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Design of functional ligand molecules focused on specific metabolism of cancer
cells and their applications for diagnosis and therapy
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ASCT2 in vitro in vivo

In this study, we have developed a novel ligand molecule based on the common

metabolic pathway to cancer cells (aberrant glutamine metabolism), using synthetic polymers. In
vitro experiments confirmed that the ligand molecules, poly(amino acids) having glutamine moieties
at the side chain, selectively interact with cancer cells through the multivalent binging to the
glutamine transporter ASCT2 overexpressed in cancer cells. Confocal microscopic observation revealed
that the ligand molecules are internalized by cancer cells, reaching lysosomal compartments. In
vivo experiments demonstrated that the ligand molecules directly injected to the tumor showed longer
retention compared with control ligands. These results suggest the utility of the ligand molecules
as a versatile targeting technique specific to cancer cells. The novel ligand molecules are expected
to be applied to cancer diagnosis and therapy.



ADC

101(2013)]
4 La-A(Glc)

GIn)

(

CD44 CD133

Warburg

1) GiIn

[Nature 496:

YAFY  HLIEM(GIN)

TREENEAR

GIn 10-30
FDG 1-[5-"C]-glutamine PET
GIn

GIn

(Km)  10°°-10M

GIn

2)

GIn

A MR ¥R
(B AR —5—EE) ERS RR—5—HE)

Glutamine transporter
(ASCT2)

‘ Multivalent interaction ‘ ‘ Monovalent interaction

2.

1)
11-azide-3,6,9-trioxauddecan-1-amine
NCA-Lys(TFA)

30,50,100
azide-PLys(TFA) (Mw/Mn<1.2)
TFA Boc-Glu-0BzI
Boc-Glu(0Bzl)-0H

PLys(GIn)( )
a) b)

o] o]
Il i ¥ i H
. “L\ 0, Ny
C\'.’:/“‘J( \/j?ﬁ.‘k%\’" H /\i. \/'-;\ﬁ T x"-H

0

Plys(Ginjn "™ PLys(e-Gluj}n
n=230, 50, 100 n=30,50,100 .
T o o

o] 4]
y-amide modification a-glutamyl form
(GlIn ligand)
3. PLys(GIn)( )
PLys(a-Glu) ( )



PLys(a -Glu)( )
( 3 azide
Cy5
2)
ASCT2
ASCT2
HEK293
BxPC3
« 4

HEK293 (IE#;%EHE}

BxPC3 :mwmnﬂ}

% of Max
% of Max
—

f ‘I\! "Ill |

T

10" 10" w0® 10* 10 10" 10" 10 10® 0t

Flusrescence intensity

4. ASCT2
( . ASCT2 )

Fluorescence intensity

(Guava easy-Cyte

6-2L, Merck Millipore )

(LSM710, Carl Zeiss

3) in vivo
BxPC3

)

in vivo

(IVIS, Perkin Elmer )

[PLys(GIn)(
) PLys(a -Glu)(
)] BxPC3
3

HEK293

(oP)
PLys(GIn)

PLys(GIn)  HEK293

PLys(a -Glu)

¢ 5

100

BxPC3

PLys(GIn)

PLys(a -Glu)

GIn
ASCT2
C 2
PLys(a -Glu)

PLys(GIn)

glutamete  ASCT2
[J-

Neurochem. 73: 2184(1999)]

100 PLys(GIn)-100 PLys(a -Glu)-100
BxPC3 HEK293
6
PLys(GIn)-100
BxPC3
HEK293
PLys(GIn)-100
= 2500 — = BxPC3
> 2000 — —— o HEK293
w
=
2 1500 —
=
& 1000 —
[t
@
% 500 —
3 o
“ DP 100 50 30 100 50 30
PLys(GIn) PLys( a -Glu)
RARBIA LR avkOo—JL
5. PLys(GIn) PLys(a-Glu)
3
= BxPC3 T HEK?293
© 2500 M PLys(Gin)-100 @ 25004 m PLys(GIn}-100
% 2000 @ PLys(x-Glu)-100 % 2000 @ PLys(a-Glu)-100
%15%4 é15m-
8 1000+ i 8 1000+
8 5004 8 5004
w W ns
T 0 2 46 8 1 E 002 4 6 8 10

Time (h)

6. PLys(GIn)-100 PLys(a-Glu)-100

PLys(GIn)-100
4

DN
ASCT2
PLys(GIn)-100
PLys(GIn)-100

ASCT2
GIn
ASCT2
(Kd)
GIn  20p M PLys(a -Glu)-100  250nM
PLys(GIn)-100  62nM
PLys(GIn)-100 ASCT2
GIn 300
62nM  Kd DDS



ASCT2 System A Systemn L System N

o» 120 Tinhibitor inhibitor _inhibftor _inhibitor
.2100—
5 T %
= 8(]_. g
= ,f,,
E 60+ /rﬂ(;
£ 40- ’e
Fu A
o 204 /.»"
a2 o L]
badr DL Lo e &
$LF FoF QAT L85 &
DR S SFTF 55 8
§§§ ggd-}% 2 oD hE‘hFQrS' e
©0S wwoo v VRS §§’
a a

