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PREFACE 
 
 Since 2008, Hirosaki University Graduate School of Health Sciences has worked to 
create an advanced professional education program in radiation emergency medicine, 
including such subject areas as nursing of exposed patients, measures for contamination 
control and decontamination, radiation dosimetry, and specific clinical assays. The mission of 
this project is to improve the quality of education and to promote research based on the 
development of human resources among health professionals, particularly in the field of 
radiation emergency medicine. Consequently, curriculums have been developed at the School 
of Health Sciences for both entry-level undergraduate education and the postgraduate course, 
and the new education program began in April last year. 
 In line with these initiatives, the 1st International Symposium on Radiation 
Emergency Medicine at Hirosaki University was held on 1 August 2009, under the theme 
“Basic Research on Radiation Sciences and Radiation Emergency Medicine.” The 2nd 
International Symposium was held on 10 October 2010, under the theme “Missions and 
Challenges of Health Professionals in Radiation Emergency Medicine.” Recently, the 
executive committee was making preparations to host the 3rd International Symposium on 
Radiation Emergency Medicine on 17 September 2011. During this preparation, we faced the 
unprecedented accident caused at the Fukushima nuclear energy plant by the Great East 
Japan Earthquake on 11 March 2011. Therefore, the focus of the 3rd International 
Symposium was “Dose Estimation and Protection in Radiation Exposure.” Major topics 
included current support activities in the wake of the Fukushima nuclear power station 
accident as related to radiation emergency medicine. 
 The Symposium consisted of talks by invited speakers, regular presentations, and 
poster presentations. It was our privilege to have three distinguished invited speakers: Pat 
Kenny from the International Atomic Energy Agency (IAEA) in Austria and Natalia I. 
Ossetrova and Mark H. Whitnall from the Armed Forces Radiobiology Research Institute 
(AFRRI) in the USA. Presentations comprised four sessions, and 26 speakers lectured on 
topics related to their current research. Participants were deeply impressed by the special 
guest speakers, and the Symposium was highly successful in promoting the exchange of 
recent, new developments in this field. This report summarizes the presentations and 
discussions held at the Symposium. We would like to acknowledge all of the people who have 
contributed to this Symposium, including the members of the governing board and, above all, 
the authors and participants. Finally, we hope that the situation in Fukushima will return to 
normal as soon as possible. 
 
Hitoshi Tsushima 
Chief Chair, The 3rd International Symposium on Radiation Emergency Medicine at Hirosaki 
University 
Dean of Graduate School of Health Sciences, Hirosaki University 
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Abstract. On M arch 11, 2 011, a n ea rthquake an d a t sunami of unprecedented 
magnitude led to m ajor proble ms in the  st abilization of nuclea r powe r reactors in 
northeast Japan. Operating reactors were automatically shut down, with control rods 
inserting i nto the reacto r cores. Howev er, a 14-meter tsunam i triggered by t he 
earthquake disabled al l AC  power t o U nit 1, 2, a nd 3. Fuel t anks f or em ergency 
diesel gene rators were  carried o ff by  the tsun ami. Water i njection failed  in th e 
emergency core cooling system of Units 1, 2, and 3.Since the normal cooling system 
was not available, a pressure valve was o pened to reduce pressure. In spite of such 
efforts, hydrogen explosions damaged these facilities. E ventually a large amount of 
radioactive m aterial was  rele ased t o t he e nvironment. On M arch 13, m embers of 
Radiation Safe ty C ouncil at  Hirosaki U niversity we re c onvened a nd discussed a  
policy for this  accident. Upon request of the Japa nese gove rnment, the counci l 
concluded that university staff members would be dispatched to Fukushima so as t o 
support t heir l ives. M ain act ions we t ook were as fo llows: 1. Screen ing tests for 
radioactive contamination for the general public in Fukushima Prefecture; 2. Fi eld 
work of radiation m easurement and sam pling for r estructuring th eir doses. In  th is 
paper, an overview of our activities in Fukushima is introduced. 

Key Words: earthquake, tsunami, nuclear accident, radioactive contamination, 
dose assessment, screening test, field survey 
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Introduction 
 
 On Frida y, March 11,  2 011, an eart hquake 
struck off the coast of Japan, churning up a 
devastating tsuna mi that swept over cities and  
farmland in the northern part of the countr y. The 
magnitude of the earthquake was 9.0 on the Richter 
scale and wa s the most powerful quake ever hit t o 
our country. This disaster led to m ajor problems in 
the stabilization of nuclear power reactors in  
northeast Japan. Operating reactors were  
automatically shut down, with control rods 
inserting into the reactor cores. However, a 14-
meter tsunami triggered  by the earthqua ke disabled 
all AC power to Unit 1, 2, and 3. F uel tanks for 
emergency diesel generators were carried off by the 

tsunami. Wat er injection failed in the em ergency 
core cooling system of Un its 1, 2, and 3.Since the 
normal cooling system was not available, a pressure 
valve was opened to reduce pressure.  In spite of 
such efforts, hydrogen e xplosions da maged these 
facilities. Eventually a lar ge amount of radioactive 
material was  released to the environment. In this 
paper, Fukushima Daiichi  event seque nce and an 
overview of our activit ies in Fukushima are 
introduced. 
 
Fukushima Daiichi Event Sequence 
 
 Table 1  demonstrates the Fukushim a Daiichi 
event sequence fro m March 11 t o 15[1],. It was 
derived from infor mation collected by  Japan’ s 
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national nuclear r egulator, the Nuclear and  
Industrial Safety Agency.  
  

  
 
Activities by Hirosaki University 
  
 On March 13, members of Radiation Safety 
Council at Hirosaki University were convened and 
discussed a policy against this accident. Upon 
request of the Japanese government, the council 
concluded that university staff members would be 
dispatched to Fukushima so as to support people 
living there. The first team at Hirosaki University 
was dispatched to Fukushima on March 15. 
 The dispatched team was involved in two 
important projects. The first was to do screening 
tests for radioactive contamination for thegeneral 

public in Fukushima Prefecture. The second was to 
assist a temporary visit to homes in a 20-km zone 
by evacuees. Besides these projects, we planned a 

field work of radiation measurements and sampling 
for restructuring their doses. 
 

Screening test for radioactive contamination  
 For this pr oject, the team  consists of a 
radiation expert, a nurse and a cle rk as their 
supporting staff. In total 20 team s were dispatched 
to Fukushima until the end of Jul y. 82 people were 
involved in t he university. More than 5 ,000 people 
were examined in this project. In this screening test, 
a GM survey  m eter (e.g. TGS-146B, Aloka, Co., 
Japan) wa s u sed. Figure 1  illustrates a screening 
test carried out by Hirosaki University staff. In this 
nuclear crisis, a special criterion was set up in terms 

 

Table 1. Fukushima Daiichi event sequence. (March 11 thru 15) 

Date Ti me Events 

March 11 2:46 p.m. The 9.0 magnitude earthquake strikes. Ground acceleration trigge rs
automatic shutdown of all three reactors in operation. 

 3:42 p.m. A 14-meter tsunam i trigge red by  t he earthquake disables all AC
power to Unit 1, 2 and 3. 

 
 
 
 
March 12 
 
 
 
 
 
March 13 
 
 
 
 
 
March 14 
 
 
 
 
 
 
March 15 

3:45 p.m. 
 
4:46 p.m. 
 
9:07 p.m. 
3:36 p.m. 
 
8:20 p.m. 
5:58 a.m. 
 
9:20 a.m. 
4:46 p.m. 
 
11:01 a.m. 
 
1:25 p.m. 
 
 
4:34 p.m. 
 
6:20 a.m. 
 
9:38 a.m. 
12:29 p.m. 

Fuel tanks for e mergency diesel genera tors are c arried off by  the
tsunami. 
Water injection fails in the emergency core cooling systems of Unit 
1 and 2. 
A pressure relief valve is opened on the Unit 1 pressure vessel. 
A hydrogen explosion damages the structure of the Unit 1 reactor 
building. 
Seawater injection to the Unit 1 pressure vessel begins. 
Water injection fails in the emergency core cooling system of Unit 
3. 
A pressure relief valve is opened on the Unit 3 pressure vessel. 
Water injection fails in the emergency core cooling systems of Unit 
1 and 2. 
A hydrogen explosion damages the external structure of the Unit 3 
reactor building. 
The water level in the Unit 2 pressure vessel is found to be low, 
leading operators to conclude that reactor cooling system is no 
longer functional. 
Seawater injection into the Unit 2 pressure vessel begins. 
An explosion sound is heard at Unit 2 and it concluded to indicate 
an abnormality in the pressure suppression pool. At the same time, 
part of a wall in the operation area of Unit 4 is damaged. 
A fire breaks out in the Unit 4 reactor building. 
The unit 4 fire is extinguished. 
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of contamination. If the count rate exceeds 100,000 
cpm, it is regarded as radioactive conta mination. 
Therefore, decontam ination will be needed. As 
shown in  Figure 2 , a decontam ination room  was 
prepared by Self-Defence Force. If the count rate is 
between 1 3,000 and  100,0 00 cp m, the 
decontamination will be suggested. If the count rate 
is less than 13,000 cpm, no decontamination will be 
needed.  
 
Temporary visit to homes in a 20 km zone by 
evacuees 
 In order t o support t heir tem porary visit, a 
team was organized, consisting of a medical doctor, 
a nurse, radiation expert an d a clerk. 11 teams were 
dispatched to Fukushim a from late may thro ugh 
early August . 51 people  were involved in the 
university. Figure 3  illustrates guidance of t he 
temporary visit for evacuees living in a 20 km zone. 
 

Field work of radiation measurement and sampling 
 Radiation measurements were additionally  
carried out as well as taking environm ental samples. 
The dose rate in air was measured in several cities 
in Fu kushima Prefecture. Envir onmental sam ples 
were collected from  the middle of March. They  
were soil, water, plants, air, milk and so on. For  
internal dose assessment, biological sample such as 
urine was c ollected from eva cuees. Regarding  
measurement of the dose rate in air, our article has 
just co me out in Scientific Reports.  The other 
analyses are still in progress. 
 
 
Future Activities 

 
 Hirosaki University  will make an agreement for 

comprehensive activities with Namie town where  
heavily cont aminated areas were f ound. The  
following activities will be ready: 

• Radiation m onitoring and 
environmental/biological assessment  

• Decontamination 
• Medical support 
• Any ot her su pports f or re mediation of  the 

town 
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Abstract. A car-borne survey of dose rate was carried out in March and April 2011 
along an expressway passing northwest of the Fukushima Daiichi Nuclear Power 
Station (Fukushima NPS) that released radionuclides after the Great East Japan 
Earthquake on March 11, 2011, and in an area closer to the Fukushima NPS which 
was known to have been strongly affected. Dose rates along the expressway 
relatively far from the power station were higher after March 11, in some places by 
several orders of magnitude, implying that there were additional releases of 
radionuclides from the Fukushima NPS. The maximum dose rate of the residential 
area was 32 μGy h-1, and the maximum cumulative external dose of the residential 
area was estimated to be 177 mSv. On the other hand, the estimated cumulative 
external dose for evacuees who came from Namie Town to evacuation sites (e.g. in 
Fukushima, Koriyama, and Nihonmatsu Cities) was from 57 to 68 mSv. As this dose 
rate was one-third of that in the residential area, the evacuation was justified from 
the standpoint of radiation protection. 

Key Words: car-borne survey, expressway, Fukushima, evacuee, cumulative 
external dose 
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Introduction 
 
 At 2:46 pm (JST) on March 11, 2011, Japan 
experienced one of the most powerful earthquakes 
(M = 9.0) in recorded history, now known as the 
Great East Japan Earthquake[1],[2]. The power 
supply for the cooling system in the Fukushima 
Daiichi Nuclear Power Station (Fukushima NPS) 
was stopped by the effects of the tsunami generated 
by the earthquake[3]. Hydrogen explosions at Units 
1, 3, and 2 occurred at 3:36 pm on March 12, at 
11:01 am on March 14, and at 6:14 am on March 
15, respectively. Artificial radionuclides such as 
133Xe, 131I, 134Cs, and 137Cs were released from the 
reactor buildings into the environment[4]. These 
radionuclides were detected not only in Japan[5], but 
also in the United States[6], Canada[7], Russia[8], and 
all over Europe[9]-[11]. The nuclear crisis has not yet 

ended, thus dose estimations for workers and 
residents and environmental assessments can only 
be considered as preliminary. In this study, the 
effects on the living environment by artificial 
radionuclides released during the Fukushima NPS 
crisis were estimated, and the temporal variation of 
dose rate in air was discussed. Dose rates in the air 
along an expressway passing northwest of the 
Fukushima NPS were measured in a car-borne 
survey.  A similar survey was also conducted in a 
high level contamination area (HLCA) to estimate 
the external dose for the persons who lived in the 
area but were evacuated as the crisis developed. 
 
 
Materials and Methods 

Car-borne survey along an expressway 
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 The car-borne survey technique is a common 
method for the fast assessment of dose rate in 
emergency situations. The dose rate measurements 
were conducted 3 times: on March 16, April 11, 
and April 25, 2011. The distance between 
Fukushima NPS and each measurement point was 
from 60 to 355 km, and the typical distance 
between measurements points were approximately 
3 km. Total distance on the expressway was about 
1256 km.  A 1" × 1" NaI(Tl) scintillation survey 
meter (TCS-171, ALOKA Co., Japan) was used for 
each measurement, and measurements were carried 
out every minute. The survey meter was calibrated 
with a 2" × 2" NaI(Tl) scintillation spectrometer 
(SPA-3, Eberline Co., U.S.A). Latitude and 
longitude at each measurement point were 
measured using a global positioning system (WPL-
2000, Wintec Co., Ltd., Taiwan). More than 100 
measurements were obtained in each survey. The 
shielding effect of the car body was estimated by 
making measurements inside and outside of the car 
at 56 points. A shielding factor of 1.9 ± 0.04 was 
found. The dose rates on pavement and on unsealed 
surfaces were also compared. 

In-situ gamma spectrometry 
 The in-situ gamma spectra was measured 
using a 3" × 3" NaI(Tl) scintillation spectrometer 
(JSM-112, ALOKA Co., Japan). Measurements 
were carried out 1 m above the ground at each 
measurement site. 

Car-borne survey within the HLCA 
 The car-borne survey within the HLCA was 
carried out from April 11 to April 15. The survey 
route was selected after reviewing the MEXT 
database.  Total distance for the car-borne survey in 
this area was 730 km, and 1623 measurements were 
performed. The measured values of longitude, 
latitude, and dose rate were entered into contour 
mapping software. 
 
 
Results and Discussion 
 
Car-borne survey along an expressway 
 Figure 1 shows temporal variation of dose 
rates in the air before and after the start of the 
Fukushima NPS crisis. In the 1st survey, the dose 
rates along the expressway between Fukushima 
City and Osaki City were found to have drastically 
increased, from about 0.08 to up to 11 µGy h-1. On 

the other hand, in the remaining part of the survey 
area, the dose rates did not increase by much, only 
by a factor of about 1.5 to 2.5. In the 2nd and 3rd 
survey, the dose rate profile of the survey area 
looked quite different. The effect was particularly 
striking around Oshu City, where the dose rate 
increased by a factor of up to 10 between the 1st and 
the 2nd surveys. 
 Figure 2 shows the temporal variation of in-
situ gamma spectra measured at Kunimi City, 
Fukushima Prefecture and Oshu City, Iwate 
Prefecture. Photon peaks generated by 132Te, 131I, 
132I, 134Cs, 136Cs, and 137Cs were observed in the 
spectra on March 19 at both measurement points. 
No photon peaks generated by 132Te (3.2 d), 131I, 
(8.0 d), and 132I (2.3 h) –all short half life nuclides– 
were observed in the spectra on April 25. The 
counts of 134Cs and 137Cs at Oshu City on April 25 
were much higher than on March 19. This implies 
that there were additional releases of radionuclides 
from Fukushima NPS.

 The dose rates on pavement and unsealed surfaces 
 Figure 3 shows the comparison of the 
measured dose rates on pavement and unsealed 
surfaces. The dose rates were from 1.0 to 2.1 times 
(average: 1.3 times) higher on unsealed surfaces 
than on pavement. Therefore, contamination on 
sealed surfaces can be removed by wind (re-
entrainment) and rain (washout) [12]-[15]. 

 External dose estimation within the HLCA 
 The dose rates did not depend on the distance 
from the Fukushima NPS, and the most 
contaminated area was to the northwest of the 
facility (Figure 4). The highest observed dose rate 
was 36 μGy h-1 (5:08 pm, April 12, 2011) at 
Hirusone, Namie Town. The maximum value in a 
residential area was 32 μGy h-1 (1:12 pm on April 
15, 2011) at Koakuto, Namie Town. 
 The monitoring data measured by Fukushima 
Prefecture were used for the calculation of the 
cumulative external dose from March 12, 2011, to 
the author’s measurement date. Some assumptions 
were considered for the estimation of the 
cumulative external dose from March 12, 2011, to 
March 11, 2012. 

• The temporal variation of dose rate 
between Hirusone and the MEXT 
monitoring station at Iitate Village was the 
same. 
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• The dose rates at Hirusone were 
proportional to the values at Iitate Village. 

• The missing monitoring data from March 
12 to 14 were of the same level as the dose 
rate before rainfall at 2:00 pm on March 14. 

• The contribution rate of 134Cs and 137Cs 
were set as 0.75 and 0.25, respectively.  
These values were estimated using a 3" × 
3" NaI(Tl) scintillation spectrometer (JSM-
112, ALOKA Co., Japan) in Namie Town. 

• The decrease of dose rate due to physical 
decay of 134Cs and 137Cs was considered. 

• The conversion factor from pavement to 
soil was set at 1.3. 

• The indoor and outdoor dwelling times 
were set as 16 hours and 8 hours, 
respectively, and the shielding coefficient 
of walls was set as 0.4, the same values as 
used by MEXT.  

The cumulative external dose at Hirusone was 
estimated to be 194 mSv, and was close to the value 
presented by MEXT. This value at Koakuto was 
estimated to be 177 mSv, and this was estimated to 
be the external dose for evacuees who were living 
in Koakuto until May 10. This result included an 
assumption that the evacuees lived in Fukushima 
City, Koriyama City, or Nihonmatsu City from 
May 11, 2011, to March 11, 2012. The estimation 
was based on the measurement data from 
Fukushima City (0.27 – 3.2 μGy h-1), Koriyama 
City (0.45 – 0.91 μGy h-1), and Nihonmatsu City 
(0.77 – 2.2 μGy h-1) in April. The cumulative 
external dose for evacuees to Fukushima, Koriyama, 
and Nohonmatsu Cities was estimated to be from 
57 to 68 mSv. 
 
 
Conclusions
 
 The dose rates along the expressway were 
higher after March 11. Specifically, the counts of 
134Cs and 137Cs around northern Miyagi Prefecture 
on April 25 were much higher than those on March 
19. This implies that there were additional releases 
of radionuclides from the Fukushima NPS. The 
maximum dose rate and the cumulative external 
dose of the residential area in the HLCA were 32 
μGy h-1 and 177 mSv, respectively. The estimated 
maximum cumulative external dose for evacuees 
who came from the HLCA to the evacuation sites 
was 68 mSv. As this value was one third of the 177 

mSv found in the HLCA, the evacuation is justified 
from the standpoint of radiation protection. 
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Role of nurses in a nuclear disaster

Yuka Noto 

Department of Disability and Health, Division of Health Sciences, 
Hirosaki University Graduate School of Health Sciences, Hirosaki, Japan 

Abstract. A severe earthquake occurred in Japan on March 11, 2011. The giant 
tsunami unleashed by the magnitude 9.0 earthquake devastated many coastal 
communities across a wide area of eastern Japan and crippled the Fukushima Daiichi 
nuclear power plant. The battle to bring the situation under control continues. The 
Japanese government decided to conduct a large-scale survey of residents affected 
by the nuclear and natural disasters in Fukushima prefecture and requested the 
dispatch of contamination survey personnel from Hirosaki University. In response to 
the government’s request, Hirosaki University decided to dispatch a Radiation 
Exposure Research Team to Fukushima prefecture. In addition, the Fukushima 
prefecture Temporary Home Visit Project was initiated. This presentation describes 
the activities of the Radiation Exposure Research Team and the Temporary Home 
Visit Project. Next, based on my experience of the 2 projects described above, I 
would like to talk about the characteristics of the Fukushima nuclear accident and 
what I feel is important in terms of the care of residents affected by this nuclear 
disaster. This unprecedented nuclear disaster will leave a large scar within 
Fukushima and throughout Japan. Our role, as medical staff in the field of radiation 
medicine, is to protect the health of those affected and try to reduce their anxiety. In 
addition, as the persons responsible for implementing the Radiation Emergency 
Medicine Project, it is also necessary that we educate and foster the development of 
medical care personnel with the appropriate knowledge and skills to carry out the 
measures required. 

Key Words: nuclear disaster, role of nurses, radiation emergency 
medicine

Introduction 
 Even if careful attention is paid to the safe use 
of radiation and appropriate radiation protection 
measures are taken, the probability of a radiation 
exposure accident is not zero. Whether a nuclear 
disaster or a radiation accident, when such an event 
occurs, it has a great impact on the people in and 
near the local community, as well as on the facility 
workers.   To be specific, the most serious problem 
is the health damage to the human body. Therefore, 
as a precaution against such an unlikely accident, it 
is necessary to maintain a system of radiation 
emergency medicine. However, in actuality, this 
system was not ready. 

