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Peptide-drug conjugates for tumor targeted diagnosis and treatment
CHEN Ying, ZHENG Rong-rong, LI Shi-ying’

(School of Pharmacy, Guangzhou Medical University, Guangzhou 511436, China)

Abstract: Cancer is still one of the major diseases threatening human life and health. At present, how to
achieve precise diagnosis and treatment of tumors is the biggest challenge in cancer treatment. Prodrugs use the
tumor specificity of targeting molecules to deliver anticancer drugs to tumor sites, which can effectively improve
drug bioavailability, therapeutic efficacy and safety, and are currently a hot spot in the research and development of
anticancer drugs. The targeting molecules of prodrugs mainly include nucleic acid aptamers, polymers, antibodies,
polypeptides, etc. Among them, polypeptides have the advantages of good biocompatibility, controllable
degradation performance, high in vivo responsiveness, and simple and easy preparation methods, and are widely
used. It is used to construct peptide-drug conjugates (PDC) prodrugs to achieve targeted therapy of tumors. In
recent years, with the development of phage peptide library technology and peptide standard solid-phase synthesis
technology, more and more targeted peptides have been discovered and effectively synthesized and modified,
providing strong support for the development of PDC. This review briefly introduces the types and functions of
functional peptides and linkers in PDC, and discusses the application of PDC in chemotherapy, immunotherapy and
photodynamic therapy in tumor targeted diagnosis and treatment, and finally summarizes the difficulties faced by
PDC drug development.
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N &M A B e AH B T4 eI AR 4 2 3800,
Z KA s 40 B SR 1) Dy e 4 BB B DhRe R R TS Tl
RE < i a A K ey S v AR O EARE RIS, B
T2 BB A R AL B A AR 4540, 2 k]
R FH G ol T SUBE AF FH R B R B R 2 [) ) i K M AR
FH B AR SR AE R - HE R S5 RO B 4y
THHL, BRI TR R, IR 4
Y FEW )R AT, R I R B TR S AR I
BIFE . LA, ZIKEA VAR YL AR A
L v R AR, BT 2 K B ) S5 R R ORI S B A
FINRE A Ty R 5 i v E 0 SR R R A SR 1) A B
T, G pH o 54 (B B RS DRI, SR Dy RE AL 2
BRI 78 T2 T 2 BR-25 58 5 ) (peptide-
drug conjugates, PDC), SZHLXT g it #8 [y 5 571,

PDC H Difie 2 Ik ERE T A MU BE 1 25 3 MR
ARk, FLAH RSV FINLHI Y 5 HTARMEEC 254 (antibody
drug conjugates, ADC) L. JLAT, O KEE T Hifk
() ADC 259 73 45 2 1 )2 Wk 58 il R S & Re, (R
HETZ KK PDC Y 7y T B th THERMRH . T
ADC B K5r ¥ R, £ T 5k i) ADC 254 7 + £ it
IR A 4 v 1Y 7F 0 M L JE E M RD B 2808 (enhanced
permeability and retention effect, EPR)- 4 3% Jii 14 Fl 44
PEA R E T A EA AR . ML T ADC 8l
R 5> A 2, PDC 2 TR BN, 16 M8 2833
EPR W25 77 TH A 58 R %, I B0 #E W) 2 ik AT 25
AR N ORI, o R e 8 200 B 1) 22 247 T 245 128, S B0 T 245
JiRE A R T BT, A B S R T A
SITVE REIT I OGB) 1197 (photodynamic therapy,
PDT) &R 7 kW B G MR . ik i—
T v, Gne] b 24 MRS v 1k 3% %2 PR S o, b 25 W e
A PR AL ) R TG R R E . BT 2 K
SR 11 A e e R P L RT A AR SRR, PDC
FESEELM ARG HESYT EA BRI ). A ERiA T
F 3 PDC B 2 Ik A E £ 1 MK 5 Dy g, Ak igik
PDC 7E IR AL TT S Be T 75 PDT AT FT ik & (181 1),
Fx PDC T MR g HEva 7 RO BT Stk AT TR 2.
1 PDCHHIZRK

FF 50 3% WU, iR 4 Pt A0 ik JRE I PN R 4T AR 3R T
(1) & Tt 52 AR R IOIRFS 15 1E A0 PRAR LU A AN R AR FE 1 22

W -
Fepide Linker| <RS-
Figure 1 Composition of the three parts of the peptide-drug

conjugates (PDC)

