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In FY 2019 our investigations included:

[Thyroid cancer research] 1) We are continuing the molecular epidemiology study of the association of genetic
polymorphisms with risk for papillary thyroid cancer (PTC) in the groups of patients and control individuals from the Chernobyl
areas; 2) a pathology study of PTC in Fukushima demonstrated the absence of temporal changes in tumor morphological
characteristics and invasiveness in cancers diagnosed during ultrasound screenings

[International collaborative studies in thyroid cancer and leukemia] In cooperation with Ukrainian colleagues, we
reported that 3) “radiogenic” PTC is less likely to demonstrate a dominant papillary growth pattern and more likely to display
more aggressive tumor behavior than sporadic PTC; 4) the genomic analysis of chronic lymphocytic leukemia (CLL) patients
indicates that TP53 variants may be associated with inherited radiation sensitivity and risk for CLL. 5) An epidemiological study
of childhood post-Chernobyl leukemia in Ukraine showed that the frequency of childhood leukemia increased in contaminated
areas during the post-Chernobyl period.

[International collaborative research supported by the Research Center for Radiation Disaster Medicine Science] 6)
A study of the relevance of a potentially etiology-specific SNP at chromosome 235 to sporadic thyroid cancer was continued
(Dr. T. Leonava, Minsk, Belarus, currently in progress); 7) PTC with mutant BRAF was shown to recur more likely than that
with wild-type BRAF in patients from Russia (Dr. P. Rumyantsev, Moscow, Russia); 8) a comparative study of histopathological
and molecular features of radiation-related and sporadic PTC in patients from Ukraine was continued to include the BRAF

mutational status and Ki-67 labeling index (Professor T. Bogdanova, Kiev, Ukraine, currently in progress).
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1. Suzuki S, Bogdanova TI, Saenko VA, Hashimoto Y, Ito M, Iwadate M, Rogounovitch T, Tronko MD, Yamashita S:
Histopathological analysis of papillary thyroid carcinoma detected during ultrasound screening examinations in
Fukushima. Cancer Sci 110(2): 817-827, 2019. (IF: 4.966) =

2. Shiraiwa K, Matsuse M, Nakazawa Y, Ogi T, Suzuki K, Saenko V, Xu S, Umezawa K, Yamashita S, Tsukamoto K, Mitsutake
N: The JAK/STAT3 and NF-«B signaling pathways regulate cancer stem-cell properties in anaplastic thyroid cancer cells.
Thyroid 29(5): 674-682, 2019 (IF: 5.227) * O%

3. Meng Z, Matsuse M, Saenko V, Yamashita S, Ren P, Zheng X, Jia Q, Tan J, Li N, Zheng W, Zhao L, Mitsutake N: TERT
promoter mutation in primary papillary thyroid carcinoma lesions predicts absent or lower 1311 uptake in metastases.
IUBMB Life 71(7): 1030-1040, 2019 (IF: 3.244) % <>

4. Tanaka A, Matsuse M, Saenko V, Nakao T, Yamanouchi K, Sakimura C, Yano H, Nishihara E, Hirokawa M, Suzuki K,
Miyauchi A, Eguchi S, Yoshiura KI, Yamashita S, Nagayasu T, Mitsutake N: TERT mRNA expression as a novel prognostic
marker in papillary thyroid carcinomas. Thyroid 29(8): 1105-1114, 2019 (IF: 5.227) * O

5. Liubarets TF, Shibata Y, Saenko VA, Bebeshko VG, Prysyazhnyuk AE, Bruslova KM, Fuzik MM, Yamashita S, Bazyka DA:
Childhood leukemia in Ukraine after the Chernobyl accident. Radiat Environ Biophys 58(4): 553-562, 2019. (IF: 1.267)

1. Suzuki K, Saenko V, Yamashita S, Mitsutake N: Radiation-Induced Thyroid Cancers: Overview of Molecular Signatures.
Cancers (Basel) 11(9): E1290, 2019 Sep 2 (IF: 6.126) *

1. Bogdanova TI, Saenko VA, Zurnadzhy LYu, Rogounovitch TI, Ito M, Chernyshov SV, Thomas GA, Tronko MD, Yamashita
S. Pathology of Radiation-Induced Thyroid Cancer: Lessons from Chernobyl Thyroid Cancer Study (Chapter 70). In
Thyroid FNA Cytology. Differential Diagnosis and Pitfalls 2nd Ed. K Kakudo, Ed. Singapore, Springer Nature Singapore
Pte Ltd. pp. 549-563, 2019.
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1. SAENKO Vladimir:2nd Joint Workshop of Fukushima Medical University and International Agency for Research on Cancer,
Section of Environment and Radiation. [ Comparative studies of thyroid cancer between Chernobyl and Fukushima | 2019

FE3HA8H, faES, HA.

