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Nanomaterials self-assembled
from peptide/poly(amino acid)
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Scheme 1 Graphical representation of nanomaterials self-
assembled from peptide/poly(amino acid) for tumor
diagnosis and treatment (Image for endogenous/exogenous
responsive drug carriers: Reprinted with permission from
Ref.[30], Copyright (2018) American Chemical Society;
Image for reverse tumor drug resistance: Reprinted with
permission from Ref.[34], Copyright (2021) Elsevier Ltd.;
Image for Intracellular in situ self-assembly of peptides:
Reprinted with permission from Ref.[35], Copyright (2022)
American Chemical Society).
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Fig. 1 Schematic illustration of the structure of peptide/polypeptide and its self-assembled materials (Image for nanotube:
Reprinted with permission from Ref.[19], Copyright (2016) American Chemical Society; Image for nanobelt: Reprinted with
permission from Ref.[23], Copyright (2018) American Chemical Society; Image for Helical nanotoroid: Reprinted with
permission from Ref.[24], Copyright (2020) Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim; Image for: fibril, ribbon and
hydrogel: Reprinted with permission from Ref.[25], Copyright (2019) American Chemical Society; Image for nanoparticles:
Reprinted with permission from Ref.[32], Copyright (2018) American Chemical Society; Image for Nanosheet: Reprinted with
permission from Ref.[49], Copyright (2020) American Chemical Society; Image for Vesicle: Reprinted with permission from
Ref.[50], Copyright (2020) Elsevier Ltd.).
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Fig. 2 (a) Schematic illustration of the self-assembly process of fluorescent peptide nanoparticles; (b) Emission spectra of the

fluorescent peptide nanoparticles; (c) Visible to NIR images of aqueous solution of peptide nanoparticles under various

excitation wavelengths; (d) Photostability evaluation of the fluorescent peptide nanoparticles; (e) /n vivo whole body NIR

fluorescent imaging following subcutaneous injection of fluorescent peptide nanoparticles into nude mice (Reprinted with

permission from Ref.[69]; Copyright (2018) Springer Nature).

(MMP-2/9)Z4ff, 42T I 22 U5 35 7 i Jgg s - Ak
BE— 25 IR AL 2T R K 47 4 (B 3(a)). M T
XTHRAH, 3 % 2 A 1 /0 RO 5 A BT B
SR EAE S, RIBLH T E A HEVE e B 2% R
(B 3(b)F13(c)). BhAk, I b e Yo om g R I,
TS PRRLE, IR S B A 15 e LA 21 T
B E PR (K 3(d)). 7RIS a0 i v, A
Jifr R a0 S T T O, BRIz R B N TR
B 5 S IR F AR (B 3(e)).
HHEHLEFRE(CT) BEILIR R (MR A
1E HL 7 A 5 2 AR (PET) WA 32 S T Jisg
S W BT B, R R 7 S A AR R
sl CT R DARHERSIE B, (A REEA R
5 MRIF] DAL A RN ThRES 2, {HA

BmRAE. RENEK; PET REREN R
FE, AR ATAT I i A PR . BRI, i SR B
FRAZFEA L ELAME 24 HITRIF 72 (19 T 05

LRGP LA . A R,

GiE T 2R, AR S R P
m%aénMﬁﬁmﬁ%KLmiﬁFWEW
BR, TP BRI E S, DMEdT
TR RIS WG T2

SPECT/CT & — Fi 508 XU S G HoA

U R TAEYFEE S, G TR
HIE S Y INNITE 21 T € SN < TR 177 S
mmsmmwcriﬁw 4% mTe, 121 F111n,

RZHEEBEST, BEREIEM O, I HAS WO i R
Z¥ﬂ4§%/%ﬁkﬁﬂﬁﬁﬂ7u HES



858 [T M S 4

Targeting motif Self-assembly motif

@

HNNH, "
1

B W@&%%W“

HM 'NH, HN 'NHy 'l

MMP-2/9 Cleavage

Signal molecule

Nanofibers

(b)

-=TER-SA
—TER-nSA

TER-nSA

** Excretion-retarded

TER-SA

12 24 36 48 60 72
Post injection time (h)