A severe earthquake occurred on March 11, 
2011. The giant tsunami unleashed by the 
magnitude 9.0 earthquake devastated many coastal 
communities across a wide area of eastern Japan 

and crippled the Fukushima Daiichi nuclear power 
plant. The battle to bring the situation under control 
continues. With radiation continuing to be released, 
the evacuees from around the facility continue to 
live in shelters, unable to begin restoring their 
community. 

1. Outline of the Hirosaki University Radiation 
Exposure Research Team and Temporary Home 
Visit Project for evacuated residents

The Japanese government decided to conduct 
a large-scale survey of Fukushima prefecture 
residents affected by these nuclear and natural 
disasters and requested Hirosaki University to send 
contamination survey personnel to the area.. In 
response to the government’s request, Hirosaki 
University decided to dispatch the Radiation 
Exposure Research Team to Fukushima prefecture. 
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Approximately 80 staff members were sent from 
March 15 until July.  In addition, the Fukushima 
prefecture Temporary Home Visit Project was 
initiated in May. In this project, the participants’ 
safety was ensured by providing radiation 
protection and by conducting contamination 
surveys. Hirosaki University also took part in this 
project and dispatched approximately 60 staff 
members. Having spent several days working with 
each of these projects, I will now describe their 
activities. 
1) The activities of the Radiation Exposure 
Research Team

My participation lasted from March 16 to 
March 18. The team was comprised of radiologists, 
lecturers from the School of Health Sciences who 
were also qualified nurses or radiological 
technologists, and clerical officers. We set up the 
survey site and examined local residents for any 
signs of contamination. If the contamination dose 
was found to be high, we then conducted 
decontamination procedures. However, only a few 
of the people who took part in the survey actually 
required decontamination. Decontamination was 
achieved by simply removing the outer layer of 
their clothes. 

At the same time, the university researchers 
began an investigation of the environment and its 
influence on the human body. 
2) The activities of the Temporary Home Visit 
Project for evacuated residents

The Temporary Home Visit Project allowed 
those residents who lived within a 20-km radius of 
the nuclear plants but were currently living in 
evacuation shelters to return to their homes for 
several hours. The residents were assembled at a 
relay point and, after putting on protective clothing, 
were allowed to return to their homes. They spent 
several hours there and then returned to the relay 
point where they were checked for contamination 
before going back to the evacuation shelters or 
other accommodation. I participated in this project 
as part of the medical team. 

2. Characteristics of the Fukushima nuclear 
accident and the role of nurses

Based on my experience with the two 
aforementioned projects, I would like to describe 
the characteristics of the Fukushima nuclear 
disaster and discuss what I feel  important in terms 
of the care of residents affected by this disaster is. 

1) Characteristics of this nuclear accident
The situation and circumstances experienced 
exceeded the assumptions of the radiation 
emergency medicine system
(i) The disaster was on a larger scale than 
anticipated

Until now, it was not possible to predict that 
such a large-scale nuclear accident could be caused 
by an earthquake or tsunami. Japanese nuclear 
plants were believed to be equipped with the 
world’s best safety features to protect them against 
natural disasters. If nuclear accidents were to occur, 
the more probable causes were considered to be 
human error or terrorism. As we can see from the 
widespread use of the adjective “unexpected”, the 
strength and scale of the Fukushima disaster far 
exceeded our expectations. It was this “unexpected” 
situation that triggered the subsequent accidents at 
nuclear plants that had previously been considered 
to be perfectly safe. 

Since the disaster was on such a large scale, 
areas other than Fukushima were also affected and 
the difficulty of coordinating and concentrating 
medical aid was a problem. It was not possible to 
dispatch a sufficient number of nurses in the early 
stages of the disaster. Also, as reported in the press, 
female nurses were particularly hesitant to travel to 
field sites due to their concerns about the high 
levels of radiation. 
(ii) Compounded by damage from the 
earthquake and tsunami

A unique characteristic of this nuclear disaster 
was that the damage was caused by the 
combination of an earthquake and a tsunami. 
Therefore, the residents who lived near the nuclear 
power plants suffered multiple instances of damage 
as they were forced to evacuate in addition to losing 
families and homes from the earthquake and 
tsunami. Compared with other disasters, the 
enormous amount of emotional, physical, economic, 
and social distress can be imagined. 
(iii) The situation is still not under control

Considering that the worst-case scenario 
involving a meltdown has actually occurred, it is 
necessary to re-examine the process schedule chart 
presented earlier. That is to say, the forecast for the 
future is still unclear at this point.  Therefore, the 
evacuees remain in an uncertain situation where 
there is no clear indication as to how long their 
evacuation status will continue or when they will be 
able to return home. 
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(iv) Prediction of health hazards is proving 
difficult

Until now, it was considered that, when a 
nuclear disaster or accident occurred, radiation 
could be measured and health damage could be 
predicted, at least to some degree, by examining 
past cases. However, there is a critical shortage of 
basic data regarding the risk arising from long-term 
exposure to low doses of radiation in adults, 
pregnant women, and children. 

In the future, it will be necessary to examine 
how nursing staffs handle these difficult situations, 
what kind of effect their efforts will have, and how 
their performances can be evaluated. 
2) Role of nurses in a nuclear disaster

From my experience with these two projects, I 
was convinced that the role of nurses in a nuclear 
disaster is very important. 
(1) Experience of the Hirosaki University 
Radiation Exposure Research Team
(i) Flexible support depending on individual 
circumstances

When conducting a contamination survey, it 
was found that only a limited number of residents 
actually required decontamination such as 
removing the outer layer of their clothes. However, 
in cases where residents are evacuated with only 
the clothes on their back and are not allowed to 
return home to get their belongings, they may not 
be able to change their clothes. In addition, if their 
hands and hair are contaminated, washing cannot 
be carried out in a satisfactory manner if the water 
system has not been restored.  Therefore, it is 
essential not only to conduct contamination surveys 
and decontamination procedures, but also to 
provide support by checking conditions in the area 
and the circumstances of the individuals affected. 
We all need to think about the best ways to deal 
with these problems and to offer possible choices 
and solutions so that each person’s individual needs 
can be satisfied. Therefore, I consider that an 
important role of nursing in such circumstances is 
to assess, and carefully consider the individual 
situations of the residents concerned. 
(ii) Setting up a site for contamination surveys 
and supporting activities

In any disaster, not just a nuclear accident, it is 
very important to provide thoughtful consideration 
towards the most vulnerable people in the affected 
area. Some people will need special consideration, 
such as the elderly who may have difficulty 
walking and those people with a vision, hearing or 

language disability or dementia. In general, the site 
used for a contamination survey should be set up so 
that the lines of people participating in the survey 
do not overlap. However, if set up in this way, the 
line from the entrance to the exit can become rather 
long and, even within the site, this distance may 
pose a problem for some of the people participating 
in the survey. People who have difficulty walking 
and use a walking stick outside the site may be 
forced to walk and to leave their walking sticks at 
the entrance. The procedure used for making 
necessary announcements to the group can make it 
difficult to deal with individual disabilities. If 
present at the survey site, nurses can quickly 
identify people with disabilities, approach them 
individually, and provide them with appropriate 
support.  In this project, the nurses either stayed 
with these persons during the survey or requested 
that the survey staff come to the entrance so that 
people with a disability did not have to move as far. 

When setting up a site, consideration must be 
given not only to the facilities and human and 
material resources required, but also to the 
following issues: the number of people to be 
surveyed, whether or not they will arrive in groups, 
how many are likely to have a high dose of 
radiation and require decontamination, and how 
many will be elderly or disabled.  Depending on the 
particular circumstances encountered, it is 
necessary to take the location, resources, and local 
situation into account when setting up a site. 
(iii) Conducting a contamination survey 
involving children

Special consideration is necessary when 
carrying out a survey involving children. The sight 
of many adults wearing masks and protective 
clothing in a strange place will be something 
they’ve never experienced. Strange monitoring 
machines they have never seen will be held over 
their bodies and their parents will be watching with 
tense expressions on their faces. In order to reduce 
their feelings of anxiety and fear as much as 
possible and to prevent bad memories, it was 
considered important to provide as much care and 
consideration as possible. When children were with 
their parents, we asked them, “would you like to 
take the survey with your mother?” and we asked 
their parents to stay nearby.  When the children 
underwent the survey alone, nurses stayed nearby 
and said things like, “it won’t hurt”, “it will be over 
soon”, and “you did well” and when the survey was 
complete we gave the children candy as a present, 
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saying, “you did a great job”. By the time the 
survey was completed, many children were looking 
rather glum but they smiled when they received the 
candy. Therefore, the “candy strategy” was 
considered to be an effective means of easing 
anxiety in children. 
 (iv) Providing an opportunity to answer 
questions and express anxiety in words

As part of the survey team, a surveyor and a 
clerical officer worked together as a pair to  explain 
the contamination survey certificate. Clerical 
officers were also put in charge of guiding residents 
through the survey process in order to allow the 
nurses and healthcare professionals to concentrate 
on providing care. We were able to identify the 
persons who needed to be supported and were able 
to respond promptly. In the case of people in tears 
telling us, “our home has been washed away by the 
tsunami and nothing is left”, we listened to them for 
as long as time allowed. When explaining the 
contamination survey certificate, many people 
asked questions and we listened and observed them 
carefully. If it seemed that they wanted to talk 
longer, we provided a more detailed explanation 
and discussed it further.   

Our survey team was in operation from the 7th 
to the 9th day after the disaster.  Most of the 
residents participating in the survey already 
understood the meaning of radiation and the 
purpose of the survey, at least to some degree, due 
to the government’s explanations, press reporting, 
etc. Some residents had taken part in the survey 
before or had come at their own initiative. 
Therefore, it was not considered necessary to 
explain the meaning or the methodology of the 
survey to most of the residents.  The results of the 
survey generally showed no significant effect on 
health, except for several people who could be 
decontaminated simply by taking off the outer layer 
of their clothing.  By telling these persons that “it is 
almost the same level as natural background 
radiation”, the survey team found that they 
understood and were relieved. Most of the people 
who went through the decontamination process of 
taking off the outer layer of their clothes did not 
seem to be upset and appeared to accept and 
understand the reason: because “I was wearing 
these clothes all through the disaster”. However, 
there were a small number of people who seemed to 
be irritated and resentful, and we tried to 
communicate with these people as politely and 
carefully as possible.  Some people also asked 

questions or expressed concerns such as “it is 
alright now, but we don’t know about the future”, “I 
work outside and is it alright to take part in the 
survey again tomorrow?”, and “I would like my 
children to take potassium iodine as a precaution 
and I would like to know what to do”. In these 
cases we provided explanations and helped as much 
as we could.  It can be very difficult for people in 
these situations, and it was considered desirable to 
set up an individual consultation service staffed by 
specialists to assist the residents visiting the survey 
sites. 
(2) Experience of the Temporary Home Visit 
Project for evacuated residents
(i) Health check for the participants

Notable aspects of the Temporary Home Visit 
Project were the long hours required from the 
participants and their exposure to high levels of risk. 
It was important that any health check took these 
characteristics into consideration. To take part in 
the Temporary Home Visit Project, participants had 
to leave their evacuation shelters early in the 
morning in order to arrive at the relay point on time. 
They were then forced to follow a tight schedule as 
it took one hour to arrive at their homes where they 
could stay for only two hours before returning to 
the relay point, where they underwent a screening 
before returning to the evacuation shelters, which 
took another two hours. Some residents who had 
been evacuated to the homes of their children or 
relatives, located even further away than the 
evacuation shelters, had to travel a long way by car 
to participate. After spending three months as 
evacuees, some participants were suffering a 
decline in physical strength, etc. In addition, there 
were many elderly people and many people with 
medical conditions such as hypertension, cardiac 
disorders, asthma or diabetes mellitus and who 
were receiving medication and treatment.  These 
participants ran a high risk of falling sick during 
their visit because, in addition to the high 
temperatures, the requirement to wear protective 
clothing meant that some became nervous and some 
refrained from taking fluids while on the bus 
because they were worried about using the 
bathroom. Others hid their ill-health because they 
did not want to miss this chance to visit their homes 
as they did not know when the next chance would 
be. The nurses needed to keep these things in mind 
when conducting the health checks. Cross-checking 
all the names on the list with medical or drug 
administration records allowed us to obtain detailed 
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information.  We also checked things such as the 
frequency of drug intake throughout the day, 
whether or not the right drug was taken in the 
morning, and whether or not there were any disease 
symptoms present.  In the case of diabetes mellitus, 
the administration of the relevant drugs and insulin 
injections and breakfast and lunch plans were all 
checked.  Necessary instructions were written on 
the margins of the list of participants and all 
information was concentrated in one place so that 
details regarding any residents who needed to be 
carefully observed could be shared by all the 
medical staff. We tried to ensure that the same staff 
supported each resident after their return and, so 
that a change in staff would not lead to any further 
problems, we re-checked the above information 
with all the staff when the bus arrived.  Also, by 
putting Post-it notes on the questionnaire forms, we 
made the information accessible and 
understandable to everyone.  As an additional 
precaution, we checked any residents using 
antihypertensive diuretics for fluid intake and use 
of the bathroom. In the case of residents who had 
forgotten to take their antihypertensive medicine, 
we checked if they had their medicine on them and 
reminded them to take their pills. 

We observed how each resident got down from 
the bus after the ride back and provided any 
necessary support, such as asking them about their 
condition, assisting them while walking, 
recommending that they use a wheelchair, helping 
them to sit down or stand up, and providing escorts 
during the contamination survey. We escorted 
anyone feeling unwell to a cool, shaded area, 
notified the doctors, and requested help, as required.  
We checked the condition of those participants who 
had come to our attention through the results of a 
prior health check and passed this information on to 
the standby physicians.  We paid particular 
attention to the risk of fatigue and dehydration in 
the elderly, and checked their intake of water and, 
as needed, arranged for some to undergo a 
contamination survey or change of clothes on a 
priority basis. 
(ii) Consideration of psychological aspects

The participants included some people who 
had lost family members or whose home had been 
washed away. As a result of joining the project, 
some people met old acquaintances again for the 
first time after the disaster and, while talking, 
became overwrought and started crying.  One 
person who returned to their home to console the 

spirits of the dead said, “I saw the place where the 
house was located” and “I walked around the 
surroundings”. Generally, people may appear 
emotionally calm, but since they have encountered 
a nuclear accident in addition to other natural 
disasters, they may be experiencing a wide range of 
serious anxieties.  Therefore, while we need to 
consider efficiency when coordinating a line of the 
people so that time is not wasted, it is also desirable 
to have an extra room for staff so that nurses can 
stay and care for peoples’ anxieties. 
Conclusion

The nuclear disaster that has happened here 
will leave a large scar within Fukushima and 
throughout Japan. Our role as medical staff in the 
field of radiation medicine is to protect the health of 
those affected and to reduce their anxiety. In 
addition, as the people responsible for 
implementing the Radiation Emergency Medicine 
project, we must also educate medical care 
personnel and foster the development of the 
appropriate knowledge and skills. 
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 In January 2010, National Institute of Radiological Science (NIRS) has established the 
Radiation Emergency Medical Assistance Team (REMAT) to support primary medical care when an 
accident of radiation exposure or contamination with radioactive materials has occurred overseas. The 
team consists of physicians, nurses, radiation protection experts, and health physicists ready to respond 
to radiation emergencies, and the team is equipped with advanced portable radiation measuring 
instruments and medicines. NIRS is ready for providing international medical assistance for radiation 
emergencies, based on human resources with experiences in this field. However, the first REMAT 
activity was made for the TEPCO Fukushima Daiichi Nuclear Power Station (NPS) accident. Before 
NIRS established REMAT, we had a system for dispatching staffs to an accident site in Japan based on 
the Act on Special Measures Concerning Nuclear Emergency Preparedness. However, this system was 
for providing advice to local staff and the activities were limited. 
 The Great East Japan Earthquake attacked the Pacific coast area of eastern Japan on 11 March 
2011 and this earthquake and tsunami caused enormous damage to the NPS of Tokyo Electric Power 
Co. (TEPCO). NIRS dispatched REMAT to the local headquarters located 5 km from the NPS almost 
17 hours after the earthquake. Since then, many experts at NIRS have been sent to Fukushima. 
REMAT is still being involved in responses to this nuclear accident including the public issue in 
Fukushima. Thus, this nuclear accident requires response at an unprecedented scale and over a lengthy 
period. 
 In this accident, the response system for radiation emergency medicine did not work effectively 
since community lifelines such as water supply and electricity were severely damaged. Thus, hospitals 
lost their function including radiation emergency medicine. In our efforts for recovery from the 
damages, reconstruction of the medical system in the affected areas has to be hurried. Moreover, 
reestablishment of the system for radiation emergency medical response is also a key point since 
reactors have not been stabilized. From our response to this combined disaster of earthquake, tsunami, 
and radiation, we have learned that there is an urgent need for all-hazard approaches. 
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 The Incident and Emergency Centre (IEC) of the International Atomic Energy Agency (IAEA) 
is the global focal point for international preparedness and response to nuclear and radiological safety 
or security related incidents, emergencies, threats or events of media interest. The Convention on 
Assistance in Case of a Nuclear Accident of Radiological Emergency and the Convention on Early 
Notification of a Nuclear Accident (Emergency Conventions ) are the prime legal instruments that 
establish an international framework to facilitate the exchange of information and the prompt 
provision of assistance in the event of a nuclear accident or radiological emergency. They place 
specific obligations on the Parties and the IAEA, with the aim of minimizing consequences for health, 
property and the environment. The IEC was established to implement the IAEA’s obligations. 
 The Incident and Emergency System (IES) consists of an on-call system with 24/7 coverage 
and a response system. The on-call system ensures that the IEC initial response to received message 
concerning an actual or potential nuclear or radiological incident or emergency or requests for 
assistance or media reports is prompt and efficient. It also allows for rapid activation of the IEC if 
required while the response system under activation ensures smooth and efficient implementation of 
the Agency’s REPLIE. 
 Parities to the Assistance Convention have agreed to cooperate with each other and with the 
IAEA to facilitate prompt provision of assistance in case of a nuclear or radiological emergency, in 
order to mitigate its consequences. As part of the IAEA’s strategy for supporting practical 
implementation of the Assistance Convention and in order to coordinate a global response, the IEC 
manages the global Response Assistance Network (RANET). RANET aims to facilitate assistance in 
case of a nuclear or radiological incident or emergency in a timely and effective manner and in 
principal on a regional basis. 
 The IEC was activated into Full Response Mode shortly after the 11 March earthquake and 
tsunami and the subsequent accident at TEPCO’s Fukushima Daiichi. Since that time the IEC has 
remained activated as it fulfills the obligations of the IAEA in accordance with the Emergency 
Conventions. 
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Abstract. Many people are concerned about exposure to radiation due to the nuclear 
power plant accident caused by the Great East Japan earthquake that occurred on 
March 11th, 2011. The aim of this study is to elucidate the change in image of 
radiation by nurses between before and after the disaster. The subjects for the this 
study were 307 nurses. A placement method employing a questionnaire was 
conducted in February 2010 (before the disaster) and again in May through June 
2011 (after the disaster). They answered questions regarding their personal details 
and a scale of their image of radiation. The scale was composed of 3 factors 
including 17 items: affectivity, usefulness and certainty, and each of the 17 items 
use the semantic differential methods with a 7-stage response scale. The conducted 
analyses were a two-sample t-test and ANOVA, with the significance level set at p < 
0.05. There were 262 responses (88 before the disaster, 174 after the disaster) with a 
collection rate of 85.3%. The scores for all items were significantly lower after the 
disaster than before it. The group who had attended seminars on radiation before the 
disaster showed a significantly higher score than the group who had not in regards to 
the “dangerous – safe” indication before the disaster, the difference between both 
groups diminished after the disaster. In spite of attending seminars on radiation, the 
“dangerous-safe” indication tended towards having a more dangerous image after 
the disaster and this may be due to people thinking the impact of the nuclear power 
plant accident was so serious. 
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Introduction 
 
 Many people are concerned about exposure to 
radiation due to the nuclear power plant accident 
caused by the Great East Japan earthquake that 
occurred on March 11th, 2011. In addition, the 
importance of enhancing radiation emergency 
medicine and improving the related roles of medical 
care professionals are widely recognized. Nurses 
have to care for radiation accident victims as a 
professional over a long period from the occurrence 
time, but their training has almost not covered 
radiation emergency medicine. Therefore, it is 
thought that a lack of their knowledge about 
radiation and radiation emergency medicine, or 
fears to themselves radiation exposure could 
interfere with nursing practices. The aim of this 
study is to elucidate the changes in image of 
radiation held by nurses from before and after the 
disaster.  
 
Methods 
Subjects and Method 
 The subjects for this study were 307 nurses 
and a placement method employing a questionnaire 
was conducted in February 2010 (before the 
disaster) and again in May through June 2011 (after 
the disaster). They answered questions regarding 
their personal details and a scale of their image of 
radiation. The scale was composed of 3 factors 
(affectivity, usefulness and certainty) covering 17 
items. Each of the 17 items use semantic 
differential methods with a 7-stage response scale. 
In this questionnaire a low score indicates a 
negative perception and a high score indicates a 
positive perception. The subjects were asked 
questions regarding their “experience working in a 
radiation unit which performs a radiographic 
examination and radiotherapy “, “experience 
attending workshops or lectures or seminars about 
radiation”, and “familiarity with radiographic 
examinations and radiotherapy”. We explained the 
aim of this study to the subjects and the anonymous 
and voluntary nature of their participation 
 
Statistics Analysis 

 The conducted analyses were a two-sample t-
test and ANOVA, with the significance level set at 
p < 0.05. 
 
