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Research activities in the FY 2022

[International collaborative studies in Chornobyl thyroid cancer] We accomplished three projects on thyroid cancer in
cooperation with Prof. T. Bogdanova from the Institute of Endocrinology and Metabolism, Kyiv, Ukraine as follows. 1) We
demonstrated a high degree of similarity of histopathological and clinical characteristics between the radiation-related and
sporadic papillary thyroid microcarcinomas from patients aged up to 30 years at operation. No evidence of more aggressive
clinical and histopathological behavior of radiogenic papillary thyroid microcarcinomas as compared to sporadic tumors for
basic structural, invasive characteristics, treatment options, and postoperative follow-up results was found. The results strongly
suggest that internal irradiation does not affect tumor phenotype and imply that radiation history may be not a pivotal factor for
determining treatment strategy in young patients with papillary thyroid microcarcinoma. 2) Analyzing the papillary thyroid
microcarcinomas from exposed to radiation patients aged up to 50 years at operation, we did not observe overall worsening of

the clinicopathological features or treatment results that could be associated with the duration of latency period or the level of
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probability of tumor causation from radiation, suggesting that radiation history did not strongly affect those in the available
group of patients. However, the increase in the invasive properties with tumor size indicated the need for individual risk
stratification for each patient, regardless of radiation history, for treatment decision-making. 3) A study of the immune
checkpoint status in radioiodine-refractory recurrent papillary thyroid carcinoma from radiation-exposed and non-exposed
patients from Ukraine revealed a high concordance of those between the primary tumors, primary metastases and recurrent
metastases; the positive immune checkpoint status was observed in about a quarter of all patients, suggesting they might be
potential candidates for cancer immunotherapy.

[International collaborative research supported by the Research Center for Radiation Disaster Medicine Science]4)
A study of the etiology-specific roles of six SNPs located in four genetic loci (chr.2 (DIRC3), chr.8 (NRGI), chr.9 (FOXEI1,
PTCSC2), and chr.14 (PTCSC3)) with the risk of radiation-related and sporadic papillary thyroid cancer in patients of different
age groups in Belarus was expanded by collecting some additional samples to clarify the difference of association of the above
SNPs depending on the etiology (Dr. T. Leonova, Minsk, Belarus); 5) a study of p16INK4A protein expression as a predictor of
survival of patients with poorly differentiated thyroid carcinoma is underway (Dr. M. Fridman, Minsk, Belarus); and 6) a study
of the association of p16INK4A expression with the BRAF"*"F status, Ki-67 proliferation index, and the immune checkpoint
status in radiation-related and sporadic radioiodine-refractory recurrent papillary thyroid carcinoma from the Ukrainian patients
to evaluate the prognostic role of p16INK4 to optimize treatment and follow-up approaches is currently ongoing (Dr. L.

Zurnadzhy, Kyiv, Ukraine).
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Research activities in the FY 2022

We continued the epidemiological studies based on Nagasaki University — Kawauchi Village, Tomioka Town, Ohkuma Town
and Futaba Town Reconstruction Promotion Bases. We monitored the environmental concentration of radiocesium in Tomioka,
Ohkuma and Futaba, and clarified the intention to return (ITR) to the town in residents, and the relationship between ITR and
mental health.
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Research activities in the FY 2022

[Thyroid cancer research] We continue the collaboration with Fukushima Medical University to analyze the genetic status
of the pediatric and adolescent thyroid cancer cases found in the Fukushima prefecture. We also continue the research about
TERT promoter mutations that are strongly associated with aggressiveness and prognosis of papillary thyroid carcinoma. We
have previously shown that TERT mRNA was highly expressed in a fraction of PTCs without the TERT promoter mutations,
and these cases had a high recurrence rate but better long-term prognosis compared to mutation-positive cases. We found that
there was an association between the difference and the ratio of particular splicing variants of TERT. We have also performed
the research in terms of the relationship between the TERT promoter mutations and response to radioiodine treatment.

[Radiation biology research] Towards the comprehensive understanding of the late health effects after radiation exposure,

we are continuing the studies using mouse carcinogenesis models with putting special emphasis on tissue reaction. In
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particular, as cancer risk is affected by multiple lifestyle-related factors, we have introduced a new concept named contributing
ratio, which will be unraveled by mutation signatures. In addition, a whole genome DNA methylation pattern is studied in order
to uncover epigenetic effects of radiation exposure. We also continue the cooperative research projects in collaboration with
almost all radiation research facilities within Japan. Several results have already been published in major scientific journals and

discussed in domestic and international scientific meetings.
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Research activities in the FY 2022
We are working on the wide range of research and development of basic radiation biology, radiation protection, radiation
safety management, radiation education, and technical support of experiments using radiation and radioisotopes. In addition,

faculty members with technical skills and experiences on radiation safety management are taking an important part in both

biological and physical dose-evaluation of the radiation disaster preparedness HQ of Nagasaki University.
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[Radiation Biology]

Continued from last year, three research projects were executed, i.e, improvement of existing dose evaluation methods,
investigation of individual sensitivity to radiation, analysis of natural frequency of occurrence of chromosomal aberration. In
addition, research for the development of a -ray emitting radionuclide therapy and DNA damage response research focusing
on phase separation are ongoing in collaboration with the radiation effects research laboratories in Japan. Also, standardization
of dosimetry methods and emergency operations have been discussed, and efforts to establish a domestic dosimetry system are

being made (Dosimetry committee, Coordination council of the Advanced radiation emergency medical support center).

