g Bl it — 6
BRI A MM C 125 S8 I B2 Lz g AR =
GV RNBAEIEIE MMC RS IR S MMC I3 1 IF
FXI MMC Mg EE M, Z RS Bt s MMC
W7 I S TR R M DO I RE S . Liu 50
BE T b e 0 23 G SR B R SR AT T — B T I R
R A R K SIS A K 2 DOX ik S U Y g
J A, i i IR IR A Gl 4 2% A1 T B A Dy S R A T
BRI RIFGITE R - BRI IR Rgime
St e DOX 2 ik I fik 5 B i) R0, I o Jise I g 181
FOA B A5 M T 7 AR ) S BT 24 1 o A e DK I o A
U, AT 5T DL AT S T80T G ARk, WA
06 8 SO R ) /0N B EAT AR A7 TS5, 4 TR AR W B AU
TR i TR A AR5 T U 25 DOX SR UG REHE ZE K /N FRAE AT
JAH (B BURBY R A4 47 KX, T2 DOX: 44.5°K),
Mma GHsaIT e, EAA R — P K3 655 K.
AL, B FesOq 4H I 14 g oL A4t i o — R B A7
TR AR . Wang 251 ] B LI R 2 I IR S R A
(PLGA). FeO MR ARG W T — M Z LA
(R R T AR — T A 9N oK B PLGA 2 Th e R A W e I
& (multifunctional polymer liposomes, MPLs), # RGD
AN TAT AZAE 2 1H 73 7 S 48 13 AN 28 f4E HY, RGD 2
— B ) JIR BT AR 1ML SR THT avB3 FH avB5 AR FR I =

fik (Arg-Gly-Asp)*®, i%i#i% R 45 [ 2B T 4224
VI SEEH 2L, $EE T DOX MG HE ) 1, AR
T BB AN TG FesO, 26 204, PLGA/MPLSZH X R i
IR BT A P iy . 5 3R T BB 1 1) PLGA/PL-RGD
5 PLGA/PL-TAT 41 tt, PLGA/MPL 4174 C6 4iiJf1 -
{14 5 HU I e e AR R i, B 22 T e I oL AR e 6 42
e A KT 24400 ) 4 B e
33 KX

BRI & o T R AW B K, ik EE
I AR R M E (critical micelle concentration,
CMC) 1] LA AT R A, FifesE 10~100 nm, LA
WG HRAE R TT LAEE B EPR 28, AR AR
T HEATABM J5, 7R AT LASEE E sh 0 a1, 4k i ok b
Jie R 1% 2 40 5 TE A SR o AR AE 25 B ME RS
], B o BRAE I R A R AL B A Bk M 2
i) T SR AE B K I A%, T 516 ARV 24 8 5% K 1 b
s, MM EEE T NEZ R, BIEKAEH
T3+ AN B AR T4

FEE 1 (MUCL) ik —Rlm o
JR ) R R IE T IR A f R 1 ) R R IRE I, 2
ORI [ — AN E R . N T i DOX TR FLRIE
AR E, Fmi/ DOX &, Charbgoo 2514945t
T T MUCH & BC A 1) #E [ 1% DNA Ji 3R DOX-
KLA Jik-anti MUCI-M . fi A 16 JIH 8 B2 542 44 1) MUCL
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AR L EE DNA A2 T KLA BHES ¥ Ik E 1 i
BUEE DNA JRA, TEKIER R 2% R G R, s
PG DOX Al KLA Fj3t#k, DOX 1 KLA Jk3Lisi% fg
g )R/ DOX H &, WA HERIEH .. XL E KRR
TE AR AN BRETBAT D9 R4 P PR 7 i 988 3% 2 40 Y2 7 H A
ISR, S DOX H5iZMR X m#RiA MUCH 11
MCF-7 ZilJf] 1Cso 5359 2.5 A1 1 umol-L™Y; DOX-
MUCI-M .KLA-anti MUCI-M . DOX-KLA-anti MUC1-
M X MCF-7 40 J i T S SR B85 5 25371 9 18.5%.
23.6% fl1 28.3%, XULHAZE LT DNA BRH m Rk
MUCI & [ 119 20 B4 ) 35 R B0 4, T far C26 Ji e 11
AN BR R IBKE S AR FR (5 mg-kg ™) I3 B DOX ANl
DNA Jie W 82 25 Wk N s R, DARAR AR /N T
2 cm® Mk, DOX 4T 26 KA 2/3 INRIET:, 1
DNA A ZHAE VR TT 19 30 K H /N BRARAF I H A B TR
SYRRE, $RnB BT RS T BB AR . AR
FRIR NG Pluronic % N 3 1 i A 1) 45
Li 251504 Pluronic F68 5 &4 741k PEG. 5 LN s
(PCL) 1 PLGA RATEHEEMIRE KA RBOKST
BB, X 2 i o 0% T8 Ik e BRI 4R v B O M AR
(ROS) M7K~F, Rl 65 J196 97 Z0 Mk 2L g % K 4E
BIRSE 23 2 25T 251 . AEARAMIR 2651 MCF-7 4
M, el B, MFEWE (20 pmol-L™Y
(17 25 K TS ZEL R fie SR 2 6 A48 A= A7 00 ) 2R 4 il
9 11% A1 60%; i 2GRS, i R ZH 1 4 i A A7 4
Hil R PR A 43%, 1X gt JL3R W I o 75 45 & e i
AT DA 44 5 K ) e 0 okl e