NIR peptide probe for imaging
of human RCC

-~ TER-SA

~# TER-nSA

%

TER-nSA

tumour-to-renal FI ratio (
S

1 T T T
12 24 36
Post injection time (h)

TER-SA

Ex-Vivo Kidney PRREBIBN Model -2

Fig. 3 (a) Schematic illustration of the tumor-specific excretion-retarded materials self-assembled from peptide; (b) Representative
NIR fluorescence images of RGDRDDRDDPLGYLGFFC(Cy) (TER-SA) and (RGDRDDRDDPLGYLGDDC(Cy) (TER-
nSA) on 786-O-tumor-bearing mice after intravenous administration; (¢) Normalized fluorescence intensity in tumor treated
with TER-SA and TER-nSA; (d) Representative NIR fluorescence images of TER-SA and TER-nSA on the orthotopic 786-O
renal cell carcinoma (RCC) xenograft mice after intravenous administration and tumor and kidney molecular uptake
percentage of TER-SA and TER-nSA in orthotopic 786-O RCC xenograft mice; (e) Representative NIR fluorescence image of
the tumor-bearing kidney tissue after ex vivo perfusion for 2 h (Reprinted with permission from Ref.[71]; Copyright (2020)
American Chemical Society).
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Fig. 4 (a) Schematic illustration of bone-targeting polypeptide vesicles for synchronous diagnosis and treatment of malignant
bone tumor; (b) Confocal laser scanning microscope (CLSM) images of U20S cells incubated with free DOX, DOX-loaded
polypeptide vesicles (without ADA) and DOX-loaded polypeptide vesicles (with ADA); (c¢) Cell uptake efficiency of DOX-

loaded polypeptide vesicles under different temperatures by flow cytometry; (d) /n vivo SPECT/CT imaging of rabbits using

PmTe-labeled polypeptide vesicles; (¢€) PET/CT imaging of rabbits with bone tumor at distal femur of left hind limb treated by
saline, free DOX, DOX-loaded PCL¢;-b-P(Glug-stat- (Glu-ADA),¢) polypeptide vesicles and DOX-loaded PCL4;-b-PGA,,
polypeptide vesicles (Reprinted with permission from Ref.[50] Copyright (2020) Elsevier Ltd.).



860 [T

Fok

i, IFARIEIT . EEATIRIT . AT
FBEIRIT  WERITIRAEUS. o, I RATTE
PUMRIE PE RNy AT 25036 T IR 2 H AT
R R ERTBL E R AL 25 W0 R sk =
WHEE, S ENRMGIERARSHE, SR
HHEEIEN . ZHREER > THTEAEE
RIZEPDIEYE D8 R LA B PE A AL 22 m] A2 1
P, BRI N 5298, Dhfest P4 & 1B AR oy
T FEEEE BN A WG sR G RE R P AR
LIV AR B 1 RS,

()

O ) 0o o @ 0 0 oHO
w*qﬁ(ﬁf "¢”—’°':T{u°°x & w*qf‘rﬁf ¢§V

Fmoc-GPLGL

Inducing agent

CA4-NPs

Vessel
Disruption

PSS
MMP9-signal
amplification

(b) DAPI MMP9 Merge

PBS

CA4-NPs

MMP9-DOX-NPs@4T1

100- 209
© [ With MMP9 o 125-
[ Without MMP9 s
5751 100+
< R
= &
L 50 B ™
® S
2 8 50-
w

N
o

N

a

b

0

Time (h)

Blhn: Ding UG T —Fi R & LR, H
15 2,3- Z F R B SRR IS 1 1) P 25 25 SL A 28 v TR
PR A RA, T2 AR A I8 4 P P R P A 5%
R R B 2 . Ak, ChenZ5B04 4 1 —
A F £ K (Fmoc-Gly-Pro-Leu-Gly-Leu) [¥] /i
VG AT 20, 5 29907 A2 LI FH 0 ik Jieb g A K
(P 5(a)): I FH ifi 787 BH W 751 B8 3 3 VT (CA-4) ik ¢
PR IR A G T g I, e e R SRS DA
7SI T MMP-9 iE R IE (K 5(b)), #E—251
7] MMP-9 #3% R 55 2% 1i 2 (MMP9-DOX-NPs) 2

Fmoc-GPLGL-DOX(MMP9-DOX)

