. WAEEEN DI E Research Activities

@ EEDHES S

Department of Environmetrics and Biometrics

0H & Tk A
@ EHIR (xEE f2—

HIMEAEF T RRRRE DT —aN—RCEIEZIMRICIA MEHROREZEFHEEICOELER-EMF S
FICHI et FEORRESERICETBMREET->T\V\\5,

L5 RIGICH T BDHAMEHRICE DB ATE T DERIMBT X713 BEAHREEM TR (& BReport1 3(C &> T 1RIREFF
WB30/% - BEF B 70 ICH VT Gy 22047 %, Report1 4 T3 42%EMESN TS, — A B2 B IEBAFFRFEFFEE IR
T—H2N—=2Z(ABS1970-2010) €L\ T28% R EL T3, ChSDBERFZEDFHAICFI AN 2RISR B L RIRGE
FHMEARICEDVWTEEIN THY. LSSICHWLTIEPreston51C &> TDS86H5DS02(C, F72, ABSICHWTIHERESICE->TH
STEONPAFETIRDOBFHEI THhN o EE5NAR—IT—2ICHWTH, FEIRIEARE IA VRIS L T OENEAES
AT-HMEFIROEEZMAAREEL TEHINTHY), COTEEH OFHMEFIRDA > AR T EMFRIZI R EE (RBE) EFEIE
NTWB, Fzld, BIERR DD EEFIEDHFE T RBEZEEEET BN TR AL RETETIMCHEIBRI/NTA—2EL TR
22 &L ABSTF— T —2E AW TRBEDGRE (L &R 7o £/ RBEZZLSE LM HARISHRED L T 570 #ERAY
ISR EOFHAICOZBES A5, TOREBIC DOV THEENLIERFET o7

—fZHIC.ERREFIVDLIEEIRGETIVICHEVWT A VIRERETFIRO L ICE VBRI RN HIE AR ICEUV AT EHE
ENRREICEDEN B COMBILZERIEMELTHSNA TV, L > T AERIEGRE DT ERICHWT. EMFH
REEBEOEIRRHELTHETE2RDIIC EREDNTEAERI10EECV DL DEMZNRRIEEEZ LD S, ZDM
DEIRRBDBRLHEET o7/ ZDFRER. M1 TRENBLIICRBEEL U5 Rl E BV, ZDEIBEERESNBRBENGEE
BATW = L LED S REEDTEEH10EDEICHE LB EZE RSN ED 5T,

ERREFINIEVWTIR EEEHEFET T ML BRI, M2 TRENSLDIC. RBEDEHIZHE > THERIZIREDEIFH
. T HbhE Gy DERRY IRV THZE LD, FIZIE AR ICH W TREEE L -/-RBE=65(C & IBRIMEZ71E
REFDRBE=10IZEIKHETEELERTI0NEEICBDY TS, 2DEHIC. RBEDEIZEAH IE<IRENREFZEDFHMICHTL T
KELFENERF D-DEELHER/VLETHD,

SE X #k: K. Satoh, H. Yasuda, H. Kawakami and S. Tashiro: Relative biological effectiveness of neutrons derived from

the excess relative risk model with the atomic bomb survivors data managed by Hiroshima University, Radiation
Protection Dosimetry, Vol. 180, 1-4, 346-350, 2018.
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TEL 082-257-5854

http://apollo.rbm.hiroshima-u.ac.jp

@ Professor Shinji YOSHINAGA, Ph.D.
@ Associate Professor  Kenichi SATOH, Ph.D.

In our department, we are conducting epidemiological studies on the basis of the database of atomic bomb survivors in Hiroshima
prefecture, as well as studies on developing statistical methods and their application in the field of biology and medicine.