W7 308 1R TR LE A A A A 8 B AR 1 222 BRCLE o B
PR 245 1% 1 0 R, F 9 A B ) R YR R T A
RS T BRI PR R T R RE R 2 T 3 B (MR,
Quader 21614 2 2 b B AR SR AR 20 — % -
b--p- %3 R & Wi (PEG-b-PBLA-Ac) JL R ¥ilE
R BUR IR BE R, I IR R T #E1T cRGD 121,
Gl REILENERERBURE SR A,
W90 R B, %80k R G B B0 B R N P iR
(Wi o RE) ZAIRE 70 1% pH BUR IR R Ae g il it
2 50 2 T Lb 11 i S ) ek Ve 2R S BL AR ot i R R i
I RICRAR (1 ) R B 3R, Maiti S T —
ol 7 B3 B P 30 Ji A 5 e R B RS PR [ SR 4 T -b-
R O2-HENMBBEECE, 5(1,2- 2H-3-5) KIKR]
(PEG-b-PLAHEMA), % fix Bt 3R Y) L) LAHEMA
53 AT LA I S5 77 GSH A H i 175 2 A= 45 ¥4 A8 4k DA
P E 2GR R SR e, DOX MTZE i I A A A A
YA R T I E 24h JE, —Rh%E BRI

W BCP23CCM /=4 2 Zjfiif 5 ¥4 ") MDA-MB-231
S I 47 1Cs0 9 0.959 2 pmol -L 7%, A% T B2 4% DOX fig
# BCP23CCM (2.9 umol-L™Y) A% DOX (14.75
umol-L Y. X HIR, 4ERidKAE N —Fh P-gp 7,
5 DOX FHL 3k ik % 1@ i ve Ik DOX FAITR 257k, I8i/b 24
WA T B v 2 8
34 WRKSF

EltlE (PAMAM) & —28MICE, oG J5 ik 1 bH
BT R TR, PAMAM BEIR K 2 778 33 0% 2 6 24
VIR 22 25 b3 7R — & (38 7 FERDREIE o far T
T IR FR G T A RN, AR T R T T A 6 itk 1)
eSS, ARTT, PAMAM % 1 5 B 15 HEL A 2 77 A 4 i
3T BELAS LA A, Han 250K E R (HA) ik
T PAMAM i, —J7 A 7 —#B o IEd A 51—
JiTHIX CD44 =355 4 i BAA #E mlAE FH, 353k DOX
MERE FEEEEN (MVP) 1 SRNA. PAMAM-HA
Y XF T 25 MCF-7 401 1Cso 89 11.3 pmol-L 72, i
1% T35 DOX 9 1Csoff 48.5 pmol-LY; [, PAMAM-
HA RN AR (479 h-pg-mL™Y) F1-F- 23
BAIHA] (21.8 h) =T PAMAM #1 (0.98 h-ug-mL 7,
3.1 h); i HA (B EIRCIR K 70 723 5 SIRNA (148
MG g . IR R, ZRIR K T4 DOX
fif 52 /1 MCF-7 4t R AT 20 AEH, £2— kW
AR T AL 2 AN S IR 25 ) R B B Bk

