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Development of Fundamental Technologies
in Radiological Science
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Research, Development and Support Center
The Research, Development and Support Center was es-

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

This center performs basic and advanced research and 
development necessary for the activities of NIRS such as R&D 
in technologies for radiation generators, radiation detection, 
and radiation biology. It also supports researchers by provid-
ing 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 
manages 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 
Management, and Department of Information Technology. The 
unit and each department are briefly introduced as follows. 

Planning and Promotion Unit
The Planning and Promotion Unit functions as the secre-

tariat of the center and it is the hub linking all the sections of 
the center with the NIRS administrative sections such as the 
Department of Planning and Management and the Department 
of General Affairs and the other centers. 

Department of Technical Support and Development
The Department of Technical Support and Development 

provides services to users for performing various experiments 
such as management of the facilities for radiation generators 
and the many devices used for experiments. This department 
also develops radiation detectors employing new technolo-
gies, carries out fundamental research in radiation biology, and 
supports researchers in conducting animal experiments of the 
highest level quality.

This department has three sections: Radiation Engineering 
Section, Radiation Measurement Research Section and 
Laboratory Animal and Genome Sciences Section. 

The Radiation Engineering Section maintains the facilities for 
radiation generators and many of the devices which are used 
for experiments. There are seven gamma-ray generators, six 
X-ray generators and two Cockcroft-Walton accelerator systems 
which consist of proton accelerators and beamlines. One of the 
Cockcroft-Walton accelerator systems is used to generate neu-
tron fluxes for research experiments on the biological effects of 
low dose radiation (NASBEE; a neutron exposure accelerator 

system for biological effect experiments). The other Cockcroft-
Walton accelerator system has three beamlines; two beamlines 
are used as atomic element analyzers (PASTA; PIXE analysis 
system and tandem accelerator) and the third beamline is used 
to deliver a single particle proton targeting an individual cell 
(SPICE; single particle irradiation system to cell). In 2015, the 
micro-PIGE (Particle Induced Gamma-ray Emission) method 
using the 19F(p,p’γ)19F nuclear reaction to analyze fluorine distri-
bution was developed in PASTA. In SPICE, a new stage system 
was designed and fabricated in order to improve the irradiation 
speed to cells.

The Radiation Measurement Research Section develops vari-
ous radiation detectors. After the Fukushima Dai-ichi Nuclear 
Power Station accident occurred, the section began develop-
ing some detectors for surveying high level radiation areas in 
Fukushima Prefecture: In 2015, a small, lightweight and low 
cost radiation camera which can selectively detect radiation 
from the radioisotope 137Cs was tested in Fukushima; it was 
improved by working together with an instrument manufactur-
ing company for commercial use. A dose assessment method 
of secondary particles for proton beam radiotherapy was also 
developed. A visualize technique of dose distribution by means 
of combining autoradiographic methods using solid state chips 
and evaluation techniques of local doses was established.

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, more than 12,000 
mice and 1,100 rats are bred each year, and genetically modi-
fied mice have been developed in order that researchers can 
conduct even more advanced experiments. 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. The 
SPF areas are controlled very strictly. In 2015, our developed 



National Institute of Radiological Sciences Annual Report 2015 77

Developm
ent of Fundam

ental Technologies in Radiological Science

genetically modified mice systemically expressing GFP-Dcp1a, 
an indicator of processing bodies (P-bodies), were depos-
ited with and are available from RIKEN BioResource Center 
(Tsukuba, Japan) and CARD (Kumamoto, Japan). Normal fer-
tilization in vitro using both fresh and frozen-thawed sperm of 
inbred mice used for research has been further improved and 
well adapted to practical applications. Finally, it was found that 
point mutations in iPS cell genomes arise during reprograming 
from somatic cells to iPS cells. 

R&D Infrastructure Platform Program 
In 2013, the research subject proposed by NIRS, “Business 

use of various radiation fields related to humans”, was selected 
as the R&D Infrastructure Platform Program by the Ministry 
of Education, Science and Technology (MEXT). This Platform 
Program is aimed at two purposes: promoting usage of ad-
vanced research equipment and facilities of universities and 
public research institutes by researchers from industry-govern-
ment-academia and supporting formation of networks. 