B ENNESR - %

A-b

1. SAENKO Vladimir : #5430 H A ZUR AR B R 2t o (IS S R O A 1 P S EAT St o /NEFIR
BRdE-F v 2 74 1) Lf8K-) . [Childhood thyroid cancer in Chernobyl: implications for Fukushima] 20194£10H6H , #&
5T, fR .

Aa | Ab | Ac | Ad | Ae | 48| SCI | Ba | Bb | Bc | B-d | Be | &8 | #5t

FERRH—EB
Ab Bb
A &3t | B st | #E
2 oo wvon | wa | oo 2 oo guma | ma | O at
2019 0 0 1 1 0 1 1 2 3




5. HZEZENHIE — 5148 Y X 7 HIiHEBFT

R ISR AP BEERY—E

RS i SCAS 2K BB AR SCIH& ki 34X HEAFERE
A AR AL (RS 30) RS i SCAB A (SCH&EH 0
2019 1.000 7.000 0.857 6.000

Impact factor flE—&

Impact factor #8472 V) Impact factor S 2472 V) Impact factor
2019 26.057 26.057 4.343
B IGH) CemERiRIcTBiR.)
K4 - Bk B (FH4FLH) B R % B &
a9 o5Y BT NI
S e Global Module Rl R
Yrrra oY et , N - e
TSI T T S (O B B BB A
IV HERIR
231G H)
K4 - B Z B &5 % % MR % B &
rra vIY .
S RS Chernobyl Tissue Bank EC, NCL, WHO, SHMF
Vrrrawvs Y
DI T T Rl - ey v ERER A SR, FR
3= - HEEdR
a7y | EEHEEZS [RADIATION BIOLOGY Journal founded by the Academy of Sciences of
IV - HEEIR RADIOECOLOGY | Russia
Trra 5T | EEHEEZRE [ MEDICAL RADIOLOGY AND Journal of the Federal Medical Biological
I MR RADIATION SAFETY ] Agency of Russia
OHZEIZH T BHEEF/EICOWT

EIPS AT 2 OHEAE & [IRFIZ, [HY# A2 di s Lofli4 OFBIRESFFEOBOFERLIMEE, WIEBOZ I ANIEELY
ﬁofwé F ) TA)ERTEER, S5120Y7 - 9254 FIZBFLF oIV TA) FIRIEDS AR NV 712
WL TWw5, WBEBFEEFICHIT 2 HIRIEANDHEIZ OV TENIO RFECH 728 & oL FEf7E 2 L Tw b,

L IIF T B AR
K4 - W & & #f #

! fif %8 & H
EIRS L FE R T e (BB SE R ZE5R{LB)

Genome-wide gene-environmental interaction

F

Yrra sy

S e H AR Al R B 2% Rz analysis of exposures to radiation and nitrates as
s * modifiers of the risk for thyroid cancer in the
Chernobyl region
Vrrawvsy AR C
AR i % ©

TEHHRRR JE A 48 RIS A O P22 W72

I — ) - Al

10




5. M EENBIE — 15142 U X 7 #I1HEBPT

gtk ) X 7wl ER P

ERREEREAFMATET (RAEE)

AT T

BiI%  wA A

B ITHER T, TFECE, g H, O ILHEEET

KA HIFEET, WIET, BRREE, WHT,
MOKICH S, Limeng Cui, IWH#3ET, LIRS

% B % A=, Rethy Kieth Chhem, & %3

HEWIEE @ BIFEZ

WD B - ZWES, KERE, NEE, ELET

BB  SRENY, £ HET

20194F BERF FETH B 5 HH

R RANNNAS - & RIS EHEE LT 2 e & L 7omfse 2 Mkt L, W RIITIC 350 2 BRI ReRT Al 20 & R O SHER X
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Research activities in the FY 2019

We continued the epidemiological studies based on Nagasaki University — Kawauchi Village and Tomioka Town
Reconstruction Promotion Base. We monitored the environmental concentration of radiocesium in Tomioka, and clarified the
intention to return (ITR) to the town in residents, and the relation ship between ITR and mental health. Also, to predict te future
Fukushima, we continued the epidemiological studies around Chernobyl. We evaluated the risk perception about radiation in

the young adults at Gomel Region, the Republic of Belarus.
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1. Matsunaga H, Orita M, Iyama K, Sato N, Aso S, Tateishi F, Taira Y, Kudo T, Yamashita S, Takamura N. Intention to return
to the town of Tomioka in residents, seven years after the accident at Fukushima Daiichi Nuclear Power Station: A cross-
sectional study. J Rad Res 60(1): 51-58, 2019. (IF:2.014) * O

2. Tsukasaki A, Taira Y, Orita M, Takamura N. Seven years post-Fukushima: Long term measurement of exposure doses in
Tomioka Town. ] Rad Res 60(1): 159-160, 2019. (IF:2.014)