B2 T PAMAM HEAR K7, £ T DNA [RIRFIR K
S THA BAFHIEZG6E 1. Taghdisi 25595 7 —Fil
DAL= AR T (ATP) & BC AR AR K 4 1 R B,
42 MUCH 3 Bt /4 F1 AS1411 38 Br 4 (1 48 36 52 Eb B
BRI 7 DNA RPARK >, DU DR SR LL 2 [ 1 2%
B8, ZERATE R S ATP TR AR5 oh 2 R
2. DNA BPRK 7 BA RIFMiR e, #
JZ 5 BN 22 FLPE S R
35 B

YRR B IRAT Ry — Fhaidd, AT Hfh A G diik,
BA TR ANE . 225 ). Eommia
S8 W B B A A0 ) 440 L R R Al s PO AR R (1
WEET (1 pH A2, BEREARSE) 9oKEEI 2 TRoK
ik, 18Rz, Wang 25735 T PAMAM R
KT T —FE4 DOX (AT RGN KB, 1E
PAMAM & [ & 1 A= 40 2 B A IR AN B Uk Ik, PAMAM
IR AE NalOg AR F R K A2 28 BR Y BT B0 1) 44
KAGEIRE o 12 A 50 I8 2 2 b vy 208 1) v A2 4 i
PR A EERUK, BB DOX KIfasE e, & i il i
3 8 P 2850 5 S 8 L 1) 2K
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JE AL B AT AEAIRIE T 2R, R R AL

1505 VA IR 238 F5E 1 0 s~ [ PR o B S o AL

JE A it J EL AT AE AR N T 1R 24 0 1 R % 18 R 2 P 1
BE 7. N T IkEE BLM AG 781 i [R5 1 T BR
R 2 REE ., KiES 244 #ERIEH, Ding
2552 B Pluronic F127 3L, S48 BLM A6 [
9 5 JIg o s 3 [7) 72 e JER A7 4 g o Tt 70 6 B, Pluronic
F127 &R B B R AR Rk, B & 7B A% A
Tk 16 i 15k H- 1 (DPPG) AR N BT A s gt g [ 1)
JRE R R, AT 384 0 S5 ALt e (AR e M, e/ 245 i
. %1% RS0 Pluronic F127 [rI580M: 53 ARG i
IR R I A5 Gk, IR KR, 1S
THRFAREALE R RS FALEER 24 F1 BLM A6
B, BT R R A SRR R 2R G R 23 T A
1%, 7€ 4 h BB 51%, (& T IR ER R4 (78%)
A BLM AG VAR (90%), 148 hinf, [+ I b fA it
Ji%3% RGBT 83% BLM A6, 4 )L T5%
RRL, RN R SIS R, 1R R A A A
RGUAE SR AT (1 BE I ()3 K F BLM AG IR, 7T
DA B35 7 K5, M BLM A6 ¥ (EVEST 24 h
JEES IR AR M A B ZGYE S .
3.6 FHLA R

SRR 2 FUREYN KA . FesO, Ml I 4y K ot s
YK S TE AU R 90K 34 3% 2R 52 IR M R 4 2
W5 R e i BRI S P =G RE T AR TH 518
W A A 35 1 5B SV i, Wl S T 25
HRIE AR HITET . Yang 001 T —FhaE T2 fe
4iiE (iIPS) HIZEE MMC f 1 ) 2 49 K ki CXCR4-
AUNP/SIO,. iPS ELAT BT PR M v, H ik 22451
FEN IPS A ] LASE i FLAE R A 1) SR B . H IPS £E
JFFRE 55 U g 0 R i 58 2 2 ) TR A 4 7 A e T 9 4
i BE 1k iPS BIIG PR R H, 1 DOX Refis il iPS i
TR, MM ARR1Z 0] . CXCR4 & —K KL T iPS
R TH] LA EL ) e 4 S R 4 9T A A7 1 (SDIFL) %
RIIRERIER . AT I 25 AR 78 R 4R % CXCR4
HEREE AUNP/SIO, K TH REHE 1IN iPS St 9 KR 45
B[R], A gl RoRL B A o i R K o
O FRBERI VIR, RERS NI BB iRIT . 4
JCRIBE, RN AR R, MR TR
MMC, AuNP/SIO, fil MMC-CXCR4-AUNP/SIO, 1457
M N A A EK (=#F 5508 5. 8110
*). Meng %3F PEI-PEG 3:ERM1E1H % FLEEGI K
fi, FL# DOX FEE [ P-gp B SIRNA, 7EiA 77 FL IR
EREZEMFEAIE, SRNA 7E# A 7] PLE H R

