
The Research, Development and Support Center
The Research, Development and Support Center was estab-

lished in 2011 to support and promote research activities of NIRS.

This center performs basic and advanced research and devel-

opment necessary for the activities of the NIRS such as R&D in

the field of technology for radiation generators, radiation detection

technology, and radiation biology. It also supports researchers by

providing users a comfortable environment in which they make

use of research facilities such as the radiation generators and in

supplying experimental animals, and so on. In addition to these

activities, it maintains safety of all working environments and man-

ages buildings in the NIRS campus, the NIRS computer network

system and the NIRS library.

This center consists of one unit and three departments: the

Planning and Promotion Unit, Department of Technical Support

and Development, Department of Safety and Facility Manage-

ment, and Department of Information Technology. The unit and

each department are briefly introduced as follows.

The Planning and Promotion Unit
The Planning and Promotion Unit functions as the secretariat of

the center and is the hub linking all the sections of the center with

the NIRS administrative sections such as the Department of Plan-

ning and Management and the Department of General Affairs and

the other centers.

The Department of Technical Support and Development
The Department of Technical Support and Development pro-

vides services to users for performing various experiments such

as management of the facilities for radiation generators and many

devices used for experiments. This department also develops ra-

diation detectors with new technologies, researches radiation bi-

ology, and supports researchers in conducting animal experi-

ments of the highest level quality.

This Department has three sections: Radiation Engineering

Section, Radiation Measurement Research Section and Labora-

tory Animal and Genome Sciences Section.

The Radiation Engineering Section maintains the facilities for ra-

diation generators and many devices which are used for experi-

ments. There are seven gamma-ray generators, six X-ray genera-

tors and two Cockcroft-Walton accelerator systems which consist

of proton accelerators and beam-lines. One of the Cockcroft-

Walton accelerator systems is used to generate neutron fluxes for

research experiments on the biological effects of low dose radia-

tion (NASBEE; a neutron exposure accelerator system for biologi-

cal effect experiments). The other Cockcroft-Walton accelerator

system has three beam-lines; two beam-lines are used as atomic

element analyzers (PASTA; PIXE analysis system and tandem ac-

celerator) and the third beam-line is used to deliver a single parti-

cle proton targeting an individual cell (SPICE; single particle irra-

diation system to cell). Both these systems were damaged in the

March 2011 Great East Japan Earthquake. The latter system ex-

perienced more serious damage; the vacuum condition of the ac-

celerator itself broke, the magnets for steering and focusing pro-

ton beams were moved from their original positions and some

beam-lines were badly bent. The members of the Radiation Engi-

neering Section fixed them which took about 10 months. These ra-

diation generators are used not only by NIRS researchers but also

by researchers from outside NIRS.

The synchrotron accelerator HIMAC is used for carbon ion ra-

diotherapy for cancer and there are also three cyclotron accelera-

tors used for radio-pharmacy development related to molecular

imaging. HIMAC and these cyclotrons are managed and main-

tained by the Department of Accelerator and Medical Physics of

the Research Center for Charged Particle Therapy.

The Radiation Measurement Research Section develops various

radiation detectors. After the Fukushima Daiichi Nuclear Power

Plant accident occurred, the section began developing some de-

tectors for surveying high level radiation areas in Fukushima Pre-

fecture: these are a gamma-camera which can selectively detect

radiation from the 137Cs radioisotope and a detector system which
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can find hot-spots where very high levels of radiation are located.

We are aiming at commercializing these items.

The Laboratory Animal and Genome Sciences Section supports

researchers in conducting animal experiments of the highest level

quality. Seven species of animals for animal experiments are

available. In this section, we breed more than 15,000 mice and

2,000 rats a year and have developed genetically modified mice

in order that researchers can conduct even more advanced ex-

periments. Since some mice and rats are bred in SPF conditions,

it is very important to sterilize the area periodically and keep it

clean all the time. We control the SPF areas very strictly.

R&D Infrastructure Platform Program
In 2013, the research subject from NIRS, “Business use of vari-

ous radiation fields related to humans”, was selected as the R&D

Infrastructure Platform Program by the Ministry of Education, Sci-

ence and Technology (MEXT). This Platform Program is aimed at

promoting usage of advanced research equipment and facilities

of universities and public research institutes by researchers from

industry-government-academia and supporting network forma-

tion.

Under this program, advanced facilities of NIRS such as

PASTA, SPICE, NASBEE and the other radiation generators are

provided for use to industry-government-academia researchers

with steadfast support. This program will strengthen the research

activities in the fields of life science, human science, and human

environment related science.