St JF HHOR O S5 AE A I I A B S AR IR
BDETTHS EHHLAMLA B EAR, BAARLIH AR
W R B BE IR (glutathione, GSH) K 1A 7% 3 i 4>
J& 5 1 i (matrix metalloproteinase, MMP) 3% & 5 &
UYL, iR £ PR T R I A P B 4 P R T AT
it JEE TCEAN 55 v 08 52 R (YT A7 22 JEK B A 0 e 2L 24 1)
RERBEFIE . AN, V122 22 IS 4H S o B & S 40 D o
WHA R M, W% E AL 5 IR R AR e IR 4E
U i B 4 24 4 5 X S B ) iR 45 G N, T A A e 0 5k
MR, S m 2V E A NG ST ROR, A Rk
G2 ns 1L W 40 B0, BRI 25 ) 4 5 R G 7RI

A IR A0 B O Tk R R, OB R T KR B 0 A
a0 R 4 R B B (cysteinyl aspartate
specific proteinase, caspase) X J% 1] 18 i i 348 2 F LA
T BRI R A HEAE L, R0 5 T D0 W 5 HRy = 1k R )
IR A 2K, SR A Mt T MR AT AR )
JUK e 18 5 2 2 1 AR O N SR B 4l i 05 (human
leukocyte antigen, HLA) 45k 7> T 2B A RIE R AR,
gk e R T UM A T Hor, R UCPa gy
T4 T PDCHEIT I & SR ik
1.1 FhyE YA A ¥E = AR

A 16 Jf TR £ 1 22 A 1) 32 AR A 2 2 R 4 L S T
S ERIBIRG, WS R E K E T 324K (IGF-IR).
REAEKE T 52k (EGFR) (e P BRI R &
(gonadotropin-releasing hormone receptor, GnRHR) % .
DU [ea fir e 240 B 2 T 52 4k 0 4 1) e o A 2 A T vy s
BARALRL, QA2 Y 245 2] 8 PDC K B A X e 48
Jf s ELEEH L IR 1L, BE A RER m A S 25 i im R IR
T RN A, SR AR X A ) IE B . Pham £
I FH G BB A FN—Fi iR (1% 3288 OaAEP1 (Oldenlandia
affinis asparaginyl endopeptidase 1) £ NJSLL 44N EHD
(red blood cell extracellular vesicles, RBCEVs) 5 EGFR
B [ JIK 1) S AN B REAT AR TR, f23E T EGFR PR it
HHNIAEAR X RBCEVS (R R PSR SRt — 2D, 1
H AL (paclitaxel, PTX) f M1 4M 3898 5 EGFR
T IR AR I, 2 3 3 5 24 )40 i) EGFR BH VIR A= K
97 R
1.2 BhiEE & M) RZ 4R A 4B =) K

JIev SR8 24 0 LE S A B A AR AN R E T, R 20 4
BEPEZGW AR 52, A2 T RE VR T RN 32 R R 2
o AE DR 20 1 S B 0 0 B 15 JIR IR, A4 AR RE IR 1Y
i 9 4 M 2 5 2 — L e 4 M R S5 e 1 B A R
Y rh IR AEAE B 7, A TSR IR e . AR
iR 0L 9 B 4 AR A EARASE, AN 5 51k 25 1k,
o )N iped B R R TN VN A=) EE K= )N
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Table 1 Various functional polypeptides in PDC. EGFR: Epithelial growth factor receptor; HER2: Human epidermal growth factor
receptor 2; ErbB2: Tyrosine kinase receptor 2; IGF-IR: Insulin-like growth factor receptor; CD13: Aminopeptidase N; HUVECs: Human
umbilical vein endothelial cells; VEGFR-3: Vascular endothelial growth factor receptor-3; MMP: Matrix metalloproteinase; NRP-1:
Neuropilin-1; Caspase: Cysteinyl aspartate specific proteinase; PD-L1: Programmed cell death 1 ligand 1

Type Name Sequence Target
Tumor cell targeting peptide GEl1 YHWYGYTPQNVI EGFR!"
AHNP FCDGFYACYKDV HER2!""
1-D03 MEGPSKCCYSLALSH ErbB2""*!
3-G03 SGTKSKCCYSLRRSS ErbB2!""
JB3 D-CSKAPKLPAAYC IGF-IR!"
Tumor vascular endothelial cell targeting peptide RGD RGD Integrin o S,
NGR NGR CD13PY
GEBP11 CTKNSYLMC HUVECs™
CS-1 peptide EILDVPST Integrin a8,
CS-5 peptide GEEIQIGHIPREDVDYHLP Integrin a,8,*"
CSDSWHYC CSDSWHYWC VEGFR-3™
Tumor Ac-GPLGIAQ Ac-GPLGIAGQ MMP-2%
microenvironment sensitive peptide GQ8 GPLGIAGQ-NH, MMP-2, MMP-9?"!
PLGVRKLVFF PLGVRKLVFF MMP-2P*
pHLIP ACEQNPIYWARY pH sensitivity™”
GFLG GFLG Cathepsin B®"!
Cell-penetrating peptide TAT YGRKKRRQRRR" /
iRGD CRGDK/RGPD/EC NRP-1, integrin avp3?!
Antp RQIKIWFQNRRMKWKK" /
pVEC LLIILRRRIRKQAHAHSK" /
Organelle targeting peptide NLS CGYGPKKKRKVGG Nucleus®™
NTP RIFIHFRIGC Nucleus"
KLA KLAKLAKKLA Mitochondria®!
SS31 HDDAPL-NH, Mitochondria®”!
12-mer peptide RDVFTKGYGFGL Mitochondria™*
Therapeutic peptide RGDS RGDS Caspase-8/9°"
DEVD DEVD Caspase-31"
AARAVFLAL AARAVFLAL T lymphocytes'!
YRPRPRRY YRPRPRRY T lymphocytes'*!
TPP-1 SGQYASYHCWCWRDPGGSK PD-L1%