[Radiological Protection]

Two research projects on radiation education are underway, development of education program for supporting EBPM
(Evidence-Based Policy Making), and establishment of radiation education program for nuclear workers in Fukushima aiming
to reduce their anxiety. Both projects are heading for radiation education system in next generation. Also, in order to provide
an educational opportunity to deepen understanding of radiation, classroom practices were attempted in one elemental school
for 75 students. Analysis of radio-cesium in soil samples from regions with radioactive fallout in Hiroshima and Nagasaki, as a
part of research project on dispersion of radionuclide by the atomic bombing, was continued in collaboration with Kyoto
University, Hiroshima University, and more than 10 universities and laboratories. Four sets of educational video contents on
archiving environmental samples in Nagasaki were also produced for net-streaming as well as face-to-face lesson. The new era
of our lab is seen in physiological dose assessment of radiation, including radon detection, dust monitoring, and the measuring
characteristics of a whole body counter in Genken. In addition, we are making efforts for improvement of nuclear emergency
medical training as official members of Training working groups under the Coordination council of the Advanced radiation

emergency medical support center in Japan.
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Research Activity in FY2022

During 2022, the research activity of our department continued on risk communication in post-nuclear accident situations
as well as on the implementation of the co-expertise process to support the rehabilitation of living conditions in areas affected
by lasting radioactive contamination of the environment. In this perspective, the PhD thesis initiated in 2022 on: ‘The role of the
co-expertise process in the recovery phase after a nuclear accident’ was continued. The reflection focused how risk assessment
and management, risk perception, risk communication, and risk governance are feeding the process. Given the importance of
the dialogue and radiation measurement in the process an analysis of the desire to make measurements and to dialogue with
experts among the residents of Tomioka town was also performed. Concerning the dialogue dimension, a review of the IDPA
method to facilitating dialogue between stakeholders extensively used in the co-expertise process was also performed. More
recent work focused on a detailed review of the Futaba town experience and will be continued by a detailed review of the
Kawauchi village experience to explore the factors facilitating the implementation of the co-expertise process. General reflection
also continued on the main characteristics of post-nuclear accident situations, emphasizing the human dimensions and their

ethical issues as well as the mechanisms governing the restoration of trust in the authorities and experts.
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FEfRARIC b k6 L TELD LA THB Y, PARPRBel-2% /- L 7-J@ Ml B 5 ~ D #HI/E H (Transl Oncol. 2022;26:101548), 3B X
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nicaraven?sJ O UG FARTUIE OFERF TR 3 2 1T REME b FEERTHGEL T\ 5,

2. fAisiEMa S REEEBEICET MR

FeE i ix, RhoA/ROCK pathway DG PEALIC & ) B ATMIBL OB % &5 2 2 & 25 L 72 (Biochem Biophys Res
Commun. 2023;667:104-110)c F 72, FHAEKRIZ T L — 2 A= VEEZ KD, 1 E ) ISHRCFARE O HMAZ BFES 212
AR 2 VD IFES B O 2 7 e —F L E 2, TOHEHRL LT, MAOHEUBECTEEER T M
TR % 22 BB R 325 4 2 L A2 L 72 (Dev Growth Differ. 2023;65:255-265) o

3. £HHRICEETIHE

FeA RIRRED TSR LR AR L7208, NAT AT 4 AINVA N L AWM (8 MisoEWEEIcG 2 2588 %0
N7z WRELFEFEMBOGEHALZ /LT, HEMELOERZ MRS 2 & %in vitro X Win vivoFZ55TIEA L 72 (Am ]
Physiol Gastrointest Liver Physiol. 2022;322:G446-G456. FEBS Open Bio. 2022;12:1230-1240) . 72, AH =HJ)VA b L AT
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Research activities in the FY 2022
1. Studies about radiation
Nicaraven has been developed as an agent for reducing the side effects of cancer radiotherapy. For clinical trials, we have

tried to optimize the dosage and administration timing of nicaraven (Ther Adv Respir Dis. 2022;16:17534666221137277. Radiat

Res. 2023;in press). We have also tested the probable effect of nicaraven in cancer treatment and found that nicaraven effectively
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inhibits the proliferation of cancer cells by interfering the Bcl-2 and PARP signaling pathways (Transl Oncol. 2022;26:101548).
Nicaraven has been also demonstrated to inhibit the inflammatory response of macrophages through AMPK/Sirtl signaling
pathway (Eur J Pharmacol. 2023;946:175666). In addition, the possibility of nicaraven to acquire radiotherapy resistance of

cancer has also been verified experimentally.