The Department of Safety and Facility Management
The Department of Safety and Facility Management is responsible

for keeping working environments safe and providing safe and

comfortable conditions for all research activities. It has four sec-

tions: Safety and Risk Management Section, Safety Control Sec-

tion, Radiation Safety Section, and Facility Management Section.

The Safety and Risk Management Section is in charge of plan-

ning and promotion of safety, providing NIRS’s employees with

educational training for maintaining safety and security, and main-

taining general safety in the NIRS campus and buildings and so

on. Especially it is responsible for risk management including

making and revising the Emergency Preparedness Plan of NIRS

and implementing drills for nuclear and radiological emergencies

in Japan. In 2013 this section started work to establish a more

systematic risk management structure at NIRS under the risk

management committee.

The Safety Control Section is in charge of safety for genetic

modification of experimental animals, safety for handling chemical

agents and harmful substances, workplace safety, environment

protection, preventing and extinguishing fire, and so on.

In NIRS, about 1,600 persons including its direct employees, re-

searchers from outside NIRS, and contracted workers are regis-

tered as radiation workers who can work in the 20 radiation con-

trolled areas in NIRS. NIRS must instruct them regarding radiation

safety and security before entering a radiation-controlled area for

the first time. There are more than 400 kinds of radioisotopes used

for experiments on radiobiology, radiation medicine and so forth.

And NIRS also has many radiation generators as mentioned

above. All items concerned with radiation have to be controlled

strictly by rules. The Radiation Safety Section is charged with con-

trolling all of them in accordance with the rules.

The Radiation Emergency Medicine Cooperative Research Fa-

cility (REMCRF) has one building in which the use of actinide nu-

clei is allowed for research on radiation emergency medicine. This

facility is the only one of its kind in Japan in which researchers can

use, for instance, plutonium in animal experiments. Therefore, this

building has to be strictly controlled to keep the inside of the

building at a negative pressure according to the radiation safety

law. In this case, the ventilation system of the building is main-

tained by the Radiation Safety Section in cooperation with the Pro-

motion Section for REMCRF of the Research Center for Radiation

Emergency Medicine instead of the Facility Management Section

because of existence of the strict rules.

There are about 50 buildings on the NIRS campus. The Facility

Management Section maintains the buildings and their equipment

such as elevators, air conditioners, etc., and the campus infra-

structures such as electric power lines, telephone systems, gas

lines, water supply lines, and so on. NIRS was established in

1957, so some buildings are very old and a few were damaged

considerably in the March 2011 earthquake. Some of them have

had to have seismic strengthening. Construction of a new building

used for human resource development was completed under the

supervision of this section and this building was opened in May

2013. This section has also been managing construction of an-

other new building to be used for environmental radiation re-

search on the consequences of the Fukushima Daiichi Nuclear

Power Plant accident. And also in 2013, the section started con-

struction of a high voltage electric booster station which will re-

place the old one.

The Department of Information Technology
The computer network system is one of the main infrastructures

of NIRS. This network system has more than 1,200 users daily and

about 3,500 computers are connected to it. The Department of In-

formation Technology is responsible for maintenance and devel-

opment of the computer network system. This department has two

sections: Information Systems Section and Research Information

Section.

The Information Systems Section is responsible mainly for hard-

ware and software to control the computer network system. This

section established the network system and now revises it. One of

the most important missions of this section is to secure information

security. Users of this system must observe the Information Secu-

rity Policy of NIRS and other documents under the policy. In 2013,

this policy was strengthened to prevent information leakage. And

to keep security more effectively, an e-learning exercise to edu-

cate users was implemented in the summer and an e-learning self

-inspection was carried out by each user in the winter.

The Research Information Section is responsible mainly for the

other information system related matters especially user support

of the system. The administrative sections have many computer-

aided service systems, for instance, personnel management, ac-

counting procedures, patent database, etc. These service sys-

tems are maintained by the relevant section in principle, but the

Research Information Section has undertaken various jobs such

as improving the service systems or adding new functions to

them. This section also has developed an institutional repository

to replace the conventional database system used for registration

of achievements of NIRS research activities. This repository was

released to NIRS users in December 2013. In addition, this sec-

tion is also managing the library of NIRS and publications such as

a research reports, proceedings and so on prepared at NIRS.
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The International Space Station (ISS) crew is constantly ex-

posed to space radiation consisting of various charged particles.

