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Involvement of mitochondria in cancer cell radioresistance
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To understand the molecular mechanisms of cancer cell radioresistance, we
have established clinically relevant radioresistant (CRR) cells which continue to proliferate under
exposure to 2 Gy/day of X-rays for more than 30 days in vitro and in vivo. Reduction of
mitochondrial membrane potential of CRR cells was observed same as mitochondrial DNA depleted p O
cells. The mitochondria of CRR cells was fragmented suggesting that functional mitochondrial network

was disrupted. The dysfunction of mitochondria observed in CRR and p O cells contribute to X-ray
and docetaxel cross-resistance. However, p 0 cells, including HeLa-R-p O cells established from
HeLa-R CRR cells, did not show resistance to 2 Gy/day of X-rays. CRR cells cultured under hypoxia
died out within 15 days with or without 2 Gy/day of X-rays. These results strongly suggested that
mitochondria play a role in CRR phenotype.

poO



2 Gy/
(clinically relevant radioresistant; CRR)
CRR

X

X X
(docetaxel; DTX) CRR
X DTX (mitochondria; mt) (reactive
oxygen species; ROS)
CRR CRR 2G6y X (maintenance
irradiation; mi) 5,000 Gy
X DTX mt ROS CRR
mt CRR
mt CRR
mt
CRR mt
mt CRR
30 mtDNA (P 0) mt
v
CRR CRR
MitoTracker Green FM (MTGF) mt mt
CRR mt  MTGF mt
CRR mt CRR mt mt
JC-1
mt CRR mt
CRR
Mt CRR mt
mEDNA mt
po X DTX po
CRR po mi
HeLa-R HeLa-R-p O mi
CRR 3 CRR
HeLa-R-p O CRR po
mt CRR mt HelLa-R-p O
po X DTX CRR X
DTX mt ROS 26y/ X
HelLa-R-p O po 30 HeLa-p O SAS-
po CRR
mt X DTX
po mt X
CRR mt
CRR mt 1 Vv 2 cy/
CRR 30
1% CRR 2 cy/ X 10
mi CRR 1% 15
CRR mt
1 mi CRR X DTX
26y/ X 30 mt
mt mt
mt X

DTX



2 cy/ X mt

30
Hikaru Nakashima, Ryoji Yoshida, Akiyuki Hirosue, Kenta Kawahara, Junki Sakata,
Hidetaka Arita, Tatsuro Yamamoto, Ryo Toya, Ryuji Murakami, AKimitsu Hiraki, Masanori
Shinohara, Takaaki Ito, Yoshikazu Kuwahara, Hideki Nakayama. Circulating miRNA-1290
as a potential biomarker for response to chemoradiotherapy and prognosis of patients
with advanced oral squamous cell carcinoma: A single-center retrospective study.
Tumor Biology. . 41. 2019. 1-10. DOI: 1177/1010428319826853
Amaneh Mohammadi Roushandeh, Yoshikazu Kuwahara, Mehryar Habibi Roudkenar.
Mitochondrial transplantation as a potential and novel master key for treatment of
various incurable diseases. Cytotechnology. . 71. 2019. 647-663. DOI:
0.1007/s10616-019-00302-9.
Ali Hosseini, Fatemeh Amiri, Fereshteh Khalighi, Amaneh Mohammadi Roushandeh,
Yoshikazu Kuwahara, Hamed Bashiri, Mehryar Habibi Roudkenar. Cell survival effects
of regulation of autophagy in umbilical cord-derived mesenchymal stem cells following
exposure to oxidative stress. Iranian Journal of Medical Sciences. . In press.
2019. http://ijms.sums.ac.ir/index.php/1IMS/article/view/4920
Yoshikazu Kuwahara, Kazuo Tomita, Yusuke Urushihara, Tomoaki Sato, Akihiro Kurimasa,
Manabu Fukumoto. Association between radiation-induced cell death and clinically
relevant radioresistance. Histochemistry and Cell Biology. . 150. 2018.
649-659. DOI: 10.1007/s00418-018-1728-z
Yoshikazu Kuwahara, Kazuo Tomita, Shintaro Takahashi, Yusuke Urushihara, Yohei Saito,
Mehryar Habibi Roudkenar, Amaneh Mohammadi Roushandeh, Tomoaki Sato, Akihiro
Kurimasa, Manabu Fukumoto. Mitochondrial dysfunction in cross-resistance of
clinically relevant radioresistant cells to X-rays and docetaxel. Journal of Cancer
Science & Therapy. . 10. 2018. 379-386. DOI: 10.4172/1948-5956.1000571

. 65. 2018. 11-19. https://tohoku-mpu.repo.nii.ac.jp/

. GABA .

