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[Abstract] Peptide drugs have been one of the important fields of new drug research because of their small molecular weight, high

biological activity, easy modification and large-scale preparation. In addition to being directly used as drug candidates or precursors for

small molecule drug design, peptides have a very important application in drug development, i.e. as targeting molecules. The specific

binding of the polypeptide-directed molecule to the target of the lesion site can mediate more efficient accumulation of the small

molecule drug or drug delivery system in the target site, thereby achieving high efficiency and low toxicity. In this paper, the source,

optimization and application progress of peptides as targeting molecules in recent years are reviewed so as to provide reference for

related researches.
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Table 1 Some peptide targeting molecule-containing drugs under development

BHMAER EZ)S %Y SRS &R iE Bt A B R
AEZS-108 D-Lys*-LHRH R 3 2% LHRH-R T N JIIEGEZS
ANG1005 angiopep-2 EY LRP-1 FURRE . B TR S A PR

NGRO15 NGR N IIBE AL - ofiT A4 CDI13 0B UL ) 7 988 JIIB:1EZS
G-202 B-Asp-Glu-y-Glu-y-Glu-y-Glu-OH I R PSMA  fF4ffifE. mogUMRESE  THEAIGR
EP-100 LHRH CLIP-71 LHRH-R SRR F IEE[[7S
2X-111 B MmENRE  OHIE g e o 11 3 e
BHKES
ER-472 chlorotoxin SERERTTAEY CLC-3%% iopalliS BRI
MTX-YTA2 acetyl-YTAIAWVKAFIRKLRK-amide FR R Y1 T PR SRR

LHRH-R: {Z# AR ER %K (luteinizing hormone-releasing hormone receptor) ; LRP-1: L% AR A2 A< EH-1 (low-
density lipoprotein receptor-related protein-1) ; CD13: %4 4b$iJ513 (cluster of differentiation-13) ; PSMA: §if Il R4 5 M NE T IR
(prostate-specific membrane antigen) ; CLC-3: %% Fi@i&-3 (chloride channel-3)

1.1 XRRBHBRESWSF

HARF Yot TAEE M T R RAFe
YRGS L) R BGRAEYEYER Z B, X IR
PR T Z IR S 4 TR IR “FIE™ W RRiR
KRBT RAEYER, &5 _mENZIK (HF2
XFRULER ) o XIS IR 20 s Y %
PR W EA TSR, A L R A
XA (— AR 50 1), WE BRI

(' miniature protein ) . XFEZ R/ FHALE H 52 1A

SiGne i, AvRE R TAMEZ IR IR,
VLA E VAR T ) 43132 3 )2 R0

EREWIIK (apamin ) J2 F FC 124 56 R Kl I
/YL BEZE S LK 5 ( blood-brain barrier, BBB )
e 2 kEGE R, HAA 18 MR, 42
XF AR S B MUY o BRESS R . /N
T4 1% 7R B0 38 8 2K 1 1-3 ('small conductance calcium-
activated potassium channel, SK1-3) J&H Zk, %
FAH#EHIY (spinal cord injury, SCI) FEIf R FJL
FICE AR HARAE S BUBA ™ E A D RE AT, 15 K
BERKM S0 EGHE SERNATFTRE, 5
DRGIZH DA IR S 100 40, R T BEAE 1Y
REVBREBZ R, R LM, BRI GE
g R o - BEBE R, A2 E R T
ST B HIATT B bR Po Oller-Salvia 45 % 4 3

