
History:
The history of the NIRS International Open Laboratory (IOL)

starts in 2008. In March that year, the International Advisory Board

which includes internationally renowned research scientists, rec-

ommended NIRS have a structure to promote international col-

laborations with highly regarded scientists from abroad. After vari-

ous discussions and much planning, the first term of the IOL

started in November 2008 with three research units. In particular

two persons greatly contributed to this new establishment, namely

Dr. Hirohiko Tsujii, then Executive Director for Research and Dr.

OhtsuraNiwa, then Deputy Center Director for the Research Cen-

ter for Charged Particle Therapy. Dr. Tsuiji was particularly keen to

start IOL by actively adding this new entity to the NIRS system

and Dr. Niwa greatly contributed to the selection and invitation of

the worldly recognized scientists. NIRS selected three units for the

first IOL term and each unit had a unit leader and a collaborating

distinguished scientist. The following units were active for the first

IOL term (2 years and 4 months) which ended in March 2011, co-

inciding with the end of the five year mid-term plan for the whole

institute:

1． Particle Therapy Model Research Unit: Prof. Anders Brahme

(Karolinska Institute, Sweden), Distinguished Scientist, and

Dr. Takeshi Murakami (NIRS), Unit Leader

2． Molecular Particle Radiation Biology Unit: Prof. Penny Jeggo

(Sussex University, U.K.), Distinguished Scientist, and Dr.

Ryuichi Okayasu (NIRS), Unit Leader

3． Space Radiation Research Unit: Prof. Tom K. Hei (Columbia

University, USA), Distinguished Scientist, and Dr. Ukio Uchi-

hori (NIRS), Unit Leader

These first three units actively pursued collaborations with re-

spective foreign institutes under the supervision of the foreign dis-

tinguished scientists and produced various useful results. As a re-

sult of these efforts, all of the three units obtained “excellent” over-

all status in the evaluation meeting which was held in June of

2011 with the international review board members. Each unit hold

frequent workshops in English with the respective distinguished-

scientist, and these workshops were well-attended by NIRS em-

ployees as well as researchers from outside NIRS.

Current IOL Status:
The second IOL term started in April 2011 with four research

units and it will last for three years. These units were chosen from

campus-wide applications at NIRS and they are actively pursuing

their collaborative research with foreign institutes at this point.

One unique feature for IOL this term is that most of the funding is

from donations from the general public and we are particularly

thankful to the Chang Yung-Fa fund for their substantial contribu-

tion.

The organization of IOL this term is shown Fig.1. Three profes-

sors (Profs. Hei, Brahme and Jeggo) are continuing for the sec-

ond term, and two new professors, Prof. Jac Nickoloff (Colorado

State University, USA) and Prof. Marco Durante (GSI, Germany),

joined IOL as Distinguished Scientists. The new Director of IOL is

Dr. Makoto Akashi, Executive Director for Research at NIRS. The

first general meeting, “IOL Research Seminar” was held in No-

vember 2011 (Fig.2) and was well-attended;all of the five distin-

guished scientists were able to attend the conference and very

fruitful discussions were had among the audience and speakers.

Around this time in 2011, Columbia University and NIRS signed a

Memorandum of Understanding (MOU) in the pursuit of further

active collaborations in the area of heavy ion therapy and space

radiation research; IOL, particularly the Space Radiation Re-

search Unit, played a great role in the signing of this document as

the major areas of IOL research are the applications of heavy ions

produced in the HIMAC facility here at NIRS. Another highlight of

IOL this term is that we were able to hire two appointed scientists

for a long period of time:Dr. Walter Tinganelli from GSI, Germanyis

staying here more than a year in the Particle Beam Quality Unit,
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and Dr. Chris Allen, Colorado State University (CSU), USA stayed

for eight months in the Particle Therapy Molecular Target Unit.

With this new connection to CSU, many graduate students were

able to visit NIRS for collaborative experiments. In June of 2012,

the NIRS-Colombia University Joint Workshop was held at NIRS

hosted by IOL and the Research Center for Charged Particle

Therapy, NIRS. Many people attended this exciting conference

from all over Japan andthere were many fruitful discussions and

exchanges as one of the world’s renowned radiation biologists

Prof. Eric Hall was invited as a speaker.

In the second IOL term, our name and activities were intro-

duced on the web sites of several foreign institutions such as

CERN, Europe and Colorado State University, USA, and the IOL

reputation has started to spread internationally. The progress re-

port meeting for the FY 2012 was recently held in January 2013

and had great discussions and exchanges of novel ideas. We do

not know what our future holds, but our IOL activities thus far have

substantially contributed to the internationalization and improve-

ment of research quality at NIRS.

