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Metformin is commonly used as a first-line drug for type 2 diabetes.
Patients prescribed metformin are known to have a lower risk of cancer than those prescribed other
drugs, highlighting its potential as a cancer preventive. According to this study, under
hypoglycemia, which is specific to the tumor cell environment, Metformin induces specific DNA damage
in tumor cells, leading to a lethal genetic lesion. This suggests that metformin may have specific
lethal effects on cancer cells and provides fundamental information for understanding the cause and
mechanism of lethal induction when applying metformin as an anticancer drug with fewer side effects.

DNA DNA



Fig.1 Structure of Metformin

Metformin 2 (Fig.1)
Metformin 31
Cancer Prev Res (Phila), 2010, 3(11): 1451-1461 Metformin

Metformin DNA DT40
¢)) Metformin
(2) DNA (DPCs) FANCONI FANCC FANCL
PLOS ONE, 2017,
12(9): e0185141 Metformin
@
B DT40 TK6
) Metformin DNA
(3) Metformin Biguanide
@® Metformin
Metformin
DNA
B TK6
(1) Metformin DNA
) Metformin DPCs DNA
DPCs DNA
DPCs DPCs
3
@) Metformin DNA DPCs
DNA

®



(1) TDP1 DNA DPCs
DT40 B TK6
DNA DPCs Fig.2 TDP1
Camptothecin CPT Etoposide VP-16 Formaldehyde
FA  Azacytidine AzdC
Metformin
Metformin DPCs DNA Chem. Res. Toxicol., 2022,
35(11): 2059-2067
A B c
1.E+00 1.E+00 g
3 1E01 3 3
E I3 E
2 2 2
i £ [ d
-l -l - 1.E-01
: : :
3 .o, [ 'S 3 % .
-=-TDP1+ o % —*+—wild-type
——TDP2+ & = rppy+ 1 —=-rppy-
—O-TDP1-~TDP2-- ——TDP2 —o-TDP2*
—a—SPRTN- —T—TDP1+TDP2* —O—-TDP1-+TDP2+
——TDP1--TDP2- SPRTN- —&— SPRTN- —a—SPRTN--
1.E-03 L i L 1E03 = " R - 1.E-02 L n n
] 03 0s 08 0.0 0.2 04 06 08 00 0.2 04 08 08
5-AzadC (uM) CPT (uM) VP16 (uM)
Fig.2 SPRTN and TDP1*TDP2" TK6 cells are hypersensitive to 5-azadC.
(2) TDP1 TOPO1-DPCs FA DPCs
TDP1 Topoisomerase 1 TOPO1 DNA TOPO1-DPCs
FA DNA FITC DPCs TDP1
FA DPCs Fig.3 DNA
DPCs TDP1 PLOS ONE, 2020,15(6):e0234859
1A
* wi
0s | ] [ Jwidupe
T o
§, 0.6 1
;g 05 |
5 0.4
[&]
% 03
- Endogenous DPC
0.2 4
0.1 4
0
0 3
Time after treatment (hr)
Fig.3 Repair of formaldehyde-induced DPCsis compromised in tdpl cells.

(3) Dnmtl1-DPCs

SPRTN

TDP1 TDP2



%{j\) == SPRTN

\\ “ pp1mDP2 <=t ()

S-phase Qutside S-phase

i N
= |
e )
5-AzadC-DNMT1 ‘

AzdC DNA methyltransferase 1 Dnmtl

DNA Dnmt1-DPCs
TK6 SPRTN AzadC AzadC
Dnmt1-DPCs SPRTN AzadC DNA
Dnmt1 SPRTN Dnmt1-DPCs
SPRTN/TDP1/TDP2 DNMT1-
DPCs SPRTN TDP1 TDP2 TDP1  TDP2
Dnmt1-DPCs SPRTN Fig.4
Dnmt1-DPCs
Chem. Res. Toxicol., 2022, 35(11):
2059-2067

Wwid-type WTODETE TORZ" WMTDRP1TDFZ" MSPRTN- BTDRP1-TDFZ SPRTN"

Remaining(%: )

—
|

3 6 23
Repair Time (h)

Fig4 Removal of 5-azadC-induced DNMT1-DPCsisdelayed in SPRTN" TK6 cdlls.



