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G41C  CTT peptide
]
Hsp16.5 Linker

Sequence of HSPG41C-CTT

MFGRDPFDSL FERMFKEFFA TPMTGTTMIQ SSTGIQISGK

Assembly

HspG41C-CTT

CFMPISIIEG DQHIKVIAWL

PGVNKEDIIL NAVGDTLEIR AKRSPLMITE SERIIYSEIP EEEEIYRTIK LPATVKEENA SAKFENGVLS
VILPKAESSI KKGINIETSG GSGGESEGES EGESEGESEI EGRPSGCTTH WGFTLCG

B 2 BN AZRMIE LI=F/ h T LD FERE
Blue and gray regions indicate the CTT peptide and hydrophilic linker, respectively. The orange region
indicates the Gly residue at position 41, which was mutated to a Cys residue for conjugation to the

near-infrared (NIR) fluorophore maleimide.
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(a) Transmission electron microscopy images of the nanocages. White arrows show the nanocages; (b)
Dynamic light scattering profiles of the nanocages in phosphate-buffered saline; (c¢) AlphaScreen binding

assay of the nanocages with MMP-2.
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(a) Representative histograms of the fluorescence intensities of HT1080 and HT29 cells incubated with
fluorophorelabeled nanocages in the presence of 10% fetal bovine serum for 3 h; (b) Cytotoxicity of
HspG41C-CTT in HT1080 and HT29 cells. Data are presented as the mean =+ standard error of the mean of

three independent experiments.
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Biodistribution of the protein nanocages in vivo. (a) In vivo real-time NIR fluorescence imaging of
intravenously injected Alexa Fluor 750-labeled HspG41C-CTT in HT1080 and HT29 tumor-bearing mice.
Time-dependent, tumor-targeting specificities of the nanocages were monitored by the IVIS system. Square
regions indicate solid tumor growths of subcutaneously injected cancer cells; (b) Fluorescence signal intensity
ratio of the tumor/background obtained from in vivo images. * p < 0.05; ** p < 0.01; (¢) Organ sections of
tumor-bearing mice injected intravenously with Alexa Fluor 488-labeled
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2 AL DiRDF/ B TEILOEYAH

Representative histograms of the fluorescence intensities of various cells incubated with fluorophore-labeled nanocages in the presence
of 10% fetal bovine serum. Cells were treated with 0.5 pM of Alexa Fluor 488-labeled L30-iRGD— nanocages (magenta line) or Alexa
Fluor 488-labeled HSPG41 control nanocages (green line) in the presence of 10% fetal bovine serum. Untreated control cells are

displayed by a black line.

13



200 AspC-1 200 syit-2 200 MmjA-PaCa2
” 12
5 100 s 100
Q
N,
0 pRmEpon— “\‘.u‘...ma_... 0 — S
100 10! 102 103 100 101 102 103 100 10! 102 108
fluorescence intensity (A.U.) fluorescence intensity (A.U.) fluorescence intensity (A.U.)
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3 BRI HRIZ & B Neuropi lin-1 D FIRMRHT

Representative histograms of neuropilin-1 expression amounts in several human tumor cell lines. Overall, 2 x10° cells
were incubated with sheep polyclonal anti-human neuropilin-1 antibody (0.5 pg, red line; AF3870, R&D Systems, USA)
for 1 hour on ice, and then washed twice with 500 pl of PBS. The secondary antibody Alexa Fluor. 488 conjugated
Donkey anti-sheep IgG H&L (blue line; ab150177, Abcam, Cambridge, UK) (diluted 1:2000) was added on ice. After 1
hour, cells were washed twice and resuspended in 300 pl of PBS. Sheep I1gG (5-001-A, R&D Systems, Minneapolis,
USA) was used as an isotype-matched negative control under the same conditions. Unlabeled sample was also used as a
control. The resulting single cell preparations were suspended in ice-cold PBS and were analyzed using an EC800 flow
cytometer (Sony, Tokyo, Japan). Cells incorporated with the dye-labeled antibody were excited at 488 nm; emission

£

Fluorescence intensity per cell (A.U.)
N

spectra were collected using a 525/50 band-pass filter. Data were collected for 10 000 gated events and were analyzed

oo ZORER., EHMIELEIZ I 1T D Neuropilin-10D 3 9,

BEZ. Zo0t MENABKMIEE (AsPC-1, 8

Suit-2) TIHEIZEW\Z &g n-oTz (K3), xR "

B F 72 CHEA A C B MIA-Paca2 D £ LA BT e -

Ko7, £LMCFTRHT-29 TH & T 0 ®]

Neuropilin-1 D FE B S #EFR S L7225, AsPC-1%° ! -

Suit-21C X R iE e Ao T, l—l

B LT, F/ 7 7L L REDIRGDE F— 7 2EIE .