P-gp FHIZRIET kD A2 25 i) HE 5 S 40 i E T
HIRE J1 A BTt s . 2 FLEEGN KR 1 D — o 2 () 3%
R, BRI ILR AT E, BRSO 5 BRI
SERE AL, T DA 254 B R AR R AR
37 BERAE

P L — S B R A BROK A A P EUIR LA
R e B SR N (G R L AR AL
W) LRI 28R 3k, LT/ 7 i B 5T A
LR B B . 8 7S S N 2 A, W
RN G, (ESEH LRSS T — vk BE R IR, e
B RO 259, mT DA E (R 2Rk, 1R
3o R EAE R — B B 250 e SR TR AR,
PR VRITIRAL T B FE AN A iR

Chapius 2] BLM A5 44 2-PEG 354K
PR 7R 0 . B ORISR R NS 5, A
YIFEM PEG fEAIEATL, NGB AY). £
MCF-7 44 &S Y b 62 31 0 B 0% 6 B CE 40 B R 1,
PR IZ OB AR P B « Luo 2519t T —
Rk pH AU ELXOUHE [ B DOX AT 24 AR 3 % &
4t, DOX SEEHIMR AT il pH SUR iz id iz, £
&M FA $ESLAT cRGD #83k, LA FEAR AR
FEARM B, &M A-IEE S (DPMC). %i#ik
REGREME I DOX 1 MR BB a1k, AR T B 1
DOX 1 DOX ij 2, DPMC Xt MCF-7 41l i ff) 41 i #5:4F
B3 (1Cso %351 310.35.217.43 #1120.23 ng-mL ™);
PPy S, 25 G 7R IR G 5 DPMC 4% & 1 MK
T PBS 4. 7% DOX 41Ail DMPC 4. biR45H 0,
48 B B S A 5 TR R ) BB T 24 VR T SR e LA
— & IR
3.8 HthaKAL

EH BH B8 - 24T 2 11 44 KR T DA fan 24 9 5 s
R, [F] I R S I 2 24 ) A0 R DR 24 ) 1 R AR
Chang 451814 K HE 180 e AN 72 2 3 4 1 T 4 IE AR A 1+
PSR L 45 A il K T R R BOK FE R = 4,
T L1 BEREIR AT R B T g Kb, [
A 5 ¥ m BE A0 A (A s 1 2L (Mcl-1) (9 siRNA
(siMcl-1), Mcl-1 & Bel-2 KR I EE R G, BHH
VAT EE A, @ R Mcl-1 3R 0E AT DLk 55
i 88 24 6 1% TS 245 1 % K84 98 440 ik T 44, 25 245 0 1
JERAPE T B e e U o) B K i o LSRR v IR iR
X K FE R 45 22 20T 245 1, PH O FEAR E T A4
HENGHM I RE A7, FRARFE L3R v 00 B0 1 M s Ak 2
VIR . R ERIER, Z0K kIR I 1R 50
W A K I RE ), MR NG 20 K,
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YKL AR T AT 2L R 4 ] SR 38 010 T 83.4%,
1717 95 5 DK 1 JC R 4 5 A ¥ 7 4L 1 e 8 10 o) 26 3
n 55.4%. Taghavi %] PLGA. HEHE (CS) N
FARE % 7 BHES TG0 KR, 38 I 7 44 KR 2R T & i
5TR1 DNA &L S8 6 MUCH 52 44 1) #E 1] Th R,
SR LR 1Y 5TR1 aptamer-CS-PLGA 4 [ 4
BE YRR o AR AT e M B RN B B 25, iz
FIYKRLTE C26 45 i /IS BRI SEBe R R B T 38
L1 S R A a4
A WIRE RGN — 2 H R R AR A