H, TE R R R SRR - AR - KRR T SI
ff1 % ik (Arg-Gly-Asp, RGD) FI & K & B % - H 2 L -
¥ 28R 7 41 1) % Bk (Asn-Gly-Arg, NGR). 1, RGD
JOR T 4 8 3R o B, B2 AR, TR SRS ) R o R
BRI BEE o, 15 IR 20 AN R I P R 4
b R, of iR I 12 28 6 B | 1M A5 AR B 4 R
TER, KB 3 o B, N VE 2 PR 265 1) 4 2 HE
Ao NGR KR Bl 25 A (852 44 Sy i 83 1 387 P 2 40
i 0k (1 CD13 By, HL A BT I i g8 I A B 1 4
CD13 /& — 5 IS5 25 [T, 5 D35 73 i 98 44t e R fe g 1
B PR G P Rk, R B I R L A R Y
D2 o 8 1 2 K S B (3 28 54 RS 00 8 7R I 19 75 oK
AR K, 5 BUMR L S5 8 5 T BE S R A 2 R
Koo DRI, 308 3o S g bR I P R 4 B SR B 3% 2 ) &
Ji R 2L 2, A A5t o et 1 A B, g — R R
R 3 1 e R S 1) Y 9 SRS

AR VR ZH BT AT 78 IS, DL RGD JRAE A #E 18] 43
¥, 5 caspase-3 Wi B P £ ik DEVD. J 8771 J5 nb mpf

(protoporphyrin IX, PpIX) Fl—/N % Y HL 4R e H5 15 %
S EIRE A g 7 — e I ) 5% R P-PpIX. A TN T
RGD [MEEEAEH, RAEFEH T EETEER o f R
K SR 212 . xR X 3k AT O R AT fi & PpIX Y
PDT % 5 Fb &g 40 i 8 T, 351080 caspase B o #3800
] caspase-3 A3k — 5 P DEVD, 1 9 Y6 H: E e & 4%
IRk, NI ERNME T S EA &g m 1
Je8 PDT 197 Rty firk 783 4 M ) T2 3k R 4R AL SIS B 45t
1.3 BRI IR URRK

FH ik 96 200 PR G 5 44T A 32 I 400 o R 48 ff 470 1) Joti 2H
JSC ) J R TR 85, 7 A A PRI I A AR R S AR UTIR S 5
JS IR AS M BEAE . Mg 5 3
B PR PR A TR M S 4 B P A1 S S R FE 2 e
It RIS RASE . Rk, MR ROASE S IE 4 i
(1) B 4. 22 S N R BB 1) VR T SR it T 2 (A RCHE
o FEAZ IR A S5 i )82k v T SURS K | pHL UK
JRVCTRIAE [ SR IR B B FE & T2 R - 44, MMP 5%
RS 5 N\ A EE LI A B B AR, 7R N AR IE S ZH 4
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A D> B AR AE, (LR SR GO B8 rh o B 3, ol firh o8 2
MR 2R EREZENMEN . QuEFH&H
MMP-2 i J& £ Jik GPLGLAG [ 7] 3% 1k 41 A 27 i fik
(activatable cell-penetrating peptide, ACPP) {E N 244
PpIX &1 1 4 99 K # (gold nanorods, GNRs) & [, 15
#| GNR-ACPP-PpIX 4 K% 21k & . H T ACPP Ji4F
(1) U B4 55 # F11 GNRs (1) 535 2140 X 6 U, PpIX 1))t
TETERANE] o 2GR R Bk R A UE, i EIK
T 1) GPLGLAG % ik F# 51 # MMP-2 [ i, 28 £ — %
(polyethylene glycol, PEG) #k 7% it & , 4 ffl % JiE Ak %%
e, PpIX AGE PR, A R O HGHE MMP-2 i 3%
2 96 4 ML ) 2
1.4 “AAZFERAK

