Q)]
2011 2014

Visualization and Regulation of Tumor Metastasis Based on Cell Surface
Azaelectrocyclization and Noninvasive Imaging

Tanaka, Katsunori
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PET

Tumor cell surface was fluorescently labeled by the investing’ s innovative
reaction under the quite mild conditions, and their metastatic potential in mice was efficiently
visualized by noninvasive imaging. Especially, the tumor cells and their transfected versions expressing
surface glycan-related genes were successfully imaged, and the glycan dependence on the metastatic
potential was evaluated noninvasively. The cell surface method for introducing the various glycans and/or
positron emitter for PET imaging has also been established. This investigator has succeeded in modifying
selectively the specific molecules on the cell surface, thus the method developed in this research could
be applicagle to selectively introducing the functional glycans and/or labels in live systenms, i.e.,
noninvasively imaging and regulation the tumor metastasis.




N-

(GFP)

6r-
67-
PET

(&Y) 6m-
@

N- 8Ga-DOTA 68

®

(1 6m-

Hilyte Fluor 750

MKN-45
N-acetylglucosaminyl transferase GnT-V
MKN-45
GnT-V
asSp1
BALB/c
MKN-45

6

Hilyte FIuor?SO(?*f!?HﬁEEI KU

(a) "'{: -

MKN45

enhanced
metastasis pmy\acmsamme
GnT-V,
‘ ‘.-.é

MKN45 (GnT-V transfectants)

enhanced
metastasis
Q ‘ ‘

HCT116

9 .

OQQ

(a%?(z%

vé e

HCT116 (GMDS transfectants)

Time after injection

Fig. 1.

HCT116

GDP-mannose-4,6-dehydratase (GMDS)
HCT116

HCT116 NK
TRAIL




@

TI/REE7O-7 1

N-

ATy EHESFICT OMER
ATy T2 EHRHEIVYIRIG
2Tv73: BEBFRIRRIG

Xx= % o
PO O CO,Et
N H Q SN
N N—X\WN)LN CHO
Et,0C O 0 H
%\/ACL o, LI \i
OHC LUN_X—N N

% H ?3'/ N 29@0)@.?*5447(&

12 E DEFRIRRIG

- BRTFE
o~ ~NH,
W%e, L
FITCH &%
Fig. 2.
FITC
HeLa
FITC:

H,N —>1

SIVINDE
AHRfaRE

Tng UFOH>TFIL

m 2

RIEN-EIAEH o
e va )VN3100/ H\)L
68Ga-DOTA

RATvT3: [551‘] 1 00%

i‘ ,j

IINOE

Fig. 4.

68Ga
68Ge

PET
DOTA
%Ga PET
%Ga-DOTA
2 75°C 15

3)

PET

iﬂﬂﬂﬂiﬁ

100%



a3
RGD

45
RGDyK

FRET (Xvﬁg

N

Azaelectrocyclization
2N, Ot

N O "

2nd step:
Click reaction

0, OEt

O. Oﬂn‘ju@/ﬁo
N O 4

N3
H o
0,0 ~o~N Ay
@/\/H o H =N
o ) N @
MN H% 5 NMe;
EtN o oH DABCYL quencher

3d step:
Ligand-directed azaelectrocyclization
[o]-Induced fluorescence recovery

plus...

OH
o 8
Ak,
HN o

HN =
NH, NH,

Cyclic RGDyK

Fig. 5.

avps
Hep3B
RAW264.7

o3

Fig. 6.

22
M. Taichi, S. Kitazume, K. Vong, R.
Imamaki, A. Kurbangalieva, N. Taniguchi,
K. Tanaka, Cell Surface and In Vivo
Interaction of Dendrimeric N-Glycoclusters,

Glycoconj. J., , 2015,
DOI:10.1007/s10719-015-9594-6
A. Ogura, A. Kurbangalieva, K. Tanaka,
Chemical Glycan Conjugation Controls the
Biodistribution and Kinetics of Proteins in
Live Animals, Mini Rev. Med. Chem.,