MMPY-activated nanodrugs
7

¢~ MMP9-DOX
S MMP9
# DOX
DOX-NPs
' Tumor-selective
DOX release
8-

Relative MMP9
protein expression
I

(]
2
3
MMP9-DOX-NPs@3T3
P 125, B OOX
— Egj)-(o - [ Leu-DOX

I MMP9-DOX

-

(=3

o
I

[ MMP9-DOX

~
o\
1

w0
o
T

Fraction (%)

N
(&
I

0+

24 48 0 6 24 48
Time (h)



BRI RESE: MIREIZTT 2 IR

e AS R ip SR 861

(@) Normal tissue =
5 (e) RGD-f-PNPs
,/’ Extracellular \ §~ >
- RERRAARANRNNnn ¥I% .
olelelelsleolololclolelolele) M) o el RN
Intracellular - " Integrin
~ umour cei
Blood vessel A% s internalization
D @ (=) s ) »
@'7 =) )@ B Drug release w
OI"j -E o ¢ \ /{ .,  wmEEeee=e '
Tumourtissue T ==eeo___ i‘m 3 W o4 i
® EPI RGD--PNPs RGD-f-PNPS/EPI
2.0
| i
Liver 3]
- 1.5
Heart
-1.0
Lung
Spleen
P .- 0.5
Kidney
Radiant
efficiency
Tumor x107
(g)  Control EPI RGD-f-PNPs/EPI  RGD--PNPs/EPI (16 h)  (h) 257 o conio
4.0 EPI (EPI: 6.0 mg kg™")
< 204
= —— RGD--PNPs/EPI
35 2 (EPI: 1.5 mg kg™)
- 3.0 _g 15
25 E
T2 104 "
» 2_0 .%) *
k-]
-15 & 51
, B,
A Radiant 01
- efficiency 0 4 8 12 16 20 24
Days
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NPs in culture with 4T1 and 3T3 cells; (¢) Immunofluorescence staining assay for MMP9 of 4T1 tumor tissues; (d) Schematic
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1 h, and 3 h; (f) Ex vivo NIR fluorescence imaging in tumor and five different organs collected after sacrificing the mice; (g) In
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and RGD-f-PNPs/EPI; (h) Growth curves of tumors in the mice after the various treatments (Reprinted with permission from
Ref.[80]; Copyright (2019) Wiley-VCH GmbH. Reprinted with permission from Ref.[81]; Copyright (2018) Springer Nature).
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Fig. 7 (a) Schematic illustration of tyrosinase-induced tripeptide assemblies and their intrinsic apoptosis against cisplatin-

resistant melanoma cells; (b) Computational docking and binding energy analysis of mFFY with human o/f1B microtubules;

(c) Cell cycle distribution after treatment with various formulations; (d) CLSM image and analysis of JC-10 probe-labeled

B16F10/Pt, cleaved caspase 3 and cleaved PARP levels after treatment; (e¢) Intracellular location of green (mFFY) and red

(microtubule) fluorescence signals after 24 h of treatment (Reprinted with permission from Ref.[35]; Copyright (2022)

American Chemical Society).
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Feature Article

Nanomaterials Self-assembled from Peptide/Poly(amino acid) for
Cancer Theranostics

Run-xin Teng, Zhen Fan®, Jian-zhong Du"
(Department of Polymeric Materials, School of Materials Science and Engineering, Tongji University, Shanghai 201804)

Abstract Owing to the excellent biocompatibility, chemical diversity and sequence dependent bioactivity,
peptides/poly(amino acids) have been widely used in biomedical applications, especially in tumor theranostics.
However, there are still certain drawback of peptide/poly(amino acid) to overcome for future clinical applications,
such as limited optical properties, short half-life and fast clearance rate. In this feature article, we describe the
sequence design, side chain modification and self-assembled spatial structure of peptide/poly(amino acid). Such
factors endow them with additional optical properties and enhanced pharmacokinetic, pharmacodynamic and
immunological properties. We focus on the applications of biomaterials self-assembled from peptides/poly-
(amino acids) in the aspect of tumor diagnosis and treatment. Additionally, we propose important challenges and
future prospects of peptide/poly(amino acid)-based biomaterials for tumor diagnosis and treatment.
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