PPS

WK S e . AR . R TR
GIHEAT T AT RIS, fESLSERt b iF— P A T
AE ST AT AE IR MiniAp-4 15 g/ S e 1) 326 24 14
S IE

g IRAH L, 1955 R (chlorotoxin) Y
R RS 2, HAA 36 AL 4 X hi
Iy S 2% AT R SRR A B R I v B R A A
i 18 -3 ( choloride channel-3, CLC-3) , #E4)E
% [ # 2 ( matrix metalloproteinase-2, MMP2 ) #l
annexinA2 4, X il £ [0 BURE HLA R AP PR
VLIRS R R BT AT B AT
TR AT FE AR5, IR 22 [E FDA it
i ", Diaz-Perlas 45 ™ J¥ % T 3 T8 505 K10 b
B ) 3B 2 AR G AN B2 B S TR B R R e . Ok
1 TR R 2 0 R s 4 1 B ) 8 27 22 conotoxin )
Ji TR A A — 2 2 K. Mei 4 P DL a7
I B8 2. T I8 B8 52 {4 (alpha7 nicotinic acetylcholine
receptor, a7-nAChR ) A9 Bt {4k a-conotoxin Iml
HRmF, AR T RE O ] Al N A B e
A549 FIFLARE MCF-7 1624 255
1.2 SRRXERAR

WM, BisZisziEmmag, &e
A B A B HER 0 50T, B e R SC2E
HOR FHAE T T 10 50 AR Wb 2 i T B

$Fd Aocoromion s mioM




‘i% '?’ii/ﬂ 20194E10/ 443%  4510M)

PR At B ML 2 IR, ANASURT 0 6 1 B X R
U IR Z IKBCAR, I BEHE— 20 R 2 B e
YHf ) BARHLUN Z IR T 050 . KRES, 2K
SRR O G TRE, AR TAYRNERE
TR R IR . AR R E RN . OB R /R . mRNA
J R AF B T AL F 1 — Bk — 165 ¥ (one-bead-one-
compound ) LR, YTAEA, BFFEEA TN L AL TR
My b MRS T T 200, 7R B2 IO,
AU b4 v i 22 BRI PR RE, 7 T Ui s 2 51 i
TE 22 R A5 R B2 LA A /D> 9 FH RS [ AR
120 2 miitl fw CFERiE R ZH
LANEZ AR AR, YRR e R, 2
BT BRI KA ) TR BSOS T 80 S L R
Bk, JEZEnN 2 BIAR KRR § . T —iis 2 ikta
E PR H A F 8 R 45, Crook % " Hy#E T
— AP R B AR T 2 RSO . ISR AE T L
S 4 M FE i ( F% o mammalian cell display ) , 3¢
O3 R THFLS Y A RER N/ R e s (Rt
1400 Ff ) s fis AR (B (scaffold ) AYTHRE,
XN, W R R Gt 2 B K354 T/
(E. coli) o EELE (S. cerevisiae ) RANREFRIL/
STIBZIANE 50 B E AEE AR M Tk H A X
B A IR

W% AT 7 JRE 7S XU I Pl S AT SH T B0 1 ) 22 K
SCEELACHT BB BORKEA 2 AR 5135,
W] B — AR T IR . SERIRARAR L, BOA
JREYZEAE 52 BT 2 (Y 2958, PRI ORI S5 1 A A
THOR, X ER BT AZ R SR K SR A
HFEEEE SRS 3 AR 1 BB K 5]
ARE S SEE SN (AR, RN 5 3 A Hi
A E R G ST B TS (WLIE 1) o BT,
SRS EC 4 T AR AR B F524K 2(Her2 ) |
PRGBS B s A . eI A X a 5824~
PR AH G 1 Y 2 BRI AR T e v, A 22 BRTC A4 X6
SECEFIA M E BB BRI, JEos R AR
Fmis: U,
122 Z PR PETREE R T AR, RIRZ K
REZM KRR L BEIER (FRHERIHOL )
AL, WA L RIZHK, 5okt oy 8 R U3 T

PPS

Refi s T PR L AR PR ) 0T W S A 1A ——D B (A
T2 i 28 ) D 59 22 JPoxf AR AR UK A, HAT
RAFR AR EE . SR, il 2 KOO B R
it 4: D BZHIFAR S 3 il s R AR Y
4 D RIZINE, HAILTLE T L A Z KA,
LT A W) B TR AR S 7 . A AT 7 25 SCPE R
PRITCHERIAAE R AR D BIZ KPS A REH] T B2
fifi i D A4 Z2 IRFCAA .