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

Negative pressure loading has been found to induce the dedifferentiation of mature hepatocytes by activating the RhoA/
ROCK pathway (Biochem Biophys Res Commun. 2023;667:104-110). As tissue cells is an appropriate and efficient approach to
seeking the molecular mechanism involved in the strong regenerative ability of newts, we have successfully developed method
for stably isolating and culturing cells from newt tissues (Dev Growth Differ. 2023;65:255-265).

3. Studies about biomechanical stress

To understand the mechanisms on the development and progression of various pathologies, we have investigated the
potential roles of biomedical stresses on tissue (stem) cells. By iz vitro and in vivo experimental approaches, we have
demonstrated that the elevated hydrostatic pressure in diseased livers can promote the development of hepatic fibrosis through
the activation of hepatic stellate cells (Am J Physiol Gastrointest Liver Physiol. 2022;322:G446-G456. FEBS Open Bio.
2022;12:1230-1240). We are also investigating the effects of mechanical stress on hepatocyte lipid metabolism and the promotion

of renal fibrosis.

4. Studies about autophagy

We have investigated the molecular mechanism of how autophagy deficiency causes genomic alterations and cancer. We
have found that autophagy regulates the factors related to chromatin modifications and maintains the methylation status of
specific tumor suppressor genes. We have also investigated the role of ATR, a master regulator of DNA replication stress
response, in the induction of autophagy. Otherwise, we have investigated the role of autophagy in radiation resistance of cancer

stem cells.
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Research activities in the FY 2022
1. Tumor suppressor function of MIEAP and ATG5 in mouse model of BRAF'***_positive thyroid cancer
Mitochondria-eating protein (MIEAP) is a molecule important for non-canonical mitophagy and mitochondrial quality

control. To study the significance of MIEAP in the pathogenesis of thyroid oncocytoma and also conventional cancers, and

extend our effort toward canonical mitophagy (a selective autophagy), we here conducted mouse studies using genetically
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%t mice developed thyroid cancers one year after intrathyroidal injection of adenovirus expressing Cre,

engineered mice. Braf
while cancer development was observed at 6 months in adenovirus-Cre-injected Braf “V*;Mieap"®™ and Braf “V*";Atg ™" mice
(where autophagy-related 5 (ATGb5) is a component of autophagic machinery), although KO of either molecule alone was not
sufficient for cancer development. These data demonstrate that MIEAP or ATG5 knockout (KO) accelerated thyroid cancer

development, and clearly indicate that both MIEAP and ATGS5 are tumor suppressors in thyroid carcinogenesis.

2. Influence of mitochondrial DNA (mtDNA) on tumorigenesis in thyroid oncocytoma.

In the thyroid oncocytoma-derived cell line (XTC.UC1), abnormalities in electron transport chain complexes I/III are
observed due to abnormalities in mitochondrial DNA (mtDNA), resulting in a marked decrease in ATP production in the
mitochondria. In addition, although there have no genetic abnormalities such as BRAF and RAS that are seen in normal thyroid
cancer, there have complex genetic abnormalities in the near-haploid genome, so it is difficult to determine whether mtDNA or
nuclear DNA abnormalities are the cause of tumorigenesis. It is unknown whether Complex chromosomal aberrations and
mtDNA are difficult to examine using conventional gene transfer or knockdown methods, so we replaced mtDNA between a
thyroid oncocytoma cell line (XTC.UC1) and a normal thyroid cell line (Nthy-roi3-1). When mitochondrial function was
performed on the cell lines in which each cell line was swapped, mtDNA-dependent mitochondrial activity was obtained,
indicating that we had succeeded in creating cells with mtDNA swapped between a normal thyroid cell line and an oncocytoma

cell line.

3. Comparison of Metabolic Reprogramming Between Oncocytic and Non-Oncocytic Thyroid Cancer Cell Lines
Oncocytic thyroid cancer is characterized by aberrant accumulation of abnormal mitochondria in the cytoplasm and a
defect in oxidative phosphorylation. Metabolomics analysis was performed to compare metabolic reprogramming among
oncocytic and non-oncocytic thyroid cancer cell lines XTC.UC1 and TPC1, respectively, and a normal thyroid ell line Nthy-ori
3-1. We found that although XTC.UC1 cells exhibit higher glucose uptake than TPC1 cells, the glycolytic intermediates are not
only utilized for generation of end-products of the glycolytic pathway but also diverted to the branching pathways such as lipid
metabolism and the serine synthesis pathway. Glutamine is preferentially used to produce glutathione to reduce oxidative
stress in XTC.UC1 cells, rather than to generate  a -ketoglutarate for an anaplerotic flux into the TCA cycle. Thus, growth,
survival and redox homeostasis of XT'C.UC1 cells rely more on both glucose and glutamine than TPC1 cells. These metabolic
alterations are purposeful for oncocytic cancer cells to compensate the defective mitochondrial function and to alleviate excess

oxidative stress.