There are three large cohort studies on radiation health risks among the atomic bomb survivors in Japan. These studies have been
conducted mainly by three independent bodies: Radiation Effects Research Foundation (RERF), Research Institute of Radiation
Biology Medicine (RIRBM) of Hiroshima University and Nagasaki University. According to the results of the Life Span Study (LSS)
conducted by RERF from 1950 to 2003 in Hiroshima and Nagasaki, the sex averaged excess relative risk (ERR) of all solid cancers
was 0.42Gy-Eq™ for the subjects with an attained age of 70 years who were exposed at the age of 30. Whereas, RIRBM reported
that the ERR for all solid cancers was 0.28 Gy-Eqg-1 for the atomic bomb survivors in Hiroshima during the period from 1970 to 2010.
In both cases, initial radiation doses were calculated based on the dosimetry system DS02, in which the relative biological
effectiveness (RBE) of neutrons was assumed to be a constant value of 10. To clarify the validity of the RBE, we investigated the
possibility of different contributions of neutrons by using the cohort data from RIRBM.

In collaboration with other departments in RIRBM, we attempted to evaluate the log-likelihood at several RBE values in the range
of 5-120 including the ordinal constant value of RBE = 10. we also estimated the RBE for the published LSS cohort data, which
contained rectal gamma ray and neutron data, separately. As a result, although there were no statistically significant differences
among the minus two times log-likelihood values, the authors found that the condition of RBE = 65 achieved the minimum value; it is
six times higher than the ordinal value (=10) that has been commonly used in past analyses (Figure 1). The RBE for the published
LSS cohort data was also estimated to be 75 by ourselves; it was close to the value of 65 for the ABS, but was also not significantly
different.

The change in RBE using the ERR model may affect the interpretation of radiation health risk assessments. Figure 2 shows the
estimated regression coefficient; the resultant ERR per dose changes dramatically. Since the mortality rate is fixed, the regression
coefficient decreases as RBE increases.

Thus, the ERR per dose decreases by 30% when RBE increases to 65 from the ordinal value of 10. The 30% reduction in the ERR
per dose due to the change in RBE can have a comparatively large impact on radiation health risk assessments.
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[EETTEE] The electron spin resonance (ESR) / electron paramagnetic
resonance (EPR) device for measurements of radicals in
biosamples (JEOL JES FA-100).
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TEL 082-257-5890

https://home.hiroshima-u.ac.jp/~hyasuda/

@ Professor Hiroshi YASUDA, Ph.D.
@ Assistant Professor ~ Seiko HOROTA, Ph.D.

Radiation has been widely used in our society for medical examination, therapy, etc, while it was known that exposure to a
high-level radiation would cause cancer and other health effects . We need to keep radiation exposure as low as reasonably achievable
when using radiation or radionuclides. In this department, we have been performing a wide range of research and education related
to dose assessment to practice such radiation protection philosophy. The issues currently being focused on are listed below:

1. Measurement of retrospective dose and health effects in a radiation disaster (Figs. 1 and 2)

2. Three-dimensional dose distribution measurement in radiation therapy/diagnosis (Fig. 3)

3. Assessment of radiation exposure in expanding living environment, e.g., in space and aviation

4. Decision-making process based on health risk reflecting physiological characteristics of individuals (Fig. 4)

5. Research and education related to radiological emergency response and recovery from the disaster

6. Contribution as expert to the work of international organizations (United Nations, IAEA, ICRP, etc)
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1,2,4,6, 8,10, 15, 20, 70 Gy.

[EETIZEE Photographs of the newly developed gel dosimeter:
unirradiated samples (above) and those irradiated by Cs-137
gamma rays (below); the given doses were 0(Control), 1, 2,
4,6,8,10, 15, 20 and 70 Gy from left to right.
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external radiation doses from Cs-134 in the surface soil. Age [y]
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Department of Radiopathology
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@ Visiting Professor ~ Gen SUZUKI, M.D., Ph.D

This department conducts studies on medical management and radiation emergency medicine for victims caused by radiological
and nuclear accidents or incidents. Detail research topics are as follows:
To research diagnosis and treatment of acute and chronic radiation syndrome
To research medical preparedness for nuclear disaster or nuclear terror
To assess dose of thyroid glands in children after the Fukushima Nuclear Accident