Z JIK 25 W) 5 & WD AE IR IR 9T b Rk B U AR
N, JFC D5 DR AT A A TR g i 83 4 04 B0 720 1) ) A 23
B, HRPDC B 7> R BUE 2~20 kDa, 5 H A K
I ¥ 2 R G EAT BLAE (0 PR 5 ROR, (H X R
WREEFRAR 7> T A BUR S = MR H B & R BOR A
B, 3 75 I oK AR B4 77 2 A e SEBLAE R AR Ar ik B
R EE B . NHGE FIR B, BT R, 4
ZEIEERK (cell-penetrating peptide, CPP) FH 7 % i% 41 fig X
AE 41 A 3z 1K &R AR WS VR BT R R A, BEfE PDC R
#% EENBIERE ), 3t — DR THE YL e 2 2 Ak i
B RUR, SRR I 25 I B R ROR . AR CPP 2
7 FAT L 1) 1, TR HE 23 Dy o I 1) 2 Bk AR A e 7 R
ko Ak 2 JCHE R o IR, B B 8 5k TAT [YGRK-
KRRQRRR] fiz HACE M, AL BELE AL HE B A £ ik
SAZIREE 22 AN AWK O3 1 1R i e 30 R b Rk 4
AR, 1 B AR X L8 AR AR K o T8 T I R
2P L F) % ol 2 B A 5 A (20 M B R L i e e 55 )
AMLA IR IEA TR R . SR LA TAT AR 1) 27
O SR 2L e g BEEL 1 AT Obe o G R A RS 1 DB B
T4 Y ORCHE W) %F 3E W )RR JIK 40 PEGA-pVEC™,
gHo-pVEC™ %% . Zhang %50 DL pH /&K % f5 ik TH
[AGYLLGHINLHHLAHL (Aib) HHIL-Cys] & 1fi 71 %%
A RPN o-F- FUBE 0 42 9t i 1R 15 )52 44 (TH modified
liposome loaded with alpha-galactosylceramides, aGC-
TH-Lip) F T & % 22 a 97 . Wl 5E TH A2 1 i i ot 14
(TH peptidemodified liposome, TH-Lip) 7£ {4 #h /N 5
B ZROR 40 . (dendritic cell, DC) HI45 BUIR L, 45 5 5
7, TH-Lip fE 4K 4k DC2.4 40 Jif (1) 5 B B2 58 2 %
& 1 i L& (polyethylene glycols modified liposome,
PEG-Lip) ¥ 1.48 f% . if %89 /)N il 45 T aGC-TH-Lip J&,
R H ARG YE T 40 B2 DC 4 e FO 4 fg 22 1% T
ML R R aGC A E E R . 4iRR

B, BT TH K305 R S0 R A A 2590 = 46 2 i
Jo0 20 A, 15 558 57 R 29T

7 8 1) 5 5K A, DL CendR ik A 3 Al BT A4 22 1)
ZIKZ B2 55 . CendR 2 & MR C-3 5 1 N
R/KXXR/K LA, it 5 e 4L 24 A 1 22 34 1¥) NRP-1
(neuropilin-1) F# 57 4 45 4. CendR £ ik AT NRP-1 [ 4H
AR 2 250 5 M A= 2R B B, (2 e LN 5B 1
KR & . 140 iRGD (CRGDK/RGPD/EC) Jik BE &
A iR ILE A R A i A A ik RGD 5 71 LA 4% CendR
JRBE e 1, -5 e 400 e 1 S AN 1, BB R 9B E N
e ZEL £ R fi 3 4 A
1.5 “ApEzEEnmEAk

ST B 5 bR 1) A2 3 T REE Il R 200 D AR K 3 B
12857 v R A OCRREAE F, DR G 200 P 285 Gn A L A L 2%
o PR TR A R A T IR B AT . AT M A% S B A Y
B AH M A5 1, R A gL S5 IR L. 2
A0 ) 2 200 O A% e s AR 24 200 ) A B A HEVE L 2
Tl U e 210 R 240 B A 1) 45 44 5 T e, A g 4 o A 2 1)
REZRELIF SOV T . SR T 40 A A% A A IS BELAS: T 40
%55 45T (R 508 i, K 93 iE T o 75 A B AR R )
DT ARETERANAZ LR o 41 A ) K REAR 1 Hh A 41
M2 is i B AN, ) 2 H T B AN .