)

HS

T T 1

Bl 1 mEEAIERAA I EE e
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Figure 2 One- and two- component stapling

Dietrich 45 " fifi 1T 45 BR A 1531 1 X p-3%
IR T 40P 5 / bk EL AN 5 - 25 5 DR 1 o
PR Z AU ARELAE P A 550, DA T ol Jiefr e A DG Y
Wnt {55l . [, S 16 02 IKAEEA 4
IFIBBWERIFROL, MR T KK .

PPS

IE R R S TR, el T BRI T
NLS-StAx-h £ [ -8 FUAH BAE FHA0 6 5 8 A 54 1
PEPEPE R i RS T, 3 ELAE e P A B P
REAS AT 25 T Iebygd Wt {5538 BAH G A K TS o

VT IR SR gt AR PRy FH 21 22 k5t 1) o 1 i
o RGD J7 81 78 i 35 i o 328 24 S0 Bl |32 W 5%
HAE 5 R AZAR GBS A7 A T A 1A A 2 i, H
AR 2 A R ] (X D) RE,  H A3/ BROR ki N 2
MM R 2R FGRIE AR, BRI 52 Y
BBB X i 255 s BR il . R T i S 1 o
X} BBB [ RE ), (IR A 1] s 240 it 114 B
77, Ruan % "B TIT A KA AR RGD( sRGD ),
TEZEME RGD J3 81 1 M 7351 51 A R8. S5 A BRIk
TR I R P A 52 A it O GRS, 4 v L 2425 ot i 11
fitJ1. ¥ sRGD & Mite 4 ZAZ WY PEG-PLA i |-
5, BE ARk 2%t BBB HS5ERE S, [FIRT4E
K TR S-S 25080 1] i b oEg A RE T . FE/INER U8
TG e R B R |, LT T F AR5 3119 sSRGD &
T ) 28 58 A2 B e o 5 3 3 B ik cRGD B M AR L,
dEd /N PRV EAF N 29 d SERC 2 39.5 d
2.2 pEREMEMRE

FESNR, WEAE e IR AR 2 I 2 Ko+
Wﬁ%ﬁﬁ?%ﬂﬁﬁﬁz—o%ﬁ%ﬁu%ﬁ%
R, MWL T T 5 BA KIGHRIRER
HARGAGE R, iii%iktﬂﬁ*jﬂﬁﬁﬁiﬂﬁﬁifhﬁﬁEE
WX TR TR 2 R GACR P P [ OR A S % 41
A S AR B e, Wang 45 BT RIS Z kS
] 43 c(RGDyK) &4 (1) Jig A4 HE A4 P HL AT i 1)
GPE RN, HBANE RN T FRE, 3R
L FIE BT AR & 1 Y B B 3558 T o(RGDyK) fe 2L ny i
PEIR M, R Wang S5 1A S 1] 43T (IR G 4 2R
P A T X LA A A R

Guan 25 B 5% B HC 0935 3 A G 8 1) 22 K 1)
43 PCDX HAT — 2 I i fof FLAKBE AT, S5
AR iR SR im fa R B — e e R, BB
IgM & A= W 55 | RS AT AR G 28 i o7 I PRt HE s A2 A1
NI, VR AL B PCDX AT AL,
P IR T 5 KR 4 vk 2] 8 A2 RS &
TP IEE T = SRR, rdS D8 Z BRI 1gM Y &

$Fd Aocoromion s mioM




‘i% '?’ii/ﬂ 20194E10/ 443%  4510M)

B TR, A AR A T 00 A P 1 S e S,
IR ROR . % TAERM, 2 RRECAARME Y g BT
i, AR & A E W S R R E . AT, R
AN BRI E IARSG, B I L far
1 22 IR 1 43 LA RIS SR T B P e I, e
S H AR S B A
2.3 SRS FHEEER