Radiation incidents or accidents involving severely exposed victims or heavily contaminated patients by radionuclides occur only
one or two per year worldwide. Although it seems a low frequency incident/accident, when once it happens, it requires highly
specialized knowledge and skills to diagnose and treat victims. Therefore, it is an essential mission for this department to verify past
cases of radiation incidents and accidents, and make archives of new diagnostic or treatment technologies. Furthermore, in response
to scarce numbers of measurements of radio-activities in the thyroid glands of evacuees in the Fukushima Daiichi Nuclear Power
Plant (NPP) Accident, research activities such as a new methodology development for thyroid dose estimation in childhood, and
comparative studies of dose assessments by an atmospheric transport, diffusion, deposition model (ATDM) in combination with
analyses of evacuation patterns with a limited number of measured values for thyroid glands, have become increasingly important.
Prof. Suzuki has implemented a comprehensive research to assess thyroid radiation exposure dose in children using the research
budget received from Japanese Ministry of the Environment since 2014.

After 9.15 simultaneous terrors in 2001, it is said that the risk of dirty bomb and other forms of radiation terrors has been growing.
NCRP, IAEA and other international organizations have issued new guidelines for the first responders such as police officers,
firefighters, and military personnel to deal with unexpected emergencies. Also, after the Fukushima Daiichi NPP accident induced by
the Great East-Japan Earthquake and Tsunami on March 11, 2011, Prof. Suzuki served as one of the advisory committee members
for the Nuclear Safety Commission, and delivered risk communication messages to the public through the media or lectures at
various meetings. Moreover, as a part of this activity, he has committed himself to extend the information on risk management and
radiation medicine by publishing several guidebooks.
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[EETIE] eoCo-radiation incident at Samut Pracan, Thailand
A radiation incident happened at Samut Prakan near Bankok, Thailand on January 2000. The International
Atomic Energy Agency asked RERF for the dispatch of medical doctors. Upon request, three doctors from
RERF, Hiroshima University and NIRS, Chiba, went to Thailand 2 days later. The radiation incident happened
when scrap collectors brought an old 6°Coradiation device into a junkyard and dismounted a sealed 6°Co
source. Ten people were irradiated seriously, and three died of sepsis. Photos are radiation burns on hip
region (a) and hands (b).
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suggesting that this is indeed the underlying mutation.
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[EEMEF Analysis of individual radiosensitivity using genome-editing
technique. To verify that the nucleotide variants on the DNA repair
genes result in the individual radiosensitivity, it is useful to introduce
such variants into cultured human cells and evaluate their
radiosensitivity. This will allow for precise analysis of the effect of
the variants, independently of the diverse genetic background.
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https://home.hiroshima-u.ac.jp/genome/index.html

@ Professor Shinya MATSUURA, M.D., Ph.D.
@ Associate Professor  Tatsuo MIYAMOTO, Ph.D.
@ Assistant Professor  Silvia Natsuko AKUTSU, Ph.D.

lonizing radiation induces DNA double strand breaks (DSBs) in cells, and results in cellular lethality and multi-organ failure, which
are the main causes of the radiation-induced disorders. We have studied the molecular basis of hyper-radiosensitivity genetic
disorders, and found that the cells from a normal individual have a surveillance mechanism that senses the radiation-induced
damaged DNA and delay cell-cycle progression until the DNA DSB has been repaired. If the DNA DSB is left unrepaired, such
damage can result in loss or rearrangement of genomic DNA, leading to cell death or carcinogenesis. Our research aim is to elucidate
the molecular mechanisms of DNA double strand break repair and primary cilium formation.

It is generally accepted that individuals with mild hyper-radiosensitivity may exist in the normal population, and it is possible to
re-establish radiation protection standards according to the sensitivity of an individual. It is likely that SNPs in DNA repair genes are
involved in the individual difference of radiosensitivity. We are studying the genetic factors responsible for this using
single-base-editing technique we have originally developed.