M

FR3C

A BX

A-a

1. Kazakova D, shimamura M, Kurashige T, Hamada K, Nagayama Y : Re-evaluation of the role of autophagy in thyroid
cancer treatment. Endocr J 69(7): 847-862,2022. doi: 10.1507/endocrj.EJ22-0017. (IF: 2.86) Y¢>

2. Hamada K, Kurashige T, Shimamura M, Arakawa H, Nakamura Y, Nagayama Y: MIEAP and ATG5 are tumor suppressors
in a mouse model of BRAFV600E-positive thyroid cancer. Front Endocrinol (Lausanne) 13: 932754,2022. doi: 10.3389/
fendo.2022.932754. (IF: 6.055) O%

Ab

1. Nagayama Y, Nishihara E: Thyrotropin receptor antagonists and inverse agonists, and their potential application to thyroid
diseases. Endocr J 69(11): 1285-1293,2022. doi: 10.1507/endocrj.EJ22-0391. (IF: 2.86) ¢

2. Nagayama Y, Hamada K: Reprogramming of Cellular Metabolism and Its Therapeutic Applications in Thyroid Cancer.
Metabolites 12(12): 1214,2022. doi: 10.3390/metabo12121214. (IF: 5.581) ¥

38



5. HHF;EENBIE — MBI B BEARHT SBFT

FRRE

A EEZ=

A-b-2

1 EHAT—B, 7l M= Eem AR E - EALER e s BB Y 2R Y AL [MIEAP and ATGS5 are tumor
suppressors in a mouse model of thyroid cancer] 20224£2H 7H, Web

Aa | Ab | Ac | Ad | Ae SCI | Ba | Bb | Bc | Bd | Be | &5 | &5
2022 2 2 0 0 0 4 0 0 0 0 0 0 0 4

o>
p=(1108
—‘—

Ab B-b
A &3t | B &t | #E
2 oo wvon | wa | oo 2 oo guea | ma | oA at
2022 0 0 1 1 0 0 2 2 3

X RIBELEERY—E

RS i SCAS 2 YR A FERRE SCIH& ki 4 HEAERREL

A SRR (RS 30) RS i SCAB A (SCHE R 0)
2022 1.000 1.000 0.000 0.000

Impact factor flE—&

Impact factor #E 4720 Impact factor FC24 72 1) Impact factor
2022 17.356 4.339 0.000
HETGH)
Kt - T Tk (GHZAEH) B R B B 4
RIIMET - #d% BB BEH (R EY S AM) Rl R E 7
AIE - #d% BB LE (0 T3> R5) Rl KBRS
e - 2% JH—Ft3F— Rl KA
AIE— - %% FFH FAEE (BB 2 TBL) Rl RAE R
AKILMEZ - % B HOE (1S < B R R R i SE A A T e RS 13 AR
RILHEZ - 4% B HBEEE (rFEAEE) Tl R e S AR A P g e R e
RILHEZ - 4% B B EEE (B AEE) i NS VRYE e Sa ey 1 e s g e e et
ARIMEZ - #d% BIIH 24 35 5 (Rt e s B v §5d SN VRYE e Xa ey 1 e s g e e et
IRILME - #d% # B B EE GRETSE) §5d SN VRIS Xe o ey 1 iy g R e
AIET - #d% B EAEE GFHIRTIE () 353 SN VRS Xe o ey O Y e S R e
ARILHE - #d% B EEE GFRHIRTZE (8)) R R A7 R s 3 7 A T e R - F AR
AKILHE - % FEELE @z TNa Yy 7 X 2 K E)) 353 SNV e O Y R R et
A - #% FHBEEE @7~y 72 2 FED)) TRy R 22 e AR A P F e B R
HHFEF - #0% BB FEE FRR G #E) Rl K2t e AR A WP ge FHs e
HHTET - #0% BHEEEE(WHEHBANVAROE - g v E#EY) | RIEKZEERESREGTIZERHME L3R
HHZ T - #0% B BEEE CRHENER) Tl KAt A48 G T 9E FHE 3R
WHTET - $d% B BEE CEEE AN Rl R 221 B S AR A F e BHIs AR
WA SE00 - Bh#k N —Ft3)— Rl Ko7 R

39



5. M EENBIE — MBI B BERRHTSBFT

FRAR L ]
K4 - B Z B & % 4 ESI N I
I MET - iz o5 — Tt e S5 IR R 9 sk O A EIE L B S B AT S =574
IRIHEZ - #d% Bl - N7 oy BRERRG D2 SETaRE | RFE
ARIHEZ - #d% Rl e TRtk EmTsees B Rl
AIIHE= - #d R T i 2im st s &8 Rl
IkIHE— - #u% Frontiers in Endocrinology #itEZEE Frontiers in Endocrinology
ARIHEZ - g% Thyroid #RELHE 7 A J RS
W - #d% HAGEFHE 72 kR HAGEFHE TR
HHFT - #d% H AU G i o i HA RS G E
FmBEZE
K4 - Wk H o 4 =55 % HAL, WIRNES
O AATIRIRES | TR XE L O

40




5, X FENHE-FER - E/N0 > v EREEBFT

Fi@& - -e Ny v EEBM

MmAEAEZHETEH (RHAR)

