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Fig. 1 1H-15N HSQC spectra of Mint3(1–214) (left)
and the superposition of fragment proteins (Mint3(1–
117) and Mint3(101–214) (right).
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INTRODUCTION: Neutron capture therapy using bo-
ron-10 (10B) (BNCT) is one of powerful therapies for 
local tumor control in the treatment of brain tumor, mel-
anoma, and related diseases [1].

Based on high intracellular uptake pendant-cyclen 
(cyclen = 1,4,7,10-tetraazacyclododecane) in cancer 
cell, we designed and synthesized several phenylboronic 
acid-pendant 9-, 12-, and 15-membered macrocyclic 
amines such as 10B-1a~3a and their corresponding Zn2+

complexes 10B-1b~3b (Fig. 1) [2]. The experimental re-
sults suggest that the metal-free 10B-1a~3a are introduced 
into cancer cells (A549 and HeLa S3 cells) more effi-
ciently than their Zn2+ complexes 10B-1b~3b with con-
siderably high cancer/normal cells selectivity. Besides, it 
was found that 12- and 15-membered derivatives 
10B-2a~3a exhibit a higher BNCT effect than 10B-1a,
possibly because 10B-2a~3a form the corresponding Zn2+ 

complexes 10B-2b~3b, which strongly interact with DNA 
in living cells, resulting in the efficient breakdown of 
DNA double-strand upon the neutron irradiation.
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Fig. 1. Structures of boron-containing macrocyclic pol-
yamines and the corresponding Zn2+ complexes and the 
proposed scheme of their intracellular uptake and interac-
tion with DNA for BNCT. 

EXPERIMENTS and RESULTS: The synthesis of 
1a~3a and their Zn2+ complexes 1b~3b was carried out
and their cytotoxicity and cellular uptake activity against 
cancer cell lines (HeLa and A549 cells) and normal cell 
line (IMR-90) were evaluated. It was found that the in-
tracellular uptake of 1~3 is higher than that of BSH and 
BPA, possibly via polyamine transporter system (PTS)

and that 10B-2a, 10B-3a 10B-2b, and 10B-3b exhibit more 
potent BNCT effect than that of BSH and BPA.

These results have prompted us to design and syn-
thesize boron carriers that have homo- and heterodimeric
macrocyclic polyamines functionalized phenylboronic 
acid units such as 4a~5a (homodimers) and 6a~8a (het-
erodimers) and their corresponding Zn2+ complexes
4b~8b (Fig. 2), because it was well established that 
polymeric Zn2+ complexes would form more stable com-
plexes with DNA double strand than monomeric Zn2+

complexes than monomeric Zn2+ complexes [3]. 
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Fig. 2. Structures of boron-containing dimeric macro-
cyclic polyamines and Zn2+ complexes (4a~8a and
4b~8b). 

It has been found that the intracellular uptake and
BNCT of 10B-enriched 4a~8a and 4b~8b are lower than 
that of 1~3 (Fig. 3), possibly due to their high hydro-
philicity than 10B-2a [4,5]. Our next work will be the 
synthesis of monomeric polyamines that are equipped 
with multiple boron units for more efficient BNCT effect
and the observation of these B-containing agents in nu-
cleus.
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Fig. 3. Antitumor effect of 10B-enriched BPA, 2a, 6a, 7a, 
and 8a (100 M) against A549 cells upon irradiation 
with thermal neutron (averaged thermal neutron flux was 
1.2~1.3 X 109 n/cm2·s), as evaluated by a colony assay. 

REFERENCES:
a) R. F. Barth et al., Clin. Cancer Res., 11 (2005)
3987-4002. b) R. F. Barth et al., Rad. Oncol. 7 (2012)

166.
H. Ueda et al., J. Med. Chem. 64 (2021) 8523-8544.
S. Aoki and E. Kimura, Chem. Rev. 104 (2004) 769-788.
H. Ueda et al., Eur. J. Inorg. Chem. 2022 (2022)
e202100949 (24 pages).
S. Aoki et al., In “Characteristics and Applications of
Boron” 2022, pp 83-105, Charchawal Wongchoosuk,
Ed., IntechOpen, Croatia.




