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Genome-wide Screening of Novel Genes Responsible for Tumor Radioresistance
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Through a genetic screening experiment, we successfully identified novel
genes which potentially induce radioresistance of cancer cells. Clonogenic cell survival assay with
the use of their expression vector confirmed that some of the genes actually increase
radioresistance of cancer cells. We revealed mechanisms of action of one of the genes; it increased
the levels of an intracellular antioxidant, GSH, for radioresistance. IHC analysis for clinical
tumor samples found positive correlation between the expression levels of the gene product and poor
prognosis of cancer patients.



IJROBP.1999]

DNA

23,000

[Butler et al.

CDNA

28
29
HelLa cDNA
2
DNA

Katagiri T, Kobayashi M, Yoshimura M,
Morinibu A, ltasaka S, Hiraoka M, *Harada
H. HIF-1 maintains a  functional
relationship between pancreatic cancer
cells and stromal fibroblasts by
upregulating expression and secretion of
Sonic hedgehog. Oncotarget. 9:10525-10535.
2018. DOIl: 10.18632/oncotarget.24156.

Koyasu S, Kobayashi M, Goto Y, Hiraoka
M, *Harada H. Regulatory mechanisms of
hypoxia-inducible factor 1 activity: Two
decades of knowledge. Cancer Sci.
109:560-571. 2018. 10.1111/cas-13483.



Kobayashi M, Morinibu A, Koyasu S, Goto
Y, Hiraoka M, *Harada H. A circadian clock
gene, PER2, activates HIF-1 as an effector
molecule for recruitment of HIF-1alpha to
promoter regions of its downstream genes.
FEBS J. 284:3804-3816. 2018. DOI:
10.1111/febs.14280.

Goto Y, Koyasu S, Kobayashi M, *Harada
H. The emerging roles of the
ubiquitination/deubiquitination system
in tumor radioresistance regarding DNA
damage response, cell cycle regulation,
hypoxic responses, and antioxidant
properties: Insight into the development
of novel radiosensitizing strategies.
Mutation Res. 803-805:76-81. 2017. DOI:
10.1016/j .mrfmmm.2017.07.007.

Sowa T, Menju T, Chen-Yoshikawa TF,
Takahashi K, Nishikawa S, Nakanishi T,
Shikuma K, Motoyama H, Hijiya K, Aoyama A,
Sato T, Sonobe M, Harada H, Date H.
Hypoxia-inducible factor 1 promotes
chemoresistance of lung cancer by inducing
carbonic anhydrase IX expression. Cancer
Med. 6:288-297. 2017. DOl :
10.1002/cam4.991.

Nakashima R, Goto Y, Koyasu S, Kobayashi
M, Morinibu A, Yoshimura M, Hiraoka M,
Hammond EM, “*Harada H. UCHL1-HIF-1
axis-mediated antioxidant property of
cancer cells as a therapeutic target for

radiosensitization. Sci Rep. 7:6879. 2017.

DOI: 10.1038/s41598-017-06605-1.

Miki K, Kojima K, Oride K, Harada H,
Morinibu A, Ohe K. pH-responsive
near-infrared fluorescent cyanine dyes
for molecular imaging based on pH sensing.
Chemical Communications. 53:7792-7795.
2017. DOI: 10.1039/c7cc03035e.

Okamoto A, Sumi C, Tanaka H, Kusunoki M,
Iwai T, Nishi K, Matsuo Y, Harada H,
Takenaga K, Bono H, Hirota K.
HIF-1-mediated suppression of
mitochondria electron transport chain
function confers resistance to
lidocaine-induced cell death. Sci Rep.
7:3816. 2017. DOl :
10.1038/s41598-017-03980-7.

Daijo H, Hoshino Y, Kai S, Suzuki K,
Nishi K, Matsuo Y, Harada H, Hirota K.
Cigarette smoke reversibly activates
hypoxia-inducible factor 1 in a reactive
oxygen species-dependent manner .
Scientific Reports. 6:34424_. 2016. DOI:
10.1038/srep34424.

Yeom CJ, Zeng L, Goto Y, Morinibu A, Zhu
Y, Shinomiya K, Kobayashi M, Itasaka S,
Yoshimura M, HurCG, Kakeya H, Hammond EM,
Hiraoka M, *Harada H. LYGE: a conductor of

malignant tumor growth through modulation
of the  PTEN/PI3K/AKt/HIF-1  axis.
Oncotarget. 11670. 2016. DOl :
10.18632/oncotarget.11670.

Yamaguchi R, Harada H, Hirota K.
VHL-deficient renal cancer cells gain
resistance to mitochondria-activating
apoptosis inducers by activating AKT
through the IGF1R-PI3K pathway. Tumor
Biology. 37:13295-13306. 2016. DOI:
10.1007/s13277-016-5260-2 .

*Harada H. Hypoxia-inducible factor
1-mediated characteristic features of
cancer cells for tumor radiaresistance. J
Radiat Res. 57:99-105. 2016. DOI:
10.1093/jrr/rrw0l12.