28 38 U 1 1 22 RS ) 43 1 AR A BT B R Y SR
FJy, SRR B A2 BRS04 F- 1 1)
AER T 2R, bR T XA — AR R AT Z b,
TEARFEBIR AT, 8 AT REER T 1) 43 Al L
B ZFORE BPERR, a0 A8 Y Bl B A= B AR R (i
BBB. W rBESS ) JFRE mpahl . Xt 24 A ]
HRR Y HA RS . ORI L EAR 2R AR,
A 2R T Z2A-DIRe A R S 10 50 T FAT1&
i, SLRIVER, SRR TR 24 ) 2 FAB R X 2y
P AR, X PR 2 D RBAE B 2 KT 1) 43
THERGRZ —.

iRGD ( CRGDKGPDC) J&:H 9 2 FER 4 1Y
WK, A BES A e HEas A A E I RGD FEL
22 RGD #[H], iRGD fg-5 Mbyad 7 A i 45 P Bz 41
Ji I R AR AR KA avB3 Fl avBS BERIESE S,
R YIZ R RS . RS G A RZEG,
iRGD i RE WM )1 WOE , W0E ez Beie 5 &
LT E A SZIR 1 12 (neuropilin-1, neuropilin-2 )
ZARGE S, PG CendR 3 H, A E R 4 XS 254
(R ER ™, R, iRGD R 20 7 F AN 2 H 81,
RV A] [ s 5 S o A6 2 37 5 v dRE 1) 2 TR DI
W2 BN 7 TR, Lin % V4% iRGD &1 e R FLIN -
FIL O TR AR Y [5E RGO L, X REERTT K
BRI HEAT 03, REAZ AT AL HE e 4t X 259 1
BEEL, IFE/NEURBERY | S28 T % BBB HHSR 1Y 2 BE
71, VA SAER I B8O S 2 0 s 4, U T 3L i)
BRI

Z 3] iRGD YIRe4E M JE 7, WFFEE 1A X e
FEPIRTT R, AEET X B — B AT BT A
X A Z2 KSR AR AT T P SN DF 4z, s e et
T2 INEEI KT, R EEE—AF 05T -
A AT IR AR AL H . fildn, 8% 259 5

PPS

St R, ATREW O IR AR B, R
S5 F AR RS AR A BB R RE J) . Belhadj % 1
G ok i 8 el 93 1 2% HP 1) BBB AT - A g o o, %
RGD P BRI F2 58 H R (I — A Y R 4
BT 43, %5 4 B RE & 4% RGD B4 ik il
- i e 98 5 B I SRR (R DI e, X RE AR AR R AR
HR%Ei% BBB (W1 B, BErxpght A [mH
-] o AT U, AT B [ 1) R ) 23,
O kR B S A HURE, U R TR A A
SRRSO T, LA I . W REUIR
ZA& ( gastrin-releasing peptide receptor, GRPR ) FIfif
25K Y1 524 (neuropeptide Y1 receptor, Y1) FE¥L
s 240 R AR T 470 s A0 LR - R o ik, i —
AR i ) A R AR R R T, BESRAEAT1E I
Wt T#H TR Z ARELAR . Ghosh % " 4 GRPR
B BC AR Y LR ) AR B, Rt T AT Sk
PXTF GRP 1Y 1 32 (A RCH [1] (1) 22 JIK T 1) 43 HR
t-BBN/BVD15-DO3A, J{-f& T-47D 1 MCF-7 X 2 f}
FLAR I AN AR R TS 10 4 TSR R T .
BlJS , IRURREZE N IZ A BT ) 3 1Y) I3 AR PR
TRSMCI R DL T T 5T, et iR R SRR
] Z2 K3 FAEMLs i e M g s, B —2
N

3 ARERSRE

LR R ) 231 R IR AR 5B L E
W RENIRERIN, P AS O 2 IR 10 701
R RS AT RTA . B HH DG BT PR e,
22 R 1) 73 ) R P AN P40 PR T8 1 g b 240 J AR
Bo UZKS 501 BB Z MR a0, 1m0
B 5 — 7 TR DA B4 )3 ] g A S e 336 1K 0 R
R PR . AU MR A B R R, S —
JT T, it DA ST 200 S e ) B A2 2% 1 R A
FAIAEE, ALFE IR T LR LA L iR AR S e
JEE Z R HE pH A% 45 B,