Fig.1 Organization of current IOL

Fig.2 IOL Research Seminar 2011 (November 2011)
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The Particle Therapy Molecular Target Unit was established in

2011 as one of four distinct units under the International Open

Laboratory (IOL). It took over a previous international collabora-

tion between Dr. Okayasu (Department Head of the Charged Par-

ticle Therapy Research Group) and Prof. Penelope A. Jeggo at

the University of Sussex, UK. In 2011, we invited another distin-

guished scientist, Prof. Jac A. Nickoloff from Colorado State Uni-

versity (CSU), to join us and our unit started as a united team from

three international facilities (Fig.1). The specific aim of our re-

search is to study cellular and molecular mechanisms associated

with heavy ion irradiation for cancer therapy. Our goal is to clarify

the molecular mechanism or determinants of cellular sensitivity to

ionizing radiation (IR), particularly to heavy ion particles. In other

words, we would like to define important ‘target molecules’ for

particle therapies.

Prof. Jeggo and Prof. Nickoloff are internationally recognized

leading scientists in the field of radiation research and molecular

biology. Through exchanges with such distinguished researchers,

we can work to obtain research outcomes that will promote the

use of particle therapy worldwide. Moreover we hope that the pre-

sent collaboration will ‘open’ the field of radiation research to more

researchers who are concerned with ordinary or different fields of

biology.

Because of the 3.11 disasters, the first official IOL meeting was

postponed to October 2011. In spite of the tight schedules, all the

distinguished scientists were able to gather at NIRS, where every-

one had fruitful discussions about experimental approaches with

heavy ion particles.

Since April 2011, we have used HIMAC over 60 times and

Fig.1 Organization of the Particle Therapy Molecular Target Research

Unit.

Fig.2 Demonstration of the Bragg peak in biological assays. Pictures of

Dr. Kato, Dr. Allen and students from CSU (Oncol Rep, 28, 1591-

1596, 2012).
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hosted 7 guest researchers and 19 students for running of experi-

ments (Fig.2). Faculty members from both universities gave excel-

lent seminars and Dr. Takamitsu Kato (Assistant Professor, CSU)

brought many students to NIRS and guided them in performing

biological experiments. The outcomes were published in two pa-

pers this year.

In 2012, we invited Dr. Christopher Allen (Assistant Professor,

CSU) as an appointed scientist. Dr. Allen stayed in Chiba for 8

months and investigated ‘delayed’ phenotypes of cell death and

mutations, which are induced in cells irradiated with X-rays or par-

ticle ion beams. In RKO (colon cancer cells), there is a single

copy of a target construct; a couple of tandem-repeated dead

GFP genes. One event of homologous recombination (HR) can

generate an active GFP gene and repopulate cells with green

fluorescence (Fig.3). Similarly to a DNA-double-strand break re-

pair process, the phenotypic conversion happens spontaneously

and is induced by IR; however, it can be detected without any tar-

geted DNA strand break and can remain over generations. The

RKO system can provide a good model to study how dividing

cells lose genome integrity under some stressful conditions [1]. The

molecular mechanism under delayed genomic instability (DGI) re-

mains to be clarified. An updated technique using a time-lapse

microscope and a cell sorting system will further accelerate our

research in the next year.

In the progress report meeting held on January 22, 2013, Prof.

Nickoloff presented some highlights from the collaboration as de-

scribed above. In addition, he referred to the ASPM (abnormal

spindle-like microcephaly associated) gene as a potential target

molecule for future radiation therapy. This conjecture is based on

our recent publication, in which we showed that knocking-down

ASPM significantly enhanced the radiation sensitivity in glioblas-

toma cells [2]. Dr. Nakako Nakajima of NIRS presented the charac-

terization of clustered DNA damages resulting from heavy ion par-

ticles that can be discriminated from those generated by delta-

electrons (Fig. 4). This work was done at the University of Sussex

in collaboration with Dr. Atsushi Shibata and Prof. Jeggo. Dr.

Nakajima often traveled to Sussex to accomplish the immunocy-

tological analyses using the special confocal microscope in Prof.

Jeggo’s laboratory. Dr. Hirohiko Yajima of NIRS talked about the

resection, an early step in the molecular process of HR followed

by DNA double-strand breaks. He demonstrated that phospho-

rylation of a key molecule CtIP was significantly enhanced in the

cells irradiated with higher LET radiation. This can be attributed to

a preference of HR over other repair pathways in the surviving

cells irradiated with higher LET radiation.