PLys(GIn)-100  BxPC3

8 4
ASCT2

37

PLys(GIn)-100

8. PLys(GIn)-100 BxPC3

in vivo
BxPC3
I PLys(GIn)100
%; |
5 _}
5 1 L
§ PLys(GIn)50
2 10
S 1
= 1 PLys(a-Glu)100
] I | I I I
0 2 4 6 8 10
~ Time {h)
9. BxPC3

C 9
PLys(GIN)-100  PLys(a -Glu)-100

PLys(GIn)-50

ASCT2
in
vitro

ASCT2

8
X. Dou, T. Nomoto, H. Takemoto, M.
Matsui, K. Tomoda, N. Nishiyama,
Effect of multiple cyclic RGD peptides
on tumor accumulation and
intratumoral distribution of IRDye
700DX-conjugated polymers. Sci. Rep.
8 (1) 8126 (2018)( )
(DO1:10.1038/s41598-018-26593-0)
A.-H. Ranneh, H. Takemoto, S. Sakuma,
A. Awaad, T. Nomoto, Y. Mochida, M.
Matsui, K. Tomoda, M. Naito, N.
Nishiyama, An ethylenediamine-based
switch to control the polyzwitterion
charge at tumorous pH for effective
tumor accumulation of coated
nanomaterials. Angew. Chem. Int. Ed.
57(18) 5057-5061 (2018) ( )
(DOI: 10.1002/anie.201801641)
Y. Anraku, H. Kuwahara, Y. Fukusato,
A. Mizoguchi, T. Ishii, K. Nitta, Y.
Matsumoto, K. Toh, K. Miyata, S.
Uchida, K. Nishina, K. Osada, K. Itaka,
N. Nishiyama, H. Mizusawa, T. Yamasoba,
T. Yokota, K. Kataoka, Glycaemic
control boosts glucosylated
nanocarrier crossing the BBB into the
brain. Nature Commun. 8 1001 (2017)
( ) (DOI:
10.1038/s41467-017-00952-3)
S. Quader, X. Liu, Y. Chen, P. Mi, T.
Chida, T. Ishii, Y. Miura, N.
Nishiyama, H. Cabral, K. Kataoka, cRGD
peptide-installed epirubicin-loaded
polymeric micelles for effective
targeted therapy against brain tumors.
J. Control. Release 258 56-66 (2017)




( ) (DOl:
10.1016/j . jconrel .2017.04.033)

N. Yamada, Y. Honda, H. Takemoto, T.
Nomoto, M. Matsui, K. Tomoda, M. Konno,
H. Ishii, M. Mori, N. Nishiyama,
Engineering tumour cell-binding
synthetic polymers with sensing dense
transporters associated with aberrant
glutamine metabolism. Sci. Rep. 7 (1)
6077 (2017) ( ) (DOI:
10.1038/s41598-017-06438-y.)

M. Naito, R, Azuma, H. Takemoto, M.
Hori, N. Yoshinaga, S. Osawa, R.
Kamegawa, H.J. Kim, T. Ishii, N.
Nishiyama, K. Miyata, K. Kataoka,
Multilayered polyion complexes with
dissolvable silica layer covered by
controlling densities of
CRGD-conjugated PEG chains for
cancer-targeted siRNA delivery. J.
Biomater. Sci. Polym. Ed., 28 (10-12)
1109-1123 (2017) ( ) (DOl:
10.1080/09205063.2017.1301775)

C. H. Huang, H. Takemoto, T. Nomoto,
K. Tomoda, M. Matsui, N. Nishiyama,
Utility of the
2-nitrobenzenesulfonamide group as a
chemical linker for enhanced
extracellular stability and cytosolic
cleavage in siRNA-conjugated polymer
systems. ChemMedChem 12 (1) 19-22
(2017) ( ) (DOI:
10.1002/cmdc.201600488)

N. F. Che Harun, H. Takemoto, T. Nomoto,
K. Tomoda, M. Matsui, N. Nishiyama,
Artificial control of gene silencing
activity based on siRNA conjugation
with polymeric molecule having
coil-globule transition behavior.
Bioconjugate Chem. 27 (9) 1961-1964
(2016) ( ) (DOol:
10.1021/acs-bioconjchem.6b00322)

6
N. Nishiyama, “Development of Smart
Nanodiagnostics for Targeted Cancer
Therapy”, 2 MRI

2018, National Institutes for
Quantum and Radiological Science and
Technology, Chiba, January 19, 2018 (

)
N. Nishiyvama, “Design of Functional
Polymers for Smart Nanomedicine”, 5th
International ~ Symposium  on  Smart
Biomaterials (18-20 October), Shanghai
University LEHU Building, Shanghai, China,
October 20, 2017 ( )
, “Design of Functional Polymers

for Cancer Diagnosis and Therapy”,

; 29 9
16 ( )
N. Nishiyama, *“Development of smart

polymers and nanodevices for innovative
medicine”, International Symposium on
Materials for Chemistry and Engineering
(IMCE2017), Chikushi Hall (C-CUBE),
Kyushu University, Fukuoka, Feb. 3, 2017

( )

2016-161774 PCT/JP2017/029552
28 8 22
PCT

http://ww._bmw.res.titech.ac.jp

@
NISHIYAMA, Nobuhiro

@
TAKEMOTO, Hiroyasu

NOMOTO, Takahiro



A
AOKI, Ichio

*