SRR A A B AT A U B R A A BT R
RER M BB PT. 4% 500 ZR R R L 17) JioRs 16 97 18 5
S 6 1R BH B8 - (a0 =28 35k ) A Dy R A4 BE 1) 2 4] DL
4 B 2 MR T 0 0k J 2R Rk, SR T TR G R A
IF1) 38 24 22 G0 0t e 20 e B A R 4B B s AR D L &
G RS EES SEHh S I 55 T MR IR IT AR . AR
IR ERBE, 2R A B ) JUROE R A A R LA R B K P
M FEBR, 0 2840 44 28 15 K L Szeto-Schiller ik « 28 #i {4
B ) 7 0 Y AR R SR R AR B [ 4 1 1 S e
FHE F I B AR . 2 B LR R = A i e R A i £
R C 2515 5 BUE caspase KRR AR B sh g jg F 1= .
DRI i, SR A4 R T A 3 A IR PDYT fit i 248 o 0 1 1)
A 2% . Sun 2P RGD KM KLABKIF R T —HF £
B B Jieb 98 #8217 I 5 M2 (RGD/KLA-modified liposome,
RGD-KLA-Lip) %% PTX, RGD-KLA-Lip H. 4 %} fifi &
S A R iR LG5 PN R 200 i 2 s A PR 1) s a1, A2
HET LKA SRR E T A R T AR 2
YA 5 RgEtE.
1.6 JAITRK

Caspase F At —Ff A 57 4B RE P MR T2 R IE %%
A= T 10 R A SR, AR R T A ot AR S bR B
caspase # I b I K A2 U T H G I B R N . E 4
Mo T L FE R, caspase &5 [T 4t B0 v U W 5 o4
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PEVR A 22 Bk . X R caspase 25 [ B ) 354 B B 22 ik
5 FHAE R 3 ¢ SR A SR S IHRT 988 44t 0 1 R 1
SRS A, B 8 U caspase B A I N R 44 K 5 24
2458 SIS 3L M 2 0T R R R 1R YR T

I 98 470 SR T e 2R G0 LE AT I 5 e e 4 i DX
Gy IF, — 7 R PURAT A KR I HLA 23625
RY, 7 —J7 PR % £ A M (antigen presenting cells,
APC) RS N TAL B b Hi s, IR P )sih 245 T
I S P — S e 4 I, SR HILAR I e g B2 o
U, iR Bt S5 22 G JHG 2 2 AE T e A4 i 2k ) iR R
J 1t R IE B JE IR S8 AT AR R S 16 T IR, ZELLAPC AT
I O 200 i g B SN R A PR AT S VR T T TR R B
K 1. Bodl PR AE 1 g it Jil 988 e 5t 1) 7 B 1A
BAGE 3N, H 4 5% 1) ARAVFLAL Ik o] 4 T ik X 41 fi
WU o BAGE FE IR 15 1E 20 207 j& YU ER /Y, 1T 6 i 8
AL P MR R IA, Y L 1) B R AT A ook 4 i 25 M T Ok
O 200 i P A g K, Al B 8 2R G o) b R ) A P B
2 PDCHHERET

PDC ) 2 ik 73 -1 F1 40 Ji B¢ 1 24 W il o 1 4
W AREC . BN —FlaT 24, PDC Zii & 76 AR 98 34 1 72 o
Tt R, AUAE MR S AR I A ) okt . R, i
Rk a CHEE FHBIRZHR: ZREA 5D
RE A PR B 1 259 MR O SR R S . BE e T
A AELRAE PDC EAR 6 3 1 A5 o (1 F e 1, B Re 4
2 6 M 24 ) R 0 TR A R s e . MR T E AR
A ) R 0 1 A i Rg ZH A AL I W B, R
ANTT R RN e T ] R B . W R
T, RR AR A iR 2H 23 b ik R AR AL R ORI 4y R
BURMEIE BT V38 JE BUR AL E B 1 1 pH OB % B
o FR2PFU A58 T — e R IE R T

Table 2 Various commonly used linkers in PDC

Type Name

Oxime bond™"
54]

Non-cleavable
Triazole bond"
y-Aminobutyric acid®™

Thioether bond"”

Amide bond™”

Cleavable

Enzyme sensitive KCLPRTGCK™
GAGRRAAG""

Reduction sensitive Disulfide bond"*!

Hydrazine bond"”
1601

pH sensitive
Imine
Hydrazone bond"®"!