Under this program, advanced facilities of NIRS such as 
PASTA, SPICE, NASBEE and the other radiation generators 
are provided for use by industry-government-academia re-
searchers with steadfast support. This program will strengthen 
research activities in the fields of life science, human science, 
and human environment related science. In 2015, the number 
of user themes under the program increased to 14 from 10 in 
2014.

Department of Safety and Facility Management
The Department of Safety and Facility Management is re-

sponsible for keeping working environments safe and provid-
ing safe and comfortable conditions for all research activities. 
It has four sections: Safety and Risk Management Section, 
Safety Control Section, Radiation Safety Section, and Facility 
Management Section. 

The Safety and Risk Management Section is in charge of 
planning and promoting safety, providing NIRS’s employees 
with educational training for maintaining safety and security, 
and maintaining general safety on the NIRS campus and in 
buildings and facilities. In particular, 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 2014, a more sys-
tematic risk management structure at NIRS was established 
under the risk management committee. 

The Safety Control Section is in charge of such activities as 
safety for genetic modification of experimental animals, safety 
for handling chemical agents and harmful substances, safety 
in the workplace, protection of the environment, and prevention 
and extinguishing of fires. 

About 1,800 persons including direct employees of NIRS, 
researchers from outside NIRS, and contracted workers are 
registered as radiation workers who can work in the 20 radia-
tion controlled areas in NIRS. NIRS must instruct them regard-
ing 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, radia-
tion medicine and so forth. And NIRS also has many radiation 
generators. All items concerned with radiation have to be con-
trolled strictly by rules. The Radiation Safety Section is charged 
with controlling all of them in accordance with the rules. 

The Radiation Emergency Medicine Cooperative Research 
Facility (REMCRF) has one building in which the use of actinide 
nuclei is allowed for research on radiation emergency medi-
cine. This facility is the only one of its kind in Japan in which 
researchers can use, for instance, plutonium in animal experi-
ments. Therefore, this building has to be strictly controlled 
to keep the inside of the building at a negative pressure ac-
cording to the radiation safety law. In this case, the ventilation 
system of the building is maintained by the Radiation Safety 
Section in cooperation with the Promotion Section for REMCRF 

in accordance with 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 infrastructures 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 earth-
quake. Some of them have had to have seismic strengthen-
ing. Construction of a new building used for human resource 
development and a new one used for environmental radiation 
research were completed under the supervision of this section 
and these buildings were opened in 2013 and 2014, respec-
tively. This section has been managing the renewal of a high 
voltage electric booster station, which will be completed in 
2018.

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

tures of NIRS. This network system has more than 1,400 daily 
users and about 4,300 computers are connected to it. The 
Department of Information Technology is responsible for main-
tenance and development of the computer network system. 
This department has two sections: Information Systems Section 
and Research Information Section.

The Information Systems Section has established and con-
tinuously revised the computer network system. In these five 
years, mainly two important missions have been accomplished: 
(1) to secure the system and data on it; and (2) to save space 
and energy using virtual machine technology. Revising related 
regulations, periodical instruction for users and self-check of 
daily actions are included in the PDCA cycle to improve the 
overall security of the system. In addition, security instruments 
such as firewalls, access control systems and inspection soft-
ware were replaced or newly installed. Virtual machine technol-
ogy was applied to some small but important servers and some 
websites to save energy, space and management load.

The Research Information Section is responsible mainly for 
other information system-related matters especially user sup-
port of the system. The administrative sections have many 
computer-aided service systems, for instance, personnel 
management, accounting procedures, patent databases, etc. 
These service systems are maintained by the relevant section 
in principle, but the Research Information Section has under-
taken various jobs such as improving the service systems and 
their coordination or adding new functions to them. This section 
also has developed an institutional repository to replace the 
conventional database system used for registration of achieve-
ments of NIRS research activities. Since this repository was 
released worldwide in October 2014, as of February 2016 more 
than 212,000 accesses have been received for 23,000 items. In 
addition, this section is also managing the library of NIRS and 
publications such as research reports, proceedings and so on 
prepared at NIRS.
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Improvement of in vitro fertilization of inbred mice used 
for radiation research