IR, LR 2T AT AR R DA R
SEARE] T ORI BN, fEBE =B A R I W)
AT, i S oA S 2 R i I )
JSE 2 M S AT 0 /1N o35 S PR 24 ) FL AT (] 45 T 22

Prog Pharm Sci Oct. 2019 Vol. 43 No.10 -



o —8 HAT—E DU RE T 19 P01 IK [R] -t B
ST IIRE, ZIK-PUER MBI R TR
T HTL T 2o 2 KSR ) R R £ B X FLAR
W IEEMIIRN AT, A B SRR mAYT ™

JEAR B AN AR 2oy, S T
HUIETRY d o NV REATD €| R A O B TETT O PR K 3
AR SRS [RIAE ] T 22 ik 1] 70 5 O PERE AL AL .
NI R R T R AL A TRT B 2 1%
REAE LA 22 K [0] 70 1R 2 5 i A SR AMEL AR A
WIS E T 1] AN, EOAR RIHE R B 2 D RE 10
o3, HORFIZIRER BEZ IR bl BEES . 4By
WITE . XEARRSE S Es & S sh i, LIRSS SR
FIR M —RANVERAL, FEEER S F ARG Z [E] AR

[ &2 ]

[l Zhan C, Li C, Wei X, et al. Toxins and derivatives in molecular
pharmaceutics: drug delivery and targeted therapy[J/OL]. Adv
Drug Deliv Rev, 2015, 90: 101-118[2019-07-10]. https://www.
sciencedirect.com/science/article/abs/pii/S0169409X15000939.
Doi: 10.1016/j.addr.2015.04.025.

|21 Spicer C D, Jumeaux C, Gupta B, et al. Peptide and protein
nanoparticle conjugates: versatile platforms for biomedical
applications[J]. Chem Soc Rev, 2018, 47(10): 3574-3620.

[3]  MalL, Wang C, He Z, et al. Peptide-drug conjugate: a novel drug
design approach[J]. Curr Med Chem, 2017, 24(31): 3373-3396.

[4]  Wang C K, Craik D J. Designing macrocyclic disulfide-rich
peptides for biotechnological applications[J]. Nat Chem Biol, 2018,
14(5): 417-427.

[5] Wu J, Jiang H, Bi Q, et al. Apamin-mediated actively targeted
drug delivery for treatment of spinal cord injury: more than just a
concept[J]. Mol Pharm, 2014, 11(9): 3210-3222.

[6]  Oller-Salvia B, Sanchez-Navarro M, Ciudad S, ef al. Miniap-4: a
venom-inspired peptidomimetic for brain delivery[J]. Angew Chem
Int Ed Engl, 2016, 55(2): 572-575.

|7] Dardevet L, Rani D, Aziz T A E, et al. Chlorotoxin: a helpful
natural scorpion peptide to diagnose glioma and fight tumor
invasion[J]. Toxins, 2015, 7(4): 1079-1101.

[8]  Diaz-Perlas C, Varese M, Guardiola S, et al. From venoms to BBB-

shuttles. MiniCTX3: a molecular vector derived from scorpion

PPS

HARHAE, XEAERL. RIS AR aES
VFZITHRIRS, AR R T EA B IR R

PRI RBRLZ AR Z BA N IRPEBCHR, A 1Y
EERAAENENEDUA. BT, IR0
IR A IRE B AR R AZ AR b TR 7 AR A
B0, XAl e S EON LR Tt . BEE
ZIREFACAD AL SRR A R Wi
JiEhe, B HARERE M RO s
JURTRC PR A4S FT R 20, 3 s sl L B2 AR 14 TE ke
THRERINH “HIAE” B2 IKECR, A B2 S B IR
T 2 9 e SO, DA T 7 A 1 2 2 QU i 2 B R
(P B

venom[J]. Chem Commun, 2018, 54(90): 12738-12741.