8 7 2 7

Nakano Toshiaki Moriwaki Takahito Tsuda Masataka Miyakawa Misa Hanaichi Yuto Sasanuma 35
Hiroyuki Hirota Kouji Kawanishi Masanobu Ide Hiroshi Tano Keizo Bessho Tadayoshi
SPRTN and TDP1/TDP2 Independently Suppress 5-Aza-2' -deoxycytidine-Induced Genomic Instability 2022
in Human TK6 Cell Line
Chemical Research in Toxicology 2059 2067
DOl
10.1021/acs.chemrestox.2c00213
T. Moriwaki, A. Yoshimura, Y. Tamari, H. Sasanuma, S. Takeda, M. Seki, K. Tano 43
PRDX1 is essential for the viability and maintenance of reactive oxygen species in chicken DT40 2021
Genes and Environment 35
DOl
10.1186/s41021-021-00211-4
Toshiaki Nakano, Mahmoud 1. Shoulkamy, Masataka Tsuda, Hiroyuki Sasanuma, Kouji Hirota, Minoru 15
Takata, Shin-ichiro Masunaga, Shunichi Takeda, Hiroshi lde, Tadayoshi Bessho, Keizo Tano
Participation of TDP1 in the repair of formaldehyde-induced DNA-protein cross-links in chicken 2020
DT40 cells
PLOS ONE e0234859
DOl
10.1371/journal .pone.0234859
Shin-ichiro Masunaga, Yu Sanada, Keizo Tano, Yoshinori Sakurai, Hiroki Tanaka, Takushi Takata, 61
Minoru Suzuki, Koji Ono
An attempt to improve the therapeutic effect of boron neutron capture therapy using commonly 2020
employed 10B-carriers based on analytical studies on the correlation among quiescent tumor cell
characteristics, tumor heterogeneity and cancer stemness
Journal of Radiation Research 876-885

DOl
10.1093/jrr/rraa048




Masunaga S, Sakurai Y, Tanaka H, Takata T, Suzuki M, Sanada Y, Tano K, Maruhashi A and Ono K 95

Effect of a change in reactor power on response of murine solid tumors in vivo, referring to 2019

impact on quiescent tumor cell population

Int. J. Radiat. Biol. 635-645
DOl

10.1080/09553002.2019.1558300

Masunaga S, Tano K, Sanada Y, Suzuki M, Takahashi A, Ohnishi K and Ono K 10

Effects of p53 status of tumor cells and combined treatment with mild hyperthermia, wortmannin 2019

or caffeine on recovery from radiation-induced damage

World J. Oncol. 132-141
DOl

10.14740/wjon1203

Masunaga S, Sakurai Y, Tanaka H, Takata T, Suzuki M, Sanada Y, Tano K, Maruhashi A and Ono K 95

Usefulness of combination with both continuous administration of hypoxic cytotoxin and mild 2019

temperature hyperthermia in boron neutron capture therapy in terms of local tumor response and

lung metastatic potential

Int. J. Radiat. Biol. 1708-1717
DOl

10.1080/09553002.2019.1666214

Sanada Y, Sasanuma H, Takeda S, Tano K, Masunaga S 94

Disruption of Hif-1la enhances cytotoxic effects of metformin in murine squamous cell carcinoma 2018

International Journal of Radiation Biology 88-96

DOl
10.1080/09553002.2018.1409443




azadC DNMT1-DPC SPRTN

44

2021

DNMT1-DNA

SPRTN

50

2021

DNA

SPRTN

43

2020

SPRTN azadC

DPC

49

2020




Toshiaki Nakano, Mahmoud Shoulkamy, Masataka Tsuda, Hiroyuki Sasanuma, Shin-ichiro Masunaga, Shunichi Takeda, Hiroshi Ilde,
Tadayoshi Bessho, Keizo Tano

How does TDP1 exert in DNA-protein cross- links repair mechanism?

ACEM/JEMS 2019

2019
Mahmoud Shoulkamy Amir Salem
DNA- TDP1, TDP2
41
2018

(Masnaga Shinichiro)

(80238914) (24403)

(Kawanishi Masanobu)

(70332963) (24403)