ALY T

Yoz E IR

HEHIZ - SR I (202249 H30H)
AT 2 E

ez - HES (20234E2H1H-)
¥ EREE

A RS (20234E2H1H-)
Bh# ok sl

Ih# - g s

B BHEA

B EREET

BT R ot (20224E10A1H-)
Bh# s AR e (2023425 1H-)

HEWIEE 45752 (20224E10 H 1 H-), HITTIE /]

REEBEAE /IR E, b2 RIS SOR S, BB T, AR, —iNL, ILH&— 54 3, Bakytbek Shara, Murat
Anelya

Feafriiife B ¢ IR, BB (2022456 H13H-11A30H)

BeRemifE B - WA A

Wizesc it B - LT (20224E8 A 18H) |, EH—E (20224£12H1H-)

FHMER 054, HERTE, MAEM

20224F FERF TR By S A

MR TIEIIZEAT ORI & LT (1) BB 124 U5, FrosmeEs onse, (2) @EmaHEEER o2k
WNTHEBICET 098, (3) EIMEEEOREMITIIE L HEE L T Do 2022F 1352, DT oML x 72,
(1) FREBRECHAS NI EMIBEEDT / LER
B R E CHIEY A 7 S E5 L T 5 HiEIERUERER (MDS) I2OoW CRIGENTOMES £ L, FHEiEE
IZABNLMDSD T/ LENT & Eliti L 720 STHEFHES OMDSIZ BT @ fa T RE 0707 7 4 Vo gt R %
i, JREREMDSX°de novo MDS & (Z572 5 TV A Z EATRIB S N7z, ZOMAICEDTE, v RAETVE/ERL,
ENT 21T > T\ b,

(2) BIRICKHT EKRHAR
Japanese Society of for Transplantation and Cellular Therapy & U’Japan Adult Leukemia Study Group & ® (@R 78 % 3
AL, BAEIE, 5SS EGERER, AT E M - ) > 7 SEOEBEIE 2 £ L 72, 2, Zhollid 51k
SR N OY T 3 AN RS A D AR L2 D W TGRS 24T 2 720

(3) BMEY P /NEICX T 2ERKRIE
Japan Clinical Oncology Group & O F:[RINFZ7E it U, HEVEY > 3[E, ATL, 238 EHIEOmHRMse s i L7z F 72,
ATLIZX 3 23092 CREEHE) 12D 2L, FRARREMIE ML 720 & 6 ICEER B4 - TR b S L7z,

(4) ATLOSFREDERFR
TUHRRE:, AROKRRZ, WKL & & LRI % fEde LATLO RN 22 7/ AFATICEDS Ky ) 2 BE L FHRED
BRI DWW T L7ze BIC, ATLOIRREIC BT 5 ¥ 7 ) JZEE L, #i7z 2i5B 0SS % Big L 235802 2 17 -
TWwb,

41



5. MR ZFENIE-FR - E/NT 2+ EREBFT

(5) BHEMEMIREESICXHT R
AR 180 B8 S T2 B Mo B e 12 P B Y R DR 2 OB FE L OV L SR ge, BRI BERH O 7 LW L
FEAREIZ B e 2 ML 720 IS, BREPBIEGRE & BT O A FVLIKEBIZER L7288 278 217> C
Wb,

Research activities in the FY 2022

(1) 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 or chromosomal abnormalities. We found that the profile of genetic
abnormalities or chromosomal abnormalities in proximally exposed among A-bomb survivors with MDS were different
from that of treatment-related MDS and de novo MDS. Based on the findings, we have created a MDS mouse model and
are analyzing that mouse model.

(2) 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 collaboration with Japanese Society of for Transplantation and Cellular Therapy and
Japan Adult Leukemia Study Group.

(3) 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.

(4) 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. In addition, we are conducting basic
research to develop new therapeutic strategies focusing on the epigenome in the pathogenesis of ATL.

(5) Studies for myeloid malignancies
We jointly studied the epidemiology and genome alteration of hypoplastic MDS or chronic myeloid leukemia, and the
impact of genome mutation on the outcome of allogeneic stem cell transplantation for MDS. Furthermore, our basic

research focuses on the methylation status of genes in MDS.
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Research activities in the FY 2022

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 2019 we have

accomplished two results as following.

1) Molecular Pathological Characteristics of Benign Thyroid Nodules with Poorly Differentiated Component,

Thyroid follicular tumors (TFTs) showing nodule-in-nodule (NN) appearance with poorly differentiated component (PDc)
but neither invasion nor metastasis are diagnosed as benign nodules regardless of high-grade histological features. This study
aims at elucidating the malignant potential of PDc. This study analyzed the profile of TP53 binding protein-1 (53BP1)
expression by dual-color immunofluorescence with Ki-67 and NRAS codon 61 mutations by droplet digital PCR in 16 cases of
TFT showing NN with PDc compared to 30 adenomatous goiter (AG), 31 follicular adenoma (FA), 15 minimally invasive
follicular carcinoma (MFC), and 11 widely invasive FC (WFC) cases. The incidence of abnormal type 53BP1 expression in
TFTs was significantly higher in the outer nodule (Out-N) (11.7%) and PDc (10.3%) in NN than AG (5.6%) and FA (6.5%) but not
in MFC (14.2%) and WFC (17.1%). Furthermore, the frequency of double-positive cells with Ki-67 was significantly higher in
PDc (0.36%) than in AG (0.03%), FA (0.12%), and Out-N (0.08%) but not in MFC (0.67%) and WFC (0.66%). The NRAS codon 61
mutation was the most frequently detected in both Out-N and PDc tumor areas (56.3%), and significantly higher than in AG
(3.3%), FA (20.0%) but not in MFC (26.7%) and WFC (36.4%). This study demonstrated that the prevalence of abnormal type
53BP1 expression and NRAS mutations in PDc was comparable to FCs, suggesting a malignant potential at the molecular
pathological level. Because co-localization of 53BP1 and Ki-67 can be an indicator of altered DNA damage response (DDR), the
development of PDc may be associated with DDR impairments after harboring an NRAS mutation. Thus, we should pay more