. 65. 2018. 7-10. https://tohoku-mpu.repo.nii.ac.jp/
Yusuke Urushihara, Toshihiko Suzuki, Yoshinaka Shimizu, Megu Ohtaki, Yoshikazu
Kuwahara, Masatoshi Suzuki, Takeharu Uno, Shiori Fujita, Akira Saito, Hideaki
Yamashiro, Yasushi Kino, Tsutomu Sekine, Hisashi Shinoda, Manabu Fukumoto.
Haematological analysis of Japanese macaques (Macaca fuscata) in the area affected
by the Fukushima Daiichi Nuclear Power Plant accident. Scientific Reports.
8. 2018. 16748. DOI: 10.1038/s41598-018-35104-0
Yuko Takashi, Kazuo Tomita, Yoshikazu Kuwahara, Hideki Nabika, Kento lgarashi,
Taisuke Nagasawa, Akihiro Kurimasa, Manabu Fukumoto, Yoshihiro Nishitani, Tomoaki
Sato. Data on the aquaporin gene expression differences among p 0, clinically
relevant radioresistant, and the parental cells of human cervical cancer and human
tongue squamous cell carcinoma. Data in Brief. . 20. 2018. 402-410. DOI:
10.1016/j .dib.2018.08.025
Kazuo Tomita, Yoshikazu Kuwahara, Yuko Takashi, Kento lgarashi, Taisuke Nagasawa,
Hideki Nabika, Akihiro Kurimasa, Manabu Fukumoto, Yoshihiro Nishitani, Tomoaki Sato.
Clinically relevant radioresistant cells exhibit resistance to H202 by decreasing
internal H202 and lipid peroxidation. Tumor Biology. . 40. 2018. 1-11. DOI:
10.1177/1010428318799250
Hamed Bashiri, Fatemeh Amiri, Ali Hosseini, Masoud Hamidi, Amaneh Mohammadi
Roushandeh, Yoshikazu Kuwahara, Mohammad Ali Jalili, Mehryar Habibi Roudkenar. Dual
preconditioning: a novel strategy to withstand mesenchymal stem cells against harsh
microenvironments. Advanced Pharmaceutical Bulletin. . 8. 2018. 465-470.
DO1:10.15171/apb.2018.054
Yohei Saito, Yoshikazu Kuwahara, Yumi Yamamoto, Masatoshi Suzuki, Manabu Fukumoto,
Fumihiko Yamamoto. ddY Mice Fed 10% Fat Diet Exhibit High p27KIP Expression and
Delayed Hepatocyte DNA Synthesis During Liver Regeneration. Metabolic Syndrome and
Related Disorders. . 16. 2018. 305-313. DOI:10.1089/met.2017.0131
Zahra Abbasi-Malati, Amaneh Mohammadi Roushandeh, Yoshikazu Kuwahara, Mehryar Habibi
Roudkenar. Mesenchymal stem cells on horizon: a new arsenal of therapeutic agents.




Stem Cell Reviews and Reports. . 2018. 14.CRR

. . 94. 2018. 14. 484-499. DOIl: 10.1007/s12015-018-9817-x
Yuko Takashi, Kazuo Tomita, Yoshikazu Kuwahara, Akihiro Kurimasa, Manabu Fukumoto,
Yoshihiro Nishitani, Tomoaki Sato. Oxidative stress sensitivity of cancer cells could
be altered by plasma membrane status. Atlas of Science. . 2018.
https://atlasofscience.org/oxidative-stress-sensitivity-of-cancer-cells-could-be
-altered-by-plasma-membrane-status/#more-24668
Mehryar Habibi Roudkenar, Raheleh Halabian, Hossein Abdul Tehrani, Fatemeh Amiri,
Ali Jahanian-Najafabadi, Amaneh Mohammadi Roushandeh, Zahra Abbasi-Malati,
Yoshikazu Kuwahara. Lipocalin 2 enhances mesenchymal stromal cells -based cell
therapy in acute kidney injury rat model. Cytotechnology. . 2018. 70. 103-117.
DOI: 10.1007/s10616-017-0107-2
Yoshikazu Kuwahara, Mehryar Habibi Roudkenar, Yusuke Urushihara, Yohei Saito, Kazuo
Tomita, Amaneh Mohammadi Roushandeh, Tomoaki Sato, Akihiro Kurimasa, Manabu Fukumoto.
Clinically relevant radioresistant cell line: a simple model to understand cancer
radioresistance. Medical Molecular Morphology. . 50. 2017. 195-204.
DO1:10.1007/s00795-017-0171-x