2.1 FARMBEEET
AT R AW T i BRLE =P - AT
R A5, T T 4 A N B 1 2 R SR B RS 1R 2 K

5T 3R B T AL, AT 2R RSB T (A
1 1) PDC R TE T R U5 ARG 2R A e 1 BB /b (it
BRI R G i (H2 2 2 3 10 1) 5 4 e
BEIE S T AH RIS, AN AT SR 2 5% B2 1 #4211 PDC AH L
T A] A AL B AR R I AR A e M R R R
Yu SN — Bl 5 B KRP 5 £ A
(doxorubicin hydrochloride, DOX) i idf fi Figk B A1 [k fi&e
B % 243 B KRP-DOX M B4 . KRP-DOX it ik 4 4
Fo M B PR /N B, 78 LR 38 A LT 3% R T80 5
DOX, FER I T R 47 (1 i 2 2% 15 14 45 A0 i ygg
4B P ARk, 3X U T TR B R AR e 1 A B
T EPAE I R R ORI (K > DOX i i KRP
HEN R4 .
22 FAIRBEERET
221 BMERURBIERET MEURIEE TR HEAA
PiE i R B SRR 7 4 1 A K A5, e ol e g At e 1) &
P Bl ik 30K B B SRR, TV B T R O B
S RIB AR B . BT LR pH i A, R 2 41
Hh 5 AR AR 1 R 0L 2 AR PR 9 PR A, R) bt g e 97 284
ERTERBEARFRARRIREE. K, EOH
R S 1 R N 4 K AE PDCWF AR 2 832 o9 . R
HA P ERIEE A MG MMP. LR RS E A
T R0 PR R TS 45
222 HEHRBREEZRT CHEBURBERETREET
S M 5T HF GSH S5 Ji PR 5 )94 B L I 2K PR B v il
1000 £ . Ff H., BT 8 o 20 558 00 S0 A0 B BORD 5k 4,
93 £ L PN £ GSHL IR FEE Eb I 3 4 B 5 s, (R ik — g
AR IR, R, AR TS 2.
A B D o ) A6 2 1 PDC E I B R R
SE P, T LE i 88 200 i v B A I iR A R TS T B
43 o Qian ZECF] H — Fi ¥ 1] MMP-2 ) £ ik MMP1
(CCKIGLFRWR) it ot 20 J5 Uk 1 — B B 5 DOX % 4% .
MMP1 kA DOX [A] [ — i B 8 i & ¥k FE GSH 34 Ji iy
Wi . DOX ] A 2t N R 4. [Fl 8, MMP1 Jik
PRV ML MMP-2 15 1, 3 R 1 e 8 4 7%
223 pHEURBERT 5 IiEH 4008 i S 4 iR
A 3R ELRE 2 1) 7 AN ], iR 4 i ROA K R R A
ANE5) (AR BL IR, A E AL, B BL R eI A T8
ARER AT AR R . Rk, R4 & 7= A4 K E
FLRR A BT R AR, AT UM R A SR R 1k
(pHAE N 6.2~6.8). ¥ ¥ pH{E N 4.5~6.0, 5
NEAFIpH 7.4 Z 7 ¥ K. pHEURALER 7, fH
FA W72 ™, HAe P IR T R, (RE S5 IR
PEIRET AR Gy K AR . L Ah, S &0 45 8% S5 41 2 pH UK
RER: T8 . Ding Z“F| FH PEG /K & 58 Th
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RE IR B PR R R E, M3 1 — ol CPP &1 1Y) pH UK
PEPEG LG B A, LLA2 &1 22 RO fih 9o BB 1) 1 e 6 428
o RCHRURE £ 1 T A A 2 B, R mT P AR s o, A IE
SR R AR E I, PEG AT MR I AR SR T 58 4 )
E, 7E MR R It PR 5T T 2 B H CPP, B o i R 4 i xf
PEG % [ 55 Hi -
3 PDC ATHEISTT

PDC ) D RE 2 Ik 9 R B 52 1 1 i Jed S 1) L 48 A
TF I R IR 8 5 T R 2R A TR A4 R o
NERE 254 FH ;T 20 M B 25 40 )2 PDIC A% AL, KT i
JEAM A R ER . AMEE 22 fe Re s T A
TR T IE Y1, BAETT 259 G BOR R
Wz R T | e e A o L BT 77 L 22 2 AR i
SO SR, 20 BREE P 24 S K e 4 T 12k
PR, BENRGIEF 40, SRS KRG w1t o,
28 2 ) e IR 4 B 4 R R b sk 5 R IR A HEDT IR 2454 B
H 5 2 25t 251, BI85 7 40 B 2 AE IE IR VR IT
ST R BARME SR ET 25 BAR RE L 25 R B
GERAE F, ABATO AR AE ) 4% B2 % AR W B i 1 22 % o e
S ke 2 S BRIG . DADhRE 2 KON EUA ) PDC R 2
RO G RAR AR EE AR R, 2T R
G 2 2y 255 v @, I H 2 RREUATE 1 N A4 1%
R4, A R R B, AMIESIT I REEERL .
3.1 PDCEMBUFTETHNA

T A& R AR 4 = KT iR —, T IT 4 A
S LR e ) 2 AR AR AR IR L, 9 f T it ok 1
A R, H55 7 HAERKIGIT R IST 2. PDCH
24 R G R R AR T 2459 DS 0 v e R ) B

Shim £ F {2 I T2 Ik (Ala-Val-Pro-Ile-Ala-Gln,
SMAC) 4 25 1 i B & fi# Ik (Phe-Arg-Arg, FRRG)
5 DOX {1k, H 412145 2 99K kL (SMAC-FRRG-DOX
nanoparticles). Il 2 fff 7~ , DD-NPs (drug-drug
nanoparticles) (X 7F 2H 2425 [ B 15 214 1Y) a8 248 Hfd 4
PIEIRE AR AT 45 DOX, S TIRFETIEH S
W7 B RN IT o 7E FLIRE /N B SE 58 1, DD-NPs i
it EPR {E FH 72 MoRg Al 23 b =y FE AR B, IR i SMACJIK
AN FRRG fik (9 X0 33 3% 1 55 7 DOX v S 14677 .
Ut BT AT BH LT 24 M R, A R 22 A b A ) i
Jo AR R, HLASR R ST IS RE F b