 
Results 

 
 Subjects characteristics 

There were 262 responses (88 before the 
disaster, 174 after the disaster) with a collection rate 
of 85.3%. There were 251 female subjects and 9 
males, and their average age was 36.08 ±10.91 
years (table 1). 
 
 

Table 1  Subject characteristics (n=262) 

 
n(%) or mean±SD 

 
 
Change in image of radiation from before and 
after the disaster  

The scores for all items (affectivity, usefulness 
and certainty) were significantly lower after the 
disaster than before it (p < 0.01; figure 1).  
 
Change in image of radiation from before and 
after the disaster by subject characteristics 

Having “experience working in a radiation unit 
which performs a radiographic examination and 
radiotherapy “ or a “familiarity with radiographic 
examinations and radiotherapy” did not change the 
image of radiation before and after the disaster. 
“Experience attending workshops or lectures or 
seminars about radiation” has significant difference 
in regards to the “dangerous – safe”. Although the 
group who had attended seminars on radiation 
before the disaster showed a significantly higher 
score than the group who had not in regards to the 
“dangerous – safe” indication before the disaster (p 
< 0.01), the difference between both groups 
diminished after the disaster (figure 2).  
 

Nurses(n=262)
Number Before the disaster 88 (33.6)

After the disaster 174 (66.4)
Gender Male 9 (3.4)

Female 251 (95.8)
Unknown 2 (0.8)

Average Age(years) 36.08±10.91

Experience working in a radion unit 
Yes 81 (30.9)
No 181 (69.1)

Experience attending seminars about radiation
Yes 85 (32.4)
No 177 (67.6)

Familiarity with radiographic examination and radiotherapy
Familiar 197 (75.2)
neither 42 (16.0)
not familiar 23 (8.8)
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Figure 1  Change in image of radiation from before and after  the 
disaster  (n=262) 

 
 
 

 
Figure 2  Change in image of radiation from before and after the 

disaster  “Experience attending seminars about radiation”  
(n=262) 

ANOVA **p<0.01 
 Low score indicates a negative image(dangerous) 
 High score indicates a positive image(safe) 
 

Discussion 
 

In Japan, while small nuclear power plant 
accidents have occurred several times in the past, 
the Fukushima Daiichi Nuclear Power Station 
accident caused by the Great East Japan earthquake 
was so serious the Japanese government declared a 
nuclear state of emergency. This accident had a 
huge impact on nurses as well as the public. Even 
though nurses often have far more opportunities to 
be involved with radiographic examinations and 
radiotherapy and better know the usefulness of 
radiation than the general public, the results of this 
study showed the scores for all items (affectivity, 
usefulness and certainty) were significantly lower 
after the disaster than before it and that the image of 
radiation had become more negative. As to the 
reasons, we suppose that previously they thought 
the possibility of a nuclear accident was extremely 
low, and then when the serious accident actually 
occurred, the nuclear accident affected not only 
people’s bodies but their living environment and 
food as well. Therefore, as nurses personally felt the 
fear and risk of radiation, we think that their image 
of radiation has changed to be more negative after 
the disaster. 

The group who had attended workshops or 
lectures or seminars about radiation before the 
disaster showed a significantly more positive image 
than the group who had not in regards to the 
“dangerous – safe” indication before the disaster, 
but after the disaster both groups shifted to a 
negative image and there were no significant 
difference between their scores. Nevertheless, why 
did the nurses who attended workshops or lectures 
or seminars about radiation and gain some 
knowledge on radiation, change to having a image 
of radiation being so dangerous? As to the reasons, 
in addition to the serious accident, we think there 
are several factors. Every day there were reports on 
radiation by numerous television channels, 
newspapers, and magazines and the information 
they contained inflamed a fear of radiation. It is 
difficult to determine the authenticity of such 
information unless you have specialist knowledge 
and it was still difficult to evaluate the quality and 
accuracy of this information with knowledge 
obtained from workshops. Though they had a 
positive image of radiation when they attended 
workshops or lectures or seminars about radiation, 
the nurses were misled by so much information and 
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were shifted to having a more negative image of 
radiation. 

Ohta1) said that in addition to providing 
knowledge, knowledge leading to a negative image 
can be modified by experience interspersed with 
practice and then correct knowledge can be 
acquired. To gain knowledge of radiation through 
experience, measuring shapeless radiation with a 
survey meter or practicing protection of radiation, a 
possibility of being connected not to a vague 
understanding but to a dependable understanding 
can be considered, as Ohta has stated. In this study 
we did not investigate the contents of the 
workshops and lectures attended or the teaching 
methods used. However, one of reasons why the 
group who had attended workshops changed to 
having a negative image in regards to the 
“dangerous – safe” indication was assumed to be 
caused by only providing knowledge and that none 
of the participants could actually practice anything 
to gain experience. To reduce the negative image of 
radiation and radiation emergency medicine and to 
obtain dependable knowledge, we need to discuss 
how to teach and the curriculum content. We need 
to investigate not only about the change of image of 
radiation by nurses over a period after an accident 
but also the contents of the workshops and the 
teaching methods used in future.   
 
 
Conclusion 

 Nurses had a more negative image of radiation 
after the disaster than before it. In spite of attending 
seminars on radiation, the “dangerous – safe” 
indication tended towards having a more dangerous 
image after the disaster and this may be due to 
people thinking the impact of the nuclear power 
plant accident was so serious. As to how to teach 
radiation emergency medicine to reduce the 
negative image of radiation and to provide more 
correct knowledge, it was suggested that we need to 
consider not only the provision of knowledge but 
also experiential education incorporated with 
experience and practice. 
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radiation. 

Ohta1) said that in addition to providing 
knowledge, knowledge leading to a negative image 
can be modified by experience interspersed with 
practice and then correct knowledge can be 
acquired. To gain knowledge of radiation through 
experience, measuring shapeless radiation with a 
survey meter or practicing protection of radiation, a 
possibility of being connected not to a vague 
understanding but to a dependable understanding 
can be considered, as Ohta has stated. In this study 
we did not investigate the contents of the 
workshops and lectures attended or the teaching 
methods used. However, one of reasons why the 
group who had attended workshops changed to 
having a negative image in regards to the 
“dangerous – safe” indication was assumed to be 
caused by only providing knowledge and that none 
of the participants could actually practice anything 
to gain experience. To reduce the negative image of 
radiation and radiation emergency medicine and to 
obtain dependable knowledge, we need to discuss 
how to teach and the curriculum content. We need 
to investigate not only about the change of image of 
radiation by nurses over a period after an accident 
but also the contents of the workshops and the 
teaching methods used in future.   
 
 
Conclusion 

 Nurses had a more negative image of radiation 
after the disaster than before it. In spite of attending 
seminars on radiation, the “dangerous – safe” 
indication tended towards having a more dangerous 
image after the disaster and this may be due to 
people thinking the impact of the nuclear power 
plant accident was so serious. As to how to teach 
radiation emergency medicine to reduce the 
negative image of radiation and to provide more 
correct knowledge, it was suggested that we need to 
consider not only the provision of knowledge but 
also experiential education incorporated with 
experience and practice. 
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Abstract. The purpose of this study was to clarify the quality of life (QOL) and 
symptoms of acute radiation damage in breast-cancer patients undergoing 
radiotherapy. Subjects were 47 breast-cancer patients. The patients were asked to 
record symptoms using a symptom diary from the day before the start of 
radiotherapy until its completion. QOL and clinical data were collected from 
before irradiation until 4-6 weeks after irradiation. The symptoms tended to appear 
from around the third week of irradiation. Fatigue and pain tended to appear at an 
early stage. After completion of irradiation, the QOL scores increased in all 8 
domains, but the scores 4–6 weeks later were not significantly different from the 
scores at the completion of irradiation. Symptom scores during irradiation were 
negatively correlated with QOL scores. Lymphocyte and platelet counts decreased 
in the third through fifth weeks, but other clinical measures remained stable. 
Our results indicated that QOL scores did not decrease with radiotherapy. However, 
there was a negative correlation between symptoms during irradiation and QOL. 
Therefore, to improve QOL of patients during radiotherapy, nursing intervention is 
necessary to alleviate these symptoms. 

Key Words: radiotherapy, breast cancer, quality of life, acute radiation 
damage, nursing care 
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Introduction 

Radiotherapy as a form of cancer treatment 
causes less physical damage and has a lower impact 
on patients’ ability to function compared to 
conventional surgical therapies. The outcome for 
breast-cancer patients using radiotherapy is 
particularly favourable; radiotherapy is used after 
breast-conserving surgery and mastectomy, as 
preoperative therapy for advanced breast cancer, 
and as treatment for recurrent and metastatic breast 
cancers. The Japanese Breast Cancer Society 
published the “Breast Conservation Therapy 
Guideline” in 1999, which recommends that 

irradiation after breast-conserving surgery should 
be started promptly. Thus, in Japan, breast-
conserving surgery and postoperative irradiation are 
widely used in the treatment of early-stage breast 
cancer.

Radiotherapy is effective, but symptoms of 
acute radiation syndrome such as fatigue and 
dermatitis are accompanied by physical and mental 
suffering, contributing to decreased QOL in these 
patients. Thus, the purpose of this study was to 
clarify QOL and symptoms of acute radiation 
damage in breast-cancer patients undergoing 
radiotherapy. 
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Methods

Patients
Subjects were 47 breast-cancer patients treated 

with radiotherapy at Hirosaki University School of 
Medicine and Hospital. 

Methods 
1. Basic information 

Data was obtained from medical charts 
regarding types, dose, and method of irradiation. 
2. Symptoms during irradiation 

We generated a “symptom diary”(Figure 1), 
and the patients were requested to record their 
symptoms every day from the day before irradiation 
until completion of irradiation. Irradiation was 
conducted 5 times a week. The recorded symptoms 
were classified into Grade 1 to Grade 5 by the 
physicians according to the Common Terminology 
Criteria for Adverse Events v3.0, Japanese 
translation JCOG/JSCO. 

3. QOL 
The SF-8TM standard version was used to 

determine patient QOL. The survey covered 8 
areas: physical functioning (PF), role physical (RP), 
body pain (BP), general health perceptions (GH), 
vitality (VT), social functioning (SF), role 
emotional (RE), and mental health (MH). The 
survey was conducted 3 times: before irradiation, 
after completion of irradiation, and 4-6 weeks after 
irradiation.

Figure 1: Sample of symptom diary 

4. Clinical data 
Clinical data were collected for leukocytes, 

lymphocytes, granulocytes, erythrocytes, platelets, 
hemoglobin, total protein, albumin, and CRP. Data 
were obtained from medical charts when the 
patients had a test. 

Ethical considerations 
This study was approved by the Ethics 

Committee of Hirosaki University Graduate School 
of Medicine. The intent of the study was explained 
to the patients, and the study was conducted after 
obtaining informed consent. 

Data collection period 
Data was collected from July 2010 until May 

2011. 

Results

Basic information 
The average age of the patients was 56.2 ± 

10.2 years. The type of radiation was X-ray, the 
number of irradiations was 25 to 30, and the total 
irradiation dose was 50 to 60 Gy. 

Symptoms occurring during irradiation 
Figure 2 shows the appearance of symptoms. 

The average of the symptom scores was calculated 
and 1 point was designated Grade 1; 2 points, 
Grade 2, and 3 points, Grade 3. 

Fatigue appeared in 25 of 
47 patients; 20 patients were 
classified as Grade 1 and 5 
patients as Grade 2. Six 
patients already had fatigue 
before irradiation. Pain 
appeared in 37 of 47 patients; 
33 patients were classified as 
Grade 1, 3 patients as Grade 2, 
and 1 patient as Grade 3. Six 
patients already had pain before 
irradiation. Many patients 
complained of pain in multiple 
areas, and by the 15th 
irradiation, pain had appeared 
in approximately 50% of all 
patients. Dermatitis appeared in 
30 of 47 patients; 23 patients 
were classified as Grade 1, 6 
patients as Grade 2, and 1 

Patient's name
Date of hospitalization
Date of irradiation starting

Sun. Mon. Tues. Wed. Thurs. Fri. Sat.

/ / / / / / /

Before 1 2 3 4 5

 Fatigue

 Loss of appetite

 Nausea

 Vomiting

 Loss of weight

 Dermatitis

 Itching

 Pain(Site:            )

 Pain(Site:            )

 If you have troubled,
 please write symptoms.

Irradiation days

Date

S
ym

pto
m

s an
d stre

n
gth

Site;Breast
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patient as Grade 3. By the 15th irradiation, 
dermatitis had appeared in approximately 50% of 
all patients. Itching appeared in 31 of 47 patients; 
29 patients were classified as Grade 1, 1 patient as 
Grade 2, and 1 patient as Grade 3. By the 20th 
irradiation, itching had appeared in approximately 
50% of all patients. 

Overall, the symptoms tended to appear from 
around the third week of irradiation. It was clear 
that fatigue and pain tended to appear at an early 
stage; dermatitis and pain were seen in at least half 
the patients when the irradiation dose reached 
approximately 30 Gy. Itching appeared in half the 
patients when the irradiation dose reached 
approximately 40 Gy and tended to appear 
somewhat later than dermatitis. 

Changes in QOL scores 
Changes in the QOL scores in 8 areas are 

shown in Figure 3. The scores before irradiation 
were slightly lower than the Japanese national 
average (women). After completion of irradiation, 
the scores increased in all 8 areas, but the scores 4–
6 weeks later were not significantly different from 
the scores at the completion of irradiation.  

 Significant differences were seen in PF, RP, 
and GH. PF and RP scores were higher after 
completion of irradiation and 4-6 weeks after 
irradiation than before irradiation. The GH score 
was higher 4–6 weeks after irradiation than before 
irradiation.
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Figure 2: Symptoms occurring during irradiation 

(pts)

(The number of 
irradiations) 

Figure 3: Changes in QOL scores

Table 1: Symptom scores during 
irradiation and relation with QOL 

n=47

Repeated measure ANOVA *p<0.05 

(pts) n=37
n=36

PF -0.280 -0.045

RP -0.290 -0.139

BP -0.685 *** -0.652 ***

GH -0.632 *** -0.480 **

VT -0.457 ** -0.341 *

SF -0.259 -0.288

RE -0.345 * -0.240

MH -0.385 * -0.370 *

Pearson’s product-moment correlation coefficient
*** p<0.001  ** p<0.01  * p<0.05

After the completion
of irradiation

Four to six weeks
after irradiation
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Symptom scores during irradiation and 
relation with QOL 

Because most symptoms tended to 
appear from around the third week of 
irradiation, the grades for symptoms 
that appeared 3–5 weeks after the start 
of irradiation (11 to 25 irradiations) 
were incorporated into the scoring 
system. The correlation coefficient with 
QOL scores was calculated (Table 1). 
The symptom scores were negatively 
correlated with QOL scores. 

Clinical data 
Subjects consisted of 6 patients. 

Significant differences were seen in 
leukocytes, lymphocytes, and platelets. These 
counts decreased in the third through the fifth week 
of irradiation. Other clinical measures remained 
stable (Figure 4-7). 

Figure 5: Leukocyte 

Figure 6: Lymphocyte 

Conclusion

 The results from our analysis indicate that 
QOL scores did not decrease with radiotherapy.  

Figure 7: Platelet 

In some cases, fatigue and pain appeared at an early 
stage and it was presumed that this was caused by 
surgery or chemotherapy rather than from 
radiotherapy. However, in the latter half of the 
irradiation regimen, dermatitis and itching appeared 
in approximately half of the patients, and there was 
a negative correlation between the symptoms 
during irradiation and QOL. Therefore, to improve 
QOL of patients during radiotherapy, nursing 
intervention is necessary to alleviate these 
symptoms. 
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Abstract. The aim of this study was to clarify the differences in radiation risk 
perception between first-year students who entered a school of health sciences 
before and after the March 2011 Fukushima nuclear power plant disaster. A 
questionnaire survey regarding radiation was conducted in 196 students who entered 
the school in 2010, and 199 students who entered in 2011. The items of "exposure" 
and "nuclear power generation" scored higher as radiation-associated terms in the 
2011 group than in the 2010 group. The items of “difficulty in understanding 
radiation” and "fearfulness" had a positive correlation, while “difficulty in 
understanding radiation” and "understanding of radiation" had a negative correlation 
in the 2011 group. It seems that educating accurate knowledge can ease the 
excessive fear about radiation. It is necessary to examine and tailor educational 
curriculums according to the current student perception of radiation. 
 
Key words: perception of radiation risk, education, students of a health sciences school. 

 
 
Introduction 
 

It is important in risk communication that those 
who are engaged in medical treatment have an 
appropriate perception about radiation. Itaki et al.1) 
have stated that appropriate perception of risk and 
interest in radiation are influenced by educational 
content. Moreover, in order to educate students 
effectively, it is important to grasp the students’ 
interest in radiation and knowledge about radiation.  

On the other hand, various reports about radiation 
have been relayed by mass media since the March 
2011 Fukushima nuclear power disaster. Students 
entering a school of health sciences are assumed to 
have had many opportunities to be exposed to 
various types of information about radiation and its 
risks before they entered the school and could start 
any special study about the use of radiation in 

 
 
 
 

 
 

medical treatment.  It is possible that such 
information from mass media has affected the 
formation of the students’ risk perception. 
The aim of this study was to clarify the differences 
in radiation risk perception of first-year students 
enrolled in the Hirosaki University School of 
Health Sciences before and after the March 2011 
Fukushima nuclear power plant disaster, and to 
consider the results as fundamental data on risk  
communication about medical radiation. 

 
Methods 

 
  The subjects were first-year students enrolled in 
the Hirosaki University School of Health Sciences. 
A questionnaire survey was conducted in 196 
students who entered the school in 2010 (2010 
group), and 199 students who entered in 2011 
(2011 group). The survey consisted of eight 
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questions about the risk perception of radiation, one 
question about the health safety  risks in daily life, 
and one question about the health risk of radiation. 
Data analyses were done using the chi-square test, 
the Mann-Whitney test, and Spearman's rank  
correlation coefficient. 

 
Results 
 
  In regard to the image of radiation, the items of 
"exposure" and "nuclear power generat ion"  

scored significantly higher, and "Mr. and 
Madame Curie" and "cancer treatment" scored 
significantly lower, as radiation-associated terms 
in the 2011 group than in the 2010 group 
(Figure.1). In regard to radiation-related items in 
which they have interest in knowing more about, 
"correspondence when an accident involving 
radiation exposure happens" scored significantly 
higher in the 2011 group than in the 2010 group 
(Figure.2). In regard to perceived health safety 
risks in daily life, "X-rays and CT applications"  

① X-ray and CT photograms

② Hi roshima, Nagasak i  (nuclear weapons )

③ Mr. and Madam Curie

④ Food i rradiation

⑤ Chernobyl

⑥ Cancer Treatment

⑦ Exposure

⑧ Leukemia

⑨ Nuclear waste
⑩ Breed improvement of  ag ricul tura l

⑪ Nuclear power generation

⑫ Others

 
Figure.1 Terms associated with “radiation” (Unlimited answers)   
 (2010 group n=196, 2011 group n=199)  Data analyses were done using the chi-square test. *=p<0.05, **=p<0.01, ***=p<0.00 

① Amoun t o f radiat ion  conside red as be in g safe

② How to  con tro l the  radiat ion  safe ty

③ correspondence  when  an  acc iden t

④ Fac ilit ie s u t iliz in g radiat ion

⑤ How radiat ion  is u t ilized in  food

⑥ Breed improvemen t o f agr icu ltu ral produce

⑦ How radiat ion  is u t ilized in  industry

⑧ How radiat ion  is u t ilized in  medical sc ience

⑨ Gove rnmen t regu lat ion

⑩ State-o f- the-art re search  fie lds

 
Figure.2 Items of interest to the students regarding”radiation” (Selection of up to three items)  
 (2010 group n=196, 2011 group n=199) Data analyses were done using the chi-square    
   test. *=p<0.01 
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scored significantly lower, and "infection with  
Escherichia coli 0157” scored significantly higher 
in the 2011 group than in the 2010 group 
(Table.1). In regard to perceived risks of  
radiation on health, "Radiological treatment", 
"Air travel", "Rocks and soil(naturally radioactive 
material)", "CT scan", "Chest X-ray photograms" 
and "Airport  baggage inspection"  scored 
significantly lower in the 2011 group than in the 
 2010 group (Table.2). 
 In  regard  to  the  perceived  fearfulness ,   
difficulty in understanding, interest in, and 
understanding of the effects of radiation, the 
subjects were asked to answer questions by 
choosing from four options: (1) yes, (2) a little, 
(3) not much, (4) not at all. In regard to the 
fearfulness of radiation, there was a significant 
difference between the 2010 and 2011 groups: 
"(2) a little" (85 persons, 43.81%) and "(3) not 
much" (52 persons, 26.80%) scored highly 
 

 

in the 2010 group, while "(1) yes" (72 persons, 
37.69%) and "(2) a little" (100 persons, 50.25%) 
scored highly in the 2011 group. There was also a 
significant difference between the groups in 
regard to the difficulty in understanding radiation: 
"(2) a little" (88 persons, 45.36%) and "(3) not 
much" (54 persons, 27.84%) scored highly in the 
2010 group, while "(1) yes" (76 persons, 38.19%) 
and "(2) a little" (112 persons, 56.28%) scored 
highly in the 2011 group. In regard to interest in 
radiation, there was a significant difference 
between the groups: "(2) a little" (72 persons, 
37.11%) and "(3) not much" (62 persons , 
31.96%) scored highly in the 2010 group, while 
"(1) yes" (83 persons, 41.71%) and "(2) a little" 
(102 persons, 51.26%) scored highly in the 2011 
group. In response to "Do you understand the 
effects of radiation on the human body?", "(2) a 
little" (131 persons, 67.53%) and "(3) not much" 
(114 persons, 26.80%) scored highly in the 