3. Hori H, Orita M, Taira Y, Kudo T, Takamura N. Risk perceptions regarding radiation exposure among Japanese
schoolteachers living around the Sendai Nuclear Power Plant after the Fukushima accident. PLoS One i€0212917, 2019.
(IF:2.776) *O

4. Matsuo M, Taira Y, Orita M, Yamada Y, Ide J, Yamashita S, Takamura N. Evaluation of environmental contamination and
estimated radiation exposure dose rates among residents immediately after returning home to Tomioka Town, Fukushima
Prefecture. Int ] Environ Res Public Health 16(9): E148, 2019. (IF:2.468) * O
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5. Yamada Y, Orita M, Shinkawa T, Urata H, Kondo H, Takamura N. Nurses' interest in nuclear disaster medicine: future
capacity building. ] Rad Res 333-334 60(3), 2019. (IF:2.014) *

6. Taira Y, Inadomi Y, Hirajou S, Fukumoto Y, Orita M, Yamada Y, Takamura N. Eight years post-Fukushima: Is forest
decontamination still necessary? J Rad Res 60(5):705-707, 2019 (IF:2.014) =

7. Nagatomi M, Yamaguchi T, Shinkawa T, Taira Y, Urata H, Orita M, Takamura N. Radiation education for nurses working
at middle-scale hospitals in Japan. ] Rad Res 60(5):708-709, 2019. (IF:2.014) *
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1. &#FF & : Global Platform for Disaster Risk Reduction. [Recovery efforts from the nuclear disaster:
Models in Kawauchi village and Tomioka town ] 201945H 11H-15H, A 1 A.

2. @ A H
nuclear disaster] 20194E6H 22H, &t

3. B# 5 : International Conference on Global Risk, Security and Ethnicity RC44 2019. [Recovery efforts from the nuclear
disaster: Models in Kawauchi village and Tomioka town] 20198 H 10H-11H, EIFE RI% .

4. Wt H . European Association of Nuclear Medicine 2019. [Doses and Likely Health Effects in Fukushima ] 20194£10H
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1. #THEAF : The 4th International Symposium of the Network-type Joint Usage/Research Center for Radiation Disaster
Medical Science. [Psychological health status among former residents of Tomioka, Fukushima Prefecture and their
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Research activities in the FY 2019

[Thyroid cancer research] The collaboration with Fukushima Medical University to analyze the genetic status of the
pediatric and adolescent thyroid cancer cases continues. Up to 135 cases, the genetic pattern was almost unchanged from the
first report, and this result was presented at several scientific meetings. We used a siRNA library for genes coding protein
kinases and discovered that JAK-STAT3/NF-kappaB signaling pathways play important roles in stem-like properties in cancer
stem-like cells of anaplastic thyroid carcinoma, which was published in Thyroid. We are continuing the research about molecular
markers that are related to aggressiveness and prognosis of papillary thyroid carcinoma. The molecular epidemiological study
to analyze sporadic pediatric and adolescent thyroid cancer cases in Belarus is also on-going. We developed the new probe set

that enables us to detect hot spots of TERT promoter mutations with high sensitivity and applied for a patent.
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[Radiation biology research] Towards the comprehensive understandings of the late health effects after radiation
exposure, we have continued the studies on mouse tissues/organs laying the special emphasis on tissue reaction. In particular,
the effects of minor and temporal obesity in children, which was observed after the Tepco Fukushima Daiichi nuclear power
plant accident, should be paid more attention in relation to the cause of cancer development. Therefore, our current research is
aiming at defining the risk in mice exposed at very young age and exposed with temporal high-fat diet during childhood or
adulthood. Our findings have revealed that cancer incidence in exposed mice with temporal childhood obesity did not differ
from those observed in exposed mice without high-fat diet, demonstrating that a temporal and mild childhood obesity might not
affect cancer risk from radiation exposure. These observations could be a clue to understand the situations that might happen
in the children living in the Fukushima prefecture. In addition, we continue the cooperative research projects in collaboration
with almost all radiation research facilities in Japan. Some results have already been published in the scientific journals and

discussed in the domestic and the international scientific meetings.
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Research activities in the FY 2019

Faculty members of this department also belong to the Radioisotope Research Center and pursue the wide range of
research from basic radiation biology to regulatory sciences in radiological protection. We will further expand these research
projects and serve the global and local research community as well as the radiation emergency preparedness by making the
best use of Radioisotope Research Center. In addition, faculty members with technical skills and experiences on radiation safety

management are taking an important part in a dose-evaluation unit of the radiation disaster preparedness HQ of Nagasaki
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University.

[Radiation Biology]

In the FY2019, we published an original article regarding structural changes of nucleoli by ionizing radiation (Kakoti S et
al. Oncology Reports 2019). This is a collaborative research supported by the Research Base for Radiation Accidents and
Medical Science. In this fiscal year, we worked on the following three research projects with three foreign students in the Joint
Graduate School of Nagasaki University and Fukushima Medical University: (1) Mechanisms of generation and repair of
estrogen-induced DNA double-strand breaks, (2) Establishment of a novel biodosimetry method for local radiation exposure
using phospho-H2AX foci in skin cells, (3) Repair mechanism of DNA double-strand breaks derived from single-strand lesions
in S phase. We submitted the paper about the roles of splicing factors in the repair of radiation-induced DNA double-strand

breaks to Nucleic Acids Research. This study was also reported in three domestic conferences.