The radiation dose comes mainly from protons and helium ions,

while the contribution of heavy components (up to iron ions) leads

to an increase in dose equivalent due to the high LET (linear en-

ergy transfer) with high quality factor related to the relative biologi-

cal effectiveness. Moreover, primary highly energetic charged

particles produce secondary particles such as fragments and

neutrons. The radiation dose level varies depending on the solar

activity, and orbital parameters such as altitude, attitude and

shielding distribution in the ISS [1]. Therefore, dose monitoring is

needed to control the crew’s health and safety. The effective dose

limits of a 10 yr career for astronauts are recommended as 400

mSv (female) and 700 mSv (male) for 25 yr olds [2]. The radiation

risk of astronauts in the ISS is controlled under such recom-

mended limitations with actual dose measurements. Future crew

members will be exposed to much higher dose of space radiation

for up-coming long-term missions on Mars. However, following the

current practice, the radiation protection still depends on using

materials with the thickness of a few g/cm2 for vehicle walls and

the internal instruments installed in the ISS. In this work, we have

verified the dose reduction effects for space radiation by using

the additional water shielding material (“protective curtain”) of

stack boards consisting of hygienic wipes and towels which have

been stored in the ISS.

The hygienic materials were assembled into a protective curtain

with 4 layers, which corresponds to the additional water shielding

thickness of 6.3 g/cm2. The total mass of the protective curtain

was 67 kg, and it was installed along the outer wall of the star-

board crew cabin in the Russian Service Module as shown in

Fig.1c.

For the measurements, twelve dosimeter packages (#1- #12)

consisting of thermoluminescence detectors (TLDs) and CR-39

plastic nuclear track detectors were installed in the module from

June 16, 2010 to November 26, 2010. The exposure duration was

163 days. Half of the packages were located on the surface of the

protective curtain and the other half were on the crew cabin wall

behind or alongside the protective curtain. The dose reduction ef-

fect by the protective curtain was experimentally verified by the

dose variations among the 6 location pairs.

The LET spectra for packages #3 (shielded) and #4 (un-

shielded) measured by CR-39 are shown in Fig.2. As seen from

the figure, the flux in the shielded package was degraded com-

pared with that of the unshielded one, and was the same as the

rest of the package locations (#1, #2 and #5 - #12) in Fig.3. The

mean absorbed dose and dose equivalent rates for all packages

were measured as 327 μGy/day and 821 μSv/day for the un-

shielded packages and 224 μGy/day and 575 μSv/day for the

shielded packages, respectively. The dose reduction rate in dose

equivalent was found to be 37± 7 % except for packages #5 - #

8, which was consistent with the calculated results in the spherical

water phantom by PHITS. The data from the packages #5 - #8

showed minute effects by the protective curtain because those

packages were additionally shielded by a thick glass window (5 g

/cm2) installed on the vehicle wall.

Fig.1 Protective curtain [3]. (a) Hygienic wipes and towels, (b) a stack

board and (c) a schematic drawing of the stack board and its instal-

lation in the ISS.
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The mean dose reduction due to the low LET (<10 keV/μm) and

high LET (�10 keV/μm) components were 37 ± 2 % and 37 ±
11 % in dose equivalent, respectively, and the contributions by

the low and high LET components were found to be comparable

in the observed dose reduction rate. Representative cosmic rays

such as <90 MeV protons, <160 MeV/n carbon and <400 MeV/n

iron would be absorbed in water with the thickness of 6.3 g/cm2.

There would be a small contribution to the dose from residual,

more penetrating fragments, while the primary particles would be

absorbed in the protective curtain. The protective curtain would

be effective shielding material for not only trapped particles with

several 10 MeV but also for low energy galactic cosmic rays with

several 100 MeV/n. Moreover, the neutron components are meas-

ured as recoiled proton tracks in the LET spectrum. Thus the ob-

tained dose reduction effects include partial neutron dose reduc-

tion by the water shielding.

We found that proper use of the protective curtain could effec-

tively reduce the space radiation dose for crew living in the space

station and extend the long-term missions to Mars in the future.

The details of this work have been published in [3].

Fig.2 LET spectra for packages #3 (shielded) and #4 (unshielded) meas-

ured by CR-39 [3].