 

 
Table 2. Ranking of perceived risks of  radiation on health   
Rank 2010 group Score 2011 group Score P-value 

1 Living near a nuclear power plant 7.04 Living near a nuclear power plant 7.20  
2 Nuclear testing in other countries 6.87 Nuclear testing in other countries 6.74  
3 Cosmic rays 5.60 Cosmic rays 5.08  
4 Radiological treatment 4.66 Radiological treatment 3.80 ** 
5 Radium/radon hot springs 3.02 Radium/radon hot springs 2.58  
6 Air travel 2.83 Air travel 2.47 ** 
7 Rocks and soil 2.80 Rocks and soil 2.03 ** 
8 CT scan 2.77 CT scan 1.88 ** 
9 Chest X-ray photograms 2.61 Chest X-ray photograms 1.85 ** 

10 Airport baggage inspection 1.58 Airport baggage inspection 1.11 ** 
 

Note. The subjects were asked to rank the items, with the most risky item as “10” and the least risky as “1”.  
(2010 group n=193, 2011 group n=195)  Data analyses were done using the Mann-Whitney test. **p<0.01 
CT: computed tomography 

Table 1. Ranking of perceived health safety risks  
Rank 2010 group Score 2011 group Score P-value 

1 HIV (AIDS) 1.97 HIV (AIDS) 1.93  
2 Hepatic fever 3.05 O157 (bacteria) 2.74 ** 
3 O157 (bacteria) 3.76 Hepatic fever 2.85  
4 Smoking (cigarettes) 4.91 Smoking (cigarettes) 4.50  
5 Surgery 5.56 Surgery 5.82  
6 Antibiotics 6.42 Antibiotics 6.55  
7 Riding a motorcycle 6.53 Obesity (overweight) 6.91  
8 Obesity (overweight) 7.05 Riding a motorcycle 7.12  
9 X-rays and  CT applications 7.64 Drinking (alcoholic beverage) 7.92  

10 Drinking (alcoholic beverage) 8.10 X-rays and CT applications 8.65 ** 
 

Note. The subjects were asked to rank the items, with the most risky item as “1” and the least risky as “10”.  
(2010 group n=187, 2011 group n=194)  Data analyses were done using the Mann-Whitney test. **p<0.01 
HIV=human immunodeficiency virus; 0157=Escherichia coli 0157; CT=computed tomography 
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 2010 group, and was similar to the 2011 group, 
in which "(2) a little" (80 persons, 40.20%) and 
"(3) not much" (114 persons, 57.29%) scored 
 highly as well (Figure.3). 
   The items of "fearfulness" and 
"difficulty"/"interest", and "difficulty" and 
"interest" had significantly positive correlations in 

 

 
 

Discussion 
 
  Saito & Kusama2) investigated the perception of 
radiation and reported that 89% of high school 
students and 94% of college students reported 
"television" as their main source of information 
about radiation. Moreover, Combs & Slovic3) have 
said that the influence of media is great in forming 
the general public’s perception of risk. We consider 
that the reports by mass media on the nuclear 
accident in March 2011 have affected the risk 
perception of the first-year students, as the items of 
"exposure" and "nuclear power generation" scored 
significantly higher as radiation-associated terms, 
and "correspondence when an accident involving  
radiation exposure happens" scored significantly 
higher as an item of interest regarding radiation in 
the 2011 group than in the 2010 group. Moreover, 
during the same period, a mass food poisoning  

the 2010 group. "Difficulty" and "fearfulness", 
"interest" and "understanding the effects of 
radiation" had significantly positive correlations, 
and "difficulty" and "understanding the effects of 
radiation" had a significantly negative correlation in 
the 2011 group.  
 
 

 
 
incident in a restaurant chain broke out, and many 
reports about food poisoning were being relayed by 
media in Japan. That is also considered a reason for 
why the item of "infection with E. coli O157" 
scored higher as a risk in daily life in the 2011 
group. 
 While the 2011 group had a higher recognition of 
the fearfulness of radiation, they had a lower 
recognition of radiation risk in a medical sense 
when compared to the 2010 group. Okamoto4) 
pointed out that mass media often tend to depict 
bereaved families’ feelings about risk, and pointed 
out that such a tendency creates fear that leads to 
the loss of balance in the general public’s 
perception of risk. From the results of this study, it 
seems that the first-year students had lost balance in 
their perception of radiation risk, and that radiation 
related to medicine and radiation of nuclear power 
plants are recognized as different things. From the 

 

 

  
 

Figure.3 Fearfulness, Difficulty of knowing, Understanding, Interest about radiation. 
(2010 group n=194, 2011 group n=199)   
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above point, it appears that the perception of 
radiation risk is influenced by social problems and 
media more than by scientific knowledge at the 
time of school entrance. Moreover, the more highly 
students recognized the risk of radiation, the more 
they thought that radiation was not difficult to 
understand, and these students were more interested 
in radiation. Since perceived difficulty increases 
fear, it seems that teaching accurate radiation 
knowledge can ease excessive fear of radiation, and 
will help students to form a correct perception 
about radiation. It is necessary to examine and 
tailor educational curriculums according to the 
current student perception and interest in radiation. 
 
Conclusion 
 

While the first-year students who entered school 
after the March 2011 Fukushima nuclear power 
plant disaster had a high perception about the risk 
of radiation, they had a low perception about 
radiation used in medical treatments. Moreover, 
more students answered that they are reminded of 
the terms "exposure"  and "nuclear  power 
generation" as associative items about radiation, 
and showed interest in "correspondence when an 
accident involving radiation exposure happens". It 
is necessary to examine and tailor educational 
curriculums according to the current student  
perception and interest in radiation. 
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on the preparation of public health nurses for a radiation 

disaster based on the experience of health care in areas 
affected by the Tokai Village nuclear accident
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Abstract. We attempted to reconstruct the experience of public health nurses who 
respond to a radiation disaster based on an analysis of narrative accounts of the 
Tokai Village JCO nuclear accident. This study was done through half-structured 
interviews. It was approved by the Committee of Medical Ethics of Hirosaki 
University Graduate School of Medicine, Hirosaki, Japan. Interviews were 
conducted at Higasidori Village in Aomori on November 8, 2010 and at Tokai 
Village, Naka City, Hitachinaka City, Hitachi-Omiya City, Ibaraki prefectural office, 
Ibaraki Hitachinaka Health Center, and Ibaraki Hitachi-Omiya Health Center in 
Ibaraki on November 24 and 25, 2010. The average interview lasted 30 minutes to 
1.5 hours. In this analysis, data from interviews in three cities surrounding Tokai 
Village were compiled. As a result of a qualitative analysis of this data, three 
categories were extracted from nine subcategories: (1) activity for mitigating 
residents' anxiety; (2) mental attitude toward a radiation disaster; and (3) training 
of public health nurses as members of the local government. By continuing training 
based on the experience gained in the JCO accident, we can prepare inexperienced 
persons who may need to respond to future emergencies. The data we gathered on 
the JCO disaster established the need to prioritize mitigation of residents’ anxieties 
as a critical role for public health nurses. 

Key Words: radiation disaster, public health nurse, health crisis management, 
preparation  
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Introduction 

 Immediately after the fatal accident known as 
the JCO accident occurred in 1999 at the Tokai 
uranium conversion plant operated by JCO Co. Ltd., 
approximately 220 public health nurses provided 
mental health care to residents at shelters, first-aid 
stations, and health centers. While a small number 
of the public health nurses had attended a lecture on 
special training, many did not have training 
experience for emergencies such as this one. Many 
of the public health nurses received at least some 
part of a lecture about radiation and mental health 
care immediately after the accident. 

Purpose

 We attempted to reconstruct the experience of 
public health nurses who respond to a radiation 
disaster based on an analysis of narrative accounts 
of the Tokai Village JCO nuclear accident. 

Method

Method of research
The study was conducted using the half-

structured interviewing method.  

Procedure
 The study requests were mailed to each local 
government and health-care center. The main points 
of the study, its purpose, and content were included 
in the document. Consent was obtained by mail. 
Recommendations for candidates were requested 
from the organizations that expressed their 
intention to cooperate in the study.  

A cooperation request document was mailed to 
the candidates before the interviews began. The 
main points of the study, purpose, details of the 
study, and ethical considerations were specified in 
the document. After obtaining consent to participate, 
we coordinated the time and place of the interview 
with the candidate.

We provided a verbal and written explanation 
of the ethical considerations to the candidate at the 
time of the interview. Interviews began after 
obtaining written informed consent.  

This study was approved by the Committee of 
Medical Ethics of Hirosaki University Graduate 
School of Medicine, Hirosaki, Japan. 
          

Interview survey content  
･Is the role of a public health nurse required 
for an emergency drill?  
･What is the role of a public health nurse at the 
time of a disaster such as a radiation disaster?  
･How is a  public health nurse’s experience 
with previous disasters used in future 
disasters? 

Candidates for the study 
 Public health nurses from health-care centers 
and various cities, towns, and villages 

Aomori: Higashidoori Village 
Ibaraki: Toukai Village, Naka City, 

Hitachinaka City, Hitachi-Oomiya City, Ibaraki 
Prefectural Office, Ibaraki Hitachinaka Health 
Center, Ibaraki Hitachi-Oomiya Health Center  

 Interviewees 
・Public health nurses from cities, towns, and 

villages: 8 people 
・Village mayor: 1 person 
・Health center public health nurses: 3 people 
・Prefectural office public health nurses: 3 people 
・The section head of prefectural health-crisis 
management: 1 person 

Survey data
The candidate’s consent was obtained and 

recorded at the interview. The data in the letter 
were analyzed as qualitative data. The data 
provided at the time of the interviews were also 
used for analysis. 

Results

1. Instiutions consenting to the study 
 Aomori: Higashidoori Village (November 8, 
2010) 

Ibaraki: Toukai Village, Naka City, 
Hitachinaka City, Hitachi-Oomiya City, Ibaraki 
Prefectural Office, Ibaraki Hitachinaka Health 
Center, Ibaraki Hitachi-Oomiya Health Center 
(November 24–25, 2010) 

2. Average interview time 
30 minutes–1.5 hours 

3. Experience of the local governments near the 
JCO accident 
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Data from the 3 cities around the JCO accident 
were used in this report. Five participants were in 
their 50s and 2 participants were in their 40s.  

As a result of our analysis, 3 categories and 9 
subcategories were determined (Table 1).  

The 3 categories were extracted from the 9 
subcategories. The role of the public health nurse in 
relieving the anxiety of residents was a priority in 
the JCO accident. Their role in general public 
health services was halted so they could work in the 
shelters to provide mental health support to affected 
residents, survey the effects of the radiation, and 
provide consultation services. This support role 
continued after the disaster at the request of 
residents.

The mental attitude that the nurses acquired 
from the JCO accident was to understand the 
difficult decisions faced by the residents and to 
provide mental health care. In order to provide 
better support to the residents, it was considered 
important to have as much information as possible. 
Many public health nurses did not have disaster 
training or procedural guidelines prior to the JCO 
accident.

 Ten years after the JCO accident, public 
health nurses have been given the opportunity to 
continue their training in radiation disasters as 
members of  
 an organization as radiation disasters could occur 
in the future. As such, future generations of nurses 
who have not experienced the accident first-hand 
are given the opportunity to receive training based 
on the expertise of public health nurses who 
experienced the accident. 

Discussion 

 By continuing training based on the 
experience gained in the JCO accident, we can 
prepare inexperienced persons who may need to 
respond to future emergencies. The data we 
gathered on the JCO disaster established the need to 
prioritize mitigation of residents’ anxieties as a 
critical role for public health nurses.  

This study was conducted before the nuclear 
power plant accident in Fukushima. Therefore, it is 
thought that the recognition of a public health 
nurse’s role has now changed. A future research 
goal is to investigate the changing role and 
recognition of public health nurses. 

Conclusions

 The next experience was drawn from the 
health care activity.  

1) Role in mitigating residents' anxiety.
2) Mental attitude toward a radiation disaster.  
3) Training of public health nurses as members 
of the local government. 
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Table 1. The structure of the narrative

Category  Subcategory 

Activity for mitigating residents' anxiety  
･Health support in a shelter  
･ Survey and consultation have top priority 
･Consultation by public health service  

Mental attitude toward a radiation disaster 
･To have a willingness to support residents  
･To maintain a channel of information through consultation activities 
･To learn from an uncertain situation  

Training of public health nurses as 
members of the local government 

･ It shares that a radiation disaster may occur  
･A role as a member of an organization is created  

･
The public health nurse was undergoing continual training in 
radiation disasters  
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Abstract. This study was conducted to clarify if visiting nurses and home caregivers 
working in prefectures with nuclear plants are aware of their responsibilities and the 
measures they would need to take in identifying those who might need assistance in 
the event of a nuclear accident.Subjects were employees at visiting nurse stations 
and home-care helper stations located near nuclear plants in 10 prefectures. 
Information was collected by a self-administered questionnaire. Consent was 
obtained from 15facilities (7.85%). Currently, 60 questionnaires have been 
returned(55.56%). The surveys indicate that interest in radiation is high, but that 
knowledge of and opportunities to learn about radiation are insufficient. Most 
respondents imaged “earthquake” from the word “disaster” and"nuclear power plant 
accident" from the phrase “nuclear accident”. In the free writing section, many 
comments were in regards to “correct knowledge” and “accurate information”. 
Other opinions included “I noticed an indifference to nuclear power plants in this 
accident”. A correlation analysis (Spearman) was performed. As a principal result, 
“interest in radiation” showed a strong correlation with “interest in nuclear 
accidents”. “Interest in nuclear accidents” also showed a strong correlation with 
“interest in disaster drills for nuclear accidents.”   

Key Words: radiation, nuclear accident, visiting nurse, home caregiver, natural 
disaster, nuclear plants 
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Background

 In Japan, the guidelines for responding to a 
nuclear accident were established by the 
Fundamental Disaster Relief Act. At the prefectural 
and municipal levels, there are established regional 
disaster plans, and disaster drills are conducted. 
However, guidelines for dealing with individuals 
requiring assistance during disasters have not been 
included in any of these plans. Therefore, visiting 
nurses and home caregivers should play an active 
role in the establishment of such guidelines. Studies 
on natural disasters have stated the importance of 
collaboration among various institutions and 
individuals.[2][3] Visiting nurses and home 
caregivers are key players in disaster response 

because they know the location of people     who 
require assistance after a disaster and the level of 
assistance required during an evacuation. 

Purpose

 This study was conducted to clarify if visiting 
nurses and home caregivers working in prefectures 
with atomic facilities are aware of their 
responsibilities and the measures they would need 
to take in identifying those who might need 
assistance in the event of a nuclear accident. 
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Methods

 Subjects were employees at visiting nurse 
stations and home-care helper stations located near 
nuclear plants in 10 prefectures: Hokkaido, Aomori, 
Niigata, Ishikawa, Ibaraki, Fukui, Ehime, Shimane, 
Saga, and Kagoshima.  The prefectures of Miyagi, 
Fukushima, and Shizuoka were not included. 
Information was collected by a self-administered 
questionnaire. Requests to participate in the survey 
were sent to office directors, and consent was 
obtained along with an agreement on the number of 
questionnaires that would be completed. The 
requisite number of copies of the questionnaire was 
then sent to each director, and employees at the 
office were asked to complete the questionnaires 
and return them via mail. The survey began on 
April 22, 2011 and will continue until March 31, 
2012. 

Results

Results to date indicate that consent was 
obtained from 15 of the 191 specialty facilities 
(7.85%). Of the 108 questionnaires that were sent, 
60 (55.56%) of them have been returned, however, 
4 were invalid, so there were 56 valid responses. 

The rate of response for each prefecture was 
100% in Hokkaido, Aomori, and Saga and 92.86%, 
0%, 16.67%, 41.38%, 50%, 44.83%, and 58.33% in 
Niigata, Ishikawa, Ibaraki, Fukui, Ehime, Shimane, 
and Kagoshima, respectively. 

[Distance from nuclear plants]
The responses indicate that the distance of the 

facilities from nuclear plants was generally more  
than 21 km (34.55%), and the distance from the 

respondent’s home was most often less than 5 km 
(55.36%). 

[Radiation]
Although interest in radiation was high (very 

interested and interested: 55.36%)(Table1), there 
was insufficient knowledge about radiation (little or 
none: 55.36 ％ )(Table2). Opportunities to learn 
about radiation were also insufficient (learned: 
32.14%). 

[Disasters]
<Natural disasters> 

When asked what they associate with the word 
“disaster”, most respondents answered 
“earthquake” (71.15%). When asked what was 
necessary to prepare individuals for such a disaster, 
the most common answer was “to confirm the 
location of the evacuation site and escape routes” 
(26.21%, multiple answers). 
<Nuclear accidents> 
Interest in nuclear accidents was high (very 
interested and interested: 92.73%)(Table1). And 
opportunities to learn about radiation were also 
insufficient (learned: 20.37%).When asked what 
they associate with the word “nuclear accident”, 
most respondents answered “a nuclear power plant 
accident” (34.07%, multiple answers). When asked 
about the differences between natural disasters and 
nuclear accidents, most respondents answered 
“prolonged impact” (23.64%, multiple answered), 
then “confusion in regards to the hazardous area” 
(21.21%), and then “radiation cannot be felt 
through the five senses” (20.61%). When asked 
what was necessary to prepare for a nuclear disaster, 
respondents most often answered “to confirm the 
location of the evacuation site and escape routes” 
(29.41%, multiple answers). 

Table1 About interest 

 
Very 

interested interested Not really 
interested 

Not
interested total

You are interested in radiation. 22 28 6 0 56 
You are interested in nuclear accidents 25 26 3 1 55 
You are interested in disaster drill for 
nuclear accidents 16 29 8 3 56 

Table2  Knowledge of radiation 

  Very knowledgeable knowledgeable little non total 

knowledge of radiation 1 6 48 1 56 
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Figure 1 Figure of relationship about correlation 

[Free writing responses]
<Necessary from the perspective of the field > 

Many comments were received regarding the 
“correct knowledge” and “accurate information” 
held by individuals. In addition, a “nuclear accident 
manual” for each facility was considered necessary. 
<Comments> 

Some opinions regarding the “awareness of 
nuclear power plants” were “I noticed that there 
was indifference towards this accident” and “I did 
not conscious because the nuclear power plant is 
too everyday landscape.” 

[Analysis]
In this study, for analytical methods, a 

correlation analysis (Spearman) was performed. As 
a result, “interest in radiation” showed a strong 
correlation with “interest in nuclear accidents.” 
“Interest in radiation” also showed a correlation 
with “knowledge of radiation” and “interest in 
nuclear accident drills.” In addition, “interest in 
nuclear accidents” showed a strong correlation with 
“interest in disaster drills for nuclear accidents.” 
“Learning opportunities of radiation” showed a 
strong correlation with “learning opportunities 
nuclear accidents.”“The distance of user’s home 
from nuclear plants” showed a correlation with 
“participation in drills” (Figure 1). 

On the other hand, “whether to participate in 
disaster activities” was not correlated with the other 
items. In addition, the distance of the facilitiesfrom 
a nuclear plant was not correlated with the distance 
of the respondent’s home from a nuclear plant. 

Study status 

ThisstudywasapprovedbytheResearch Ethics
Committee of Hirosaki University. Data collection 
began in June 2011. Questionnaires are still being 
collected. 

The intention of this report is to communicate 
the progress of the study. Going forward, we would 
like to add further discussion and analysis. 
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Abstract. The purpose of this study is to clarify any issues with the current state of 
undergraduate education in radiation emergency medicine at the School of Health 
Sciences, Hirosaki University. A course in radiation emergency medicine was 
established last year as a liberal arts education class for first-year students. The 
subjects of this study were 245 students in 2010 and 267 students in 2011. 
TurningPoint 2008 clicker response cards were used to record student responses to 
several questions about basic radiation during the first day of class. Students were 
also asked to give their opinions about radiation on the final examination. The 
results showed that students’ knowledge of basic radiation was not the same in 2011 
as it was in 2010 because of the March 3, 2011, Great East Japan Earthquake and 
subsequent disaster at the Fukushima nuclear power plant. In 2010, clicker 
responses indicated that the students’ knowledge of nuclear-related facilities in 
Aomori Prefecture and their impression of radiation and radioactivity were limited. 
In regards to the class itself, the students gave many positive opinions such as “it 
was important that the course contents were duplicated”, “I gained a basic 
understanding of radiation and REM”, and “we should be interested in this subject 
as it is necessary”. Some negative opinions were “duplication of course contents”, 
“need to learn more”, and “using radiation measuring devices”. We are currently 
analysing the opinions of the 2011 class. The survey results indicated an increasing 
understanding of the subjects presented in the class, and we obtained positive 
feedback in regards to the contents of the course. On the other hand, issues of 
concern with the class were the duplication of education, the course content and 
study methods, and the ability to create the text. Due to the effects of the nuclear 
disaster at Fukushima, it is expected that the awareness about health and radiation of 
the students in the 2011 class will change. 