AR FE A R FE— R A, (RIS L AT g 5 AR 40 K i £
FRALHRAE, (AT E A 5T A AR A 2 b R R e
Tk, Li M8 T — R FA NS, BLMMC
(G 2 AW N N ¥, PEG-DSPE {F N 476 1 i 28
EWIN AR, BEAE S A WIE N MMC (1 —FiT 2
R, KO S5Z@EdsalEH . SgREmEe s

SE4 I pH U)K I B AR BRI R A (SPC)-
ZANAKLA LL TR R © W7 Al ok 1 9 2Rk 1)
MMC AR RL a3 ] 3, @i e mfE H 5w 1 245
VI IR SR ) R4 @) SPC [ pH sk ik — 25 1
INT Z3AE MR IRAL IR EE; @ PEG 8] LS HL
KAGH B

AR, FETHEGUMRE AR R RS-
R I R G #0508 BLBU 8 o A IR o A4 0
1% R G0 A H At Ak T BE AL TT B B 9K LR 4 TR
3[8, 9,11-13, 36-39, 4346, 49, 50, 53-60, 62, 63, 65-67, 69-102] 3
4 RE

UM B A R AR N — RIT A, 12 E IR
T i R L FH AR s A 5 P e i R v A R A 1
MR . BEE 2 Mk BRI R R, BB A R
- FhR AL A B TS DL — e R R B v IR L A
BB, WA IR . ERREAR. BEPE A

Table 3 New antitumor antibiotic drugs in the basic research stage. HA: Hyaluronic acid; p-CD: p-Cyclodextrin; ITA: Itraconazolel;
PEI: Poly(ethyleneimine); RGD: Arg-Gly-Asp; AHGDM: Aminohexylgeldanamycin; HPMA: N-(2-Hydroxypropyl) methacrylamide;
Glut: Glutaric acid; Lys: Lysine; Gly: Glycine; ppTAT: Matrix metalloproteinase (MMP2)-cleavable cell penetrating peptide; SMCC:
Succinimidyl-4-(N-malemidomethyl) cyclohexane-1-carboxylate; Bcl: B-cell lymphoma; ODN: Oligonucleotide; cAC10-SGGPEGGS:
Anti CD30 antibody-serine-(glycine) o-proline-glutamic acid-(glycine)-serine; LDM: Lidamycin; EGFR: Epidermal growth factor receptor;
TIMP-2: Tissue inhibitor of metalloproteases; FA: Folic acid; NGR: Asparagine-glycine-arginine; DSPE: Distearoyl phosphoethanola-
mine; PC: Phosphocholine; ICG-ODA: A hydrophobically modified photosensitizer; Her2: Human epidermal growth factor receptor 2,
H7/K(R2)2: (Arginine).-(histidine)7-methionine-(arginine), peptide; DOPE: Dioleoyl phosphoethanolamine; TAT: Tyrosine-glycine-arginine-
(lysine) .- (arginine).-glutamine- (arginine)s; PLGA: Poly(D,L-lactide-co-glycolide); GFP: Green fluorescent protein; OQPGA: Octadecyl-
quaternized modified poly (g-glutamic acid); DPPC: Dipalmitoyl phosphatidylcholine; DSPC: Distearoyl phosphatidylcholing; MBHA:
Rink amide p-methylbenzhydrylamine; DOPG: Dioleoyl phosphatidylglycerole; CA8: (Chalic acid)s; PBLA: Poly(s-benzyl-aspartamide);
KLA: (Lysine-leucine-alanine-lysine-leucine-alanine-lysine),; CS: Chitosan; PCL: Poly(e-caprolactone); PLAHEMA: Poly 2-(metha
cryloyloxy) ethyl 5-(1,2-dithiolan-3-yl) pentanoate; TPGS: D-a-tocopherol polyethylene 1000 succinate; PF: Pluronic F; PLL: Poly
(L-lysine); PMPC: Poly (methacryloyloxyethyl phosphorylcholing); PLA: Polylactide; VIP: Vasocative intestinal peptide; SPA:
Succinimidylpropionate; PAMAM: Poly(amido amine); MVP: Major vault protein; TPP: Sodium tripolyphosphate; BLM: Bleomycin;
PECT: Poly (e-caprolactone-co-1,4,8-trioxa [4.6] spiro-9-undecanone)-pol y(ethyleneglycol )-poly (e-caprol actone-co-1,4,8-trioxa [4.6] spiro-
9-undecanone); DPPG: Dipamitoyl phospha-tidylglycerol; CXCR4: Chemokine receptor; DC: Dendritic cell; FKBP: FK-506 binding
protein 12; ELP: Elastin-like polypeptides; SP: Soybean phosphatidylcholine; LDL: Low density lipoprotein; mdr: Multi-drug resistence