attention to PDc as a precursor lesion associated with poorly differentiated thyroid carcinoma.

2) A New Indicator to Differentiate Thyroid Follicular Inclusions in Cervical Lymph Nodes from Patients with Thyroid
Cancer

Nodal metastasis is crucial for determining the stage of well-differentiated thyroid cancer (WTC) in patients older than 55.
Well-formed thyroid follicular inclusions (TFIs) are occasionally en-countered in cervical lymph nodes (LNs) of patients with
papillary thyroid carcinoma (PTC), and it is difficult to determine whether they are true nodal metastases or ectopic thyroid
tissues (ETT). This study aimed to elucidate the impact of the expression of the DNA damage response molecule TP53-binding
protein 1 (53BP1) using immunofluorescence (IF) as a biomarker to differentiate TFIs in cervical LN by comparing the
mutation analyses of primary thyroid cancers. The data demonstrated the necessity for differential diagnosis of true metastases
from ETT among TFIs in cervical LNs. PTC-like nuclear features using hematoxylin-eosin staining combined with
immunohistochemistry for conventional biomarkers of PTC, including BRAFV600E, were most helpful in identifying metastatic
follicular-patterned carcinomas. In conclusion, IF analysis of 53BP1 ex-pression could be an excellent ancillary technique to
distinguish metastatic carcinoma or ETT from TFIs in LNs, particularly in cases other than BRAFV600E-mutated PTC.
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3.  Matsumura K, Kawano H, Kurobe M, Akashi R, Yoshimuta T, Ikeda S, Ueki N, Nakashima M, Maemura K: Delayed Acute
Perimyocarditis and Bilateral Facial Nerve Palsy in a Patient with COVID-19. Internal Medicine 61 (15): 2327-2332,2022. doi:
10.2169/internalmedicine.9752-22. (IF: 1.2)

4. Kamma H, Kameyama K, Kondo T, Imamura Y, Nakashima M, Chiba T, Hirokawa M: Pathological diagnosis of general
rules for the description of thyroid cancer by Japanese Society of Thyroid Pathology and Japan Association of Endocrine
Surgery. Endocrine Journal 69(2): 139-154,2022. doi: 10.1507/endocrj.E]J21-0388. (IF:2)

5. Khan K, Ogawa K, Iwasa K, Kuroboshi, Okimura H, Koshiba A, Manabe E, Izumi M, Akira S, Kashi AAM, Allahqoli L,
Tahermanesh, Matloobi M, Ramasauskaite D, Silkunas M, Cerniauskaite M, Tintara H, Klangsin S, Horiguchi G,
Teramukai S, Sawa T, Fushiki S, Itoh K, Nakashima M, Fujishita A, Guo S, Kitawaki J, Mori T: A targeted educational
programme improves fundamental knowledge of menstrual pain and endometriosis in young women: The Endometriosis
Awareness Promotion Project. Reproductive BioMedicine Online 45(6): 1216-1229,2022. doi: 10.1016/j.rbmo.2022.07.009.
(IF:4) =*

6. Shichijo K, Takatsuji T: Pathological observation of the effects of exposure to radioactive microparticles on experimental
animals. Journal of Radiation Research 63(S1): 126-i37,2022. doi: 10.1093/jrr/rrac045. (IF:2) ¥ *

7. Stepanenko V, Sato H, Fujimoto N, Shichijo K, Toyoda S, Kawano N, Endo S, Kaprin A, Ivanov S, Shegay P, Petukhov A:
External dose estimates of laboratory rats and mice during exposure to dispersed neutron-activated 56Mn powder. Journal
of Radiation Research 63(S1): 116-i20,2022. doi: 10.1093/jrr/rrac032. (IF:2) 3
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Research activities in the FY 2022

1) Clinical nuclear medicine:

In the nuclear medicine diagnosis of cardiac amyloidosis, which has recently been the focus of attention in the field of
cardiology, we conducted a experiment to standardize visual evaluation and clarified the importance of SPECT in image
reading. We have continued to evaluate the usefulness of FDG PET in superficial esophageal cancer, and found that FDG PET
is an independent prognostic factor even in superficial esophageal cancer. We participated in the second survey of an IAEA-led
international collaborative study “INCAPS-COVID” (International Collaborative Study of the Impact of COVID-19 on
Cardiovascular diagnostic practice, especially on nuclear medicine), that we have been participating in since FY2021, and we act

as national coordinator for this survey in Japan. The result of this study was published in J] Am Coll Cardiology.