Duan Z59E B IR VEAL 1 5 i 5842 B - 40 i 2 52 Ik
185 B ¥ (paclitaxel-cell penetrating peptide conjugates,
PTX-CPPs). 55 PTX AH L, P9 Fh PTX-CPPs 7£ i 4
i Hp 35 S 7 S S 5 1) 44T M e B 40 P e A
6L T T B 2 R A4 S LA A . PTX-CPPs 7E 11 il
for 98 /05 B RE A2 K 7 1D L Ui B PTX BE A 4%, iIX R B

TEAR N B8 I7 RO T, A e T PTX K PR
41 % 24 i 24 1 45 il

Saghaeidehkordi 2515 11 7 —Ffr i [va) T~ L i Jes 41
M2k A1 RISE R, 5 DOX 3 i R U i
MR T A A E P K-DOX B . 1E =
I 7L e /S SRR ZRY o A I R AT T A P PR A, 2B
35 RIS PDC AL (1) /)N 53 MRs A2 K B 25 02D, 29 0T
2 DOX VBT /I BB A= AR AR ) 65% . BEAEAFIER I
S, H T A R A FE ) 4, PDC 2459 4k 22 20 /)N B
I8 N DOX /K2 35 2 DOX 1 1.4 4% . A, 75 HAt
28T AL, PDC 254 4b 241 ok H AR Y DOX /K, X
9 B DOX 41K 45%~77%, i B4 [7) ik BE (2 25 189 o
Z9WTE IR L 2 1 & 4, DR RIT I AN BN

W7 25 a5 & S P Re B 2 Ik i PDC, iR T
AT 24540 e g L 1 PR AEG 2 R ™ EE Rk F, I LY
5T 29I IR 2R IR RE T, REAER KR AL SR A AKCE 4R,
HE— D sRIT R, SR, G IR PDC I 2 Ik 5 i
T AT 4 B BB 2 R AR, 1 A i ORI,
A ERIREEIE . R, A3 S PDC E MG A i
TR T, 3 7% PDC I AT BT AR BT B .
3.2 PDCEMERZITERIIRA

PR G 28 [ N AT 43R 3 AN S5 3R, @ i geg B iR
T 5% 58, @ APCs J& 2 i 8 Po i 85 = 78 T 44
@) IR AL 1A 25 R T 41 B A KSR 4 A . SR, il e 4m
JH B SR FH A T3] S s SR 40 1) 6 028 3R G, 1B ML IE 1
PO R G328 S B, HA B G s 0 ik

ity 8 3R G g AR G 1) 2 ML A I i bR 2
i . APC JUH 22 DC 48 M A< B AR 3F 0 i R fe % o 2R
i, B IR R I R (E AR -6 A Z-10 I8 N 7 A
KR 725 Q)3 1 IR 55 23 BELAS DC (1) 2, 45 F5 76 Bl
PORES, A EHAE NP 24000 T EE, M
XL AN RE S S HUMIR T 4 .. Yuzuriha S5
Wit 7 — Fh 05 Bk SIINFEKL 5 4 & R 4 W % (all-
trans retinoic acid, ATRA). 4 /£ & D3 (B, LA
24 b 75 0 e R o e R e T 2 (B13). ATRAH
Yk 2 D3 /BN DC 41 M 155 570, A A R4 i B e 4
JiL AT DC 40 i 1 98 R S S, i 12 DC 48 i x40 J5 1 52
36, T 5 T T Ib EL A M XS AR Y B YR YT . IX A BA
APC BRI 2 JIK 25 W0 5 & W) B 26 7k RoK A Bh T3
55 APC ] MR Bt J5t i R 1) 5 A B, A 356 e e o S
PE G PE T 52

Ji R G VR TT R, A AR T g% S A G
4 L, 5 PR 20 M ) 52 A 2 G e 3 I A o 2 2 e
(40355 T AR G 5 B 7 SR ) G B, T A5 5 92 36
Mo G A S AR IR BRI
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Figure 2 Tumor-specific and pro-apoptotic peptide-drug nanoparticles of drug-drug nanoparticles (DD-NPs) for synergistic pro-apoptotic/

chemotherapy. A: Peptides and hydrophobic doxorubicin (DOX) can form stable nanoparticles through hydrophobic interactions and

amphiphilic intermolecular 7 - 7 stacking, resulting in DD-NPs; B: The DD-NPs highly accumulates in the targeted tumor tissues via