Seiji Kito
E-mail: kito.seiji@qst.go.jp

Assisted reproductive technologies (ARTs) in laboratory 
mice, such as cryopreservation, in vitro embryo production, 
embryo transfer and micromanipulation, have been playing 
essential roles to accelerate progress of biomedical research 
including radiation biology and medicine. These technologies 
not only enable scheduled mass production of mice and effi-
cient maintenance of animals by frozen embryos and gametes, 
but they also lead to a reduction in the number of animals used 
for research. Of the ARTs, one of the most important techniques 
is in vitro fertilization (IVF), by which a large number of fertilized 
embryos can be produced for subsequent cryopreservation, 
embryo transfer or micromanipulation. In vitro fertilization in 
mice was first reported in 1971 using outbred mice [1]. From 
the late 1990s, many bio-resource programs in which various 
mice with an inbred genetic background have been distributed 
as frozen embryos for research purposes were started in many 
countries all over the world and efficient production of embryos 
by IVF became inevitable. However, IVF conditions used then 
were limited only for outbred and a few inbred strains and there 
were many strains which could not be fertilized in vitro, such 
as 129, BALB/c, C3H/He and genetically-modified and mutant 
strains bred from these inbred mice. These strains were also 
often used in various radiation research conducted in NIRS 
and it became urgent in embryo production by IVF and embryo 
cryopreservation to back-up important strains in the event of 
catastrophes such as natural disasters and microbiological 
infection. 

For IVF, sperm need to be pre-incubated for 1-2 h to interact 
with eggs and fertilize, the so-called process of ‘capacitation’. 
Only these capacitated sperm can fertilize with eggs in IVF me-
dium. During the 2nd mid-term plan, we successfully improved 
IVF conditions for the BALB/c strain and found that successful 
fertilization was obtained by using the modified Krebs-Ringer’s 
bicarbonate solution called TYH for the capacitation medium 
and modified human tubal fluid (mHTF) for the fertilization 
medium, and that one of the important factors for successful 
fertilization is increasing the calcium concentration from 1.71 to 
5.13 mM [2]. These conditions have been successfully applied 
to other inbred strains such as C57BL/10, C3H/He, 129 and 
BALB/c [3].

However, recently we further found that in the C3H/He strain, 
increased calcium concentration resulted in a significant in-
crease in the incidence of abnormal fertilization, or inhibition of 
extrusion of the second polar body (PBII) [4]. These abnormal 
eggs have two female and one male pronuclei (Fig.1). In addi-
tion, such abnormal eggs are still able to undergo cleavage di-
vision to the blastocyst stage, but they are unable to develop to 
term because of aneuploidy. Thus, use of such IVF conditions 

has to be avoided and abnormal embryos have to be removed 
prior to subsequent manipulation. 

Then, we have examined the details about this phenomenon 
of inhibition of PBII extrusion by high calcium in C3H/He [4] 
in the last few years. By increasing calcium from 1.71 mM to 
6.84 mM, significant percentages of eggs failed PBII extrusion 
in a dose-dependent manner (Fig.2). The most sensitive time 
window against high calcium level was observed at 2-3 h post-
insemination (PI). This calcium effect was somewhat alleviated 
by cumulus cells surrounding the eggs which connected with 
the egg cell through gap junctions and may have modified the 
microenvironment around the eggs during fertilization. 

Research Toward the Development of Fundamental Technologies that Support the Use of Radiation

Fig.1 Images of normal and abnormal C3H/He fertilized eggs at 5 h 
PI. Scale bar indicates approximately 20 µm. PBI: the first polar 
body. PBII: the second polar body. ♀ : female pronucleus (PN). 
♂ : male pronucleus (PN). In normal fertilized egg fertilized in 1.71 
mM calcium (a), single female PN, male PN, PBII and sperm tail 
(arrows) are clearly observed. In egg without PBII extrusion ferti-
lized in 6.84 mM calcium (b) two female PNs and single male PN 
associated with a single sperm tail (out of focus) were observed.
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This phenomenon was specific to C3H/He because recipro-
cal IVF by changing sperm and egg between C3H/He and 
B6D2F1, whose egg is not influenced by a high calcium level 
at all, showed that failure of PBII extrusion under high calcium 
level was observed only when C3H/He eggs were used irre-
spective of sperm strains. However, when eggs were partheno-
genetically activated by ethanol and incubated under high cal-
cium, an unexpected result was obtained, that is, PBII extrusion 
was not disturbed, indicating that sperm are still involved in this 
phenomenon.

