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The Research Institute for Radiation Biology and Medicine (RIRBM) at Hiroshima University was founded in 1961 for
the medical treatment of atomic bomb survivors and basic research on radiation biology. Since then, the institute has
produced the world’s leading research achievements ranging from basic science to clinical practice in radiological effects on
humans.

When the Fukushima Daiichi nuclear power plant accident occurred in 2011, the uncertainty of the health risk
assessment of low-dose effects on human health became a serious problem. To solve the problem, RIRBM has conducted
basic studies including “Low dose radiation effects advanced research program”, using a cutting-edge methodology to
measure the radiation dose with high sensitivity. Moreover, to respond radiation emergencies such as the nuclear accident
in Fukushima, collaborative research investigations in different disciplines including field work or risk control in affected
areas, besides conventionally examined study about radiological effects on human health, are needed. Therefore,
“Network-type Joint Usage / Research Center for Radiation Disaster Medical Science” was established in FY2016
(2016-2021) by a coalition of three research institutes; RIRBM, Hiroshima University, Atomic Bomb Disease Institute,
Nagasaki University having demonstrated outstanding outcomes in field research for many years, and Fukushima Global
Medical Science Center, Fukushima Medical University having played a major role in the recovery of Fukushima. RIRBM
as a central institute of the joint project will strive to build an academic foundation for advanced and integrated radiation
disaster and medical science research, and to offer the research outcomes to the international community, as well as
cultivating young investigators.

The Nuclear Regulation Authority launched “Advanced radiation emergency medical support center’and “Nuclear
emergency medical support center”as novel medical organizations for nuclear disasters in 2015, in place of conventional
tertiary emergency medical facilities. As a result, Hiroshima University has been designated as both of the Centers by the
Nuclear Regulation Authority. Our institute endeavors to enhance effective medical cares for nuclear disasters as a leading
research center.

Radiation biology is one of today’s cutting-edge academic disciplines. We will pursue to bring out the highest standards of
research and education in radiation biology and medicine as a world-leading research institution. We would be grateful for
your continued support and cooperation.
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Foundation of Institute for Nuclear Radiation Research,
Faculty of Medicine

Foundation of RIRBM

Dept. of Hematology and 4 basic research labs

Clinic in the University Hospital (50 beds)

Dept. of Surgery and 3 basic research labs

Completion of old main building

1967.6 Center for medical records and biomedical materials of
A-bomb victims and survivors
1986.3 Completion of building for Rl experiments
1998.6 Radiation Research Center for Frontier Science
2008.3 Moved to the current main building
2010.4 Joint usage / research center in the field of radiation effects
and medical science
2016.4 Network-type joint usage / research center for
radiation disaster medical science
IRTEDIRZEFT
Current main building (2008-)
1960 1975 1990 2005
L | | |
FRIREIFEEFDERE Medical treatment for A-bomb survivor
WIE<EFDRE - BIE Preservation of A-bomb materials
IR EDE - ERISEMZE Research for radiation biology and medicine
1986 1999 _20m
FIN/ 7 VRRER || msHJcomFE ||  EERREEL
Chernobyl disaster Tokaimura nuclear accident ukushima nuclear plant
disaster

BRAMIE<ERE Treatment for heavily injured radiation casualties
{BIREMSHERSEMZE Research for low dose radiation effects
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Researches concerning biological effects of radiation and their application for treatment and
prevention of health disorders induced by A-bomb and radiation
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Medical treatment for A-bomb survivors
and heavily irradiated casualties
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Basic research for radiation biology and medicine
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Preservation of medical records and
biomedical materials of A-bomb victims and survivors
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Emergency preparedness for nuclear disaster
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Network-type joint usage / research center for radiation disaster medical science (2016~2021)
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Fukushima Daiichi Nuclear Power Plant Accident :
Health Consequences, Lesson Learnt and Future Directions
Volume 29, Issue 2_suppl, March 2017
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Scientific Underpinning for Restoration from a Radiation Disaster :
Highlight Articles of the First International Symposium Volume 59, Issue suppl_2, April 2018
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“Advanced radiation emergency medical support center” and “Nuclear emergency medical support center” (2015~)
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Phoenix Leader Education Program (Hiroshima Initiative) for Renaissance from Radiation Disaster (Doctor course, 2011~)
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1555 % University Council and Committee