2) Pre-clinical molecular imaging:

We are conducting imaging research in various fields, including infectious disease imaging, myocardial imaging, oncologic
imaging. This year, we examined utility of I-123 BMIPP, a fatty acid metabolic imaging tracer which is used in nuclear
cardiology, as a tool for imaging bacterial infection. We found that BMIPP showed high uptake infected site indicating BMIPP
can visualize bacterial fatty acid metabolism. We also compared F-18 FDG, which is used for inflammation imaging, with

methionine imaging, and found that methionine has superior specificity for imaging bacterial infection.

3) Risk of medical and occupational radiation.

We are studying DNA damage caused by FDG PET/CT imaging, which is common method in the diagnosis of malignant
tumors in collaboration with Hiroshima University and Fukushima Medical University. Deta integration and preparation of
publish is ongoing. We also summarizing the joint study with Hiroshima University and Fukushima Medical University on
occupational exposure of healthcare professionals in the medical profession starting in 2019 were conducted. It was found that
nurses tend to receive higher doses in certain working places. We also found that the physicians, radiologists, and nurses have
different exposure patterns and require different countermeasures to reduce exposure. The final results of the questionnaire
surveys conducted in FY2021 and FY2022 to the educational and training facilities of the Japan Radiological Society were
reviewed. The finding showed that the control and education regarding occupational radiation were generally favorable.
However, the results revealed that, the management of occupational radiation in endoscopy room in large hospitals tended to

be insufficient.

4) Survey for biological and environmental radiation contamination.

We continue to measure and study the internal radiation exposure associated with the Chernobyl and Fukushima nuclear
power plant accidents. In addition, we stored and maintained soil samples related to the atomic bombings. These soil samples
are very important as they contain radioactive fallout from the atomic bombing. We have made them as archive and are making
database which is available the researchers.

We also joined the verification survey named "Survey and Research on Construction of Meteorological Simulation Models
and Analysis of Fallout Diffusion according to the Atomic Bombings." conducted by the government and Kyoto University since
2020, The project was continued in FY2022. Soil samples were collected in Hiroshima City and Nagasaki City to detect
radioactive fallout from the atomic bombings, and the radioactivity was measured and analyzed. This research will be continued
in FY2023.
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1. Matsunaga H, Orita M, Taira Y, Kudo T, Kondo H, Yamashita S, Takamura N: Intention to Return and Perception of the
Health Risk Due to Radiation Exposure Among Residents in Tomioka Town, Fukushima Prefecture, Stratified by Gender
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and Generation. Disaster Med Public Health Prep 16(1): 206-213,2022. doi: 10.1017/dmp.2020.319. (IF:2.7)
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independent determinant of patient prognosis on superficial esophageal cancer; comparison with histology and
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Research activities in the FY 2022
1. Genome analyses of genetic disorders
In addition to the genomic analysis of single-gene diseases, the pillar of research is to elucidate the onset of diseases from

the perspective of the genome, targeting all kinds of diseases such as multifactorial diseases. Genome analysis is performed for

the purpose of identifying disease-causing mutations and causative genes of rare genetic diseases, and research on events
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related to gene function analysis and gene function is being conducted. The entry point for research is the identification of
disease-causing mutations based on genome sequencing by short-read next-generation sequencing (ShNGS). The Department
of Genetics at the Atomic Bomb Disease Institute participates in the establishment of a nationwide system for diagnosing
difficult-to-diagnose patients (IRUD: Initiative on Rare Undiagnosed Diseases), is working on the elucidation of hereditary
diseases of unknown cause and cooperates the clinical implementation of genomic medicine. In recent years, we have begun
epigenetic analysis of diseases from the viewpoint that diseases develop not only from base changes but also from base
modification abnormalities.

Since shNGS analysis alone was found to be insufficient for "whole genome analysis", we introduced a long-read next-
generation sequencer (loNGS) and performed IoNGS for cases in which the cause could not be identified by sShNGS analysis. .

We also started searching for structural and methylation abnormalities.

2. Research on pathophysiology in epigenetic disorders (Kabuki Syndrome and Sotos syndrome)

Epigenetic disease is one of the genetic diseases whose cause cannot be determined by shNGS genome sequencing alone.
Epigenetic diseases are a group of diseases in which alterations in epigenetic modifications caused by mutations in causative
genes play an important role in the manifestation of symptoms, often protein abnormalities associated with histone-modifying
enzymes. We aim to elucidate the pathogenesis of epigenetic diseases by analyzing Kabuki syndrome and Sotos syndrome.
Since the analysis of various tissues and cells, including those of the central nervous system, is essential for pathophysiological
analysis, we have created model mice for Kabuki syndrome, Kmt2d knockout, and Sotos syndrome, Nsd1 knockout, and are

proceeding with their analysis

3. Development/advancement of quantitative analysis method for methylated DNA

Quantitative analysis of methylated DNA is necessary for diagnosis of epigenetic diseases and analysis of model mice. We
created a DNA diagnostic panel for diagnosing human methylation diseases and developed a quantitative analysis method for
methylated DNA. In Kabuki syndrome, we found disease-specific changes in CpG. How these CpG islands are involved in the

development of Kabuki syndrome remains an issue for our future research.
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Research activities in the FY 2022.