[Radiological Protection]

Two nation-wide two projects have been continued in 2019. First, “Research and education program for organized
emergency monitoring platform by radiation facilities” is a joint effort by 10 national universities, supported by the human
resource development project for nuclear regulation by the NRA Japan. In addition to in-school education for undergraduate
and graduate students, free-for-all type off-campus seminars were held 5 times in Saga-Genkai, Fukushima NPP and
surrounding area, Rokkasho-Aomori, Okayama/Shimane and Nagasaki. The total number of parcitipants of these seminars was
111. Through these activities, it appears that the importance of emergency monitoring is highly precepted and the basic skills
of radiation monirtoring by students are improved. Second, collaborative program by medical schools in Nagaski, Hiroshima
and Fukushima on “Development of professionals on radiation health risk science has been conducted as the Problem-solving
development program for high-level medical professionals supported by the MEXT, Japan. This project produced 8 video
learning contents for radiation risk communications, radiation emergency medicine, and radiation biology to support radiation

education in other medical schools.
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Research activities in the FY 2019.

During the year 2019 the main focus of research activity of our department was on risk communication in nuclear post-

accident situations. In this context we have investigated how the ‘Trust, Confidence and Cooperation model developed by Earle

and Gutscher (https://understandingsocialtrust.wordpress.com) helps explain the fact that the standard model of risk

communication proved to be ineffective in Fukushima as it was in Chernobyl. In addition, we continued to explore the co-

expertise processes that emerged in the context of Chernobyl and Fukushima in the light of recent developments on social

innovation i.e. new ideas that meet social needs, create social relationships and new collaborations.

(http://ec.europa.eu/growth/industry/innovation/policy/social_en)
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During the year 2019 I continued to focus my research activity on risk communication in relation with nuclear accidents
and to explore the co-expertise processes that emerged in the post-accident Chernobyl context and which was deepened by the

experience of several communities in Fukushima. In addition I developed a research on the ethics of radiological protection in

the context of nuclear accidents.
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Research activities in the FY 2019

1. Studies about radiation

Nicaraven, a potential drug that both reduces side effects of cancer radiotherapy and suppresses cancer metastasis (patent
certificated), has been scheduled to conduct a clinical trial for patients of esophageal cancer at Tohoku University with the
financial support from AMED. To further expaned the potential applications of Nicaraven, we initiated several new research

projects, such as nicaraven for attenuating radiation-induced lung fibrosis and radiotherapy-induced cancer resistance.

2. Studies about tissue-specific stem cells and regenerative medicine

We investigated the probable role of resident mesenchymal stem cells in initiating renal fibrosis after urinary occlusion. By
ligating the urinary duct in healthy adult mice, we found that urinary occlusion changed the resident mesenchymal stem cells
into profibrotic phenotype (Stem Cells Int. 2019). By in vitro assesments, we also demonstrated that the immunoregulatory
properties of mesenchymal stem cells was largely varied depending on the origin and quality of cells (Mol Biol Rep. 2019).
Furthermore, by culturing newt tissue as “explants” under different conditions, we tried to understand the role and mechanism
of environmental factors in regulating the tissue regeneration of newts, especially from the viewpoint of epigenetic

modifications.

3. Studies about cancer stem cells

We investigated the mechanism of drug resistance of cancer stem cells (CD133+/CD44+), and found that CD133, rather
than CD44, was closely related to the enhanced expression of ABCB1 and Nrf2, which likely contributed to drug resistance
through a complex mechanisms, including the drug efflux and redox regulation (Stem Cells Int. in press). We also continuously
investigated the metabolic properties of cancer stem cells, especially the molecular mechanism involved in the survival of

cancer stem cells under low glucose condition.

4. Studies about autophagy
We investigate the molecular mechanism how autophagy deficiency causes genomic alterations and cancer. We found that

autophagy maintains the proteins required for protection of stalled replication forks to suppress chromosomal instability.
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1. Peng YH, Xiao J, Yan C, Luo L, Li TS. Potential role of the resident mesenchymal stem-like cells in renal fibrogenesis after
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Kitajima TS, Okada Y, Mochizuki H, Isaka Y, Antebi A, Yoshimori T. Suppression of autophagic activity by Rubicon is a

signature of aging. Nat Commun. 2019;10(1):847. doi: 10.1038/s41467-019-08729-6. (IF:12.121) *
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Research activities in the FY 2019.