IS Faculty Executive Committee

ol SR EEEBIAZERFT Division of Radiation Biology
ol gt RRs S MAAFEBFY Division of Radiation Bio-Medical Informatics

& ) LEBEEZEMEEX— Research Center for Radiation Genome Medicine
Director

N iR K EEEME L ¥ — Research Center for Radiation Casualty Medicine

— MtE#IE<EHAEEITER Division of Radiation Information Registry
— MR ESR EERMEER (FTAIEE) Radiation Research Center for Frontier Science
- RIS EREHRY AWM E L Z— Research Center for Low-Dose Radiation Risk

Mm#&AFE Hematology and Oncology
IFEI% 2854} Pulmonary Surgery
H{LEISEl Gastroenterological Surgery
FLARS !l Breast Surgery

BatREE BT AL b2 SRl

---------------------- 2% University Hospital
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Division of Radiation Biology Division of Radiation Bio-Medical Informatics
Analysis of DNA repair system and signaling pathways in Estimation of the radiation effects on human health.

response to ionizing irradiation. ® Department of Epidemiology

® Department of Cellular Biology ® Department of Environmetrics and Biometrics
® Department of Molecular Radiobiology ® Department of Radiation Biophysics
® Department of Disease Model ® Department of Radiopathology

® Department of Genome Informatics

7/ LEREEFEMA L/ 5— BHBRREERMA L 54—

DNARZED. BAPBMKREEDEEBAE BAREEICHT B RENERE
ERTIZREAD-ZXLORHA BERZEIREERRYMI—IDRE
BEMHRYS/ LEBHRSE  © HADFRIEMRIEH SRR S B EEABRRS T
5/ LRERERRIE e HFROANHARSE BEENEERNEARSE o EFRSRE<ERARS
.................................................................................. M - EBEARHRS H

Research Center for Radiation Casualty Medicine
Advanced medical treatment for acute and late-onset radiation injury.

Research Center for Radiation Genome Medicine
Elucidation of radiation-induced multi-step carcinogenesis.

® Department of Genetics and Cell Biology Also international network system with a medical team for radiation casulaties.
® Department of Human Genetics @ Department of Stem Cell Biology
® Department of Molecular Oncology ® Department of Radiation Disaster Medicine

® Department of Hematology and Oncology
® Department of Surgical Oncology
® Department of International Radiation Emergency Medicine

® Department of Experimental Oncology
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Department of Cellular Biology
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[EETTEE] Error in DNA repair can lead to caner/leukemia

[oefieen OFF Binach L] a%  mec) [T
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1B ERRIA DI IAHDIEET, ShRNAZ L =SUMOT LIS LR =
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o IO - _ T - ANDOEU)AADTHIEN 7= (Nucleus 2018)
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[EETE¥ SUMO modification by SUMO E3 enzyme PIAS 4, but not by
PIAS1, is required for the incorporation of Histone variant

H2A.Z-2 at damage sites.
(A) FRAP analysis to monitor the incorporation of H2A.Z-2 at
. - damage sites. GM0637 cells transiently expressing
bl o GFP-H2A.Z-2 and pSIREN-mock, PIAS4 or PIAS1 shRNA were
first microirradiated (red boxes) and then photobleached
(yellow boxes) . (Nucleuas 2018)
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ST EE SR ERPT Division of Radiation Biology

TEL 082-257-5818

http://home.hiroshima-u.ac.jp/cellbio/saito/Welcome.html

@ Professor Satoshi TASHIRO, M.D., Ph.D.
@ Lecturer Jiying SUN, M.D., Ph.D.

@ Assistant Professor  Yasunori HORIKOSHI, Ph.D.
@ Assistant Professor  Lin SHI, M.D., Ph.D.

lonizing irradiation and chemical agents like anti-cancer drugs can induce DNA damage. Although eukaryotic cells have multiple
pathways to repair DNA damage, errors in DNA repair process lead to chromosomal abnormalities such as translocations.
Accumulation of such chromosome abnormalities can cause malignant transformation of normal cells (Fig. 1). Several lines of
evidence suggest that the higher order architecture of the eukaryotic cell nucleus involves in the regulation of nuclear functions,
transcription, replication and DNA repair. However, the change of higher order nuclear architecture in response to DNA damage and
its role in the regulation of DNA repair machinery are still unclear.