We are also studying the molecular mechanisms of radiation-induced microcephaly using hereditary primary microcephaly as a
disease model.
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£ [FETTEE] Molecular mechanisms of spindle orientation. In human cells, astral
microtubules are assembled at mitotic spindle poles to stabilize the
spindle orientation parallel to the substratum. On the other hand,
DNA f Centrasome f Microtubules WDR62 deficient cells show reduced astral microtubules and

uncontrolled spindle orientation.
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[FETTEY] Primary cilium disassembly coupled with cell proliferation.
PLK1-KIF2A pathway drives the physiological cilia disassembly, and
that its constitutive activation contributes to the defective

/ ciliogenesis of the PCS (MVA) syndrome, a congenital deficiency of

PLK-KIF2A: OFF PLE-KIF2A: ON BUBR1, a central molecule of the spindle assembly checkpoint.
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[EETTEN] Development of cell therapy, cell repair, and angiogenic biology for regenerative medicine/Repair system of genome
damage induced by radiation in endothelial cells/Role of endothelial cells/endothelial progenitor cells in atherosclerosis
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TEL 082-257-5831

@ Professor Yukihito HIGASHI, M.D., Ph.D.
@ Assistant Professor  Kensuke NOMA, M.D., Ph.D.
@ Assistant Professor  Shinji KISHIMOTO, M.D., Ph.D.

1. Application and challenges for future as following: explanation of further the mechanism of production of new blood vessels after
cell therapy; establishment of bone marrow bank center; effective and safer method to culture autologous bone marrow
mesenchymal stem cell or adipocyte derived stroma cell. It is thought that the technology also improves severe vascular
endothelium damage, including vascular injury induced by radiation. An automated culture facility is under development for
practical application in near future. We reported that the role of endothelial cells and endothelial progenitor cells in atherosclerosis.
In addition, we have shown the differentiation system of endothelial cells. We would like to clarify the mechanisms of development,
differentiation, and induction of endothelial progenitor cells. It is expected that evaluation of the role of endothelial cells and
endothelial progenitor cells in atherosclerosis leads to the development of new strategy for anti-atherosclerosis. (Fig.1)

2.ROCK has two isoforms, viz. ROCK1 and ROCK2. We are trying to reveal the downstream signaling pathways of ROCK1 and
ROCK2 on cardiovascular injury using not only ROCK1 and ROCK2 knockout mice but also cells isolated from the mice. In
addition, we are also focusing on the possibility of ROCK activity as a biomarker of cardiovascular disease in a clinical setting.
(Fig.2)
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[EETIER Role of ROCK as a mediator and a biomarker for cardiovascular disease.
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The enigma of monesonry 7 [EETTER] Deletion in the long arm of chromosome 7 frequently observed in

human AML/MDS. Samd9 and Samd9L (Samd9/L) are the
responsible genes.
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[FETTEF] Human diseases caused by point mutations in Samd9/L genes.
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The prime goal of our department is the elucidation of the molecular mechanisms of leukemogenesis. Radiation-associated
malignant tumors have been developed among atomic bomb survivors for more than 70 years. Thus, we investigate why oncogenic
effects of radiation-induced genomic DNA damages persist for such a long period of time.

Chromosome translocations undoubtedly contribute to leukemogenesis among A-bomb survivors, as well as to cases of childhood
thyroid cancer near the Chernobyl nuclear plant. However, the mechanisms through which chromosome deletions and point
mutations contribute to radiation-induced cancers with a long latency are largely unknown. We have focused on the long arm of
chromosome 7 (7q). Since 1964, 7q has been shown to be frequently deleted in human acute myeloid leukemia (AML) and
myelodysplastic syndrome (MDS). Importantly this region is deleted at an exceptionally high frequency (> 50%) in radiation-induced
AML and MDS.