Gaowa A, Horibe T, Kohno M, Harada H,
Hiraoka M, Kawakami K. Potent anti-tutor
effects of EGFR-targeted hybrid peptide on
mice bearing liver metastases. Clin Exp
Metastasis. 33:87-95. 2016. DOl :
10.1007/s10585-015-9760-z.

Koyasu S, Tsuji Y, Harada H, Nakamoto Y,
Nobashi T, Kimura H, Sano K, Koizumi K,
Hamaji M, Togashi K. Evaluation of
tumor-associated stroma and its
relationship with tumor hypoxia using
dynamic contrast-enhanced CT and
18F-misonidazole PET in murine tumor
models. Radiology. 278:734-741. 2016.
DOI: 10.1148/radiol.2015150416.

Olcina MM, Leszczynska K, Senra JM, Isa

N, Harada H, Hammond EM. H3K9me3
facilitates hypoxia-induced
p53-dependent apoptosis through

repression of APAK. Oncogene. 35:793-799.
2016. DOI: 10.1038/0nc.2015.134.

13

-. . Mar. 17. 2018.

Harada H. Hypoxic Microenvironments in
Malignant Solid Tumors. International
Mini-symposium on Organs under Stress.
CiRA, Kyoto Univ. Kyoto. Feb 16, 2018.

HIF-1.
. Feb 5, 2018.
. JASTRO 8
. Jan. 20. 2018
. ConBi02017.
Dec. 8. 2017



. Nov 24. 2017.
Harada H. How can we overcome tumor
radioresistance; lessons from hypoxia
biology. The 1st isRTB. China. Oct. 31.
2017.
. . Oct. 20.
2017.
Radioresistance of Cancer
Cells; Lessons from HIF-1 Biology

in Gifu. . Oct. 16.
2017.
. HIF-1
. Sep. 2. 2017
. HIF-1
. Sep. 1. 2017.
HIF-1 .
5 . . Jun. 29. 2017.
19
. Jul. 6-7. 2017.

Harada H. Tumor hypoxia; an imaging and
therapeutic target of interest for
innovative radiation therapy. The 3rd
Bordeaux-Kyoto Symposium. Bordeaux. Jun.
29. 2017.

46
. Jun. 17. 2017.
- 7
. Jan. 28. 2017.
Jan. 28. 2017.
. IDH3-HIF-1
12
. Jan 17-18.
2017.
. Dec. 2. 2016.
HIF-1.
. Nov. 25.
2016.

@) Harada H. The Past and Future of
Biological Research  for Radiation
Oncology. The 29th Annual Meeting of
Japanese Society of Radiation Oncology.
Kyoto. Nov. 25-27. 2016.

@ Goto Y, Hiraoka M, Harada H. Tumor
hypoxia and radioresistance. The 29th
Annual Meeting of Japanese Society of

Radiation Oncology. Kyoto. Nov. 25-27.
2016.
@
Nov. 18. 2016.
@ ; HIF-1. Forum in
Dojin. . Oct. 28-29. 2016.
@ . HIF-1

59 . . Oct. 26-28.
2016.

@Harada H. Function of the UCHL1-HIF-1
AXis in Distant Metastasis and
Radioresistance of Cancer Cells. The 32nd.
International Symposium of Radiation
Biology Center, Kyoto University 2016.
Kyoto. Sep. 1-2. 2016.

@ ; -
JASTRO . Aug 6-7.
2016.
45
. Jul 15. 2016.

@) Harada H. Radioresistance of Cancer
Cells; Lessons from HIF-1 Biology. Annual
Meeting of Association for Radiation
Research 2016. Leicester. UK. Jun 27-29.
2016.

@0 Harada H. Tumor Hypoxia; a Potent
Inducer of Malignant Phenotypes and
Radioresistance of Cancer Cells. The 2nd
KU RBC-CEA Joint Workshop. Kyoto. Apr
11-12. 2016.

Katagiri T, Kobayashi M, Yoshimura M,
Morinibu A, ltasaka S, Hiraoka M, Harada
H.  HIF-1 modulates a functional
relationship between pancreatic cancer
cells and stromal fibroblasts by
upregulating expression and secretion of
Sonic hedgehog. 20th. Sugawara & Ohnishi
Memorial Symposium of Sensitization of
Cancer Treatment. Nara. Feb 4. 2018.

Ester M.
HAMMOND . UCHL1-HIF-1
30
2017 11 18
Nakashima R, Goto Y, Koyasu S, Kobayashi
M, Yoshimura M, Hiraoka M, Harada H.
UCHL1-HIF-1 axis-mediated antioxidant
property of cancer cells as a therapeutic
target for radiosensitization. 76
.2017 9 29
Suwa T, Kobayashi M, Mizowaki T, Harada
H. Cancer Course Meeting. Genetic
screening for novel upstream suppressors




of HIF-1. Colloquium of Cancer Course 2017,
Kyoto Univ. Graduate School of Medicine.
Kyoto, Sep. 10, 2017.