1. Thyroid follicular epithelial cell death in thyroid-specifc autophagy knockout mice

Autophagy is a catabolic process that involves the degradation of cellular components through the lysosomal machinery,
re-locating nutrients from unnecessary processes to more pivotal processes required for survival. It has been reported that
systemic disruption of Aig5 or 7 gene, a component of autophagy, is lethal, and that its tissue-specific disruption causes
tissue degeneration in several organs. However, the functional significance of autophagy in the thyroid glands remained
unknown. Our preliminary data imply the possible involvement of dysfunctional autophagy in radiation-induced thyroid

carcinogenesis. Therefore, we evaluated the effect of Afg5 gene knockout on the thyroid morphology and function. To this
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end, Atg5""* mice were crossed with TPO-Cre mice, yielding the thyroid follicular epithelial cell (thyrocyte)-specific ATG5

deficient mic (Atg5™ ¥ %), Atg5 gene knockout was confirmed by a lack of ATG5 expression, and disruption of autophagy

t g 5thy'r—K0/K0

was demonstrated by a decrease in LC3-II puncta and an increase in p62. A mice were born normally, and thyroid

morphology, thyroid weights, and serum T, and TSH levels were almost normal at 4 months. However, at 8 and 12 months,

although thyroid function was still normal, a decrease in the number of thyrocytes, and an increase in TUNEL'-thyrocytes

o EO/KO mice. Number of irregularly shaped follicles (gourd-shaped) was also

thyr-KO/KO

(i.e., apoptotic cells) were observed in Aigb
increased. Excess oxidative stress was indicated by increased 8-OHdG and 53BP1 foci in Atgs mice. These data
demonstrate that thyrocytes gradually undergo degradation/cell death in the absence of basal levels of autophagy, indicating

that autophagy is critical for the quality control of thyrocytes.

2. Heterogenous nature of gene expression patterns in BRAF-like papillary thyroid carcinomas with BRAF%F

Papillary thyroid cancers (PTCs) are the most common type of thyroid cancers, in which BRAF'® is the most prevalent
driver mutation. It is known that BRAF " positive PTCs are clinically and molecularly heterogenous in terms of
aggressiveness and prognosis. The molecular mechanisms of this heterogeneity were evaluated. The publicly available RNA-
seq data for 15 classical (c) and 5 follicular variant (fv) PTCs with BRAF"™* mutation and the BRAF-like expression signature
in the BRAF"*-RAS score, and their respective normal adjacent tissues were downloaded, analyzed for differentially expressed
genes (DEGs). The DEGs were then analyzed with the Gene Ontology annotation and the KEGG pathway dataset. We here
found 3 lines of evidence for heterogeneity of this homogenous group of cPTCs. First, the DEGs identified in each sample were
highly diverse with each other. Second, although the DEGs were enriched in many terms containing the word "extracellular"
("extracellular region", "extracellular space", and so on) when analyzes as groups, the degree of this enrichment was variable
when analyzed individually. Third, there are only a little intersections in the genes annotated with the terms containing the
word "extracellular" among the samples examined. The essentially same results were obtained with BRAF-like, fvPTCs with
BRAF"™ . Nevertheless, some commonly overexpressed genes were detected in all of cPTCs and fvPTCs, of which LIPH
(lipase H) expression was found to be prognostic and its high expression was favorable for PTCs. In conclusion: Homogenous
groups of BRAF-like, BRAF " *-positive cPTCs and fvPTCs are found to be highly heterogenous in terms of gene expression

patterns. Yet, there are some common DEGs among them, of which LIPH is a favorable prognostic marker for PTCs.
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Research activities in the FY 2019

Epidemiological Study for hematological neoplasms among A-bomb survivors

The risk of myelodysplastic syndromes (MDS) is increased among A-bomb survivors. We collected MDS cases in
Nagasaki, and analyzed their genetic abnormalities. We found that the profile of genetic abnormalities in proximally
exposed among A-bomb survivors with MDS were different from that of treatment-related MDS and de novo MDS.
Clinical studies for leukemia

We analyzed the results of chemotherapy and allogeneic hematopoietic cell transplantation for leukemias, MDS and
adult T-cell leukemia-lymphoma under colaboration with Japanese Society of Hematopoietic Cell Transoplantation and
Japan Adult Leukemia Study Group.
Clinical studies for lymphoid malignancies

As a member of Japan Clinical Oncology Group, we joined clinical trials for malignant lymphoma, ATL, and multiple
myeloma. We joined pathophysiological studies and also epidemiological studies for ATL.
Molecular genetics of ATL

We reported the results of the co-operating study analyzing the relationship between genome alterations and
treatment results of ATL with Kyoto University, Kurume University, and University of Tokyo, and National Cancer Center.
Studies for myeloid malignancies

We jointly studied the epidemiology of hypoplastic MDS, genome alteration of chronic myeloid leukemia, and the

impact of genome aberrationin on the outcome of allogeneic stem cell transplantation for MDS.
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720 MHEILB X OER O WAERIIZ53BPL large focusT L N LK EH L & D, 2o ORERICTIIDNABBIL G ER S
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Research activities in the FY 2019

Our research projects include "Diagnostic and molecular pathology for cancers" as well as "Molecular pathologic study of
cancers from A-bomb survivors" and "Analyses of molecular pathogenesis for radiation-induced tumor". In FY 2017, we have
accomplished three results as following.