We have identified Samd9 and Samd9L (Samd9/L) in this region (Fig. 1), as candidate genes responsible for the suppression of
myeloid leukemia. Indeed, this is a long-sought answer. Samd9/L, early endosome proteins, are involved in the metabolism of
ligand-bound cytokine receptors. More recently, many gain-of-function mutations of Samd9/L genes were identified in hematological
diseases of unknown cause (Fig. 2). We have established mouse models harboring such Samd9/L mutations and are currently
concentrating on their analysis.

Another objective of our laboratory is so-called big data analysis using a next-generation sequencing combined with technologies
for single-cell analysis. We are elucidating mechanisms through which hypomethylating agents such as azacitidine induce the
terminal differentiation of erythroblasts in patients with MDS (Fig. 3). The single-cell analysis of fertilized eggs is also underway to
elucidate the effects of radiation on preimplantation embryos (Fig. 4).
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[EETTEE Erythroid terminal differentiation of CD34-positive MDS blasts by
cytokines and aza-dC (Top). Analysis of chromatin by the ATAC
method, DNA methylation and the transcriptome using
next-generation sequencing have revealed promising candidate
genes that respond to hypomethylating drugs.

MDA EDRICE)EDH TS,

[EETTEY High- and low- dose radiation seems to inhibit the growth of fertilized
eggs in different ways. We employed a joint strategy of single-cell
biology and transcriptome analysis to elucidate the effects of
radiation on preimplantation embryos.
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Recent studies have revealed that genetic background and genetic instability play important roles in the development of cancer.
We have focused our research on analysis of the molecular mechanisms of radiation carcinogenesis from the viewpoint of these
influences.

Our current research projects can be summarized as follows:

1. To elucidate radiation-induced cancer risk at low doses/ low dose rates

2. To reveal the role of stem cells and microenvironment in radiation carcinogenesis

3. To develop an animal model susceptible to radiation-induced diseases

4. To analyze cellular response to radiation induced damage following low dose rate radiation exposure

5. To conduct research in the field of radiation disaster medicine
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[EETTEE] A model for the hematopoietic system

Hematopoietic stem cells have properties of both self-renew or producing
more than 10 kinds of mature blood cells through the generation of
progenitor cells (CMPs, common myeloid progenitors; CLPs, common
lymphoid progenitors; CFU, colony forming units; BFU, burst forming
units) . Hematopoietic stem cell transplantation therapy is one of the most
prevalent technologies in regenerative medicine for reconstituting the
marrow by transplanting hematopoietic stem cells, which is so called a
seed for hematopoiesis.
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[FETTEF] Regulation of Geminin by the ubiquitin-proteasome system

Either of Polycomb complex 1 or Hoxb4, which is known to be a major cell
intrinsic factor supporting HSCs, acts as an E3 ubiquitin ligase for
Geminin. These factors support the HSC activity through the direct
regulation of Geminin, indicating that Geminin is a central regulator
supporting HSCs. The similar molecular activity was demonstrated in
Hoxa9, which is involved in leukemogenesis.
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Hematopoietic stem cells have properties of both self-renewal and multipotency (Fig. 1). HSC transplantation therapy is now
feasible for treatment of patients with hematopoietic insufficiency or malignancies caused by radiation injury. It is important to
develop a cell bank system, which can supply enough number of HSCs with higher quality. Although bone marrow and peripheral
blood stem cells have been applied for HSC transplantation, umbilical cord blood currently provides one of the most important cellular
sources for the transplantation. It is, however, one of the biggest problems that number of HSCs prepared from a single donor is
frequently insufficient for the transplantation. Thus a new technology for amplifying HSCs ex vivo could help develop a more efficient
bank system. Currently the molecular mechanism sustaining HSCs has not been sufficiently understood, that has hampered
developing the new technology. We have then analyzed the molecular mechanism supporting the HSC activity. And we succeeded
in demonstrating that either Polycomb-group complex 1 or Hoxb4, a major cell-intrinsic factor supporting HSCs, directly regulates
Geminin through the ubiquitin-proteasome system (Fig. 2), indicating that Geminin acts as a central regulator supporting the HSC
activity. Geminin acts as an inhibitor of DNA replication licensing factor, Cdt1, to secure one round of DNA replication in a single cell
cycle and is also involved in Go-to-G4 phase transition in the cell cycle. Geminin further negatively regulates chromatin remodeling
to maintain undifferentiated states through the direct interaction with Brahma/Brg1, a catalytic subunit of SWI/SNF chromatin
remodeling complex (Fig. 3). We have recently generated Geminin-EYFP knock-in mice to visualize Geminin in vivo, and are also
developing a new method for directly transducing recombinant cell-penetrating Geminin protein into cells. Our study may facilitate
understanding the cell intrinsic molecular basis underlying HSC regulation, and may further help develop a new technology for
amplifying HSCs ex vivo.

