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Development of installing cRGD peptide on micellar nanomedicines incorporating
cisplatin against cancer stem-like cells
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We found that the CSCs (cancer stem-like cells% subpopulation in two HNSCC
(head and neck squamous cell carcinoma) cells (human oral carcinoma cells SAS-L1 and HSC-2)
overexpresses o V(3 5 integrins, which is preferentially expressed in tumor neovasculature and cancer
cells and we have modified the CDDP-loaded micelles (CDDP/m) with cyclic Arg-Gly-Asp (CRGD)
peptide, which can target o v3 5 integrins, for enhancing their antitumor efficacy against HNSCC.
Thus, in this study, we propose installing cRGD peptide on micellar nanomedicines incorporating
cisplatin for improving their activity against CSCs and enhancing survival.

CRGD-CDDP/m showed significant antitumor activity against both orthotopic SAS-L1 and HSC-2 tumors in
vivo. Moreover, cRGD-CDDP/m rapidly accumulated into the lymph node metastasis of SAS-L1 tumors,
effectively inhibiting their growth, and prolonging mice survival.



CDDP

CDDP
CD44 CD44v
[1] CDDP
DDS
CDDP CDDP/m
(2]
[3] CDDP/m
enhanced permeability and retention EPR
[4] CDDP/m
CDDP/m
CDDP/m EPR
SAS
L1-Luc CD44v  avp5
avp3 avps
avp3
avps RGD cRGD
cRGD cRGD-CDDP/m
cRGD-CDDP/m CD44v
CD44v
DDS
cRGD
CDDP CDDP/m cRGD-CDDP/m
1 8 24
1 8 24
180 90%
ICP-MS
cRGD
CDDP CDDP/m cRGD-CDDP/m
IVISimaging system
avp3
(5] RGD a5B1

cRGD-CDDP/m avp3

(6]
asSp1



cRGD-CDDP/m
cRGD-CDDP/m

CDDP

cRGD-CDDP/m

CDDP/m

9% of injected dose/ml plasma

T2

5.0

cRGD-CDDP/m

24

cRGD-CDDP/m

8- cRGD-CDDPIM

-8-CppP/m

—~+—CDDP

9%of injected doselg primary orthotopic tumor

12 16 20 24

Time (h)

1.CDDP CDDP/m cRGD-CDDP/m

Pt C

cRGD-CDDP/m

cRGD-CDDP/m

Relative photon flux

12

cRGD-CDDP/m CDDP/m

SAS-L1-Luc

1

CDDP/m

2
CDDP/m

19

24
CDDP/m

cRGD-CDDP/m

T]j2: 55
1 CDDP/m
1A
cRGD-CDDP/m 3%
CDDP/m
cRGD-CDDP/m
CDDP
1B
CDDP/m
cRGD-CDDP/m
CDDP
1C

—+—CDDP

~8-cRGD-CDDP/m

8-CDDP/m

2A

PBS

30
SAS-L1-Luc

v v v

—a—CcRGD-CDDP/m 3 mg/kg
—5-CDDP/m 3 mg/kg
—+—CDDP 1 mglkg

—¥=PBS

0 4 8

Time (d)

16 20

2.CDDP CDDP/m cRGD-CDDP/m

0.05 **P<0.01 *

2A

Relative body weight

Time (h)

+SE n=5

9
o
g 8
2 -8-cRGD-CDDPIM
=
g7 -8-CooP/m
>
© 6 =4—CDDP
g
- g s
1]
£
o 4
]
o
s 3
5
2
8 2
£
5 1
g
0
24 0 4 8 12 16 20 24
Time (h)

*P<0.05 **P<0.01 ***P<0.001

CDDP/m
CDDP 1mg/kg
15%
2B
CDDP 1mg/kg

cRGD-CDDP/m
2C

8
7l = I_
6
8 s
€
g 4
2
=3
@ 3
~8-CRGD-CDDP/m 3 mghkg 5 ~8-CcRGD-CDDP/m 3 mg/kg
o7 =S-CDDP/m 3 mg/kg =8-CDDP/m 3 mgkg
=4=CDDP 1 mglkg —+—CDDP 1 mglkg
0.6 1
: —ePBS R
0.5 0
0 4 8 12 16 20 0 4 8 12 16 20 24 28
Time (d) Time (d)
2B 2C +SE n=7 *P<