[91 Mei D, Lin Z, Fu J, et al. The use of a-conotoxin Iml to actualize
the targeted delivery of paclitaxel micelles to a7 nAChR-
overexpressing breast cancer[J/OL]. Biomaterials, 2015, 42: 52-
65[2019-07-10]. https://www.sciencedirect.com/science/article/pii/
S0142961214012216. Doi: 10.1016/j.biomaterials.2014.11.044.

[10] Mei D, Zhao L, Chen B, et al. a-Conotoxin ImI-modified
polymeric micelles as potential nanocarriers for targeted docetaxel
delivery to a7-nAChR overexpressed non-small cell lung cancer[J].
Drug Deliv, 2018, 25(1): 493-503.

[11] Crook Z R, Sevilla G P, Friend D, ef a/. Mammalian display
screening of diverse cystine-dense peptides for difficult to drug
targets[J]. Nat Commun, 2017, 8(1): 2244-2258.

[12] Deyle K, Kong X D, Heinis C. Phage selection of cyclic peptides
for application in research and drug development[J]. Acc Chem
Res, 2017, 50(8): 1866-1874.

[13] Diderich P, Heinis C. Phage selection of bicyclic peptides binding
Her2[J]. Tetrahedron, 2014, 70(42): 7733-7739.

[14]  Middendorp S J, Wilbs J, Quarroz C, et al. Peptide macrocycle
inhibitor of coagulation factor XII with subnanomolar affinity and
high target selectivity[J]. J Med Chem, 2017, 60(3): 1151-1158.

[15]  Schumacher T N M, Mayr L M, Minor D L, et al. Identification of
D-peptide ligands through mirror-image phage display[J]. Science,
1996, 271(5257): 1854-1857.

$Fd Aocoromion s mioM

. Prog Pharm Sci Oct. 2019  Vol. 43 No. 10



TR, % sh/MBEaRSESTFOHRER | 77D

Wiesehan K, Buder K, Linke R P, et al. Selection of D-amino-acid
peptides that bind to Alzheimer's disease amyloid peptide AP+
by mirror image phage display[J]. Chembiochem, 2003, 4(8): 748-
753.

Liu M, Pazgier M, Li C, et al. A left-handed solution to peptide
inhibition of the p5S3-MDM?2 interaction[J]. Angew Chem Int Ed,
2010, 49(21): 3649-3652.

Welch B D, VanDemark A P, Heroux A, et al. Potent D-peptide
inhibitors of HIV-1 entry[J]. Proc Natl Acad Sci USA, 2007,
104(43): 16828-16833.

Li Z, Xie J, Peng S, et al. Novel strategy utilizing extracellular
cysteine-rich domain of membrane receptor for constructing
dpeptide mediated targeted drug delivery systems: a case study on
Fnl14[J]. Bioconjug Chem, 2017, 28(8): 2167-2179.

Huang L, Xie J, Bi Q, et al. Highly selective targeting of hepatic
stellate cells for liver fibrosis treatment using a D-enantiomeric
peptide ligand of Fnl4 identified by mirror-image mRNA
display[J]. Mol Pharm, 2017, 14(5): 1742-1753.

't Hoen P A, Jirka S M, Ten Broeke B R, et al. Phage display
screening without repetitious selection rounds[J]. 4nal Biochem,
2012, 421(2): 622-631.

Zhan C, Li B, Hu L, ef al. Micelle-based brain-targeted drug
delivery enabled by a nicotine acetylcholine receptor ligand[J].
Angew Chem Int Ed Engl, 2011, 50(24): 5482-5485.

Song S, Liu D, Peng J, ez al. Novel peptide ligand directs liposomes
toward EGF-R high-expressing cancer cells in vitro and in vivo[J].
FASEB J, 2009, 23(5): 1396-1404.

Bhardwaj G, Mulligan V K, Bahl C D, et al. Accurate de novo
design of hyperstable constrained peptides[J]. Nature, 2016,
538(7625): 329-335.