Fig.3 Variations of absorbed dose and dose equivalent rates as a func-

tion of the location of dosimeter packages [3]. Packages #5 - #8

shaded with diagonal lines were additionally shielded with a thick

glass window.
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Embryo quality is crucial for a normal pregnancy and it is usu-

ally checked by microscopic observation. However, the morphol-

ogy of the embryo is not perfectly correlated with the potential for

embryo viability. For example, there are cases in which embryos

with poor morphology develop normally after implantation. Our

present study focuses on autophagy, which plays an important

role during preimplantation embryo development. We have devel-

oped a method that allows for in vivo observation of embryonic

autophagic activity. Using this developed method, we found that

embryos with high autophagic activity were more likely to develop

through embryogenesis. This is the first study to evaluate embryo

quality from this point of view. Because there is a possibility that

autophagy is also important in human embryos, we believe that

this method to monitor embryo quality will be useful for infertility

treatment.

Currently, 1 out of 40 people who give birth in Japan have used

assisted reproductive technologies (ART) such as in vitro fertiliza-

tion (IVF). However, because the success rate for childbirth is low

(10%), IVF is often repeated, creating both a burden for the

mother and an increased economic burden. The success of IVF is

affected by various factors, but the reduced quality of embryos is

one of the most important. Recent studies have suggested that

there may be reduced quality of the ovum due to aging. Although

IVF can be used to successfully produce several fertilized oo-

cytes (embryos), only one can be implanted transferred into the

mother‘s body, thus it is important to determine the quality of an

embryo in order to produce a normal pregnancy. Generally, the

quality of the embryo is evaluated based on observation of its

morphology under a microscope. However, embryo morphology

is not necessarily directly correlated with viability because there

are implanted embryos with morphological defects that develop.

The time from fertilization to implantation is 5 days in humans

and 4 days in mice, and there are various internal changes in the

embryos during this period. In particular, it is important that mater-

nally derived factors such as mRNAs/proteins that accumulated

during oogenesis, be degraded immediately after fertilization. If

this degradation does not progress correctly, the remaining ma-

ternal components can affect further embryonic development.

Autophagy is a cytoplasmic degradation process which is me-

diated by lysosomes and conserved in many species from yeast

to humans. The process of autophagy is classified broadly into

four steps: autophagic induction, cytoplasmic sequestration, ly-

sosomal fusion, and degradation [1]. During the process of auto-

phagy, cytoplasmic components are sequestered by double-

membrane structures, called autophagosomes. Since the se-

questration by autophagosomes occurs randomly, an auto-

phagosome may include not only proteins but also cellular organ-

elles such as mitochondria and peroxisomes. Finally, auto-

phagosome fuse with the lysosomes, which results in the degra-

dation of the sequestered components. The basic physiological

functions of autophagy are the generation of amino acids for cel-

lular metabolism and the maintenance of cellular quality. Given

that autophagy is a bulk degradation system, autophagy may also

play a role in extensive cellular remodeling during early embry-

onic development. In 2008, we reported that autophagy was

highly activated immediately after fertilization. Autophagy-

deficient embryos died before implantation [2]. Those findings

first highlight the pivotal role of autophagy during early embryo-

genesis. In other words, normal embryonic development can only

occur with functional autophagic activity.

There are several methods used to assess autophagic activity

in cells. For example, cell fixation and immunostaining use anti-

bodies to biochemically visualize the protein localization or ex-

pression levels of autophagy related proteins, such as LC3 which

is an autophagosome marker. However, because the cells are

dead in these methods, they cannot be used in live embryos

where viability must be maintained. In the present study, we fo-
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cused on LC3, a versatile marker of autophagy. Because this pro-

tein is selectively degraded in an autophagy-dependent manner,

the degradation level of LC3 correlates with the autophagic activ-

ity. To monitor autophagic activity in live embryos, mRNA encod-

ing LC3 fused to GFP (GFP-LC3) was microinjected into the 1-cell

embryos and its fluorescence level was observed under constant

fluorescence conditions. We found that the GFP-LC3 fluorescence

was stable in the 2-cell stage 24 hours after fertilization, but was

rapidly degraded on reaching the 4-cell stage (48 hours after fer-

tilization). Degradation level of GFP-LC3 at the 4-cell stage was

used as a marker to categorize the embryos into 2 groups (em-

bryos with degraded GFP-LC3 were termed Good, and embryos

with less degraded GFP-LC3 were termed Poor) and those

groups were tested for further embryonic development. We found

that those embryos classified as Good were easier to implant and

developed embryogenesis better than those embryos classified

as Poor (Fig.1) [3]. These results demonstrate that monitoring of

autophagic activity can be used to select for embryos with high

developmental potential.