. 26y/
X .
. 64. 2017. 39-48.
https://tohoku-mpu.repo.nii.ac.jp/?action=repository_uri&item_id=732&File_id=22&
file_no=1

. . . 64. 2017. 49-55.
https://tohoku-mpu.repo.nii.ac.jp/?action=repository_uri&item_id=733&file_id=22&
file_no=1
Yoshikazu Kuwahara, Mehryar Habibi Roudkenar, Yusuke Urushihara, Yohei Saito, Kazuo
Tomita, Amaneh Mohammadi Roushandeh, Tomoaki Sato, Akihiro Kurimasa, Manabu Fukumoto.
X-ray induced mutation frequency at the hypoxanthine phosphoribosyltransferase locus
in clinically relevant radioresistant cells. International Journal of Medical
Physics Clinical Engineering and Radiation Oncology. . 6. 2017. 377-391. DOI:
10.4236/1 jmpcero.2017.64034
Motoko Morimoto, Ayaka Kato, Jin Kobayashi, Kei Okuda, Yoshikazu Kuwahara, Yasushi
Kino, Yasuyuki Abe, Tsutomu Sekine, Tomokazu Fukuda, Emiko Isogai, Manabu Fukumoto.
Gene expression analyses of the small intestine of pigs in the ex-evacuation zone
of the Fukushima Daiichi Nuclear Power Plant. BMC Veterinary Research. . 13.
2017. 337. DOI:10.1186/s12917-017-1263-5
Kazuo Tomita, Yoshikazu Kuwahara, Yuko Takashi, Takao Tsukahara, Akihiro Kurimasa,
Manabu Fukumoto, Yoshihiro Nishitani, Tomoaki Sato. Sensitivity of mitochondrial DNA
depleted p 0 cells to H202 depends on the plasma membrane status. Biochemical and
Biophysical Research Communications. . 490. 2017. 330-335.

DO1:10.1016/j .bbrc.2017.06.044

Asako J. Nakamura, Masatoshi Suzuki, Christophe E. Redon, Yoshikazu Kuwahara, Hideaki

Yamashiro, Yasuyuki Abe, Shintaro Takahashi, Tomokazu Fukuda, Emiko Isogai, William

M. Bonner, Manabu Fukumoto. The causal relationship between DNA damage induction in

bovine lymphocytes and the fukushima nuclear power plant accident. Radiation Research.
. 187. 2017. 630-636. DOI:10.1667/RR14630.1

. KEK Proceedings 2017-6. . 2017. 208-211.
https://jglobal . jst.go.jp/detail?JGLOBAL_1D=201802287478943627&rel=0

. . . 63. 2016. 63-70.
http://id.nii.ac.jp/1202/00000667/
Yoshikazu Kuwahara, Mehryar Habibi Roudkenar, Masatoshi Suzuki, Yusuke Urushihara,
Motoi Fukumoto, Yohei Saito, Manabu Fukumoto. The involvement of mitochondrial
membrane potential in cross-resistance between radiation and docetaxel. Journal of
Radiation Oncology - Biology - Physics. . 96. 2016. 556-565.
DO1:10.1016/j . ijrobp.2016.07.002
Shuji Kitahara, Aya Matsui, Asuka Yoshii, Yoshikazu Kuwahara, Miwako Nishio, Kumiko
Saeki, Taichi Ezaki. Endothelial cell transplantation in tumors restores normal




vasculature, reduces tumor hypoxia, and suppresses tumor outgrowth. Journal of Oral
Biosciences. . 58. 2016. 150-157. DO1:10.1016/j-job.2016.05.003