Key Words: radiation emergency medicine, education, undergraduate course 
school of health sciences 

Introduction 

The Radiation Emergency Medicine (REM) 
class "Introduction to Basic Radiation" at Hirosaki 

University started in April 2010 for first-year 
students of the School of Health Sciences, except 
for Radiation Technology course students. In 2011, 
the class started in May because of the March 3, 
2011, Great East Japan Earthquake and nuclear 
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disaster at Fukushima. The aim of the class is to 
provide paramedical personnel with a basic 
knowledge of radiation protection and an outline of 
REM as a liberal arts class for first-year students 
(1). Next year, we will start a faculty education 
class, “Medical Risk Management”, aimed at 
providing a further understanding of REM and 
crisis-management involving cooperation among 
paramedical personnel (table 1). 

The purpose of this study is to clarify any 
issues with the current state of undergraduate 
education in the "Introduction to Basic Radiation" 
class. 

Methods

Subjects and procedure 
The subjects of this study were students who 

took the "Introduction to Basic Radiation" class in 
2010 and 2011. On the first day of class , we used 
TurningPoint 2008 clicker response cards to ask the 
students several basic questions about radiation. We 
then asked the students for their opinions about 
radiation on the final examination.    

The numbers of students and examination 
scores were analyzed. The clicker response cards 
were used to assemble the students’ responses to 
questions about their knowledge of the nuclear-
related facilities in Aomori Prefecture and their 
impressions of radiation and radioactivity (2). The 
students’ opinions of radiation solicited on the final 
examination were also aggregated.  

Result

In 2010, 241 students from the School of 
Health Sciences and 4 other students took the class, 
and in 2011 the numbers were 240 and 27, 
respectively (table 2). All the students from the 
School of Health Sciences passed the class in both 
years. The average score on the final examination 
was 81.8 in 2010 and 78.6 in 2011 (table 3).  

The clicker response surveys were conducted 
at the beginning of the class. Responses to question 
1, “What nuclear-related facilities are located in 
Aomori Prefecture?” indicate the students had more 
accurate knowledge of the situation in 2011 than in 
2010  (table 4). 

Table 1 REM-related classes for undergraduate students
Subjects Grade,  Semester,  Unit Class Goals 

< Liberal Arts Education > 
1st Grade, Spring semester 

1 Unit, 16 hours 

Basic understanding of radiation 
protection and a general outline of 

REMIntroduction to Basic Radiation 

< Faculty Education > 
3rd Grade, Spring semester 

1 Unit, over 30 hours  

Further understanding of REM 
and crisis-management involving 
cooperation among paramedical 

personnel
Medical Risk Management 

                                                 
Table 2 Number of Students

 2010 2011 
Nurse(N)  160 160 

Medical Technology(T)  40 39 
Physical Therapy(PT)  21 21 

Occupational Therapy(OT) 20 20 
Other faculty 4 27 

Total 245 267 

Table 4   What nuclear-related facilities are located in Aomori Prefecture ? 
2010 2011 

Nuclear power plant 9 5.8% 71 39.9%
Reserves of low-level radioactive waste facility 59 37.8% 9 5.1%
Reserves of high-level radioactive waste facility 55 35.3% 24 13.5%
Nuclear fuel reprocessing plant 15 9.6% 60 33.7%
Nuclear ship 'Mutsu' 18 11.5% 14 7.9%
Total 156 100% 178 100%

Table 3  Final Exam. Score
 2010 2011 

N 80.2 79.5 
T 86.1 82.2 

PT 80.5 76.7 
OT 79.8 77.3 

Other  78.8 73.2 
All 81.6 78.6 
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Responses to question 2, where students were asked 
for their opinions on radiation and  radioactivity,  
included  “scary” 20%, “atomic bomb of Hiroshima 
and Nagasaki” 42%, “Nuclear power plant” 33%, 
“Accident of JCO” 2%, and “nothing special” 4% 
(N=153) in 2010 (table 5-1). In 2011, the items 
“Nuclear disaster at Chernobyl in Russia” and 
“Nuclear disaster at Fukushima” were added to the 
list of choices because of the nuclear disaster at 
Fukushima on March 3, 2011. These 2 items were 
frequently chosen (table 5-2). The results for two of 
the other choices have been omitted. 

Results also included the students’ opinions on 
these subjects which they had written on their final 
examinations for the 2010 class. We received many 
positive opinions such as “it was important the 
course contents were duplicated”, “I gained a basic 
understanding of radiation and REM”, and “we 
should be interested in this subject as it is 
necessary”. Negative opinions included 
“duplication of course contents”, “need to learn 
more”, and “using radiation measuring devices”.  

We are currently analyzing the opinions of the 
2011 class. 

Discussion 

In 2010, the undergraduate Radiation 
Emergency Medicine Education course 
"Introduction to Basic Radiation" was started at 
Hirosaki University. Survey results indicated an 
increasing understanding of the course, and we 
obtained positive feedback in regards to the 
contents of the class. Issues with the class were the 
duplication of education, course content and study 
methods, and the ability to create the text.

Students in the 2011 class will be affected by 
the nuclear disaster at Fukushima, and we expect 
their awareness of health and radiation exposure to 
change (2).  
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Table 5-1  Impression of radiation and radioactivity
2010 

Scary 30 19.6%
Atomic bombs of Hiroshima and Nagasaki 64 41.8%
Nuclear power plant 50 32.7%
JCO Accident 3 2.0%
Nothing special 6 3.9%
Total 153 100%

Table 5-2  Impression of radiation and radioactivity 
2011 

Nuclear disaster at Chernobyl in Russia 58 32.6%
Atomic bombs of Hiroshima and Nagasaki 30 16.9%
Nuclear power plant 13 7.3%
JCO Accident 2 1.1%
Nuclear disaster at Fukushima 75 42.1%
Total 178 100%
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Abstract. After the nuclear accident at Fukushima nuclear power plant No. 1, many 
residents living close to the power plant were forced into an unfamiliar life as an 
evacuee. As this evacuation life continued, health problems were observed in the 
frail, elderly people. Given this situation, it seemed that rehabilitation for the health 
problems of elderly evacuees was required as one of the radiation emergency 
medicines. Therefore, the aim of this study was to consider rehabilitation and its 
effects by reviewing reports of the rehabilitation offered to evacuees in previous 
disasters. We found that the conditions targeted for rehabilitation included disuse 
syndrome and deep vein thrombosis (DVT). The elderly were known to be at a high 
risk of developing disuse syndrome and DVT, and preventing these was considered 
to be very important. In order to prevent these conditions, exercising the lower limbs 
was especially important and had an observable effect on the evacuee. However, as 
a clot isolated during exercise might lead to pulmonary thromboembolism in DVT-
affected persons, we thought that rehabilitation should be undertaken in conjunction 
with an assessment of DVT. Additionally, in a nuclear-power disaster such as 
Fukushima, we determined that it was imperative to convey correct information 
about radiation to evacuees and to reduce their anxiety about the situation. 

Key Words: evacuee, deep vein thrombosis, disuse syndrome, radiation 
emergency medicine 
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Introduction 

We reviewed the literature about rehabilitation for 
patients with large dose radiation exposure in 
nuclear accidents such as the Tokai-mura JCO 
criticality accident, and we considered the role of 
rehabilitation in radiation emergency medicine [1]. 
As a result, the positive effects of rehabilitation on 
severely exposed patients and the importance of 
rehabilitation focussed on radiodermatitis and 
respiratory management were specifically 
determined. However, because there were very few 
reports about rehabilitation offered to radiation 
exposed patients, it is uncertain how early 
rehabilitation should be conducted. The influence 
of physical stimulation, such as a range of motion 
exercises, to exposed skin and muscle also remains 
unclear. Since this point requires further 

investigation, we are now preparing an 
experimental system using an animal model to 
investigate the effects of rehabilitation on large 
dose radiation exposed patients. Meanwhile, due to 
the accident at the Fukushima nuclear power plant 
caused by the Great East Japan Earthquake on 
March 11th, 2011, residents living close to the 
power plant were forced into an unfamiliar life as 
evacuees. As this evacuation life continued, health 
problems, such as disuse atrophy, were observed in 
the frail, elderly persons. Given this situation, it 
seemed that rehabilitation for the health problems 
of elderly evacuees was required as one of the 
radiation emergency medicines. Therefore, the aim 
of this study is to consider the conditions targeted 
for rehabilitation and the effect of this rehabilitation 
by reviewing reports of rehabilitation offered to 
evacuees in prior disasters. 
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Methods

Ichushi ver5 (Japana Centra Revuo Medicina) and 
PubMed were used as the reference data bases of 
the Japanese and English literature respectively. In 
Ichushi, the literatures in which only the abstract 
was registered were excluded. The terms 
"evacuation center", "evacuation center <and> 
rehabilitation", "evacuation center <and> 
earthquake", "earthquake <and> rehabilitation", and 
"evacuation center <and> earthquake <and> 
rehabilitation" were used as key words for searches. 

Results

In PubMed, 1216 articles were found using the 
search term "evacuation center". 55, 16, 81, and 1 
articles were found using the  search terms 
"evacuation center <and> rehabilitation", 
"evacuation center <and> earthquake", "earthquake 
<and> rehabilitation", and "evacuation center 
<and> earthquake <and> rehabilitation", 
respectively. 

In Ichushi, 164 articles were found using the 
search term “evacuation center”  and 12, 99, 75 and 
9 articles were found using the search terms 
"evacuation center <and> rehabilitation", 
"evacuation center <and> earthquake", "earthquake 
<and> rehabilitation", and "evacuation center 
<and> earthquake <and> rehabilitation", 
respectively. Further investigation of the retrieved 
literature confirmed that deep vein thrombosis 
(DVT) and disuse syndrome were objectives of 
rehabilitation for evacuated persons in previous 
disasters. 

Discussion 

1. Importance of rehabilitation on DVT prevention
DVT is a clinical condition that causes a venous 

return disorder and congestion, by thrombotic 
occlusion, in the deep veins of the leg. Life-
threatening vascular obstructions due to loose blood 
clots, such as a pulmonary thromboembolism, are a 
particularly troublesome problem in DVT. In case 
of the Niigata Chuetsu earthquake on October 23rd, 
2004, the DVT occurred in 17.9 % of the evacuees 
and there were more than 10 patients with 
pulmonary thromboembolism especially in the 

refugees living in cars. Consequently it was 
reported that at least four of them have died [2]. 

It is important to consider the prevention of DVT 
in the case of a natural disaster. According to a 
guideline for the diagnosis, treatment, and 
prevention of pulmonary thromboembolism and 
deep vein thrombosis [3], the usual annual 
incidence of DVT is 12 per 100 thousand 
population (0.012 %). However, the incidence of 
DVT among the evacuees and victims in prior 
Japanese earthquakes, as shown in Table 1, was 
reported to be 4.9 to 17.9 % [2, 4-7]. Because these 
studies are different in several respects, such as 
investigation period, post-disaster time and 
targeting age, the results should not be directly 
compared. Nonetheless, it does appear that the 
incidence of DVT among the evacuees and victims 
of previous Japanese earthquakes is much higher 
than the general incidence of DVT. According to 
the guideline, elderly and prolonged bed rest are 
classified as moderate risk factors in strength of 
additional risk factor for venous thromboembolism 
[3]. Therefore, a major cause of deep-vein 
thrombosis in the elderly persons who live in 
evacuation centers appears to be the prolonged 
cramped posture and reduced activity due to the 
unfamiliar environment. The most significant 
treatment strategy for DVT is prevention. Available 
methods to prevent DVT are interventions, such as 
active exercise, walking, massage, and elastic 
stockings [3], from the preclinical stage. 
Specifically, ankle dorsiflexion exercise seems to 
be effective because of the pumping action of the 
muscles and the improvement of the venous return 
in the legs [8], and it is possible to easily perform in 
an evacuation center. However, in some cases 
affected by DVT, leg exercises and compression 
with elastic stockings may promote thrombotic 
isolation and pulmonary thromboembolism. 
Therefore, rehabilitation for evacuees should be 
conducted in conjunction with an assessment of 
DVT and with the cooperation of doctors and other 
staff. 

Earthquake subject DVT
positive  

Incidence
rate

Niigata Chuetsu [2] 67 12 17.9% 

Noto Peninsula [4,5]
198 21 10.6% 

207 16 7.7% 

Niigata Chuetsu-oki [6] 995 49 4.9% 

Iwate-Miyagi Nairiku [7] 113 17 15.0% 

Table 1. DVT incidence of the evacuees and victims 
in prior Japanese earthquakes
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2. Importance of rehabilitation on disuse syndrome 
prevention

Disuse syndrome is a generic term for the decline 
in various mental and physical functions caused by 
being in a continuous rest state for a long period of 
time. The principal cause of disuse syndrome in 
elderly evacuees is thought to be reduced activity 
and mental stress due to being in an unfamiliar 
environment such as an evacuation center. The 
aforementioned DVT is also a disuse syndrome. A 
decrease in the amount of activity triggers the 
disuse syndrome, which then leads to the decline of 
activity of daily living (ADL) and to prolonged bed 
rest. This decreased ADL and prolonged bed rest 
leads to a further decline in activity, and a vicious 
cycle is eventually created. In order to break this 
negative spiral, it is necessary to promote getting 
out of bed and actively exercising the lower 
extremities. Evacuation centers will have to be 
improved, by installing handrails for example, to 
prevent the decline of evacuees’ activity and to 
enable the elderly persons  to move more easily. 

3. Specific considerations in a nuclear power 
disaster

In the case where an atomic accident is combined 
with a natural disaster, like the case in Fukushima, 
evacuees have multiple anxieties, such as the 
uncertainty about when they will be able to return 
home and the fear of invisible radioactive material. 
Therefore, it seems to be necessary that 
rehabilitation specialists be able to convey correct 
knowledge and information about radiation to the 
evacuees and to reduce their anxiety and stress. 
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Abstract. In order to morphologically confirm acute radiation damage and organ 
radiosensitivity in mice, we performed whole body X-ray irradiation at single doses 
of 0 (control), 2, 4, 8, and 10 Gy. The size of the spleen diminished in accordance 
with the strength of the X-irradiation dose, and its weight decreased significantly in 
males and females exposed at doses of 8 and 10 Gy. Bleeding was found 
macroscopically in the stomach and intestine and microscopically in the tissues of 
the digestive organs, heart, lungs, and urinary bladder. Lymphocyte number in the 
lymphoid nodules of the ileum and sigmoid colon decreased at 2 Gy. Furthermore, 
lymphocyte number in the spleen decreased in proportion to the strength of X-
irradiation dose, and this decrease was obvious at 8 and 10 Gy.  

Key Words: acute X-radiation damage, visceral organs, digestive canal, 
morphology, mouse 

Introduction
Text books on radiation describe the death of 

cells in the intestinal glands and villi when 
digestive organs are exposed to X-irradiation [1, 
3]. The present study was conducted to confirm 
previously documented morphological damage 
from X-irradiation in the thoracic and 
abdominal organs, especially in the digestive 
organs.

Materials and Methods
The whole bodies of 7-week-old ICR mice 

(2 males and 2 females; 2 exposed to each 
dose) were exposed to 2, 4, 8, and 10 Gy of X-
irradiation using a Hitachi MBR-1505R2 at a 

dose rate of 0.133 Gy/min. On the 10th day 
after X-irradiation, the mice and their organs 
were stored in 10% formalin [2]. We measured 
the weights of the lungs, heart, liver, spleen, 
and urinary bladder. We obtained photographs 
of the digestive organs as a whole and the outer 
and inner surfaces of the stomach.  

The above-mentioned organs and digestive 
organs (duodenum, jejunum, ileum, cecum, and 
sigmoid colon) were cut into 5-μm sections, 
stained using HE, and observed under a light 
microscope to detect morphological changes in 
the tissues. 
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Results
The size of the spleen diminished in 

accordance with the strength of the X-
irradiation dose, and the weight of the spleen at 
8 and 10 Gy in male and female mice 
decreased markedly in comparison with that of 
the non-exposed mice (P < 0.05). The weights 
of the remaining organs (the lungs, heart, liver, 
and urinary bladder) were similar between non-
exposed and exposed mice (Figure 1). Upon 
macroscopic investigation, both the male and 
the female mice that received 8 and 10 Gy 
showed bleeding in the digestive canals, 
including the stomach (Figure 2a-c). 
    Upon histological examination, bleeding was 
found in the mucosa and muscle layer of the 
stomach at 4, 8, and 10 Gy (Figure 3a-d). 
Bleeding was also found in the submucosa of 
the duodenum, jejunum, and ileum at 4, 8, and 
10 Gy; of the cecum at 10 Gy; and of the 
sigmoid colon at 8 and 10 Gy (Figure 4a-e). No 
differences were found in the morphological 
appearance of the intestinal glands and villi in 
the small and large intestines between non-
exposed and exposed mice (Figure 5a-d).  

Lymphocyte number in the lymphoid 
nodules of the ileum and sigmoid colon 
decreased at 2 Gy (Figure 6a-d). Lymphocyte 
number in the spleen decreased in proportion to 
the strength of X-irradiation dose; this decrease 
was obvious at 8 and 10 Gy (Figure 7a-d). In 
the lungs, bleeding in the alveoli and 
substantial hypertrophy of the alveoli were 
found at 4, 8, and 10 Gy (Figure 8a-c). In the 
urinary bladder, bleeding was found in the 
mucosa and muscle layer at 2, 8, and 10 Gy 
(Figure 9a, b). In the tissues of the heart, liver, 
and pancreas, morphological differences were 
not observed between non-exposed and 
exposed mice (Figure 10a-c). 

Discussion
As mentioned in the textbook [1], X-

irradiation causes a decrease in lymphocyte 
number in the spleen and lymphoid nodules of 
the small and large intestines. Jordan et al. 
(1956) reported that the size and weight of the 
spleen diminished in inverse proportion to X-

irradiation strength [3]. With regards to the 
spleen, Kohda (1981) pointed out that it was 
evident the number of cells in the red pulp 
decreased and the sizes of the white pulp  
shrank [4]. Because we found no changes in 
the lengths of the intestinal gland and villi 
between the exposed and non-exposed mice, it 
was thought that a 10-Gy dose of radiation is a 
critical value; exposure at this level influences 
the growth of the intestinal glands and villi. 
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bronchiole; Ca, central artery; Ce, cecum; Ch, 
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Fig. 1.  In comparison with the non-exposed mice, the spleen weight at 8 and 10 
Gy was decreased markedly (P < 0.05).  The weights of the remaining organs 
(the lungs, heart, liver, and urinary bladder) were similar between the non-
exposed and exposed mice. 
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widely in the digestive canals.
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Figs. 3a-d.  Histological structures of the gastoric gland were similar between non-
exposed and exposed mice.  Bleeding was found in the mucosa and muscle layer of
the stomach at 4, 8, and 10 Gy.  H&E staining. Magnification 100×, 200×.
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Figs. 4a-e.  Bleeding was also found in the submucosa of the duodenum, jejunum,
and ileum at 4, 8, and 10 Gy; of the cecum at 10 Gy; and of the sigmoid colon at 8 
and 10 Gy.  H&E staining. Magnification 100×, 200×.
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Figs. 5a-d. No differences were found in the morphological appearance of the 
intestinal glands and villi in the small and large intestines between the non-exposed 
and exposed mice. H&E staining. Magnification 100×.
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sigmoid colon decreased at 2 Gy. H&E staining. Magnification 200×.
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Figs. 4a-e.  Bleeding was also found in the submucosa of the duodenum, jejunum,
and ileum at 4, 8, and 10 Gy; of the cecum at 10 Gy; and of the sigmoid colon at 8 
and 10 Gy.  H&E staining. Magnification 100×, 200×.
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Figs. 3a-d.  Histological structures of the gastoric gland were similar between non-
exposed and exposed mice.  Bleeding was found in the mucosa and muscle layer of
the stomach at 4, 8, and 10 Gy.  H&E staining. Magnification 100×, 200×.
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Figs. 4a-e.  Bleeding was also found in the submucosa of the duodenum, jejunum,
and ileum at 4, 8, and 10 Gy; of the cecum at 10 Gy; and of the sigmoid colon at 8 
and 10 Gy.  H&E staining. Magnification 100×, 200×.
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Figs. 5a-d. No differences were found in the morphological appearance of the 
intestinal glands and villi in the small and large intestines between the non-exposed 
and exposed mice. H&E staining. Magnification 100×.
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Figs. 6a-d.  Lymphocyte number in the lymphoid nodules of the ileum and 
sigmoid colon decreased at 2 Gy. H&E staining. Magnification 200×.
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7a. Male at 0 Gy 7b. Male at 2 Gy

7c. Male at 4 Gy 7d. Male at 10 Gy

Figs. 7a-d.  Lymphocyte number in the spleen decreased in proportion to the 
strength of X-irradiation dose and this decrease was obvious at 8 and 10 Gy. 
H&E staining. Magnification 200×.
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Figs. 8a-c.  In the lungs, bleeding in 
the alveoli and substantial 
hypertrophy of the alveoli were found 
at 4, 8, and 10 Gy. H&E staining. 
Magnification 100×, 200×.
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Figs. 7a-d.  Lymphocyte number in the spleen decreased in proportion to the 
strength of X-irradiation dose and this decrease was obvious at 8 and 10 Gy. 
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hypertrophy of the alveoli were found 
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Figs. 9a, b.  In the urinary bladder, bleeding was found in the mucosa and 
muscle layer at 2, 8, and 10 Gy. H&E staining. Magnification 100×.
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Figs. 10a-c. In tissues of the heart, 
liver, and pancreas, morphological 
differences were not observed 
between the non-exposed and 
exposed mice. H&E staining. 
Magnification 100×, 200×.
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The effects of ionizing radiation on pattern recognition 
receptors

Hironori Yoshino and Ikuo Kashiwakura1

Department of Radiological Life Sciences, 
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Abstract. The immune system is composed of innate and adaptive immunity. 
Antigen presenting cells (APCs), such as dendritic cells and macrophages, serve as a 
link between innate and adaptive immunity. APCs express pattern recognition 
receptors (PRRs) which recognize pathogen-associated molecular patterns (PAMPs). 
Toll-like receptor (TLR) and retinoic-acid inducible gene-I (RIG-I) are well-studied 
PRRs that play important roles in anti-bacterial or anti-viral immunity. The 
activation of APCs through PRRs is required for the induction of adaptive immune 
responses. However, it remains unknown whether ionizing radiation affects PRRs. 
The effects of ionizing radiation on the expression of PRRs and the response against 
PAMPs were herein investigated using THP1 cells (human acute monocytic 
leukemia cells). THP1 expressed TLR2 and TLR4 which are receptors for 
peptidoglycan and lipoplysacchride (LPS), respectively. Those expressions after X-
ray irradiation (1-5 Gy) were higher in irradiated cells than in non-irradiated cells. 
The response against LPS was estimated by the induction of tumor necrosis factor-α
(TNF-α). The TNF-α positive cells were higher in irradiated-cells (2%) than in non-
irraidated cells (0.5%). To investigate the effects of ionizing radiation on PRRs in 
detail, THP1 cells were treated with phorbol 12-myristate 13-acetate (PMA) in order 
to differentiate into macrophage-like cells, and then the similar experiments were 
performed. In contrast to the results of THP1, the expression of TLR4 of PMA-
treated THP1 after irradiation was lower in irradiated cells than in non-irradiated 
cells. Although TNF-α positive cell after LPS stimulation was higher in PMA-
treated cells (40%), no significant difference in the response of LPS was observed 
between non-irradiated and irradiated conditions. We next investigated the 
expression of RIG-I which recognizes double-strand RNA. Although non- or PMA-
treated cells did not express RIG-I, RIG-I was expressed in PMA-treated cells after 
LPS stimulation. No significant effects of irradiation on the RIG-I expression in 
PMA-treated cells after LPS stimulation was observed. In conclusion, this study 
demonstrated that ionizing radiation affects PRRs expression and the response of 
PRRs to PAMPs, but these effects depend on the cell types and differentiation state. 