We hypothesized that the cytoskeletal organization was 
disturbed under high calcium level. Eggs were examined at 

1-4 h PI and actin filaments and microtubules were stained for 
observation under confocal microscopy. In normally fertilized 
egg, the meiotic spindle anchored at the cortex rotates from 
horizontal to perpendicular against oolemma during the second 
meiosis and microfilaments form the contractile ring around the 
equatorial plate of the spindle to extrude the PBII (Fig.3a-c). 
In eggs with disturbed PBII extrusion, the spindle rotation was 
inhibited and microfilaments aggregated without forming the 
ring structure, or sometimes the ring structure were found in the 
center of the ooplasm (Fig.3d-f). In addition, distribution of two 
isotypes of actin molecules in egg with disturbed PBII extrusion 
were found different from normal egg. Because the dynam-
ics of the meiotic spindle during fertilization is coordinated by 
various cytoskeletal components, these results suggested that 
high calcium level may disrupt the machineries involved in the 
dynamics of the meiotic spindle during fertilization.

Based on the above results, for IVF of C3H/He we decided 
not to use the medium with high calcium level that has been 
successfully applied to other strains. Various studies, includ-
ing our own [3] indicate that conditions of IVF are different 
among inbred strains, and that optimal IVF conditions have to 
be examined on a strain by strain basis at least for frequently 
used strains in individual institutes. Our research about ARTs 
has been well applied to our routine work to obtain large num-
bers of embryos at a time and has played an important role in 
conducting animal research in NIRS. Currently, our research 
has moved to improve IVF conditions for frozen-thawed sperm 
which are often damaged by the freezing process and may re-
quire somewhat different conditions from fresh unfrozen sperm. 
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Fig.2 Percentages of PBII extrusion of C3H eggs under various con-
centrations of calcium during in vitro fertilization coincubation. 
After 1.5-2.0 h capacitation of sperm, eggs were inseminated in 
HTF with 1.71-6.84 mM calcium. At 5 h PI, eggs were examined 
under a microscope. Error bars indicate standard errors of mean. 
Letters above bar indicate significant difference at P < 0.05.

Fig.3 Confocal images of cytoskeletal organization of C3H/He eggs fertilized in 1.71 or 6.84 mM calcium. The scale bar indicates approxi-
mately 20 µm. PBI: the first polar body. PBII: the second polar body. ♀ : egg chromosome(s) or female PN(s). ♂ : decondensing sperm 
head or male pronucleus (PN). Microtubules, actin filaments and chromosomes are shown by green, red and blue, respectively. a) In an 
egg at metaphase II before insemination, chromosomes are arranged at the equatorial plate and the long axis of the spindle is paral-
lel to the nearest oolemma. b) At 2 h PI in 1.71 mM calcium, the chromosomes separate toward the two spindle poles. The spindle has 
oriented with its long axis perpendicular to the oolemma, and actin filaments start to form the contractile ring (arrowhead). c) At 3 h PI 
in 1.71 mM calcium, the PBII has already extruded and the contractile ring (arrowhead) has shrunk with the spindle located in the ring. 

 d) At 2 h PI in 6.84 mM calcium, the egg has almost completed the second meiosis, while the spindle has located with its long axis par-
allel to the nearest oolemma. Actin filaments start to localize around the oolemma over the equatorial plate of the spindle (arrowhead). 

 e) At 3 h PI in 6.84 mM calcium, the spindle is still located with its long axis parallel to the nearest oolemma and no sign of PBII extru-
sion is observed.  A clump of actin enlarges compared with 2 h PI (d), but no ring structure is formed. f) At 4 h PI in 6.84 mM calcium, 
the PBII fails to extrude and two female PNs and a single male PN (out of focus) are observed. In this particular egg, actin filaments 
form the ring-like structure (arrowhead) in the cytoplasm without any sign of cytokinesis.
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