Haitani T, Koyasu S, Akamatsu S,
Kobayashi M, Morinibu A, Ogawa O, Harada
H. Function and molecular mechanism of
ATAD2 in poor prognosis of cancer patients.
Colloquium of Cancer Course 2017, Kyoto
Univ. Graduate School of Medicine. Kyoto,
Sep. 10, 2017.

HAMMOND EM
. UCHL1-HIF-1
. 23
2017 7 15
. 23
. 2017 7 15
HAMMOND EM
. UCHL1 HIF-1
55
2017 6 16
55
. . 2017 6 16 .
Haitani T, Koyasu S, Kobayashi M,

Morinibu A, Harada H. Mechanistic basis
for the hypoxia-mediated expression of
ATPase Family, AAA Domain Containing 2
(ATAD2). 33rd Int’ I Symposium of RBC,
Kyoto Univ. Kyoto. Dec. 5, 2017.

Kobayashi M, Morinibu A, Koyasu S, Goto
Y, Hiraoka M, Harada H. A Circadian Clock
Gene, PER2, Activates HIF-1 as an Effector
Molecule for Recruitment of HIF-la to
Promoter Regions of Its Downstream Genes.
33rd Int’ 1 Symposium of RBC, Kyoto Univ.
Kyoto. Dec. 5, 2017.

Koyasu S, Morinibu A, Menju T, Horita S,
Hammond EM, Harada H. HPF-4 functionally
and mechanistically links p53-deficiency
to HIF-1 and increases invasiveness of
cancer cells. 33rd Int’ 1 Symposium of RBC,
Kyoto Univ. Kyoto. Dec. 5, 2017.

Suwa T, Kobayashi M, Nakashima R,
Morinibu A, Harada H. Genetic screening
for novel upstream suppressors of HIF-1.
33rd Int’ 1 Symposium of RBC, Kyoto Univ.
Kyoto. Dec. 5, 2017.

. A circadian clock gene,

PER2, activates HIF-1 as an effector

molecule for recruitment of HIF-1alpha to

promoter regions of its downstream genes.
15

2017 11 10

Ester M Hammond
UCHL1-HIF-1 axis-mediated

antioxidant property of cancer cells as a
therapeutic target for radiosensitization.

15
2017 11 10

Kobayashi M, Harada H. A circadian clock
gene, PER2, activates HIF-1 as an effector
molecule for recruitment of HIF-1alpha to
promoter regions of its downstream genes.

76 . . 2017
9 29
Koyasu S, Harada H.
HIF-1 HPF-4
. 76
2017 9 29
HAMMOND EM
. UCHL1-HIF-1
19
.2017 2 4
HIF-1
19
. 2017 2 4

Tsutsumi Y, Yoshimura M, Hiraoka M,
Harada H. The Influence of hypoxic cancer
cells on recurrence after irradiation. The
29th Annual Meeting of Japanese Society of
Radiation Oncology. Kyoto. Nov. 25-27.
2016.

@
2016 8 5-6
@
.22
. 2016 7 2

@Koyasu S, Morinibu A, Hammond EM, Harada
H. A novel HIF-1-promoting factor, HPF-4,
as a target for radio-sensitization. The
2nd KU RBC-CEA Joint Workshop. Kyoto. Apr
11-12. 2016.

@

Molecular mechanisms
underlying the crosstalk between period
circadian clock 2 (PRE2) and
hypoxia-inducible factor 1 (HIF-1). 14

. 2016
11 4
@ Kobayashi M, Harada H. Molecular
mechanisms underlying the crosstalk
between circadian clock gene, PRE2, and
hypoxia-inducible factor 1 (HIF-1). The
75th Annual Meeting of Japanese Cancer
Association. Yokohama. Oct. 6-8. 2016.



@kKoyasu S, Morinibu A, Hammond EM, Harada
H. A novel HIF-1-promoting factor, HPF-4,
may promote tumor invasiveness. The 32nd.

International Symposium of Radiation http://www.rbc.kyoto-u.ac. jp/cancer bio
Biology Center, Kyoto University 2016. logy/

Kyoto. Sep. 1-2. 2016.

@)Kobayashi M, Morinibu A, Koyasu S, Goto
Y, Nakashima R, Hiraoka M, Harada H. (&Y

Molecular mechanisms underlying the HARADA, Hiroshi
crosstalk between circadian clock gene,
PRE2, and hypoxia-inducible factor 1

(HIF-1). The 32nd. International

Symposium of Radiation Biology Center, @)

Kyoto University 2016. Kyoto. Sep. 1-2. Yoshimura, Michio
2016.

@ Tsutsumi Y, Koyasu S, Kobayashi M,
Morinibu A, Yoshimura M, Goto Y, Hiraoka
M, Harada H. The involvement of hypoxic ®)
cancer cells in tumor recurrence after
radiotherapy. The 32nd. International
Symposium of Radiation Biology Center,
Kyoto University 2016. Kyoto. Sep. 1-2.
2016.

Goto, Yoko

*

. HIF-1
. 35:1586-1592. 2017.

. 2017

2017.

52:277-290. 2017.

. 29-31. 2016.