Key Words: ionizing radiation, pattern recognition receptors 

                                                     
1 Corresponding to:Ikuo Kashiwakura, Ph.D. Hirosaki University Graduate School of Health Sciences, 66-1 
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Introduction

 The immune system is composed of innate and 
adaptive immunity. The adaptive immune system is 
composed of T cells and B cells, which induces 
antigen-specific immune responses. On the other 
hand, antigen presenting cells (APCs), such as 

dendritic cells and macrophages, play important 
roles in innate immunity, and serve as a link 
between innate and adaptive immunity. APCs 
express pattern recognition receptors (PRRs) which 
recognize pathogen-associated molecular patterns 
(PAMPs)[1]. Toll-like receptor (TLR) and retinoic-
acid inducible gene-I (RIG-I)-like receptor (RLR) 

59



are well-studied PRRs that are indispensable for 
anti-bacterial or anti-viral immunity. For example, 
TLR2 and TLR4 recognize peptidoglycan and 
lipoplysacchride (LPS), respectively, which results 
in the host defense against bacteria. The activation 
of APCs through PRRs is required for the induction 
of adaptive immune responses. However, it remains 
unknown whether ionizing radiation affects PRRs. 
In the present study, to clarify the effects of 
ionizing radiation on the expression of PRRs and 
the response against PAMPs using THP1 cells 
(human acute monocytic leukemia cells). 

Experiments 

 Figure 1 shows the schema of this study. 

 

Figure 1. The schema of experiments in the present 
study.  

Results 

X-irradiation inhibits cell growth and decreased 
viability.
We first examined the effects of ionizing radiation 
on the cell growth and cell viability. Non- and 
irradiated-THP1 cells (2.0×105 cells) were cultured 
after irradiation. The dose of more than 5 Gy 
inhibited both cell growth and cell viability (Fig. 2).  

Figure 2. The viable and dead cells were counted 
by trypan blue dye exclusion assay at 24, 48, 72 hr 
after irradiation. [A] The number of viable cell was 
shown.  [B] The viability (%) of THP1 cells was 
calculated as 100×(number of viable cell)/(number 
of total cell). The data were mean ± SD of four 
different experiments. 

X-irradiation up-regulates cells surface TLR2 and 
TLR4 expression of THP1 cells, and enhances the 
response against LPS. 

To investigate the effects of ionizing radiation on 
the expression of TLR2 and TLR4, the cell surface 
expression of TLR2 and TLR4 on non- and 
irradiated-THP1 cells were analyzed. Those 
expressions were higher in irradiated-cells 
compared with those of non-irradiated control (Fig. 
3). Furthermore, we investigated the response of 
irradiated-THP1 cells against LPS by estimating the 
induction of tumor necrosis factor-α (TNF-α). In 

(1)  Cell growth and viability assay 

(2) Differentiation of THP1 cells into macrophage-like cells

(3) Cell surface expression of TLR2 and TLR4

THP1 cells
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X-ray

Irradiated-THP1 cells were cultured for 24, 
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for 24 hr after irradiation.
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accordance with the up-regulation of TLR4 
expression, the TNF-α positive cells were higher in 
irradiated-THP1 (2%) than in non-irraidated cells 
(0.5%) (data not shown).   

Figure 3. Non- and irradiated-THP1 cells were 
cultured for 24 or 48 hr, and then the expression of 
TLR2 [A] and TLR4 [B] were analyzed by a flow 
cytometer. MFI means mean fluorescence intensity. 
The data were mean ± SD of three different 
experiments.

X-irradiation down-regulates cells surface TLR2 
and TLR4 expression of macrophage-like THP1 
cells, but does not attenuate the response against 
LPS.
To investigate the effects of ionizing radiation on 
PRRs in detail, THP1 cells were treated with PMA 
in order to differentiate into macrophage-like cells, 
and then the similar experiments were performed. 
In contrast to the results of THP1, the expression of 
TLR4 of PMA-treated THP1 after irradiation was 
lower in irradiated cells than in non-irradiated cells 
(Figure 4). Although TNF-α positive cells after 
LPS stimulation was higher in PMA-treated THP1 
(40%), no significant difference in the response of 
LPS was observed between non-irradiated and 
irradiated conditions (data not shown).

Figure 4. The macrophage-like THP1 cells were 
irradiated, and then the expression of TLR2 and 
TLR4 were analyzed at 24 hr after irradiation. The 
data were mean ± SD of three different experiments.  

X-irradiation does not affect RIG-I expression. 
We next investigated the expression of RIG-I which 
recognizes double-strand RNA. Although non- or 
PMA-treated THP1 did not express RIG-I, RIG-I 
was expressed in PMA-treated THP1 after LPS 
stimulation. No significant effects of irradiation on 
the RIG-I expression in PMA-treated THP1 after 
LPS stimulation was observed (data not shown).

Conclusions

The present study indicates that X-irradiation 
enhances TLR expression in THP1 cells. On the 
other hand, X-irradiation decreased TLR expression 
in macrophage-like THP1 cells, thus demonstrating 
that the regulation of TLR expression by ionizing 
radiation depends on cell differentiation.
Furthermore, X-irradiation does not significantly 
affect RIG-I expression.
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Abstract. Hematopoietic processes, especially megakaryocytopoiesis and 
thrombopoiesis, are highly sensitive to extracellular oxidative stresses such as 
ionizing radiation and chemotherapeutic agents. This study examined the terminal 
maturation of megakaryocytes and platelet production in hematopoietic 
stem/progenitor cells (HSPCs) irradiated with ionizing radiation. Highly purified 
CD34+ cells derived from human placental/umbilical cord blood were exposed to X 
rays (2 Gy, 150 kVp, 20 mA; 0.5-mm aluminum and 0.3-mm copper filters), at a 
dose rate of approximately 1 Gy/min, and then cultured in a serum-free medium 
supplemented with thrombopoietin and interleukin-3. The number of cells generated 
from X-irradiated CD34+ cells decreased with time in the culture. However, the 
fraction of CD34+Tie-2+ and CD41+Tie-2+ cells among the total cells generated from 
X-irradiated cells increased significantly in comparison to non-irradiated controls on 
day 7. In addition, the CD42a+ particles, which appeared to be platelets, generated 
from the X-irradiated HSPCs appeared to be normal. Quantitative real-time reverse 
transcriptase-polymerase chain reaction analysis of the expression of various genes 
in cells harvested from the cultures showed that the early hematopoiesis-related 
genes FLI1, HOXB4, and Tie-2, the cytokine receptor genes KIT and IL-3RA, and 
the oxidative stress-related genes HO1 and NQO1 were up-regulated on day 7. 
These results suggest that normal terminal maturation of megakaryocytes and 
platelet production occur in residual HSPCs after ionizing radiation, despite the 
adverse effect of radiation on proliferation and differentiation of HSPCs. Ionizing 
radiation may have the potential to promote both megakaryocytopoiesis and 
thrombopoiesis. 

Key Words: hematopoietic stem/progenitor cells, ionizing radiation, terminal 
maturation of megakaryocytes and platelet production 

Introduction
Hematopoietic stem cells can self-renew and 

differentiate into all hematopoietic lineages 
throughout the lifetime of an organism, but 
these cells are sensitive to extracellular 
oxidative stress (1-3). Damage to the 
hematopoietic system caused by ionizing 
radiation remarkably suppresses the production 
of mature blood cells in a dose-dependent 
manner (3-6). Previous studies have shown a 

variation in the recovery of blood cells among 
individuals exposed to ionizing radiation and a 
delay in the production of leucocytes and 
platelets compared to erythrocytes (7, 8). The
effective treatment of patients with severe 
thrombocytopenia consists of platelet 
concentrate transfusion. Therefore, 
comprehensive research on the effect of 
radiation on thrombopoiesis in hematopoietic 
stem/progenitor cells (HSPCs) is critical (9-11).
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Very recently, the thrombopoietin (TPO) 
mimetics romiplostim and eltrombopag were 
approved for the treatment of immune 
thrombocytopenic purpura (12, 13). In addition, 
Satyamitra et al. demonstrated that the TPO 
antagonist ALXN4100TPO increased bone 
marrow cellularity and megakaryocytic 
development and accelerated multilineage 
hematopoietic recovery in an in vivo study (14). 
However, the process by which ionizing 
radiation leads to thrombocytopenia or its 
effects on the differentiation from residual 
HSPCs in megakaryocytopoiesis/ 
thrombopoiesis are not clear, and experimental 
approaches are therefore necessary. We 
previously reported that the differentiation 
pathway from HSPCs to 
megakaryocytopoiesis/thrombopoiesis is more 
radiosensitive than that from HSPCs to 
granulocytopoiesis and erythropoiesis (15, 16).
In a prior study, we showed that the 
combination of TPO and interleukin-3 (IL-3) 
was effective not only as a promoter of 
megakaryocytopoiesis and thrombopoiesis but 
also as a radioprotector in this pathway (17). 
We also demonstrated that mature 
megakaryocytes are radiosensitive, but the 
radiosensitivity decreases at the terminal stages 
of megakaryocytic maturation, in particular in 
megakaryocytes entering the proplatelet 
formation stage (18). In addition, we showed 
that megakaryocytopoiesis and thrombopoiesis 
in HSPCs irradiated with heavy-ion beams 
function in a similar manner as in non-
irradiated cells, although heavy-ion beams 
affect the expression of genes associated with 
cellular adhesion (19). However, there is 
currently no information on the process of 
megakaryocyte differentiation, maturation, and 
gene expression in X-irradiated HSPCs. To 
evaluate the effects of ionizing irradiation on 
the terminal process of megakaryocytopoiesis 
and thrombopoiesis, the present study 
investigated the production of mature 
megakaryocytes and platelets generated from 
freshly prepared human placental/umbilical 
cord blood (CB) CD34+ cells exposed to 2 Gy 
(1/3 of the survival dose of CFU-Meg) X-

irradiation in serum-free culture supplemented 
with TPO and IL-3. This combination is 
optimal for terminal maturation of 
megakaryocytes and platelet production (17). 
The estimation of cell surface antigens and 
mRNA expression was performed within 24 h 
(early stage of hematopoiesis) on day 7 (the 
beginning of megakaryocytic proliferation) and 
day 14 (the stage with the maximum number of 
platelets). 

Results and Discussion 
    The fraction of the CD34+Tie-2+ and 
CD41+Tie-2+ cell populations generated from 
irradiated HSPCs was significantly higher than 
that generated from non-irradiated controls on 
day 7 (Figure 1). However, the number of 
surviving cells in the mature stages of 
megakaryocytopoiesis decreased following 
irradiation of CD34+ cells. These results 
suggest that Tie-2+ cells included in HSPCs are 
relatively radioresistant cells under conditions 
of stimulation with TPO and IL-3. 

[A]

[B]

Figure 1.  The fraction of CD34+Tie-2+ cells [A] 
and CD41+Tie-2+ cells [B] to X-irradiation. **P
< 0.05 in comparison to 0 Gy - day 7. 
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2 Gy

2 Gy

0 Gy
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Our previous study showed an increase in the 
Tie-2+ cell populations derived from CB 
CD34+ cells exposed to 2 Gy heavy-ion beams 
of 50 keV/μm on day 7, while the rate of cell 
survival declined (18, 19). In addition, a 
statistically significant correlation observed 
between the percentage of Tie-2+ cells and the 
surviving fraction of hematopoietic progenitor 
cells (16), indicated that the CD34+Tie-2+

fraction is radioresistant in comparison to the 
CD34+Tie-2- fraction. CD34+Tie-2+ cells in 
HSPCs are in a more immature state than 
CD34+Tie-2- cells and are maintained in G0
phase through signalling by angiopoietin-1 
(Ang-1), a ligand for the Tie-2 receptor (20, 
21).
    On the other hand, a high expression of 
adhesion molecules is observed in proplatelets 
formed in megakaryocytes, which is the 
process of terminal maturation (22, 23). The 
present results showed that the aggregation 
function of platelets generated from X-
irradiated HSPCs was enhanced as compared to 
non-irradiated controls (Figure 2). 

Furthermore, expression of Tie-2 mRNA was 
significantly up-regulated on day 7 as 
compared to non-irradiated controls (Figure 3). 
These results suggest that X-irradiation 
promotes megakaryocytic differentiation 

associated with the expression of CD41 and 
Tie-2 proteins. Schmitz et al. reported that IL-3 
supports early megakaryocytopoiesis and that 
IL-6 mainly regulates the late stage of 
megakaryocyte differentiation (22).  

Moreover, IL-3 and IL-6 are reported as 
cytokines with autocrine capacity in 
megakaryopoiesis (22). Proplatelets formed in 
megakaryocytes generally express some 
adherent molecules (23). These findings 
suggest that the Ang-1, IL-3, and IL-6 signals 
maintained by the corresponding receptors in 
residual HSPCs as a result of X-irradiation 
promote the terminal maturation stages of 
megakaryocytopoiesis and thrombopoiesis (24, 
25). Ionizing radiation induces reactive oxygen 
species and causes DNA damage, and 
insufficient cellular repair mechanisms may 
contribute to premature aging and apoptosis 
(26, 27). On the other hand, ionizing radiation 
enhances cell differentiation in certain normal 
cells, depending on the specific conditions and 
radiation dose (28). Thus, one of the biological 
processes that specifically occur with 2 Gy X-
irradiation may be the promotion of 
megakaryocyte maturation. 
    The present mRNA expression analysis 
showed that 7 factors, namely, the early 
hematopoiesis-related FLI1, HOXB4, and Tie-
2 (29-33), Nrf2 oxidative stress regulation 
system-related HO1 and NQO1, and the 
cytokine receptor-related KIT and IL3RA 
genes were up-regulated (Figure 4) (1, 34, 35). 
The other 3 factors, namely, MPL, CSF2RA, 

Incubation period (days) 

Figure 2. Platelet activation in response to X-
irradiation. *P < 0.05 in comparison to non-
stimuli 0 Gy control and #P < 0.05 in 
comparison to non-stimuli 2 Gy control.

Figure 3. Behaviour of Tie-2 mRNA expression 
after exposure to X-irradiation. *P < 0.05.
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and GP1BA, which are cytokine receptor- and 
megakaryocyte-related genes (36), were down-
regulated. The 10 factors changed by X-
irradiation among the 16 factors analyzed 
suggest that the up-regulation of specific genes 
is an important biological characteristic of X-
irradiation. This verified that the variation in 
cell surface antigens and gene expression by 
ionizing radiation changes with 
megakaryocytic and thrombopoietic 
differentiation (Figure 4).

Subsequent analyses are underway to 
determine the mechanism(s) underlying the 
effect of X-irradiation of HSPCs on the up-
regulation of megakaryocytopoiesis- and 
thrombopoiesis-related molecules. 
    In conclusion, the present results suggest 
that normal terminal maturation of 
megakaryocytes and platelet production occur 
in residual HSPCs after ionizing radiation, 
despite the adverse effect of radiation on the 
proliferation and differentiation of HSPCs. The 
X-irradiation induced up-regulation of 7 genes 
associated with the early stages of 
hematopoiesis, megakaryocytic maturation, 
and antioxidant systems suggest that ionizing 
radiation may promote both 
megakaryocytopoiesis and thrombopoiesis. 
These results provide useful insights that may 
help solve problems arising from incidents 
such as accidental nuclear scenarios, and will 
help us to understand the risk of lethal- or sub-
lethal doses of radiation (18). 
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Abstract. Cardiovascular disease has been considered a major health-risk factor 
after radiation exposure such as that experienced by A-bomb survivors. In a trial to 
understand the molecular mechanisms underlying the inflammatory reaction 
frequently encountered in the vascular system after exposure to ionizing radiation, 
we carried out global scale microarray and computational gene expression analyses 
in human umbilical endothelial cells (HUVEC). Global scale microarray gene 
expression analysis of irradiated HUVEC (2.5 Gy) identified 1,128 genes that were 
up- or down-regulated by a factor of 1.8 or greater at 6, 12, or 24 hr after irradiation. 
Hierarchical cluster analysis of the differentially expressed genes identified four 
clusters. Bioinformatic analysis using ingenuity pathway analysis tools revealed that 
the down-regulated genes in cluster I were associated with cell cycle regulation, 
whereas the up-regulated genes in cluster IV were associated with inflammatory 
responses. The analysis also identified a gene network containing interferon 
response factor 7 (IRF7) and its transcriptional target interferon-induced transcripts 
(IFITs) and Mx1, which have been known to be associated with inflammation in 
endothelial cells. The up-regulated genes and the gene network identified here may 
explain the inflammatory response induced by X-irradiation. These findings uncover 
some of the molecular basis of the mechanism(s) of the inflammatory disorder in 
response to X-irradiation in human umbilical vein endothelial cells. 

Key Words: gene expression,  cardiovascular disease

Introduction 

 Cardiovascular disease has been considered a 
major health-risk factor after radiation exposure 
such as that experienced by A-bomb survivors (1).
Recently, the association of radiation dose with 
cardiovascular disease mortality in the life span 
study cohort of 86,000 A-bomb survivors with 
estimated doses was reported (2). Although 
chronically produced reactive oxygen species and 
inflammation are thought to be a pathogenic 
mediator of atherosclerosis, the mechanism has 
been unclear. In order to better understand the 
molecular mechanisms underlying the 
inflammatory reaction frequently encountered in 
the vascular system after exposure to ionizing 

radiation, we carried out global scale microarray 
and computational gene expression analyses in 
human umbilical endothelial cells. 

Materials and Methods 

Human umbilical endothelial cells (HUVEC) 
were irradiated by an X-ray generator at a dose of 
2.5 Gy.  

Gene expression was analyzed using a 
GeneChip® system (Affymetrix, Santa Clara, CA; 
http://www.affymetrix.com/index.affx). Sample 
preparation for array hybridization was carried out 
following the manufacturer’s instructions. For RNA 
isolation, total RNA was extracted from cells using 
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an RNeasy Total RNA Extraction kit (Qiagen, 
Valencia, CA), and treated with DNase I (RNase-
free DNase kit, Qiagen) for 15 min at room 
temperature to remove residual genomic DNA. 

Microarray and computational gene 
expression analyses were performed using a 
GeneChip® system with a Human Genome U133-
plus 2.0 array spotted with approximately 54,000 
probe sets. Samples for array hybridization were 
prepared as described in the Affymetrix 
GeneChip® Expression Technical Manual. The 
scanned arrays were analyzed using GeneChip 
Analysis Suite Software (Affymetrix). The obtained 
hybridization intensity data were analyzed using 
GeneSpring (Silicon Genetics, Redwood City, CA) 
to extract the significant genes. To examine gene 
ontology, including biological processes, cellular 
components, molecular functions, and gene 
networks, the obtained data were analyzed using 
Ingenuity Pathways Analysis tools (Ingenuity 
Systems, Mountain View, CA), a web-delivered 
application that enables the identification, 
visualization, and exploration of molecular 
interaction networks in gene expression data (3).

Results

1. Global scale microarray gene expression 
analysis identified 1,128 genes which were 
up- or down-regulated in human umbilical 
endothelial cells (HUVEC) after 2.5 Gy.  

2. Bioinformatic analysis using ingenuity 
pathway analysis tools revealed that the 
down-regulated genes were associated with 
cell cycle regulation, whereas the up-
regulated genes were associated with 
inflammatory responses.  

3. The analysis also identified a gene network 
containing interferon response factor 7 
(IRF7) and its transcriptional target 
interferon-induced transcripts (IFITs) and 
Mx1. 