Chevalier A, Silva D A, Rocklin G J, ef al. Massively parallel de
novo protein design for targeted therapeutics[J]. Nature, 2017,
550(7674): 74-79.

Silva D A, Yu S, Ulge U Y, et al. De novo design of potent and
selective mimics of IL-2 and IL-15[J]. Nature, 2019, 565(7738):
186-191.

Manavalan B, Subramaniyam S, Shin T H, ef al. Machine-learning-
based prediction of cell-penetrating peptides and their uptake

efficiency with improved accuracy[J]. J Proteome Res, 2018, 17(8):

o4t A 2019108 H43E  H10M

2715-2726.

Li C, Liu M, Monbo J, ef al. Turning a scorpion toxin into an
antitumor miniprotein[J]. J Am Chem Soc, 2008, 130(41): 13546-
13548.

Li C, Pazgier M, Liu M, et al. Apamin as a template for structure-
based rational design of potent peptide activators of pS3[J]. Angew
Chem Int Ed, 2009, 48(46): 8712-8715.

Arai K, Takei T, Okumura M, et al. Preparation of selenoinsulin
as a long-lasting insulin analogue[J]. Angew Chem Int Ed, 2017,
56(20): 5522-5526.

Li C, Wang Y, Zhang X, et al. Tumor-targeted liposomal drug
delivery mediated by a diseleno bond-stabilized cyclic peptide[J/
OL]. Int J Nanomedicine, 2013, 8: 1051-1062[2019-07-10]. https://
europepme.org/articles/PMC3598503. Doi: 10.2147/1JN.S40498.
Wei X, Zhan C, Shen Q, et al. A D-peptide ligand of nicotine
acetylcholine receptors for brain-targeted drug delivery[J]. Angew
Chem Int Ed Engl, 2015, 54(10): 3023-3027.

Li C, Pazgier M, Li J , et al. Limitations of peptide retro-inverso
isomerization in molecular mimicry[J]. J Biol Chem, 2010,
285(25): 19572-19581.

Li C, Zhan C, Zhao L, et al. Functional consequences of retro-
inverso isomerization of a miniature protein inhibitor of the p53-
MDM?2 interaction[J]. Bioorg Med Chem, 2013, 21(14): 4045-
4050.

Dietrich L, Rathmer B, Ewan K, ef al. Cell permeable stapled
peptide inhibitor of Wnt signaling that targets B-catenin protein-
protein interactions[J]. Cell Chem Biol, 2017, 24(8): 958-968.
Ruan H, Chen X, Xie C, et al. Stapled RGD peptide enables
glioma-targeted drug delivery by overcoming multiple barriers[J].
ACS Appl Mater Interfaces, 2017, 9(21): 17745-17756.

Wang X, Wang H, Jiang K, ef al. Liposomes with cyclic RGD
peptide motif triggers acute immune response in mice[J/OL]. J
Control Release, 2019, 293: 201-214[2019-07-10]. https://www.
sciencedirect.com/science/article/pii/S0168365918306989. Doi:
10.1016/j.jconrel.2018.12.003.

Guan J, Shen Q, Zhang Z, et al. Enhanced immunocompatibility of
ligand-targeted liposomes by attenuating natural IgM absorption[J].
Nat Commun, 2018, 9(1): 2982-2992.

Sugahara K N, Teesalu T, Karmali P P, et al. Tissue-penetrating

Prog Pharm Sci  Oct. 2019  Vol. 43  No. 10



[41]

[42]

[43]

[44]

delivery of compounds and nanoparticles into tumors[J]. Cancer
Cell, 2009, 16(6): 510-520.

Liu C, Yao S, Li X, et al. iRGD-mediated core-shell nanoparticles
loading carmustine and O°-benzylguanine for glioma therapy[J]. J
Drug Target, 2017, 25(3): 235-246.