Preparation type Carrier Cargo Characteristic Cell line Ref.
Polymer-drug  HA/3-amino-4-methoxybenzoic  Rapa CD44 targeting MDA-MB-468 [9]
conjugate acid
Albumin ITA - A549 [69]
S-CD/PElgo0 DOX, p53 plasmid Cationic co-delivery MCF-7 [37]
RGD#/AHGDM/HPMA Docetaxel, 17-AAG Targeting, pH sensitive A2780 [70]
Poly-bis-(e-Lys-Glut) Rapa - PC-3 [71]
PEG-(Gly)s
PEG2000-ppTAT-SMCC DOX Enzyme sensitive A549, MCF-7, HT1080 [36]
HA DOX, camptothecin CD44 targeting 4T1 [72]
Four-arms PEG DOX, anti-Bcl ODN pH sensitive, co-delivery A549 [73]
Antibody-drug  cAC10-SGGPEGGS LDM CD30 targeting Karpas299, L540, Raji [74]
conjugate
Anti-EGFR ODN Ec/ LDM EGFR targeting, enzyme H460, A549, A431, KY SE150, [38]
TIMP-2 sensitive HT1080, PANC-1
FA-PEG-1gG DOX Targeting HelLa, KB [39]
RGD-NGR C-1027 CD13 targeting MDA-MB-468, MDA-MB-231, [75]

SK-BR-3
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Preparation type Carrier Cargo Characteristic Cell line Ref.
Proximimab antibody Duocarmycin CD56 targeting NLI-H128, 446, 524, 529, 69 [76]
Gemtuzumab ozogamicin, Calicheamicin pH sensitive - [77]
inotuzumab ozogamicin

Liposomes FA, hydrogenated soybean MMC-lipid prodrug Targeting, reduction HiFR [43]
oilphosphatidylcholine, sensitive
cholesterol, PEG 2000-DSPE
Her2 antibody, PLSPC, DOX, ICG-ODA Her-2 targeting, MCF-7 [78]
PEG000-DSPE, PC li ght sensitive
H7K (Ry),, DSPE-PEG, DOX pH sensitive C6, Us7 [79]
cholesteryl succinate, DOPE
Nitroimidazole, chelosterol, DOX Hypoxia sensitive C6, U7 [44]
PEG2000-DSPE
TAT, RGD, PLGA, Fe30g, Epirubicin, GFP gene Targeting, magnetic Cc6 [45]
cholesterol, OQPGA, PEG liposomes
DPPC, DSPC, PEG;000-DSPE, Idarubicin Thermosensitive B16BL6, BLM [80]
cholesterol
Trastuzumab, cholesteryl Rapa Photothermal sensitive BT-474 [81]
succinate, DPPC, DSPE-PEG
MBHA resin, DOPG, Mitoxantrone — HelLa [82]
PEG2000-DSPE

Micelles CLL1 aptamer-PEG5000-CA8 DNR CLL1 targeting Leukemia stem cells [8]
cRGD-PEG-PBLA-Ac Epirubicin Targeting, pH sensitive usa7 [46]
KLA-cholesterol-DNA- DOX, KLA MUCI1 targeting, DNA MCF-7, CHO [49]
anti MUCL1 aptamer micelles
PEG-stearic acid -CS MMC Targeting, pH sensitive HepG2 [83]
mPEG-PCL-g-PEI DOX, pDNA Co-delivery L929, HEK293 [84]
PEG-b-PLAHEMA DOX, verapamil Reduction sensitive MDA-MB-231 [13]
TPGS-s-s-mitoxantrone Mitoxantrone, TPGS Reduction sensitive MDA-MB-231 [85]
PCL-PF68-PCL/ Mitoxantrone Light sensitive MCF-7 [50]
PLGA-PEG-PLGA
PLL-b-PMPC DOX-carboxymethyl pH sensitive Hela, 4T1 [86]

benzaldehyde

PF123, F127 17-AAG - us7 [87]
PEG-PLA ITA - A549 [69]
VIP-PEG-DSPE-SPA 17-AAG Targeting MCF-7 [88]