Conclusion

 These findings uncover some of the molecular 
basis of the mechanism(s) of the inflammatory 
response to X-irradiation in HUVEC. 

Figure 1.  Scheme of gene expression 
induced by X-irradiation in HUVEC. 
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Abstract. We previously showed that continuous exposure of mice to low-dose-rate 
γ-irradiation enhances antioxidant activity. Here we study the ameliorative effect of 
continuous whole-body irradiation with low-dose-rate γ-rays on diabetic 
nephropathy. Ten-week-old female db/db mice, an experimental model for type II 
diabetes, were irradiated with low-dose-rate γ-rays from 10 weeks of age throughout 
their entire lives. Nephropathy was studied by histological observation and 
biochemical analysis of serum and urine. Antioxidant activities in the kidney were 
biochemically determined. Continuous low-dose-rate γ-irradiation significantly 
increases lifespan in db/db mice. Three of 24 irradiated mice were free of glucosuria 
after 80 weeks of irradiation. Histological studies of their kidneys suggest that low-
dose irradiation increases the number of normal capillaries in glomeruli. Antioxidant 
activities of superoxide dismutase, catalase, and glutathione are significantly 
increased in kidneys of irradiated db/db mice. Continuous low-dose rate γ-irradiation 
ameliorates diabetic nephropathy and increases lifespan in db/db mice through the 
activation of renal antioxidants. These findings have noteworthy implications for 
radiation risk estimation of non-cancer diseases. 

Key Words: low dose rate, kidney damage, antioxidant activity 

Introduction 

 One of the major cellular effects of ionizing 
radiation is the generation of ROS through 
interaction with intracellular molecules, which 
evokes a series of antioxidative reactions within 
cells called oxidative stress responses. We have 
shown that whole-body irradiation with low-dose γ-
rays enhances antioxidant function in a variety of 
tissues and protects the tissues from chemically 
induced oxidative damage (1-5). The ameliorative 
effect of low-dose radiation on type I diabetes has 
been reported in nonobese diabetic (NOD) mice (6)
in which autoimmune response causes apoptotic 
death of β-cells in the pancreas through an ROS-

related mechanism (7-9). Low-dose radiation 
increases SOD activity in the pancreas and 
suppresses β-cell apoptosis and diabetes incidence 
in this model (6). We recently found that 
continuous whole-body irradiation with low-dose-
rate γ-irradiation improves glucose clearance in 
db/db mice (10), an experimental model for type II 
diabetes that causes obesity and diabetes due to a 
mutation in the leptin receptor gene (11, 12). In this 
model, irradiation does not improve insulin 
resistance, but does suppress apoptosis and induce 
SOD expression in β-cells (10). A similar result is 
reported in alloxan-induced type-I diabetic rats, in 
which a single γ-irradiation at 0.5 Gy prevents 
elevation of pancreatic lipid peroxidation and blood 
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glucose (13). Because glycation reactions in 
diabetes are also found in β-cells, resulting in 
dysfunction and apoptosis of the cells, it can be 
assumed that continuous irradiation with low-dose-
rate γ-rays protects β-cells from the oxidative 
damage caused by a chronic high glucose 
environment.  

In this study, we exposed db/db mice to 
continuous low-dose-rate radiation for their entire 
lives and found that the radiation significantly 
prolongs lifespan and suppresses diabetic 
nephropathy. 

Materials and Methods 

 Ten-week-old female db/db mice 
(BKS.Cg-+Leprdb/+Leprdb/Jcl), db/m littermates 
(BKS.Cg-+m/+Leprdb/Jcl), and 6-week-old 
C57BL/6N were used and were treated in 
accordance with the guidelines for animal 
experiments of the Central Research Institute of 
Electric Power Industry. 

Continuous whole-body irradiation with 
low-dose-rate γ-rays was carried out in a clean 
irradiation room equipped with a 314 GBq 137-Cs γ
-ray source.  

Glucose, uric acid, creatinine, 8-hydroxy-
deoxyguanosine, and insulin were determined 
biochemically. Activities of SOD, glutathione 
peroxidase, glutathione reductase, and reduced-type 
glutathione concentration were assayed by 
commercially available kits. Measurement of lipid 
peroxide in the kidney and quantitative pathological 
examination were also performed. 

Results and Discussion 

  Continuous low-dose-rate γ-irradiation 
significantly increases lifespan in db/db mice. 
Three of 24 irradiated mice were free of glucosuria 
after 80 weeks of irradiation. Histological studies of 
their kidneys suggest that low-dose irradiation 
increases the number of normal capillaries in 
glomeruli. Antioxidant activities of superoxide 
dismutase, catalase, and glutathione are 
significantly increased in the kidneys of irradiated 
db/db mice. Continuous low-dose-rate γ-irradiation 
ameliorates diabetic nephropathy and increases 
lifespan in db/db mice through the activation of 
renal antioxidants. 

Our results have important implications for 
the radiation risk estimation of non-cancer diseases 
as well as a therapeutic strategy for the 
amelioration of diabetic complications. These 
results were recently published (14).

References 

1. Nomura T, Yamaoka K. Low-dose γ-ray
irradiation reduces oxidative damage induced by 
CCl4 in mouse liver. Free Radic Biol Med.
27:1324-1333, 1999.  

2. Kataoka T, Nomura T, Wang DH, Taguchi T, 
Yamaoka K. Effects of post low-dose X-ray 
irradiation on carbon tetrachloride-induced 
acatalasemic mice liver damage. Physiol Chem 
Phys Med. 37:109-26, 2005. 

3. Yamaoka K, Kojima S, Nomura T. Inhibitory 
effects of post low dose γ -ray irradiation on 
ferric-nitrilotriacetate-induced mice liver 
damage. Free Radic Res. 32: 213-21, 2000. 

4. Kojima S, Matsuki O, Nomura T, Yamaoka K, 
Takahashi M, Niki E. Elevation of antioxidant 
potency in the brain of mice by low-dose γ -ray 
irradiation and its effect on 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP)-induced 
brain damage. Free Radic Biol Med. 26: 388-95, 
1999. 

5. Yamaoka K, Kataoka T, Nomura T, Taguchi T, 
Wang DH, Mori S, Hanamoto K, et al. 
Inhibitory effects of prior low-dose X-ray 
irradiation on carbon tetrachloride-induced 
hepatopathy in acatalasemic mice. J Radiat Res. 
45:89-95, 2004. 

6. Takahashi M, Kojima S, Yamaoka K, Niki E. 
Prevention of type I diabetes by low-dose 
gamma irradiation in NOD mice. Radiat Res. 
154:680-685, 2000. 

7. O’Brien A, Harmon BV, Cameron DP, Allan DJ. 
Apoptosis is the mode of beta-cell death 
responsible for the development of IDDM in the 
nonobese diabetic (NOD) mouse. Diabetes 
46:750-757, 1997. 

8. Kurrer MO, Pakala SV, Hanson HL, Katz JD. γ-
cell apoptosis in T cell-mediated autoimmune 
diabetes. Proc Natl Acad Sci. 94: 213-218, 1997. 

9. Corbett JA, Sweetland MA, Wang JL, Lancaster 
JR Jr, McDaniel ML. Nitric oxide mediates 
cytokine-induced inhibition of insulin secretion 
by human islets of Langerhans. Proc Natl Acad 
Sci. 90:1731-1735, 1993. 

72



10. Tsuruga M, Taki K, Ishii G, Sasaki Y, 
Furukawa C, Sugihara T, Nomura T, et al. 
Amelioration of type II diabetes in db/db mice 
by continuous low-dose-rate γ-irradiation. Radiat 
Res. 167: 592-599, 2007. 

11. Hummel KP, Dickie MM, Coleman DL. 
Diabetes, a new mutation in the mouse. Sci.
153:1127-1128, 1966. 

12. Chen H, Charlat O, Tartaglia LA, Woolf EA, 
Weng X, Ellis SJ, Lakey ND, et al. Evidence 
that the diabetes gene encodes the leptin 
receptor: Identification of a mutation in the 
leptin receptor gene in db/db mice. Cell 84: 491-
495, 1996. 

13. Takehara Y, Yamaoka K, Hiraki Y, Yoshioka T, 
Utsumi K. Protection against alloxan diabetes by 
low-dose 60Co gamma irradiation before alloxan 
administration. Physiol Chem Phys Med NMR. 
27:149-59, 1995. 

14. Nomura T, Li X-H, Ogata H, Sakai K, Kondo T, 
Takano Y, Magae J. Suppressive effects of 
continuous low dose-rate γ-irradiation on 
diabetic nephropathy in type II diabetes mellitus 
model mice. Radiat Res. 176:356-365, 2011. 

73



74



Development of immunocompetent lymphocytes in vivo by mixed 
umbilical cord blood transplantation in mice 

 
Akira Nakano1, Kyoko Ito2and Koichi Ito2 

 
1 Department of Cellular Biochemistry and Molecular Biology, 
Hirosaki University Graduate School of Health Sciences, Japan. 

2 Department of Biomedical Sciences, 
Hirosaki University Graduate School of Health Sciences, Japan. 

 
 

Abstract. Umbilical cord blood cell (UCBC) transplantation is an effective treatment 
for accidental high-dose total-body irradiation exposure. We previously reported that 
mixed UCBC transplantation has a high success rates and induce development of 
phenotypically mature lymphocytes in lethal X-ray-irradiated recipient mice. In this 
study, we evaluated the functional maturity of T and B lymphocytes reconstituted by 
mixed UCBC transplantation in recipient mice. C57BL/6 female mice 
X-ray-irradiated with 9-Gray were transplanted with 3 different combinations of 
mixed UCBCs. At 16 weeks after transplantation, all recipients received skin grafting 
to assess the functional maturity of the newly developed T and B lymphocytes. Our 
observations indicate that T and B lymphocytes derived from mixed UCBCs 
transplants are immunologically fully competent with the ability to distinguish self 
from non-self using different major histocompatibility complex antigens. 

 
Key words: mixed UCBC transplantation, immune function, major histocompatibility  
complex, radiation exposure 

 

 

Introduction 
Currently, umbilical cord blood cells (UCBCs) 

are used as the primary source of hematopoietic 
stem cells (HSCs) for transplantation instead of 
bone marrow cells (BMCs). However, one 
disadvantage of UCBC transplantation is the 
limited quantity of cord blood that can be 
obtained from a pregnant woman. To overcome 
this quantity limitation, the use of mixed cord 
blood might be necessary. Due to a lack of 
convenient animal models, analyses of the 
differentiation capacity of mixed UCBCs in 
recipients have been limited to in vivo xenogeneic 
experiments [1-3] and clinical observations [4-6]. 
At the Second International Symposium on 
Radiation Emergency Medicine held at Hirosaki 
University last year, we reported that mixed 
UCBC transplantation has a high rate of success 
and induces development of phenotypically 
mature lymphocytes in recipient mice that have 
been subjected to lethal X-ray irradiation. 

However, the extent to which the lymphocytes 
derived from the mixed UCBC transplant recover  
their immune function is still unclear. In this study, 
we evaluated the functional maturity of T and B 
lymphocytes reconstituted by mixed UCBC 
transplantation in recipient mice. 
 

Mixed UCBC transplantation 
C57BL/6 (B6) (H-2b) female mice subjected to 

9-Gray X-ray irradiation received transplants 
comprising three different combinations of mixed 
UCBCs: group (1), green fluorescent protein 
(GFP)-Tg B6 (H-2b) and C3H (H-2k); group (2), 
GFP-Tg B6 (H-2b) and BALB/c (H-2d); group (3), 
C3H (H-2k) and BALB/c (H-2d), each 
combination containing an equal number of cells 
(Figure 1). At 16 weeks after transplantation, all 
recipients underwent skin grafting to assess the 
functional maturity of the newly developed T and 
B lymphocytes. 
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Figure1. Mixed UCBC transplantation 

 
 
Survival rate of recipient mice after mixed 
UCBC transplantation 

The survival curves up to 16 weeks after 
transplantation are shown (Figure 2). The 
survival rate at 16 weeks after transplantation was 

92% for group (1) (12/13 mice; indicated by a 
blue line), 73% for group (2) (8/11 mice; 
indicated by a red line), and 50% for group (3) 
(3/6 mice; indicated by a green line). On the other 
hand, irradiated control mice (indicated by a 
black line) that did not undergo subsequent 

Figure 2. Survival rate of recipient mice after mixed UCBC transplantation 
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transplantation died within 20 days, indicating 
that mixed UCBC transplantation can improve 

hematopoiesis in irradiated recipients.  
*P>0.01 by student’s t test 

Figure 3. Reconstitution of immune cells by mixed UCBC transplantation 
 

Reconstitution of immune cells by mixed 
UCBC transplantation 

The details of the reconstituted immune cells in 
recipients were evaluated at 16 weeks after 
transplantation by flow cytometric analysis using 
specific antibodies against both lineage markers 
(for T cells, B cells, macrophages and 
granulocytes) and major histocompatibility 

complex (MHC) (for C3H and BALB/c) (Figure 
3). The bar graph shows the percentage of each 
reconstituted lineage population in a recipient. 
The pie chart displays the proportion of 
donor-origin cells in each lineage population on 
the bar graph. All recipients showed recovery of 
the four major lineage populations, and these 
were constituted by GFP+ cells and /or B6 
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recipients’ own HSCs: group (1), 100% (12/12 
mice); group (2), 75% (6/8 mice); group (3), 
100% (3/3 mice), suggesting predominant 
engraftment of MHC-matched UCBC-HSCs in 
the recipients’ bone marrow. 

 
Skin grafting to recipient mice 

Over 16 weeks after transplantation, a piece of 
skin harvested from the tail of B6, BALB/c, and 
C3H mice was simultaneously grafted onto the 

shaved back of the recipient mice (Figure 4A). 
For example, GC11 in group (1) shown in Fig 3, 
in which reconstituted immune cells formed the 
B6 background, completely rejected the skin 
grafts from C3H and BALB/c as the allo-antigen 
on day 12, whereas a skin graft from B6 was 
accepted as self-antigen, in accordance with the 
immunological rule of MHC restriction (Figure 
4B). 
 

Figure 4 . Skin grafting to recipient mice 

 
In vivo functional analysis of reconstituted 
lymphocytes   

All recipients having a B6 background 
completely rejected allogeneic skin grafts from 
C3H and BALB/c mice within 20 days (Table 1). 
This was observed in both types of recipient 
whose immune cells were reconstituted by HSC 
from the GFP+ donor or recipient self.  
Unexpectedly, however, several of these 
recipients also showed rejection of skin grafts 
from B6 as self-antigen, suggesting functional 
maturation of the repopulated T and B cells in the 
recipient mice. 
 
 In vitro functional analysis of reconstituted 
lymphocytes  

The splenic T-cell response of each individual 
recipient that had rejected the skin graft was 
evaluated by the mixed lymphocyte reaction with 

B6, BALB/c, and C3H stimulators (Table 2). The 
T-cell response was expressed as a value relative 
to the minimum MLR response (obtained as cpm 
of 3H incorporation) in three stimulations, which 
was defined as 1. In addition, the production of 
allo-antibody in the these mice was examined 
using the complement-dependent cytotoxicity 
(CDC) test. Data were expressed as the final 
serum sample dilution ratio when more than 50% 
of the target cells had died. Both cellular and 
humoral immune responses were exerted against 
BALB/c and C3H as non- self in almost all the 
recipients, indicating normal T- and B-cell 
development and function in a B6 background.
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Table1. In vivo functional analysis of reconstituted lymphocytes 

 
Table2. In vitro functional analysis of reconstituted lymphocytes
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Conclusions 
Mixed UCBC transplantation clearly rescued 

mice that had been subjected to lethal X-ray 
irradiation. Furthermore, our observations 
indicate that T and B lymphocytes derived from 
mixed UCBCs transplants are immunologically 
fully competent with the ability to distinguish self 
from non-self using different MHC antigens. 
However, a clear understanding of the 
mechanisms underlying the predominant 
engraftment of MHC-matched HSCs in recipients’ 
bone marrow will be necessary for future studies. 
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Abstract. Murine umbilical cord blood cells (UCBCs) were studied for their 
ability to reconstitute hematopoietic system. In this study, the extent of B-1a 
cell reconstitution was compared between UCBC and bone marrow cell 
(BMC) transplantation. RAG2 (-/-) C57BL/6 (B6) recipient mice were lethally 
irradiated with 9-Gray and immediately given a transplant of syngeneic 
UCBCs or BMCs obtained from green fluorescent protein (GFP)-transgenic 
B6 mice. At 16 weeks after the transplantation, reconstitution of peritoneal 
B-1a cells in the recipients was detected by multicolor staining with 
anti-CD45R/B220, anti-CD5, anti-IgM, and anti-CD11b antibodies. 
Furthermore, production of natural IgM antibodies from B-1a cells in the 
recipient mice was measured by enzyme-linked immunosorbent assay before 
and after immunization with bacterial-derived polysaccharide. Flow 
cytometric analysis revealed that the number of GFP-positive peritoneal B-1a 
cells was relatively high in UCBC recipients and low in BMC recipients. 
Bacterial polysaccharide-reactive IgM antibodies were produced 
predominantly in UCBC recipients, indicating that IgM production is 
correlated with the presence of B-1a cells. On the basis of our finding, we 
strongly recommend the use of UCBCs for hematopoietic stem cell 
transplantation. 
 
Key words: umbilical cord blood, immune reconstitution, B-1a cells, radiation 
exposure 
 

Introduction 
Umbilical cord blood cell (UCBC) 

transplantation is an effective treatment of not 
only various hematological diseases [1-3] but 
also accidental high-dose total-body radiation 
exposure [4]. UCBC transplantation has several 
advantages over bone marrow cell (BMC) 
transplantation: the larger size of the available 
donor pool, enriched hematopoietic progenitor 
cells [5], low content of mature T cells causing 
graft-versus-host reaction [6, 7], and absence of 

cytomegalovirus infection [8]. Although UCBCs 
and BMCs essentially have a similar ability of 
recovering the hematopoietic system, it remains 
unclear whether UCBC and BMC transplantation 
reconstitute all immune cells. The B cell 
population is composed mainly of three different 
subsets: B-1a, B-1b, and B-2 cells. Among them, 
B-1a cells spontaneously secrete natural IgM 
antibodies against pathogens such as 
Streptococcus pneumoniae and influenza virus in 
the peritoneal and pleural cavities [9, 10]. In this 
study, we compared the extent of B-1a cell 
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reconstitution between UCBC and BMC 
transplantation. Our results indicate that UCBCs 
have promising potential to reconstitute 
functional natural IgM-producing B-1a cells for 
front-line defense.  
 
Reconstitution of peritoneal B-1a cells in 
recipients after UCBC or BMC 
transplantation 

RAG2 (-/-) C57BL/6 (H-2b) recipient mice 
subjected to 9-Gray irradiation received a 
transplant of 1x106 UCBCs or BMCs, which had 
been depleted of mature T cells, obtained from 
green fluorescent protein (GFP)-transgenic (Tg) 
C57BL/6 (H-2b) mice. The experimental 
procedure was approved by the Animal Research 
Committee of Hirosaki University, and 
performed in accordance with the institutional 
Guidelines for Animal Experimentation. The 

ability of the UCBCs and BMCs to repopulate 
natural IgM antibody-producing B-1a cells was 
then examined in both sets of recipients. At 16 
weeks after transplantation, peritoneal cells 
(PCs) were harvested carefully from the 
peritoneal cavity of UCBC and BMC recipients 
by rinsing with 2-3 ml of sterile PBS, avoiding 
any contamination with peripheral blood, after 
sacrifice. Harvested PCs were then stained with 
PE-labeled anti-CD45R/B220, 
PE-TexasRed-labeled anti-CD5, 
PerCP-Cy5.5-labeled anti-IgM, and 
APC-Cy7-labeled anti-CD11b monoclonal 
antibodies, and the cells were analyzed on a 
Cytomics FC500 (Beckman Coulter) using CXP 
software. PCs, which are stained with all these 
antibodies, were identified as the B-1a cell 
population. As a representative result, flow 
cytometric analysis showed that the number of  
 

Figure1. Reconstitution of peritoneal B-1a cells in recipients after UCBC or BMC 
transplantation
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B-1a cells was high in an UCBC recipient 
(30.9%) but low in a BMC recipient (19.7%) 
(Figure 1A). Although the number of B-1a cells 
in UCBC recipients did not recover to the level 
seen in normal C57BL/6 mice, similar results 
were obtained for a larger number of samples, 
indicating that UCBCs have promising potential 
for B-1a cell reconstitution (Figure 1B).     
 