, 14, 2014, 1072-1077, DOI:
10.2174/1389557514666141128101830
A. Ogura, A. Kurbangalieva, K. Tanaka, In
Vivo Kinetics and Biodistribution Analysis
of Neoglycoproteins: Effects of Chemically
Introduced Glycans on Proteins, Glycocon;.
I, , 31, 2014, 273-279, DOL:
10.1007/s10719-014-9520-3
K. Tanaka, M. Kitadani, A. Tsutsui, A. R.
Pradipta, R. Imamaki, S. Kitazume, N.
Taniguchi, K. Fukase, A Cascading
Reaction Sequence Involving
Ligand-directed Azaelectrocyclization and
Autooxidation-induced Fluorescence
Recovery Enables Visualization of Target
Proteins on the Surfaces of Live Cells, Org.
Biomol. Chem., , 12, 2014,
1412-1418, DOI: 10.1039/c30b42267d



K. Tanaka, Y. Nakamoto, E. R. O. Siwu, A.
R. Pradipta, K. Morimoto, T. Fujiwara, S.
Yoshida, T. Hosoya, Y. Tamura, G. Hirai, M.
Sodeoka, K. Fukase, Development of
Bis-unsaturated  Ester  Aldehydes as
Amino-glue Probes: Sequential Double
Azaelectrocyclization as Promising Strategy
for Bioconjugation, Org. Biomol. Chem.,
, 11, 2013, 7326-7333, DOI:
10.1039/c30b41507d
K. Tanaka, K. Moriwaki, S. Yokoi, K.
Koyama, E. Miyoshi, K. Fukase,
Whole-Body Imaging of Tumor Cells by
Azaelectrocyclization: ~ Visualization  of
Metastasis Dependence on Glycan Structure,
Bioorg. Med. Chem., , 21, 2013,
1074-1077, DOI:
10.1016/j.bmc.2013.01.005
K. Fukase, K. Tanaka, Bio-imaging and
Cancer Targeting with Glycoproteins and
N-Glycans, Curr. Opin. Chem. Biol.,
, 16, 2012, 614-621, DOL
10.1016/j.cbpa.2012.09.005
K Tanaka, Development of
Azaelectrocyclization-based Labeling and
Application to Noninvasive Imaging and
Targeting Using N-Glycan Derivatives -In
pursuit of N-Glycan Functions on Proteins,
Dendrimers, and Living Cells, Trends in
Glycoscience and Glycotechnology, 24,
, 2012, 47-64,
DOLI:http://doi.org/10.4052/tigg.24.47
K. Tanaka, S. Yokoi, K. Morimoto, T. Iwata,
Y. Nakamoto, K. Nakayama, K. Koyama, T.
Fujiwara, K. Fukase, Cell Surface
Biotinylation by Azaelectrocyclization:
Easy-Handling and Versatile Approach for
Living Cell Labeling, Bioorg. Med. Chem.,
, 20, 2012, 1865-1868,
DOI:10.1016/j.bmc.2011.12.043
K. Tanaka, K. Fukase, S. Katsumura,
Exploring A Unique Reactivity of
6m-Azaelectrocyclization to Enzyme
Inhibition, Natural Products Synthesis, and
Molecular Imaging: An Approach to
Chemical Biology by Synthetic Chemists,
Synlett, , 2011, 2115-2139, DOI:
10.1002/chin.201149276
Y. Uchinashi, M. Nagasaki, J. Zhou, K.
Tanaka, K. Fukase, Reinvestigation of the
C5-Acetamide Sialic Acid Donor for
a-Selective Sialylation: Practical Procedure
under Microfluidic Conditions, Org. Biomol.
Chem., , 9, 2011, 7243-7248, DOL:
10.1039/C10B06164J

122
, Therapeutic in vivo synthesis by
glycocarriers, 249th ACS National Meetings