On the other hand, leukemic stem cells are proposed to be responsible for leukemic cell production and further for the recurrence
after chemotherapy (Fig. 4). Then, focusing not only on Geminin but also on TGF-B-FOXO and nutrient signaling pathways, we also
have aimed at developing a new technology for eradicating leukemic stem cells.
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to generate a new strategy for eradicating leukemic stem cells.
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lonizing radiation is widely used in the medical fields for diagnostic and therapeutic purposes, and strictly regulated for the purpose
of preventing from radiation hazards in industries such as nuclear power plants. Our efforts to understand and control biological
radiation response have been directed toward improving radiation therapy and providing important insight into radiation protection
and casualty medicine. In order to achieve this goal, research projects being performed on various topics include:

The Fukushima Daiichi nuclear power plant accident with the Great East Japan Earthquake of 2011 was a complex disaster called the
nuclear plant accident following the earthquake and tsunami. It was difficult to cope by the previous radiation emergency medical system.
Based on the lessons obtained from the victims by the evacuation of patients without the detailed plan and the lack of of the radiation
emergency medical teams and so on, the Nuclear Regulatory Agency built the new radiation disaster medical system in 2015.

Hiroshima University was designated as both the advanced radiation emergency support center and the nuclear emergency
medical support center. And we are supporting radiation emergency medical care core personnel training courses and nuclear
emergency medical assistance team training courses in cooperation with Hiroshima University emergency radiation medical
promotion center.

In our research sections, we push forward studies of tool development for the establishment of radiation emergency medical system,
particularly effective radiation emergency medical care education and the business continuity plan maintenance of the nuclear
emergency core hospital. On the other hand, Hiroshima University is known as “a university existing in Atomic bomb casualty city
Hiroshima” globally, and it cooperates strongly with domestic and foreign relations. We are in charge of lectures, training to university
students, staffs or the trainees from the foreign countries in the person of HICARE ( Hiroshima International Council for Health Care of
the Radiation-exposed ). We will act to push forward the preparation to coming nuclear/radiation disaster in the whole country.

Molecular mechanisms of hypoxic response relating to disease

We have demonstrated that the downstream pathway of hypoxia-inducible factor (HIF), a key transcription factor in hypoxic
response, is important in the repression of DNA damage recognition and repair (DRR) gene expressions, which may contribute to the
resistance to anticancer therapies (Figure 1-2).
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] T [EEMER Hypoxic inhibitions of DNA damage responses in cancer cells.
% E. ) Fa it A Hypoxia activates hypoxia-inducible factor (HIF), DEC1, and DEC2, playing very important roles in the
| - | Pecagnie | < o transcriptional down-regulation of genes under hypoxia. The HIF-DEC pathway may impair DNA damage
| m ] responses through the repression of DNA damage recognition and repair gene expressions in hypoxic cancer

cells, subsequently causing attenuations of DNA repair and apoptosis in hypoxic cancer cells.
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