To gain an insight into the dynamic changes that cell nuclei undergo in response to DNA damage, we have developed a
laser-UVA-microirradiation system for the precise irradiation of a restricted areas within nuclei of living cells. By using molecular cell
biological techniques such as the laser-UVA-microirradiation system and super resolution microscopy, we have studied the nuclear
topography of DNA repair (Fig. 2).

Furthermore, we are studying the molecular mechanisms of chromosome translocations with biochemical approach such as
chromatin immunoprecipitation techniques to clarify the chromatin structures around DNA damage (Fig. 3). Finally, we are developing
a sensitive and high-throughput system to evaluate DNA damage by low dose irradiation, including medical exposure with CT scan for
the establishment of the management of medical exposure considering the individual difference in radiation sensitivity (Fig. 4).
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.g- WT 3412D g WT S412A

T BIVA ETE

INOBOY O~ F BT A ADIER E FAPRSDYBE1LIE, 11023t Az EEE T 3,
(7€) Dual-color FISHEIZ LB 11023 £ BIREGEDIRH, A AR TR RIBICE)1 1023 L BREGEN FEIN /-
MBTIE, REEBEDFISHI T FILH EREEL T3 (K)o
(A) ATMX B2 (BIVA) TIEThRINLIRIZ£D110238EH U B ERARPSD IR IC LW IFIZh, ATMIEE A
(11-4) Tl BIEREER ARPSDRIRIC L) 1102385 EEN HEHN T B (Elife. 2018)

[EETTEE] ARPS phosphorylation averts 1123 chromosome translocations.
(left panel) Dual-color FISH analysis of chromosome 11g23. Representative FISH images using etoposide treated BIVA
cells are shown. Arrows indicate the split signals (separated by >1 ym).
(right panel) AT5BIVA and 11-4 cells expressing the siARP8-resistant ARP8 wild-type (WT), phospho-mimic S412D, or
phospho-deficient S412A mutants. The average percentages of the cells with split signals from three independent
experiments are shown. (Elife. 2018)

PNA-FISHZEZE BV REHRIC S B R EERE OB
(RADIATION RESEARCH 2012)

[EETTEX] Chromosome aberrations in metaphase spreads detected by
Giemsa staining and FISH using telomere/centromere PNA probes.
(RADIATION RESEARCH 2012)
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Department of Disease Model
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[FETTEE] Internal exposure experiments with 56Mn.
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@ Associate Professor  Nariaki FUJIMOTO, Ph.D.
@ Assistant Professor ~ Yuichiro NAKATA, Ph.D.

The main research fields at the department are 1) analysis of biological functions of radiation-related genes using
genetically-engineered animals, and 2) investigations in pathophysiological mechanisms of radiation injuries in animal models. The
followings are some of our researches currently engaging:

1. Biological effects of internal radiation exposure of $8MnO2 particles - An international corroborative study with Kazakhstan and
Russia

For better understanding of the radiation effects of the atomic bombing in Hiroshima and Nagasaki, radiation from
neutron-induced radioisotopes should be considered in addition to the initial radiation directly received from the bombs.
Manganese-56 (58Mn) is among the predominant radioisotopes produced in soil by neutrons. We examined the effects of internal
exposure of this radioisotope in the rat model. The significant effects was found in pathology as well as mMRNA expressions of the
genes involved in pathogenesis despite the relatively low absorbed dose around at 0.1 Gy. Interestingly, external 8°Co y-irradiation
at a dose of 2 Gy had no effects on these parameters. Our results clearly demonstrated that the internal exposure of radioactive
particles had much higher biological effects than the external irradiation. Further studies are needed to understand the mechanisms.