1) Detection of molecular markers for cancer risks during radiation-induced thyroid carcinogenesis in rat.

The 2011 Fukushima nuclear disaster raised concerns regarding radiation-related adverse effects. Long-term effects after
exposure to radiation might lead to thyroid cancer, as studied in survivors of the A-bomb and Chernobyl disaster. However, the
underlying molecular mechanism remains unclear. This study aimed to investigate the biomarker which is associated with risk
enhancement of carcinogenesis after radiation exposure, by comprehensively analysis for gene expression profiles in a
radiation-induced rat thyroid carcinoma model. Our recent study has already identified some candidate molecules in the non-
tumorous thyroids at peri-cancerous stage after radiation, including DNA damage response/repair molecules, cell cycle
regulators, and cell adhesion molecules. This is a prospective study to clarify the impact of these molecules as a biomarker to
differentiate irradiated thyroid gland at peri-cancerous stage with rat model. A total of 20 seven-week-old rats were available in
this study. Ten of them were irradiated with 4Gy X-rays, and others were used as non-radiation control. Thyroid glands were
obtained at 16 months after radiation, and subjected to droplet digital PCR analysis with randomized RNA samples. If we adopt
cdknla/actin mRNA ratio>11.694% as a cut-off value to irradiated thyroid from non-irradiated, the sensitivity, specificity,
positive predict value, and negative predictive value were 60%, 100%, 100%, and 69%, respectively. This study suggests that
quantitative analysis of cdknla mRNA expression can provide a biological evidence to differentiate the irradiated thyroid from

non-irradiated thyroid at peri-cancerous stage.

2) Arole of 53BP1 in Non-alcoholic fatty liver disease (NAFLD)

NAFLD is one of the most common liver diseases worldwide. However, the pathogenesis of hepatocellular carcinoma in

NAFLD is largely unexplored. DNA damage responses induce genomic instability and lead to carcinogenesis, but little is
known about these responses in NAFLD. p53-binding protein 1 (53BP1), a DNA damage response molecule, accumulates at
DNA double-strand break regions, forms a nuclear focus, and serves as a molecular marker of genomic instability during
carcinogenesis in various malignancies. Therefore, the aim of this study was to evaluate the significance of 53BP1 expression in
hepatocytes of human nonalcoholic steatohepatitis (NASH) liver. Fifty-two patients were included in the study. Double-labeled
fluorescence immunohistochemistry of 53BP1 and a hepatocyte marker was performed. We classified 53BP1 nuclear focus
expression patterns as stable (none or up to two nuclear foci) or abnormal (three or more nuclear foci, and/or foci larger than 1
1 m) based on a previous report (Matsuda K et al, 2011, Histopathology). Images were then compared with the clinico-
pathological features of the patients. As a result, In the human liver biopsy tissues, abnormal 53-BP1 nuclear foci in hepatocytes
were significantly elevated in NASH and NAFLD livers, compared to normal control. Comparison of abnormal 53BP1
expression showed that the number of hepatocytes with large nuclear foci was significantly increased in NASH compared to
NAFLD and normal controls livers. 53BP1 partially co-localized with gamma-H2AX, confirming the presence of DNA damage in
NAFLD patients. Overall, abnormal 53BP1 foci were positively correlated with lobular inflammation, NAFLD Activity Score, and
alanine transaminase levels in the serum. Large 53BP1 foci were positively associated with pathological fibrotic score and age
of patients, and negatively associated with platelet counts. Finally, treatment of rat primary hepatocytes with palmitate induced
the appearance of 53BP1 foci in a caspase dependent manner, indicating that excess free fatty acids in the hepatocyte may
induce DNA damage under sublethal concentration. These results suggest that free fatty acids may induce DNA damage in

hepatocytes and form large 53BP1 foci in patients with NASH, potentially contributing to carcinogenesis.
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Research activities in the FY 2019.

Our department conducts preclinical and clinical studies about diagnostic and therapeutic nuclear medicine, risk studies of

medical exposure, and in vivo radioactivity measurements using whole-body counters and other equipments.