LTWEMERRDTCDERTF NIZ X HE Gomil AW KNl Gl OhA SE B

EBREFEM L=, HH L7=~7F FiZiRGD} / 7 iRGD peptide iRGE peptide

T VT AR A TR CELS & F 9 5 A BKIRGD 4 BHERTF RIz&L BEE=E

~7F K (GCRGDKGPDC) & —EEZE X7 Inhibitory effects of the synthetic peptide following

é\ RIRGE~7F K (GCRGEKGPDC) ® =5 Th transfection of.L30-iRGD—.nan0cages into A:sPC-l cells. Data
are representative of three independent experiments per group.

using EC800 Software version 1.3.5. Untreated control cells are displayed by a black line.
WIZ . iRGDF / 71 T2V OHa~DEL Y AT
*#%p < 0.001 vs the control group (Student’s t test).

14



%o FITBR 7= AsPC-112 L BiRGD T/ B 7D
WViAHZEE CEREHETICEBNT, LRROERK
RT7F ReFEEEEOMELHZY OHLES
7oy FLERRENAIRLE, ZO/BR,
AsPC-1IZ X BiRGD T/ A 72V OE Y IAHEIX,
A RRIRGDX T F KO LV BERTFAICHK
D LT, ZhEIExBRIC, BIIORR D E/RK
iRGEX7F ROEBIIE XTI o7z,

IRGD +/ 1 THEIL~DIEFDAEE LA M
12519 & M= 1A ER

F A TEMIEONILICER T A N Kk
BAKMEANY v 7 ZEOFHFITL Y | BUKMEMEELE
Al TEALTWA, ZOBKEITIZITEY A
FILZNLEFL K (DMSO) EREBELESDLNT
B, 2 OBKEEMEZNET 5 L RHIRFS
b, &2 CAREEL, R QBRI R F—
VAEBET A ENMBNTVSD 2-amino-N-
[4-[5-(2-phenanthrenyl)-3-(trifluoromethyl)-1H-pyraz
ol-1-yl]phenyl]-acetamide (OSU03012) % L30-iRGD
T A TENMINEBSE R, —2OTF ) BT R
2%t LT 100 /54 &0 0SU03012 2L, 55C
T 30 EMBIRE 5 Lz, D&, EROD
0SU03012 #BRAMEBIC L - ThEL, WA LE
EZEVEELE, ZORR. T/ 0781V
BH7= 01T 40~50 431D OSU03012 SHNE ST
WBHZERHLNERST,

&Iz, OSU03012 PNEL L30-iRGD 7+ / B 7& /v
Db bR H SRR AsPC-1 1233 5 Ml BT
PN (K5 . ZO/REE, 5uM @ 0SU03012
2N L7z L30-iRGD 7/ 7 7 & VL, AsPC-1 &
bhol bEMICHEEEZFEE L, RRMIC,
oy hu—h PN GAHC ITHNEL =
OSU03012 IZZ D & 5 BRI RS 2ol F
ZETIZHIT D 0SU03012 @ ICs fEIE 10.5uM T
HY ., FEREFEEEDSH D L30-iRGD ./ 4 7L
WCNETAZ EICED, BRZEELD LV HE
BTHDHIENTRINT, SbICHaEEFHE
THAH=RALERFAT 579, 0SU03012 #EEE
Z 5uM IZHi X TIRRETH AR—E DOFBEFH~
77, ZODFEE. 0SU03012 NE L30-iRGD F/ #
TR A 72 BEREIRIC T AN—E8 3, 7 2R
LTWAZ Enmnol (K6) ,

15

= Free OSU03012
—— 08U03012 loaded-HSPG41C nanocage

100 - 0SU03012 loaded-iRGD nanocage

Cell viability (%)

) Ll ||
00 25 50 7.5 10.0 125 15.0 17.5 20.0
0SU03012 concentration (uM)

X5 0SU03012A & iRGDF/ 71 T JLIZ & HAsPC-14
faloxtg 5 S HER

AsPC-1 cells were seeded at 0.5 x 10*cells/well in 96-well
microtiter plates in complete growth medium in the
presence of nanocages containing various concentrations of
0OSU03012 or free OSU03012. After incubation for 72 h,
the number of viable cells was determined using the
CellTiter-Glo luminescent cell viability assay according to
the manufacturer’s instructions. Data are representative of
five independent experiments per group. The inhibitory
concentration 50% (IC50) was calculated from a nonlinear
regression curve using Prism4 software (GraphPad Software,
San Diego, CA, USA).

3000
O control
2500 O free OSU03012
B L30-iRGD
2000 0SU03012 loaded L30-iRGD
1500

1000

Fluorescence intensity / well

500

48

incubation time (hours)

X6 0SU03012A & iRGDF/ #1 T JLIZ & HAsPC-14#E
falzxtd i =R

AsPC-1 cells were seeded at 0.5 x 10" cells/well in 96-well
microtiter plates in complete growth medium in the
presence of nanocages loaded with 5 uM of OSU03012 or
with 5 uM of free OSU03012. Caspase-3/-7 activation was
measured using Cellplayer kinetic caspase-3/-7 reagent at
each time point. Data are representative of three
independent experiments per group. ***p < 0.001 vs the
control group (Student’s t test).