2. Analysis of functional roles of epigenetic regulators in MDS pathogenesis

Myelodysplastic syndrome (MDS) is a hematopoietic malignancy characterized by ineffective hematopoiesis and leukemia
predisposition and is frequently developed in elderly and atomic bomb survivors. Recent studies using high throughput genomic
analysis revealed that epigenetic regulators are frequently mutated in the hematopoietic cells of MDS patients, suggesting causal
involvement of epigenetic deregulation in the development and progression of the disease, but underlying mechanisms remain
largely unknown. To address this issue, we generate and analyze genetically engineered mice that express mutated epigenetic
genes identified in MDS patients and recapitulate the clinical features of MDS.

Macroscopic abnormality of Eed KI/Kl Immunofluorescence analyses for HIK2Tme3
embryos at E14.5. {green) in embryonic fibroblasts,

Hoechst HIK27Tme3

+/+ Kl/+ KI/K

|
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-
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[EETTEF Analysis of polycomb protein EED mutant identified in patients with MDS

Research Institute for Radiation Biology and Medicine | 11



WAEEEN DI E Research Activities

® 5/ LRBISHRMES S

Department of Genome Informatics
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[SETTZE] Chromosome aberration of the lymphocyte in the peripheral blood
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@ Visiting Professor  Nobuyuki SUGIURA, Ph.D.

In our department, the biological dosimetry with the chromosomal aberration of the lymphocyte in the peripheral blood and other
dose evaluation by a wide technique is investigated.

There is no preparation such as personal dosimeters at the radiation accident, therefore a physical dose evaluation is difficult. In
this case, the biological dosimetry, which evaluates the radiation dose with the various biological effects of radiation exposure is
effective. Above all, the biological dosimetry with the chromosome aberration of the lymphocyte in the peripheral blood has been well
researched as a reliable dose evaluation technique (gold standard). However, the examination for gamma-ray has been pushed
forward in detail, but the examination for neutron has not so much because of the limitation of neutron source as the experimental
equipment. The comparison between gamma-ray and neutron about the frequency of the chromosome aberration gives important
output from biological basis on an radiation dose estimation and a radiation risk evaluation.

In addition, after TEPCO Fukushima Daiichi Nuclear Power Plant accident, it is in a situation that many people including namely
citizens of Fukushima have uneasiness and questions about a radiation health risk. Therefore, it becomes important that relevant
information on radiation health effect is informed timely and correctly. The ways of radiological protection and risk communication is
also considered in our department. The small group discussion (gathering around in a circle meeting) is carried out for the purpose
of residents performing the decision of reduction of the uneasiness and protection measures. The consideration is pushed forward to
investigate an effective enforcement method in Fukushima in taking into account the technique of ETHOS carried out effectively in
Belarus.

NIN—VIBIPEEES
[EETTEF The small group discussion in Belarus
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Department of Epidemiology
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[EETTEX] Mutations of optineurin in amyotrophic lateral sclerosis [FETIEF] The ALS-related mutations of OPTN lack the inhibitory effect of NF-kappa
B activity
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@ Professor

Hideshi KAWAKAMI, M.D., Ph.D.
@ Associate Professor  Hiroyuki MORINO, M.D., Ph.D.
@ Assistant Professor

Ryosuke OHSAWA, Ph.D.
We have developed the Atomic Bomb Survivor Database (ABS), for studying the radiation effects from the biological and social
aspects. In addition, we study the genetic defects in neurological genetic diseases.

We have identified the mutations of the optineurin (OPTN) gene of the familial amyotrophic lateral sclerosis (ALS12). We found
the deletion of an exon and a nonsense mutation in the consanguineous families, and the missense mutation of the dominant family (Fig.1).
stained in the inclusion bodies in sporadic and other familial ALS, suggesting the common pathogenesis of ALS.

OPTN has various effects, and the ALS-related mutations lack the inhibitory effect on NF-kappa B activities (Fig. 2). OPTN is also

We have studied the genetic analysis of over 2,500 patients with spinocerebellar ataxia (SCA), and showed the distribution of the
genetic subtypes of SCA in Japan. We are going to find the novel genes of SCAs (Fig. 3).
mitochondrial DNA.

We have also identified a novel causative gene C100rf2 in Perrault syndrome using the next generation sequencing. The patients

have two compound heterozygous mutations (Fig. 4). The gene product plays key roles in replication and maintenance of the

Chugoku
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patients have the two mutations in

the C100rf2 gene in compound
heterozygotes.
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