, 2015.3.22, Denver, Colorado,
USA
, Therapeutic In Vivo Synthetic
Chemistry by Glycocarriers, SFG-JSCR
Joint Meeting 2014, Satelite 1: Chemical
Aspects of Glycobiology, 2014.11.16,
Hilton Hawaiian Village Waikiki Beach
Resort, USA
, Therapeutic In Vivo Synthetic
Chemistry: ~ Synthesis  of  Bioactive
Compounds in Live Animals,
Swiss-Japanese Chemical Biology
Symposium 2014, 2014.10.2, University of
Bern, Bern, Switzerland
, Therapeutic In Vivo Synthetic
Chemistry: Total Synthesis of Bioactive
Compounds in Live Animals, CCS-CSJ
Forum 2014, 2014.8.5, Peking University,
Peking, China
, Exploring Overlooked
Chemistry and Biology of Unsaturated
Imines towards In Vivo Glycan Dynamics
and Polyamine Functions, RIKEN-Max
Planck Joint Research Center for Systems
Chemical Biology, 3rd Annual Symposium,
2014.5.23, Schloss Ringberg, Munchen,
Germany
, Unexplored Reactivity of
Unsaturated Imines: Application to Organic
and Material Synthesis and Chemical
Biology under Microfluidic Conditions,
National Center of Applied Microfluidic
Chemistry  Department of  Chemical
Engineering, POSTECH, Host: Prof.
Dong-Pyo Kim, 2013.1.23, Korea
, Chemical Labeling and In Vivo
Imaging of Biomolecules: Synthetic
Approach toward Clinical Applications, The
3rd International Scientific and Practical
Conference Postgenomic methods of
analysis in biology, and laboratory and
clinical medicine, 2012.11.22, Kazan,
Russian
, A New Strategy of Synthetic
Biology: From Enzyme Inhibition, Natural
Products Synthesis to PET Imaging by
6m-Azaelectrocyclization, 2012.10.24,
Division of Chemistry and Biological
Chemistry, School of Physical and
Mathematical Sciences, Nanyang
Technological ~University, Host:  Prof.
Shunsuke Chiba, Singapore
A Synthetic Chemist’s Approach
to Chemical Biology: From Enzyme
Inhibition, Natural Products Synthesis to In
Vivo Imaging by 6m-Azaelectrocyclization,
2012.10.3, University of Hong Kong Dept
of Chemistry, Host: Prof. Pauline Chiu,
Hong Kong, China
, A New Strategy in Synthetic



Biology: From Enzyme Inhibition, Natural
Products Synthesis to PET Imaging by
6m-Azaelectrocyclizations, 2011.7.5,
Departmental Seminar at Department of
Organic Chemistry, University of Geneva,
Host: Professor Stefan Matile , Geneva,
Switzerland

, Exploring A Unique Reactivity
of 6m-Azaelectrocyclization for Natural
Products Synthesis & Synthetic Biology,
The 7th Sino-US Chemistry Professors
Conference, 2011.6.29 Organic Chemistry
& Chemical Biology, Huaxi Guest House,
Host: Professor Song Yang, Guiyang, China

16

K. Tanaka, K. Fukase, Springer, In Topics in
Current Chemistry volumes, Chemical
Approach to A Whole Body Imaging of
Sialo-N-linked Glycans, SialoGlyco
Chemistry and Biology, R. Gerardy-Schahn,
P. Delannoy, and M. von Itzstein (eds), 2015,
DOI: 10.1007/128 2014 603

K. Fukase, K. Tanaka, Y. Fujimoto, Y.
Manabe, Wiley, Microfluidic Synthesis: A
New Strategy for Practical Synthesis of
Oligosaccharides, In Glycochemical
Synthesis: Strategies and Applications, H.
Shang-Cheng (ed), 2015, in press

[ I— > >

2014, 5
4 1.

K. Tanaka, K. Fukase, Wiley, In Solid-Phase
Organic Synthesis Book, Oligosaccharide

Synthesis on Solid-supports, P. Toy (ed),
2012, 489-530

o 1

%8Ga-DOTA

PCT/JP2013/161407
25 8 2

http://www.riken.jp/research/labs/associate/biofu

nct_synth chem/
HP
http://www.riken.jp/nori-tanaka-lab/

Division
of Carbohydrate Chemistry, Horace S. Isbell
Award
http://carb.sites.acs.org/divisionawards.htm

Division
of Carbohydrate Chemistry, Horace S. Isbell
Award
http://www.riken.jp/pr/topics/2014/20141023 2/

(No0.405 March 2015)
http://www.riken.jp/~/media/riken/pr/publication
s/news/2015/rm201503.pdf

@D
(Katsunori TANAKA)

00403098