. 46. 2016. 19-21. http://square.umin.ac.jp/JAGG/index.html
Yusuke Urushihara, Koh Kawasumi, Satoru Endo, Kenichi Tanaka, Yasuko Hirakawa, Gohei
Hayashi, Tsutomu Sekine, Yasushi Kino, Yoshikazu Kuwahara, Masatoshi Suzuki, Motoi
Fukumoto, Hideaki Yamashiro, Yasuyuki Abe, Tomokazu Fukuda, Hisashi Shinoda, Emiko
Isogai, Toshiro Arai, Manabu Fukumoto. Correction: Analysis of Plasma Protein
Concentrations and Enzyme Activities in Cattle within the Ex-Evacuation Zone of the
Fukushima Daiichi Nuclear Plant Accident. PLoS ONE. . 11. 2016. e0159282.
DO1:10.1371/journal .pone.0159282
Tomokazu Fukuda, Masahiro Hiji, Yasushi Kino, Yasuyuki Abe, Hideaki Yamashiro, Jin
Kobayashi, Yoshinaka Shimizu, Atsushi Takahashi, Toshihiko Suzuki, Mirei Chiba,
Kazuya Inoue, Yoshikazu Kuwahara, Motoko Morimoto, Masafumi Katayama, Kenichiro
Donai, Hisashi Shinoda, Tsutomu Sekine, Manabu Fukumoto, Emiko Isogai. Software
development for estimating the concentration of radioactive cesium in the skeletal
muscles of cattle from blood samples. Animal Science Journal. . 87. 2016.
842-847. DO1:10.1111/asj-12490
Yusuke Urushihara, Koh Kawasumi, Satoru Endo, Kenichi Tanaka, Yasuko Hirakawa, Gohei
Hayashi, Tsutomu Sekine, Yasushi Kino, Yoshikazu Kuwahara, Masatoshi Suzuki, Motoi
Fukumoto, Hideaki Yamashiro, Yasuyuki Abe, Tomokazu Fukuda, Hisashi Shinoda, Emiko
Isogai, Toshiro Arai, Manabu Fukumoto. Analysis of plasma protein concentrations and
enzyme activities in cattle within the ex-evacuation zone of the fukushima daiichi
nuclear plant accident. PLoS One. . 11. 2016. e0155069.
DO1:10.1371/journal .pone.0155069

27

Involvement of ALOX in resistance or sensitivity of cancer treatment via plasma

membrane oxidation state. 92 . 2019 3 14
3
. 2016 8 4
APOBEC B . 4 .2019 3 1
. CRR
4 . 2019 3 1
4 . 2019 3 1
3
. 2018 11 8
. X X
H202 . 3 .2018 11 8
. CRR . 20
. 2018 8 3
. 56
47 . 2018 6 13

Yuko Takashi, Kazuo Tomita, Yoshikazu Kuwahara, Sayuri Yamanishi, Hideki Nabika,
Koh-ich Tanaka, Junichi Kitanaka, Nobue Kitanaka, Motohiko Takemura, Nobuyoshi
Nishiyama, Shouichi Miyawaki, Yoshihiro Nishitani, Tomoaki Sato. Sensitivity for
hydrogen peroxide in p 0 cells and involvement of membrane status. 18th World Congress




of Basic and Clinical Pharmacology. 2018 6 4

Kazuo Tomita, Yoshikazu Kuwahara, Yuko Takashi, Sayuri Yamanishi, Hideki Nabika,

Koh-ich Tanaka, Junichi Kitanaka, Nobue Kitanaka, Motohiko Takemura, Nobuyoshi

Nishiyama, Shouichi Miyawaki, Manabu Fukumoto, Yoshihiro Nishitani, Akihiro Kurimasa,

Tomoaki Sato. Analysis of oxidative stress response in clinically relevant

radioresistant cells. 18th World Congress of Basic and Clinical Pharmacology. 2018
6 4

?
2 . 2018 3 22
; 3
-CRR . 2018 2 24
APOBEC3 . 3 . 2018 2
24
3
. 2018 2 24
3
2018 2 24
70
. 2017 11 18
po
1 . 2017 5 25
. 2017 5
25
2 . 2017
2 2
X
. 2017 2 2
DNA .2 . 2017
2 2
1 . 2016 11 3
59 . 2016 10 26
. CD133 CRR

75 . 2016 10 6