Our study shows that successful embryogenesis can be pre-

dicted in advance by imaging the autophagic activity of individual

embryos. By combining the monitoring of autophagic activity with

conventional morphology-based microscopic analysis, a high-

quality embryo (easily continuing through embryonic develop-

ment) can be correctly selected from among a number of suc-

cessfully fertilized eggs. However, because microinjection of GFP-

LC3 in human embryos is currently ethically restricted, develop-

ment of an alternative method for evaluating the activity of auto-

phagy needs to be considered in the future. In addition, it is im-

portant to investigate the molecular mechanisms to regulate

autophagic activity in early embryos, and to develop chemical-

based methods to control the level of autophagic activity (enhanc-

ing the quality of the embryo).

Fig.1 In order to monitor autophagic activity in individual live-embryos, mRNA encoding GFP-LC3 protein was microinjected into the 1-cell embryos. Those

embryos were grouped into 2 groups (Good and Poor) based on the GFP-LC3 fluorescence at the 4-cell stage, 48 hours after in vitro fertilization.

Those embryos were transferred to foster mothers separately and followed to compare the further embryonic development. More embryos were able

to develop to full-term from the Good group, indicating that embryogenesis after implantation can be predicted by monitoring embryonic autophagic

activity.
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The induced pluripotent stem cell (iPSC) system holds great

promise for regenerative medicine but its underlying molecular

mechanisms have remained elusive. In contrast, the embryonic

stem (ES) cell is the golden standard among pluripotent stem

cells and has long history in both basic and applied research ar-

eas. Therefore, it is an interesting and important issue to know

whether or not iPS cells and ES cells are the same type of pluripo-

tent stem cells.

First, we have focused on the point mutation in iPSC genome,

especially in genome integration-free iPSCs [1]. Using also C57

BL/6 mouse, several integration-free iPSC lines were established

Fig.1 Point mutations and base substitution profile identified in iPSC and ESC lines.
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with the four factors, Oct3/4, Sox2, Klf4 and c-Myc (4F) in plasmid

vectors from MEF [2]. The MEF was derived from a single embryo,

not litter mates, to remove the intra-strain SNPs, which could be

false positives of point mutations. Then, the whole genome se-

quencing (WGS) on the three such integration-free iPSC lines and

their parent somatic cells was conducted and about 300 point

mutations were identified in each genome (Fig.1) [3]. Sanger se-

quencing verified the results. In addition, no common SNV was

observed between different iPSC lines, suggesting that these are

not pre-existing SNVs in their parent cells. Indeed, ultra-deep se-

quencing did not detect any SNVs in the parent MEF fraction.

Next, we focused on the point mutations in ES cells. To achieve a

comprehensive point mutation analysis of ES cells, the genomes

of both parents from which blastocysts were prepared are essen-

tial as controls. In this study, we established ES cell lines from an

inbred mouse strain, C57BL/6, along with the preparation of the

genomes of both parents. Their full developmental ability was

confirmed by aggregation experiments [2]. On the ES lines and

on their parent genomes we conducted WGS. As a result, we

identified 10 to 30 point mutations in ES cell genomes, and the re-

sults were confirmed by Sanger sequencing. Importantly, the fre-

quencies were ～1/10 of those observed in iPSCs genomes, in

which more than hundreds of point mutations have been ob-

served (Fig.1)[2]. In addition, we found a difference in their profile

between iPSCs and ES cells: transversion-predominant for iPSCs

and transition-predominant for ESCs (Fig.1).

Subsequently, to ensure the presence of iPSC generation-

associated point mutations, we performed the variant allele fre-

quency test. Then we observed a considerable number of SNVs

at less than 50% allele frequency, indicating a presence of 25%

and 12.5% allele frequency point mutations (Fig.2A). Similar SNVs

were also observed by a deep WGS; a clear peak appeared at an

allele frequency around 25% in addition to the peak at 50% fre-

quency. Because pre-existing SNVs must be observed as 50% al-

lele frequency, our observation shows the important facts that

25% or less of the SNVs were not pre-existing ones and that sub-

stantial numbers of point mutations occurred during the conver-

sion process, especially in their initiation steps, of iPSC genera-

tion. We concluded our study by the investigation of sub-lines de-

rived from single cells in an iPSC colony (Fig.2B). The heteroge-

neity of the point mutation patterns within an iPSC clone was seen

(Fig.2C) and it reflected the history of the emergence of each mu-

tation (Fig.2D).

Fig.2 (A) Frequencies of each variant allele for SNV candidates of 2A-4F-136 iPSC screened using deep sequencing. (B) Schematic of sin-

gle clone isolation and establishment from the 2A-4F-136 line. (C) Point mutation in each sub-clone. Heterogenity of point mutations in

the original line was seen. (D) Schematic of time course of point mutation appearance.
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