We focus on the molecular mechanisms of DNA damage repair so that we can understand the pathogenesis of
carcinogenesis and their potential drug discovery. A malfunction in DNA repair system often results in cancer predisposition
diseases. We've investigated pathogenic changes responsible for xeroderma pigmentosum (XP), Cockayne syndrome (CS),
UV-sensitive syndrome (UV®S), trichothiodystrophy (TTD), Seckel syndrome (SS), Fanconi anemia (FA), Werner syndrome
(WRN), ataxia telangiectasia (AT) as well as severe combined immune deficiency (SCID), all of which are characterized by
malfunctions on the DNA damage response mechanisms. We also investigated the diagnostic issues for Aicardi-Goutieres
syndrome. We identified disease causative mutations in the ATRIP (SS), ERCC1 (CS), XPF (CS), UVSSA (UVSS), PRKDC
(SCID), PCNA (CS) and XRCC4 (CS Like) genes in affected individuals. We are currently further studying their molecular
pathogenesis as well as detailed molecular mechanisms responsible for the genome integrity.
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Research activities in the FY 2022

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) Research on health effects due to various environmental factor.

In the FY 2022, we supported the Thyroid Ultrasound Examination of children at Fukushima Health Management Survey
continuously.

As for the research activities led by our laboratory, we managed population-based cohort and have been participating in
community health checkups in Nagasaki Prefecture and collecting data on thyroid diseases in the general population. We are
also investigating the relationship between thyroid gland and lifestyle-related diseases. We have published several papers on
the association between thyroid and lifestyle disease as results 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 2022, we assessed the relationship between
internal exposure of residents to cesium-137 and gastrointestinal findings in the same area and published English paper.

Furthermore, we accepted joint research projects from overseas related organizations and a research project from domestic
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organization as the network-type Joint Usage/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. We also conducted a few

research projects as the Triangle Project between the three centers.
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Research activities in the FY 2022

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.

854 cases (799persons) fresh frozen tumor tissue from survivors have been collected by the end of December 2022. 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 98cases (12.27%). As the site of the cancer, 200 cases of lung, 161ases of breast, 127ases of colon, 98
cases of stomach, 87 cases of liver, and 65cases 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 2022

In the Biostatistics section, an atomic bomb survivor database was established for the epidemiologic researches. We are
performing epidemiologic research on health effects for the atomic bomb survivors. We are also providing GENKEN IT

services for support to the education and the research activity in this institute.

1) Enhancement of Atomic bomb survivor 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 within the prefecture. In FY 2022, we updated about
4000 individual records on moving in and out of Nagasaki. Approximately 18000 examination records were added to the
database. We performed about 5400 data entry of status at the bombing from personal documentations for 11000 insufficient old
records in the database. Furthermore, we performed about 5300 data entry of the old medical records of Nagasaki Red Cross
Hospital.

2) Epidemiological researches and Joint researches of Atomic bomb survivors

A reanalysis of external injuries, burns, and acute radiation symptoms was performed on 3,566 subjects whose radiation
doses could be estimated based on the Atomic Bomb Disaster Survey conducted immediately after the atomic bombing.
Various symptoms investigated as acute radiation symptoms in this survey were found to be related to radiation dose, but they
were also more strongly related to external injuries and burns. it would be caused by factors other than radiation. The higher
the radiation dose, the greater the number of accompanying symptoms. In particular, as seen in past radiation exposure
accidents, nausea, vomiting, and epilation occurred concurrently at doses above threshold level. It may be used to distinguish
symptoms caused by factors other than radiation from the atomic bomb. And we also performed joint researches, those were an
analysis related the morbidity and mortality for elderly atomic bomb survivors to elucidate factors of healthy long life with the
Fukushima Medical Univ (FMU), an analysis of the cancer risk of early entrants to areas near the hypocenter with Hiroshima
University, and identification of atomic bomb survivors among the patients of Nagasaki Red Cross Hospital. And we jointed

taking part in analysis for other department researches.

3) Administration of Genken IT services

We provided Genken IT services as the information infrastructures for research staff and students. Genken IT services
includes wireless access in this institute, file transfer and sharing services from inside and outside the university, shared disk
between project members on campus, and online booking of meeting rooms. In FY 2022, the number of devices with campus
connections was 158 devices (+16 for the last year), 1306 devices (+295) with free connection. And 96 users were registered for
file transfer/sharing including 48 students of the Disaster and Radiation Medical Sciences course. The Shared disk among the
project members has been using a total of 11 TB (50% usage) in the end of FY 2022. System replacement was implemented in
FY 2022. The services of file transfer/sharing and online booking for the meeting room were terminated and replaced to the IT

services of Nagasaki University
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