Belhadj Z, Ying M, Cao X, et al. Design of Y-shaped targeting
material for liposome-based multifunctional glioblastoma-
targeted drug delivery[J/OL]. J Control Release, 2017, 255: 132-
141[2019-07-10]. https://www.sciencedirect.com/science/article/
pii/S0168365917305175. Doi: 10.1016/j.jconrel.2017.04.006.
Ghosh A, Raju N, Tweedle M, et al. In vitro mouse and human
serum stability of a heterobivalent dual-target probe that has strong
affinity to gastrin-releasing peptide and neuropeptide Y1 receptors
on tumor cells[J]. Cancer Biother Radiopharm, 2017, 32(1): 24-32.
Shrivastava A, Wang S H, Raju N, ef al. Heterobivalent dual-target
probe for targeting GRP and Y1 receptors on tumor cells[J]. Bioorg
Med Chem Lett, 2013, 23(3): 687-692.

Yan Z, Zhan C, Wen Z, et al. LyP-1-conjugated doxorubicin-
loaded liposomes suppress lymphatic metastasis by inhibiting
lymph node metastases and destroying tumor lymphatics[J/OL].
Nanotechnology, 2011, 22(41): 415103[2019-07-10]. http://
europepmec.org/abstract/med/21914940. Doi: 10.1088/0957-
4484/22/41/415103.

Qian Y, Qiao S, Dai Y, et al. Molecular-targeted immunotherapeutic

strategy for melanoma via dual-targeting nanoparticles delivering

A EZ -
N s

[46]

[47]

(48]

[49]

AP LA

PPS

small interfering RNA to tumor-associated macrophages[J]. ACS
Nano, 2017, 11(9): 9536-9549.

Cheng C J, Bahal R, Babar I A, et al. MicroRNA silencing for
cancer therapy targeted to the tumour microenvironment[J]. Nature,
2015, 518(7537): 107-110.

Chen H, Liu C, Chen D, et al. Bacteria-targeting conjugates based
on antimicrobial peptide for bacteria diagnosis and therapy[J]. Mol
Pharm, 2015, 12(7): 2505-2516.

Jiang H, Xiong M, Bi Q, et al. Self-enhanced targeted delivery of
a cell wall- and membrane-active antibiotics, daptomycin, against
staphylococcal pneumonia[J]. Acta Pharm Sin B, 2016, 6(4): 319-
328.

Deshayes S, Xian W, Schmidt N W, ef al. Designing hybrid
antibiotic peptide conjugates to cross bacterial membranes[J].
Bioconjug Chem, 2017, 28(3): 793-804.

Tang Y, Wu S, Lin J, ef al. Nanoparticles targeted against
cryptococcal pneumonia by interactions between chitosan and its
peptide ligand[J]. Nano Lett, 2018, 18(10): 6207-6213.

Peng S, Wang Y, Li N, ef al. Enhanced cellular uptake and tumor
penetration of nanoparticles by imprinting the “hidden” part of
membrane receptors for targeted drug delivery[J]. Chem Commun,
2017, 53(81): 11114-11117.

Liu S, Bi Q, Long Y, et al. Inducible epitope imprinting: ‘generating’
the required binding site in membrane receptors for targeted drug

delivery[J]. Nanoscale, 2017, 9(17): 5394-5397.

[ EZRINTAE | =W TR0 AT, HEHHFFRIYE, (AYHtR) SERE,
i == s V) I T e S = M S DN 25T 4 s | 7 i o o [ = e 4 VA
PIRERSTRELAE Bn fER E B = KBRS (BRI ) 53 FZEMIRRIBUR 29 s N IREy . 4%
JRFRER BRRIFEEE . BB IS 25 55 10 k10, DA —1EE gumil e 7 JACS,

Angew Chemie Int Ed. Nano Lett, ACS Nano “HiT) & 150 30 2555,
EFEANS, 555 AL T R SR A B R . ERTTRSOTRIE Sk R

B E R E ST

BikeEERILAEL A e ek

$Fd Aocoromion s mioM

. Prog Pharm Sci Oct. 2019  Vol. 43 No. 10