1) Clinical nuclear medicine:

We are continuing to study the usefulness of FDG PET in malignant tumors. In addition to pancreatic cancer, we have also
studied FDG accumulation in hepatocellular carcinoma (HCC). HCC is well known to show only modest FDG accumulation.
We found a correlation between levels of blood alpha-fetoprotein, PIVKA-II and FDG accumulation in HCC. Considering the
fact that those tumor markers are associated with prognostic value in the disease, suggesting that FDG accumulation may also
correlate with the prognosis of hepatocellular carcinoma. We also studied the usefulness of FDG PET in non-neoplastic diseases
and found that FDG accumulation in the arterial wall is increased in IgG4-related diseases. The study of the factors determining
the clearancene-131 from the body of thyroid cancer patients, which began last year, has continued this year, and it has become
clear that only renal function and age are associated with the clearance. The use of computer-assisted diagnostic (CAD)
software based on machine learning for nuclear medicine examinations was studied, and it was found that the use of the CAD

made it possible for a novice to make a diagnosis much closer to that of an expert.

2) Pre-clinical molecular imaging:

Our department is responsible for the management and operation of the small animal PET/SPECT/CT equipment installed
in the isotope experimental facility. In addition to the maintenance of the equipment performance and improvement of the
measurement and analysis accuracy, we are conducting imaging studies in various fields including infectious disease,
cardiology and oncology. In order to maintain the instrument performance, we designed and constructed a sealed source
phantom for PET using Na-22. With this phantom, we have succeeded in measuring the spatial resolution in a shorter time than
before while maintaining the accuracy of the instrument performance, with reducing the risk of exposure and contamination. In
addition, a method for detecting high energy y-rays of iodine-131 with the existing system configuration was investigated to
improve the accuracy of the measurement, and an appropriate energy window, collection time and image reconstruction

condition were found.

3) Risk of medical radiation:

In collaboration with Hiroshima University and Fukushima Medical University, we have initiated a study to quantify DNA
damage caused by F-18 FDG PET imaging for patients with malignant tumors using abnormal chromosomes measurement. It
was found that the damage associated with CT scans performed concurrently with PET-CT imaging accounted for a larger
component of the damage than the DNA damage directly caused by FDG itself. It was also found that the measurement of
abnormal chromosomes by quantitative analysis was found to be more clinically practical than the measurement using yH2AX,
which requires an immediate response after the blood sampling. A another joint study with Hiroshima University and
Fukushima Medical University, a survey on occupational exposure to medical professionals, especially to the lens was started.
A preliminary result indicated that physicians engaged in fluoroscopy work are exposed to unexpectedly high levels of lens

exposure.

4) In vivo radioactivity measuremen:
We continue to measure and research internal exposure associated with the Chernobyl and Fukushima nuclear accidents.
In this year, we evaluated the internal exposure dose from soil radioactivity and air dose rates in lizaka-machi, Fukushima City,

which had been periodically collected since the Fukushima nuclear power plant accident, and proved that the health effects of
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radiation are extremely low. In addition, the intercomparison study of ARADOS (Asian Radiation Dosimetry Group), in which
Korea, Japan and China participate, is continuing, and the details of intake scenarios and dose assessment methods are being
studied.
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Research activities in the FY 2019

1. Genome analyses of genetic disorders

We have been analyzing human genome to identify the causative mutations or causative genes for genetic disorders. Our
research is based on the sequence analyses using next generation sequencer now. We are involved in the IRUD (initiative on
rare and undiagnosed disease) project, which aim to establish the new genetic disorder categories providing diagnostic
services, applying our genome analysis technique. We are also analyzing multi-genetic disorders in addition to single gene
disorders.

It becomes obvious that short read NGS is not enough for whole genome analyses, so we have introduced long read NGS

(IoNGS) and applied it for structural and/or methylation analyses in undiagnosed disorders.
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2. Research for pathophysiology in epigenetic disorders (Kabuki Syndrome and Sotos syndrome)

One of the disorders which cannot be identified by shNGS is epigenetic disorder. We aimed to analyze pathogenesis of
two example, Kabuki syndrome and Sotos syndrome, that are single gene disorder in which gene for histone modification
enzyme is mutated with loss of function. In these two syndromes, epigenetic modification including DNA and histone could
cause to various phenotype expression. Epigenetic disease could involve various tissues and cell types, so we have generated
conditional knockout mice of KMT2D (model for Kabuki syndrome) and Nsdl gene (for Sotos syndrome) and analyzed their

pathogenesis.

3. Development/advancement of quantitative analysis methods for methylated DNA
It is essential that quantitative analysis methods for methylation status in order to analyze model mice and epigenetic
disease diagnosis. We are developing the quantitative analysis methods and application to the diagnosis of human disease and

model mice analysis.
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Research activities in the FY 2019

Our department promote risk assessment about health effect due to radiation. We also promote research about thyroid
disease. Our research themes are;

1) Restoration support and health support in Fukushima (Fukushima Health Management Survey).

2) Evaluation of radiation exposure dose and radiation health effects around Chernobyl and Fukushima.

3) Researches on health effects due to various environmental factor.

4) Historical and cultural research on effects of radiation exposure.

In the FY 2019, we supported the Thyroid Ultrasound Examination of children at Fukushima Health Management Survey
continuously. We also continue historical and cultural research on effects of radiation exposure such as the history of Atomic
Bomb Casualty Commission (ABCC).