Study of biological targets for IR is clinically relevant to radio-

therapy. It can strengthen the ‘local control’ of particle therapy that

has been achieved by physical approaches. Cancer biologists

are seeking the targets selective to tumor cells. Cellular sensitivity

to IR is varied among the cells under different biological situ-

ations; cell cycle, circadian, tissue types, stemness or differentia-

tion, etc. A novel cellular response to IR is secretion of

prostaglandin E2 (PGE2) in IR-irradiated tissue. There are some

tumor cells that repopulate themselves in the chain of PGE2 se-

cretion. This effect is called ‘phoenix rising’ after the legendary

bird that could be reborn [3]. Since the upregulation of PGE2 selec-

tively depends on caspase3, inhibitors of the caspase pathways

may control the tumor repopulation. Investigation of ‘Phoenix ris-

ing’ under hypoxic conditions is being undertaken by Dr. Walter

Tinganelli, an appointed scientist from the laboratory of Prof.

Marco Durante (GSI), under collaboration with the Particle Beam

Quality Research Unit.

Fig.3 Delayed Homologous Recombination (DHR) induced by low and

high LET ionizing radiation in a human cancer cell line [1].

Fig.4 Core track consists of a clusters of γH2AX foci.
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The Japanese experimental module (KIBO) in the International

Space Station (ISS) was constructed and has been operated from

2010. After completion of this construction, Japanese astronauts

have been staying in the space environment longer than before.

Astronauts in the ISS are exposed to space radiation including

high energy heavy ions of galactic cosmic-rays. But the effects

and, especially risks, of such radiation, especially heavy ions, are

still not fully understood.

The Space Radiation Research Unit (SRRU) in the International

Open Laboratory is investigating the radiation effects and risks of

space radiation for astronauts and cosmonauts and also carrying

out dosimetry. Members of this unit include physicists and biolo-

gists (Fig.1). Prof. Tom K. Hei of Columbia University, USA is a Dis-

tinguished Foreign Scientist in the SRRU. Several young research-

ers, as appointed scientists, from Columbia University and other

universities and institutes have visited NIRS. They carried out re-

search with other young researchers using HIMAC, SPICE and

other facilities in NIRS.

The main subjects in biology in SRRU are to understand low

dose and low dose rate by high LET radiation and long time expo-

sures, and to lay out a common mechanism among cells, animals

and human beings. The subjects in physics are to launch our ra-

diation detectors in order to evaluate a radiation environment in

the vehicle at low earth orbit and to prepare a radiation field using

particle accelerators on ground to simulate the space radiation

environment.

Radiation-induced non-targeted effect, the so called bystander

effect is a phenomenon whereby cellular damage is expressed in

un-irradiated neighboring cells near an irradiated cell or cells.

This bystander effect is considered to be one of the major phe-

nomena in low dose and low dose rate environments. Also in

space environment, such as in the ISS, heavy ion radiation of ga-

lactic cosmic rays is lower by several orders than low LET radia-

tion like protons and gamma-rays but, if the bystander effect af-

fects other cells and organs, these rare heavy ions can become a

large contribution. To understand the mechanism of the bystander

effect, several experiments have been performed in the micro-

beam facility SPICE in NIRS by appointed scientists. With HIMAC,

an investigation on the heavy ion-induced p53-independent by-

stander effect through mitochondria malignancy was performed,

and with SPICE, studies on a mechanism of the cell nucleus and

cytoplasm damage-induced bystander effect, and also bystander

cellular responses in CSCs and non-stem cancer cells were in-

vestigated.

Radiation dose and dose equivalent have been measured in

the Russian Service Module in the ISS. These experiments were

collaborative research with the Institute of Bio Medical Problems

in Moscow, Russia. NIRS passive detectors were installed in sev-

eral packages and launched by Russian Progress Space Rock-

ets. These passive detectors were luminescence detectors used

to measure lower LET radiation and solid state track detectors, CR

-39, used to measure high LET radiation above 10 keV/μm. One of
Fig.1 The distinguished scientists, Prof. Tom Hei and members of the

Space Radiation Research Unit.
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our space experiments was in the Water Curtain Project (Figs 2

and 3). In this project, NIRS packages were installed outside and

inside water curtains. The water curtains consisted of water-

saturated napkins or towels. From these experiments, we found

that the water curtains could reduce radiation dose and they were

useful to protect astronauts and cosmonauts from space radia-

tion. We are continuing the project in the ISS.

The members in the SRRU prepared a new radiation field for

proton beams which has a wide and uniform profile in the cyclo-

tron facility in NIRS. The proton beam field can be used to cali-

brate radiation detectors and to irradiate biological samples using

30 to 80 MeV of proton beams. This work and micro beam experi-

ments have been a bridge between physics and biology.

The SRRU has had very fruitful collaborations with Columbia

University, and other international universities and institutes, e. g.

Peking University, Fudan University, Key Laboratory of the Chi-

nese Academy of Science, Hong Kong City University in China,

German Aerospace Center (DRL) in Germany, and Institute of Bio

Medical Problems in Russia.

Fig.2 Passive detectors of NIRS and IBMP, Russia, for the protective curtain project.

Fig.3 The protective curtains which were installed for our passive detec-

tor packages in the ISS.

Fig.4
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