enhanced permeability and retention effect; C: DD-NPs are specifically cleaved into pro-apoptotic Ala-Val-Pro-Ile-Ala-Gln (SMAC) and

cytotoxic DOX in cathepsin B-overexpressing cancer cells, and then synergistically induce apoptosis in drug-resistant cells through

chemotherapy and inhibitor of apoptosis protein (IAP) inhibition. Adapted from Ref. 63 with permission. Copyright © 2020 Elsevier
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Figure 3
cells by peptide-vitamin conjugates. MHC: Major histocompatibility
complex; TCR: T cell receptor; tDC: Tolerogenic dendritic cells;
T, Regulatory cell; CD: Antigen differentiation cluster. Adapted
from Ref. 67 with permission. Copyright © 2020 Wiley
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T-lymphocyte-associated protein 4, CTLA-4). F2 > 1 41

AT %2 4K-1 (programmed cell death receptor 1, PD-1)
F1PD-L1 (programmed cell death 1 ligand 1) [ 2454 /2
BT FERA R I . 22 JIK B8 A S A A e B B
2. Li S T 40 M A e R - vk T 40 S
N, 3E 5K £ ik TPP-1 (SGQYASYHCWCWRDPGGSK)
2 TP PD-1/PD-L1 KIAH EAE o Oy 7 K3 TPP-1 %)
A P RE 2B A B A L, ST T FH HA60 4H L 1 7
TS A /N RS AL . TPP-1 80 PD-L1 H4R 3657 /N U i
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B TPP-1 41 ) = 38 /0 S 2% i R ZE 4, X )4 2 T TPP-1
%55 7 PD-L1 XS T 40 J i 4 il £ F, T 48 i =097 33005
Bt — 0 1 /2, Meng S80I 8 I % 1 A0 Bk 40 K ORE
(superparamagnetic iron oxide nanoparticles, SPIO NPs)
e HA60 fiti J& 41 i B £ f 153 3 SPIO NP@M, I #%
PD-L1 #ifll k TPP1 1 MMP-2 /& ik PLGLLG 1 B 2
il e 24 P JiEE | 45 51 SPIO NP@M-P 44 KK . HA60 fili i
H 0 AR D9 05 AR B AR AE K T PDC 2501 2 32 4, I BA
MMP-2 SRR AR D B 16 73 A5 L AE i Rg 4 24 s2 3
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ACPP 1 % [ & 7 % I Ik R9 (RRRRRRRRR). MMP-2
HBURR S JBE A 5 B 3 7 ik ES (EEEEEEEE) 4. 1E IE
AL, RO JIK 20 i %7 3% Dy Bl 28 i 43 1 A LT
519 EQ IKBELMT . — HARBLYIE N MMP-2 i & ¥ fit
Je A i, RO KA E8 JIk 22 1] 1) 55 JU O 422 1 4 2 1 UK A
K443 B A 4 B 9 B8 1, B CPP-PpIX A T PDT, X
A AR T IR AE LA R 40 M 7 52 IR TE LA B AN

eyt

GLAGEs

il %3 o M %‘ds;z:} o 3»35 o

MJ" Dﬂ‘
CPP- PpIX (PpIX RoGPL)

Intracellular

Imaging

2
i, o v o3

Figure 4 ACPP-PpIX for diagnostic imaging and photodynamic therapy. A: MMP-2 triggered structure transformation of ACPP-PpIX; B:

Schematic illustration of the mechanism of action of ACPP-PpIX. ACPP-PpIX: Activatable cell-penetrating peptide protoporphyrin IX

conjugate; CPP-PpIX: Cell penetrating peptide protoporphyrin IX conjugate; GLAGES: Polyanionic peptide E8; 302: Triplet oxygen; 'O,

e

Singlet oxygen. Adapted from Ref. 70 with permission. Copyright © 2015 American Chemical Society
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Figure 5 Schematic illustration of the structure and proposed mechanism of M-ChiP for tumor-targeted synergistic photodynamic therapy.

A: Chemical structure of PpIX-KrFxrFxrFxr-PEGS; B: Self-assembly of PpIX-KrFxrFxrFxr-PEGS8 into M-ChiP; C: Intravenous injection of

M-ChiP into tumor bearing mouse; D: Accumulation of M-ChiP on tumor site via EPR effect; E: Insertion of M-ChiP into the plasma

membrane of tumor cells; F: The production of 'O, under irradiation and the rupture of plasma membrane; G: The endocytosis and the

mitochondria target delivery of M-ChiP; H: The production of IO2 under irradiation and the destruction of mitochondria; I: The synergistic

therapeutic effects to induce tumor cell death. M-ChiP: Single-agent self-delivery chimeric peptide based nanoparticle; EPR: Enhanced

permeability and retention effect. Adapted from Ref. 71 with permission. Copyright © 2019 Elsevier
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