As for the research activities led by our laboratory, we have been participating in community health checkups in Nagasaki
Prefecture and collecting data on the frequency of thyroid diseases in the general population. We are also investigating the
relationship between thyroid gland and lifestyle-related diseases. We have published a paper on the association between thyroid
autoantibodies and thyroid cysts as a result of this cohort study.

In addition, in collaboration with foreign collaborators, we are conducting research on the assessment of health effects due
to low-dose exposure to cesium-137 in the area around Chernobyl. In the FY 2019, we assessed the internal exposure of
residents to cesium-137 in the same area.

Furthermore, we accepted 4 joint research projects from overseas related organizations as the network-type Joint Usage/
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Research Center for Radiation Disaster Medical Science composed of the Research Institute for Radiation Biology and Medicine
at Hiroshima University, the Atomic Bomb Disease Institute at Nagasaki University, and the Fukushima Global Medical
Science Center at Fukushima Medical University and we conducted one research project as a Triangul Project between the

three centers.
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Research activities in the FY 2019

The clinicopathological data and tissue samples of atomic bomb survivors are absolutely imperative to understand the late
health effect of radiation at molecular pathologic level. Biomaterials of survivors are usually preserved as several formalin-
embedded paraffin-embedded tissue blocks, but, there is a limit to the comprehensive analysis since nucleic acid fragmentation.
As one of A-bomb disease medicine project of Nagasaki University Global COE program “Global Strategic Center for Radiation
Health Risk Control”, we have established the tissue bank for cancers which were freshly resected from A-bomb survivors
together with information on the A-bombing and medical data since April 2008. The population used in this bank was confined
to A-bomb survivors’ patient who undergoes a lumpectomy in the Japanese Red Cross Nagasaki A-bomb Hospital and Nagasaki
University Hospital.

810 cases (757 persons) fresh frozen tumor tissue from survivors have been collected by the end of December 2019. In this
bank, the proximal distance cases who were exposed less than 2km from the hypocenter, which appear relatively strong effects
of radiation, accounted for 97cases (12.8%). As the site of the cancer, 184cases of lung, 155cases of breast, 125cases of colon,
89cases of stomach, 82cases of liver, and 61cases of thyroid in descending order, are collected. We are also extracting DNA and
RNA from the collecting fresh frozen tissue. We introduced an automated equipment to extract nucleic acid in order to stabilize
the quantity of the samples. We also consider that labeling the quality check data on the sample tubes would avoid errors, help
maintain the condition of the samples, and help providing the data that endures different kinds of research.
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Research activities in the FY 2019.

In the Biostatistics section, the atomic bomb survivor's databases are being established for the epidemiologic researches.

We are performing epidemiologic research on health effects for atomic bomb survivors. We are also providing GENKEN IT
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services for support to education and research activity in this institute.

1) Enhancement of Atomic bomb survivor’'s Database

The follow-up area was extended to Nagasaki prefectural area in 2008. The database contains 120000 atomic bomb
survivors living in Nagasaki city and 50000 living outside Nagasaki city. In FY 2019, we updated about 4200 individual records
on moving in and out of Nagasaki. Approximately 27000 examination records have been added to the database. In addition, we
have created about 12000 image data of death certificates that deceased between FY 2014 and FY 2018, and the total number of
the image data is 58000.

2) Epidemiological researches and Joint researches of Atomic bomb survivors

In FY 2019, we performed reanalysis of acute symptoms using data taken the survey immediately after the bombing. For
example, epilation and vomiting (nausea) were closely related to radiation exposure even after adjusting for factors such as
wound and burns. Statistical evidence has been obtained that empirically and clinically well-known symptoms would be specific
to radiation exposure. We also performed analysis related the morbidity and mortality for elderly atomic bomb survivors such
as a study elucidate factors of healthy long life. In terms of completing the database, we have been developing ICD-10 coding
and identification of the underlying cause-of-death system. A subsystem of ICD-10 coding from the cause text of the death
certificate has been completed. As a joint research, a study of the relationship between prostate cancer and bladder cancer
incidence and radiation exposure was performed among the identified A-bomb survivor patients of Nagasaki Redcross Hospital.

Furthermore, we jointed taking part in analysis for other department researches.

3) Administration of Genken IT services

Genken IT services as the research and education infrastructures are providing for research staff and students. Wireless
LAN in the ABDI building and file transfer and sharing services are available both inside and outside the university, shared disk
between project members on campus, and online booking of meeting rooms are available. In FY 2019, the number of wireless
LAN devices with campus connections was 143 (+18 to last fiscal year), those with the free connection was 956 (+407), and the
number of registered users for file transfer and sharing was 97 people, including 46 students of the Disaster and Radiation
Medical Sciences course on Nagasaki University and Fukushima medical university. The Shared disk for the project members
has been using a total of 13 TB (57%).
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