Dendrimers HA-PAMAM DOX, siRNA (MVP) CD44 targeting MCF-7 [53]
PF68-PAMAM DOX - MCF-7 [54]
MUCL/AS1411 aptamer- Epirubicin MUC1, AS1411 double MCF-7, C26, CHO [55]
ATP aptamer DNA targeting, pH sensitive
dendrimers
RGD-generation 5 PAMAM Rapa Targeting PC3, C4-2B, MDA-MB-231, [89]

HelLa

Poly(L-lysine) dendrimers/ DOX, EGFR targeting, co- usa7 [90]
silsesquioxane cube sIRNA (luciferase) delivery

Hydrogels Matrix: Pluronic F127 BLM pH sensitive HaCaT, HDF [57]
materials: CS, TPP
PECT/HA DOX, ¥4 Thermosensitive in situ gel ~ HepG2 [91]
Pluronic F127, BLM A6 Thermosensitive in situ gel - [11]
PC S100, cholesterol, DPPG
Arginine-(alanine) 2-aspartic DOX pH sensitive C6 [56]
acid-D-tyrosine-cysteine
(RAADyC) and arginie-glycine-
aspartic acid-cysteine (RGDC)
modified PAMAM/Nal O, cross
linked gel

In-organic sgc8c-Au DNR Targeting, pH sensiive MoH-4, U266 [58]

nanoparticles

PEI-PEG-PEI/porous silicon Epirubicin pH sensitive C26 [59]
CXCR4-AU/IS IO, MMC Targeting MGC803 [60]
DC-SIGN-porous silicon Rapa Targeting Human monocyte derived DC [92]
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Preparation type Carrier Cargo Characteristic Cell line Ref.
PLGA/Fe;04 17-AAG Magnetic nanoparticles MIA Paca-2 [93]
PEI-PEG-porous silicon DOX, siRNA (P-gp) Co-delivery MCF-7 [62]
Microbubbles  PEG-biotin Rapa - MCF-7 [63]
FA/cRGD-succinicheparin/biotin  DOX FA mediated active targeting MCF-7, A549 [65]
Anti-ABCG2 antibody- Epirubicin Targeting MM RPMI 8826 [94]
microbubble
Other nanopar-  Cationic hexadecanoic acid Mitoxantrone, Co-delivery KB [66]
ticles siMcl-1
5TR1 aptamer-CS-PLGA Epirubicin Targeting, pH sensitive MCF-7, CHO [67]
Poly(butyl-cyanoacrylate) Epirubicin - HelLa [95]
HA-lysine-lipoic acid DOX CD44 targeting, reduction MCF-7 [96]
sensitive
HA/CS Mitoxantrone, verapamil CD44 targeting MCF-7 [97]
FKBP-ELP fusion protein Rapa - MDA-MB-464 [98]
FA-mPEG-CS MMC Targeting HelLa [99]
FA-PEG-DSPE MM C-SP phosphoalipid Targeting, pH sensitive HeLa [12]
complex
S-CD/methyl methacrylate Idarubicin pH sensitive A549, Caco-2 [100]
(MMA)-butyl acrylate (tBA)
N-Succinyl CS-cholesterol-LDL  DOX, siRNA (mdr-1) Targeting, co-delivery HepG2 [101, 102]

HAE. BRESIE RGAE, Y RA T IZHRZ
PERE, 2 Mo B U L RE WAL Bk F KR 25
RV 38 P 32 1) SR DLIK BT o Kk Bedh, —
SRR IR T AL 2 R D 2 LB,
h R PR A — 5 REE b BAT 04 o R i 2 1 PO e
SR, ARAT— >4 B 45 25 R AT IRIL BR 254 4
P8 325328 ) S A AL, 7T R BT A 2R A R R A R AT AR
Ve RVF 2 NG . BN A, AR 5 026 B A R 1% 2 6]
oA, KT, REMBA R RACRN, £
fifi b, LCFEAE 2 A2 U SR O 42 ) 25 DR TR — A
AMERR, XA S, AE 2G4 2 L i
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