B3 o5p1
cRGD-CDDP/m

SAS-L1-Luc
B3
B3
B3
CD31 B3
B3 CD31
B3
asSp1
CcRGD-CDDP/m CD44v9
CDDP/m cRGD-CDDP/m 24
SASL1-Luc CD44v9
cRGD-CDDP/m CDDP/m SASL1-Luc CD44v9
3 CDDP/m SAS
L1-Luc CD44v9
CDDP/m
[3]
A B
24 h incubation (low dose) 24 h incubation (high dose)
807 — isotype control 80 »%g L2 ’T -
é 601 non-treated é 604 %E t T
5 — CDDP/m 5 5$§°°
£ 407 L 401 ) 06
— CcRGD-CDDP/m 23
20 k 20 % E 04
0 S 0 s g“
10° 10t 102 10° 10 10° 10t 102 10°  10* o,
Fluorescence intensity (CD44v9) Fluorescence intensity (CD44v9) low dose high dose
3.A CDDP/m cRGD-CDDP/m 24 SAS-L1-Luc CD44v9
B CDDP/m cRGD-CDDP/m 24 SAS-L1-Luc

CD44v9 +SE n=3 *P<0.05



avp3
avps a5p1
3 cRGD-CDDP/m

cRGD-CDDP/m

DDS
EPR cRGD-CDDP/m

QOL

[1] M. Yoshikawa, K. Tsuchihashi, T. Ishimoto, T. Yae, T. Motohara, E. Sugihara, N. Onishi,
T. Masuko, K. Yoshizawa, S. Kawashiri, M. Mukali, S. Asoda, H. Kawana, T. Nakagawa, H.
Saya, O. Nagano, XCT Inhibition Depletes CD44v-Expressing Tumor Cells That Are
Resistant to EGFR-Targeted Therapy in Head and Neck Squamous Cell Carcinoma, Cancer
Research, 73, 1855-1866, 2013.

[2] N. Nishiyama, K. Kataoka, Preparation and characterization of size-controlled polymeric
micelle containing cis-dichlorodiammineplatinum(ll) in the core, J Control Release, 74, 83-
94, 2001.

[3] M. Wang, Y. Miura, K. Tsuchihashi, K. Miyano, O. Nagano, M. Yoshikawa, A. Tanabe, J.
Makino, Y. Mochida, N. Nishiyama, H. Saya, H. Cabral, K. Kataoka, Eradication of CD44-
variant positive population in head and neck tumors through controlled intracellular
navigation of cisplatin-loaded nanomedicines, Journal of Controlled Release, 230, 26-33, 2016.
[4] H. Cabral, Y. Matsumoto, K. Mizuno, Q. Chen, M. Murakami, M. Kimura, Y. Terada, M.R.
Kano, K. Miyazono, M. Uesaka, N. Nishiyama, K. Kataoka, Accumulation of sub-100 nm
polymeric micelles in poorly permeable tumours depends on size, Nat Nanotechnol, 6, 815-
823, 2011.

[5] R.O. Hynes, A reevaluation of integrins as regulators of angiogenesis, Nature Medicine,
8, 918-921, 2002.

[6] R. Rathinam, S.K. Alahari, Important role of integrins in the cancer biology, Cancer and

Metastasis Reviews, 29, 223-237, 2010.



1
Miyano, K., H. Cabral, Y. Miura, Y. Matsumoto, Y. Mochida, H. Kinoh, C. lwata, O.
Nagano, H. Saya, N. Nishiyama, K. Kataoka and T. Yamasoba. "cRGD peptide
installation on cisplatin-loaded nanomedicines enhances efficacy against locally
advanced head and neck squamous cell carcinoma bearing cancer stem-like cells." J
Control Release 261 2017 275-286
DOI:10.1016/j.jconrel.2017.06.021

3
Miyano, K., H. Cabral, Y. Miura, Y. Matsumoto, Y. Mochida, H. Kinoh, Nishiyama,
K. Kataoka and T. Yamasoba An active targeting strategy against locally advanced head
and neck squamous cell carcinoma harboring cancer stem-like cells viacRGD 14th US-
Japan Symposium on Drug Delivery Systems 2017

24
2018
(DDS)
2018
0
o 0
o 0
(€D)
8

@