IgM production against bacterial 
polysaccharide in UCBC and BMC 
recipients 

At 16 weeks after transplantation, UCBC and 
BMC recipients were immunized once 
intraperitoneally with 11.5ug Pneumovax-NP 
(Banyu Pharm. Co., Ltd) containing 
polysaccharides from Streptococcus pneumonia 
constituted by equal amounts of 23 capsular 
types, and sera were collected on day 7, 14, 21, 

and 28 after immunization. Anti-bacterial 
polysaccharide IgM production in serum was 
detected by enzyme-linked immunosorbent assay 
on Pneumovax-NP-coated 96-well plates. 
Optical density (OD) was measured at 490 nm. 
Serum samples diluted 1:512 were used in the 
assay. The mean OD values in each group were 
plotted. Bacterial polysaccharide-reactive IgM 
was detectable at one week after immunization 
in UCBC recipients, but not in BMC recipients 
(Figure 2A). However, the level of the IgM 
production in UCBC recipients was obviously 
lower than in normal C57BL/6 mice. All 
individual OD values of both recipients in Figure 
1A were also shown with small scale of OD. All 
three UCBC recipients developed a similar level 
of IgM production at one week after 
immunization (Figure 2B), whereas IgM 
production in five BMC recipients was 

Figure 2. IgM production against bacterial polysaccharide in UCBC and BMC recipients 
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essentially low and heterogeneous (Figure 2C). 
These results suggest that bacterial 
polysaccharide-reactive IgM antibodies appear 
to be produced predominantly in UCBC 
recipients, indicating that IgM production is 
correlated with the number of reconstituted B-1a 
cells. 
Site of residence of B-1a cells in lymphoid 

organs 
B-1a cells were isolated from PCs from 

GFP-Tg C57BL/6 mice using the magnetic 
method by negative selection with anti-CD90 
antibody, followed by positive selection with 
anti-CD5 antibody. The cells were then 
intraperitoneally transferred to RAG2 (-/-) 
C57BL/6 mouse. At one month after injection,  

Figure 3. Site of residence of B-1a cells in lymphoid organs 
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antibody, followed by positive selection with 
anti-CD5 antibody. The cells were then 
intraperitoneally transferred to RAG2 (-/-) 
C57BL/6 mouse. At one month after injection,  

Figure 3. Site of residence of B-1a cells in lymphoid organs 

GFP-positive B-1a cells were specifically 
detected in the pleura and intestine, which is a 
strict requirement for front-line defense against 
invading pathogens, under UV exposure in 
cell-transferred mouse (Figure 3A). Also, the 
percentage of GFP-positive B-1a cells in various 
lymphoid tissues was examined in detail by flow 
cytometry (Figure 3B). Obvious accumulation of 
GFP-positive B-1a cells was observed in the 
peritoneal and pleural cavities, and mesenteric 
lymph nodes, corresponding to the results 
described in Figure 3A. Essentially similar 
results were obtained in two other mice (data not 
shown). 

 
Conclusion  

Our results indicate that UCBCs have 
promising potential in the reconstitution of 
functional natural IgM-producing B-1a cells 
involved infront-line innate defense. These 
finding is clinically valuable for hematopoietic 
stem cell transplantation.  
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Abstract. Ionizing radiation (IR) causes DNA injury and induces multiple signal 
mechanisms, including the regulation of DNA repair, cell cycles, and gene 
expression, by the activation of p53-related pathways. Natural antisense transcripts 
(NATs) are recognized as important regulators of gene expression, but the effects of 
IR on NAT expression is unknown. Therefore, we investigated the gene expressions 
of sense transcripts (mRNA) and NATs after X-ray irradiation in a human B 
lymphoblast cell line (IM-9). Sense/antisense microarray analysis showed that the 
mRNA expression of 93 genes and NAT expression of 24 genes were up-regulated 
more than 1.5 times in irradiated samples (1, 2, and 4 Gy) as compared to non-
irradiated samples (0 Gy). Among the mRNA of 93 genes were 5 NAT expression 
genes, including the MDM2 and CDKN1A genes. In conclusion, radiation-
responsive cis-NATs were identified for the first time.  

Key Words: ionizing radiation, natural antisense transcripts, B lymphoblast 
cell, microarray 

Introduction 
 

Recent studies have revealed that IR generates 
reactive oxygen species (ROS) and reactive 
nitrogen species (RNS) in cells, which leads to 
DNA injury at random sites. Poly (ADP-ribose) 
polymerase (PARP) and DNA-dependent protein 
kinase repair complex (DNA-PK) are activated by 
double-strand breaks (DSB) of DNA to engage in 
DNA repair [1]. In addition, Ataxia telangiectasia 
mutated (ATM) is activated in response to DNA 
injury to initiate phosphorylation of p53. The p53 
was found to up-regulate mRNA expressions of 
GADD45, MDM2, CDKN1A (p21Cip1) and BAX to 
control cell cycle, DNA repair, and apoptosis [1]. 

Recently, a large number of non-coding RNAs 
which were not translated into protein have been 
discovered by transcriptome analysis. Currently, 
non-coding RNAs are classified in various types of 
RNA such as microRNA, Piwi-interacting RNA 

(piRNA), small nuclear RNA (snRNA), and natural 
antisense transcripts (cis-NATs) transcribed from 
DNA strands opposing the sense strands [2]. The 
cis-NATs were demonstrated to be involved in the 
control of gene expression in a eukaryote [2, 3].  

In the present study, the cis-NATs up-regulated 
by X-ray irradiation were investigated using a 
human B lymphoblastic cell line IM-9 having a 
high sensitivity to IR and using a custom-
microarray containing human sense/antisense 
probes for ca. 21,000 genes. 
 
Materials and methods 
 
X-ray irradiation. 

The IM-9 cells plated on the wells were cultured 
for 24 h prior to X-ray irradiation. The irradiation 
by X-ray (1, 2, or 4 Gy) was performed using an X-
ray generator MBR-1520R. The irradiated cells 
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were further cultured for 24 h under the same 
conditions and then collected by centrifugation. 
 
Microarray analysis. 

Cyanine 3 (Cy3)-labeled cDNA was synthesized 
from 10 μg total RNA of irradiated or non-
irradiated samples using a LabelStar Array kit 
(Qiagen), Cy3-dUTP (GE healthcare), and random 
nonamer primer. Agilent 44 K x 4 human 
sense/antisense custom-microarray slides were 
hybridized with the Cy3-labeled cDNA (2 μg) in a 
hybridization solution prepared with an In Situ 
Hybridization Kit Plus (Agilent Technologies), 
following the manufacturer’s instructions.  
 
Strand-specific RT-qPCR. 

Total RNAs were subjected to synthesis of the 
first-strand cDNA only from mRNA or cis-NATs 
using reverse or forward primer and Reverse 
Transcriptase (Promega) together with ACTB 
reverse primer. Then, the mixtures were incubated 
at 50°C for 60 min. The first-strand cDNAs derived 
from mRNA or cis-NATs were used as a template 
for quantitative PCR (qPCR) using a Power SYBR 
Green PCR Master Mix (Applied Biosystems). The 
qPCRs were performed using an Applied 
Biosystems StepOne Plus Real-Time PCR system 
at 95°C for 10 min followed by 40 cycles each of 
95°C for 15 sec and 60°C for 60 sec. In order to 
compare the PCR results, the values for mRNA and 
cis-NATs were normalized based on the values of 
ACTB mRNA.   

 
Results and discussion 
 
 Sense/antisense microarray analysis showed that 
the mRNA expression of 93 genes and NAT 
expression of 24 genes were up-regulated more 
than 1.5 times in irradiated samples (1, 2, and 4 Gy) 
as compared to non-irradiated samples (0 Gy) 
(figure 1). Among the mRNA of 93 genes were 5 
cis-NAT expression genes which had been 
transcribed from the opposite DNA locus of the 
gene, including the MDM2 and CDKN1A genes 
(figure 1, table 1). The mRNA and cis-NATs of 
these 5 genes were up-regulated by X-ray exposure 
in a dose-dependent fashion (table 1). The mRNAs 
and cis-NATs of MDM2 and CDKN1A were also 
found to be up-regulated in proportion to X-ray 
exposure by strand-specific RT-qPCR (figure 2). In 
conclusion, radiation-responsive cis-NATs were 
identified for the first time. MDM2 and CDKN1A 

were the p53-related genes involved in the DNA 
repair and cell cycle checkpoint, and it would be 
expected that these cis-NATs regulate the gene 
expression of mRNA post-transcription. In the 
future, IR dose-dependent up-regulation of these 
mRNAs and cis-NATs may be used as a biomarker 
for evaluating DNA injury. 
 

 
 
Figure 1. Microarray analysis of sense/antisense 
transcripts in response to IR.  
(A) Venn diagram of mRNAs and NATs up-
regulated 1.5 times by X-ray irradiation. The 
number of mRNAs and NATs were 93 and 24 
genes, respectively. (B) Schematic presentation of 
sense/antisense transcripts. cis-NATs were 
transcribed from opposing DNA strands at the same 
gene locus. 
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Table 1. The list of mRNAs and NATs up-regulated more than 1.5 times compared to 0 Gy after IR 
exposure in IM-9. 
 

Gene symbol Accession no. Sense/ 
antisense 

Relative expression ratio (vs 0 Gy) 
Gene name 

0 Gy 1 Gy 2 Gy 4 Gy 

MDM2 NM002392.2 
mRNA 1.00 1.91 2.30 3.49 Mdm2, transformed 3T3 cell double minute 

2, p53 binding protein (mouse) NAT 1.00 2.25 2.94 4.37 

CDKN1A NM078467.1 
mRNA 1.00 1.83 2.15 2.96 cyclin-dependent kinase inhibitor 1A (p21, 

Cip1) NAT 1.00 1.76 1.96 2.65 

MS4A1 NM152866.2 
mRNA 1.00 1.61 1.68 2.03 membrane-spanning 4-domains, subfamily 

A, member 1 NAT 1.00 1.97 2.04 2.62 

PSAP NM002778.1 
mRNA 1.00 1.52 1.72 2.04 prosaposin (variant Gaucher disease and 

variant metachromatic leukodystrophy) NAT 1.00 1.91 2.02 2.92 

TM7SF3 NM016551.1 
mRNA 1.00 1.77 1.83 2.32 

transmembrane 7 superfamily member 3 
NAT 1.00 1.69 1.66 2.22 

 
 
 
 

 

Figure 2. Relative expression of mRNAs and NATs of MDM2 and CDKN1A genes by X-ray 
irradiated IM-9 cells.  
The mRNA and NATs expression levels were determined using a strand-specific RT-qPCR analysis. 
Values for mRNAs and NATs were normalized based on values of ACTB mRNA. Asterisks indicate 
statistical significance, compared with 0 Gy (p < 0.05). 
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Abstract. A rapid, non-invasive screening test is needed to evaluate the effects of radiation 
exposure following radiation accidents, acts of nuclear terrorism, or widespread radiation disasters. 
Acute alopecia is a recognized consequence of radiation exposure, but the mechanism by which 
radiation causes acute alopecia and chemical changes in hair protein is unknown. Therefore, we 
analyzed the mechanism underlying acute alopecia following radiation exposure and examined 
whether hair protein could be used as a new biomarker for evaluating radiation exposure. In order 
to examine whether hair protein profiles are different between irradiated mice and controls, six-
week-old male C57/BL6 mice were exposed to 6 Gy of X-irradiation, and, after 5weeks, their hair 
and skin were collected. The hair protein was subjected to 2-dimensional electrophoresis and liquid 
chromatography/electro-ionization mass spectrometry. There was no change in the composition of 
major hair keratins, such as Krt81, Krt83, and Krt86, but the expression of Krt15, which is a 
marker of hair stem cells, was detected in the control mice but not in the mice with alopecia. Krt1, 
Krt5, and Krt10 were detected in the hair of the mice with alopecia. These data suggest hair stem 
cells were damaged by irradiation, and these keratins are expected to be new biological markers for 
acute radiation symptoms. 

Key Words: X-ray irradiation, alopecia, keratin, 

 
Introduction 
 After the Great East Japan Earthquake in 
March 2011, a large quantity of radioactive 
material was dispersed by an accident at the 
Fukushima Daiichi Nuclear Power Plant, where 
workers and local residents were exposed to 
radiation (1). Symptoms that occur when the 
entire body is irradiated with large doses of 
radioactivity are called acute radiation symptoms. 
Generally, it is known that acute radiation 
symptoms such as gastrointestinal disturbances 
and blood and bone marrow disorders occur 
within several hours to several weeks after 
radiation exposure of 1–6 Gy. 

Hair loss is also an acute radiation symptom, 
but little is known about the mechanism that 
causes it.  In humans, hair loss is caused by X-
ray irradiation of more than 3 Gy, with almost 
complete hair loss occurring at exposure to 6 Gy 

(2). It is thought that the cause of hair loss is 
stem cell damage due to irradiation, but no 
studies have investigated this hypothesis. 
Therefore, we investigated the mechanism of 
radiation-induced hair loss. There are hair stem 
cells and many types of keratin protein in hair 
follicles. To better understand the mechanism of 
radiation-induced hair loss, we studied the 
changes in hair proteins in response to irradiation 
and hoped to identify a new radiation exposure 
biomarker. 
 
Materials and methods 
Mice 
 The male C57/BL6 mice were irradiated 
with X-rays (150kV, 20mA) using 0.5-mm 
aluminum and 0.3-mm copper filters at a 
distance of 45 cm from the focus with a dose of 
0.2 Gy/min (MBR-1520R-3; Hitachi Medical 
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Corporation, Tokyo, Japan) in the 6 Gy. After 5 
weeks, the hair and skin of the mice were 
collected as they were shed. 

Hair protein extraction, two-dimensional 
electrophoresis and western blotting 

Hair proteins were extracted, as described 
by Winter et al. (3), from the hairs of mice. 
Two-dimensional electrophoresis was carried out 
by a PROTEAN system (BIO-RAD). Gels were 
stained with Coomassie Brilliant Blue R-250. 
Western blotting was performed according to the 
method of Towbin et al. (4). 

Liquid Chromatography/Electrospray-
Ionization Mass Spectrometry (LC/ESI-MS) 

The samples were applied to a Nano 
Frontier LC column, C18 (75 μm id x 150 mm, 
Hitachi-Hitec, Tokyo, Japan) and eluted by a 
gradient flow of acetonitrile and distilled water 
containing 0.1% formic acid (flow rate 200 
nl/min). The peptide fragments eluted were 
analyzed using an online coupled linear trap 
electrospray-ionization mass spectrometer (Nano 
Frontier L, Hitachi-Hitec) at a heated capillary 
temperature of 140ºC and a voltage of 1.0 kV. 
Peptide sequence analysis was performed using 
BioLynx software (Micromass). The sequence 
information was submitted to the MASCOT 
programs. 

Immunohistochemistry 
Skin tissues from the anterior dorsal regions 

of the mice were fixed in 10% formaldehyde and 
embedded in paraffin. Immunohistochemical 
staining for CD34, Krt1, Krt10, and Krt15 was 
performed by the avidin-biotin-peroxidase 
complex (ABC) method (5) with the respective 
antibodies. The biotinylated anti-rabbit antibody 
and VECTASTAIN ABC kit were obtained from 
Vector Laboratories. The specimens were examined 
and photographed using a fluorescence microscope 
FSX100 (OLYMPUS, Tokyo, Japan). 
 
Results 

The X-ray irradiated mice developed 
alopecia and decreased hair count (Fig. 1). To 
examine whether hair protein profiles were 
different between the control mice and the 
radiation-induced hair-loss mice, hair proteins 
extracted from the hairs of X-ray irradiated mice 
were subjected to two-dimensional 
electrophoresis. We cut X1-3 spot in the mice 
with alopecia and C1-6 in the control mice. Spots 
decreased to an extent in the hair protein of the 

mice with alopecia (Fig. 2). 
 
   alopecia                         control 

 

Fig. 1 X-ray Irradiated mouse 
 A mouse 5 weeks after irradiation with 6 Gy. 
 

alopecia 

 
control 

 
pH5.0                                       8.0 

 
Fig. 2 Two-dimensional electrophoresis of hair protein 
Two-dimensional electrophoresis was carried out by a 
PROTEAN system (BIO-RAD). Protein staining with 
Coomassie brilliant blue R-250 revealed some spots. 

 
To identify each spot, the sample recovered 

from the SDS gels was digested with trypsin and 
the fragments were subjected to LC/ESI-MS 
analysis. This analysis revealed that most hair 
proteins in the mice were hair keratins such as 
Keratin (Krt) 86, Krt81, and Krt83. There was no 
change in the composition of the major hair 
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Results 
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Fig. 2 Two-dimensional electrophoresis of hair protein 
Two-dimensional electrophoresis was carried out by a 
PROTEAN system (BIO-RAD). Protein staining with 
Coomassie brilliant blue R-250 revealed some spots. 

 
To identify each spot, the sample recovered 

from the SDS gels was digested with trypsin and 
the fragments were subjected to LC/ESI-MS 
analysis. This analysis revealed that most hair 
proteins in the mice were hair keratins such as 
Keratin (Krt) 86, Krt81, and Krt83. There was no 
change in the composition of the major hair 

keratins; however, the expression of Krt15 was 
detected in the control mice, but not in the mice 
with alopecia. Krt1, Krt5b, and Krt10 were 
detected in the hair of the mice with alopecia 
(Table). 
 
Table. Keratins which were detected in either only the 
X-ray irradiated mice or only the control mice. 
alopecia score control score
Krt5b 141 Krt15 129
Krt1 116 
Krt10 108 
Krt77 65 
Krt14 65 
Krt6b 54 
Krt5a 48     

 
With the anti-Krt15 antibody, the basal layer 

of the epidermis and the outer root sheath of the 
hair follicle of the control mice showed a 
positive reaction, but the staining of the hair 
follicles from the irradiated mice was negative. 
Staining with the anti-CD34 antibody revealed a 
positive reaction in the cortex. Krt1 and Krt10 
were expressed in the epidermis of the irradiated 
mice (Fig.3 arrows). 
 
Discussion

Hair loss is caused when humans are 
irradiated with X-rays.  The cause of hair loss has 
been thought to be stem cells being damaged by 
irradiation, but a study has yet to prove this. 
Therefore, we examined the mechanism of 
radiation-induced hair loss. In regards to LC/ESI-
MS analysis and immunohistochemical staining, 
Krt15 and CD34 were expressed in the hair 
follicles of the control mice but not the irradiated 
mice.  This would suggest that hair stem cells 
were damaged by irradiation. 

Because hair keratin did not change, it 
was thought that any change that did occur was 
not caused by the radiation. Cytokeratin such 
as Krt1, Krt5, and Krt10 were detected in the 
irradiated mice (Table and Fig.3). 

These results suggested that expression of 
Krt1, Krt5, and Krt10 increased in X-ray 
irradiated epidermis and caused these keratins to 
be attached to the hair. These keratins are 
expected to be new biological markers for acute 
radiation symptoms. 

 
 

alopecia                          control 

 

Fig. 3 Immunohistochemical stain of anti -keratin 
antibodies. 
Krt15 and CD34 were expressed in the hair stem cells 
of the control mice, and Krt1 and Krt10 were expressed 
in the alopecia mice (arrows). 
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Abstract. The dicentric chromosome assay (DCA) is very important for dose estimation in 
acutely irradiated persons. However, this method is not available inthe case of high dose 
exposure to ionizing radiation over the lethal dose because mitotic delay and apoptosis, 
resulting in poor mitotic index, are induced in the lymphocytes of such highly irradiated 
cases. In order to accurately estimate the radiation dose in cases of high dose radiation 
exposure, the premature chromosome condensation (PCC) method, which induces DNA 
condensation in the interphase cell, has been developed and a ring chromosome is 
recommended as the chromosome aberration to be used for biodosimetry. Okadaic acid and 
calyculin A are protein phosphatase inhibitors that can induce PCC in any phase of the cell 
cycle. However, the mechanism of PCC and the influence of these reagents on chromosome 
condensation have yet to be sufficiently elucidated. The aim ofthe present study is to 
optimize the okadaic acid treatment which induces PCC for biodosimetry in the case of 
accidental high dose exposure. We investigated the frequency of PCC and the degree of 
chromosome condensation in both non-irradiated and X-ray irradiated lymphocytes by 
various treatment times and concentrations of okadaic acid. It was found that the frequency 
of PCC in cells irradiated by 10 Gy of X-rays was lower than in non-irradiated cells and 
that the optimal condition was a one hour treatment with 1000 nM of okadaic acid. 
Furthermore, the highly condensed chromosomes were frequently identified according to 
the increase of the concentration and treatment time of protein phosphatase inhibitors. 
These results indicate that the protein phosphatase inhibitors have some influence on the 
chromosome morphogenesis. 

Key Words: biodosimetry, premature chromosome condensation,okadaic acid 

 Biological dosimetry is very important as the 
first step in the medical treatment of irradiated 
persons. Chromosome aberration has been 
considered to be the most specific indicator for the 
biological dose estimation in radiation exposure [1]. 
Therefore, it is important to prepare metaphase 
spreads suitable for the chromosome analysis. 
However, the condition of the protein phosphatase 
inhibitors, such as okadaic acid (OA) and calyculin 
A (CA), for PCC induction were different between 
laboratories [2-5]. As shown in Figure 1, both 
chemicals induced PCC in a dose-dependent 
manner. Although CA was about 20 times more 
effective than OA, CA shortened the length of the 

chromosome more than OA. Therefore, we 
examined the optimization of the OA treatment for 
the biodosimetry scoring rings PCC.  
 At first, we investigated the cultivation time 
of peripheral blood and found that it is necessary to 
culture the lymphocytes for 40 hours or more to 
obtain metaphase cells sufficient for the 
chromosome analysis.We have also examined both 
time and concentration of OA treatment based on 
chromosome length and morphology. OA was 
added into the culture media at doses of 200 – 1000 
nM during the last 30, 60, and 120 min. Then, we 
measured the length of chromosome 2 at G2/M-
PCC. In the result, the highly condensed 
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chromosomes were frequently identified according 
to the increase of the concentration and treatment 
time of OA (Figure 2a). On the other hand, we 
investigated the morphology of the chromosomes 
and found that the increase in the yield of fuzzy 
chromosomesat high doses may have been caused 
by over-treatment of this chemical (Figure 2b). 
 In conclusion, the optimal dose and treatment 
time were determined based not only on the 
frequency of PCC cells but also on the quality of 
the chromosome morphology. It was found that 
treatment with 500 and 1000 nM OA for over 2 h 
resulted in fuzzy and short chromosomes, which 
made chromosome analysis difficult. On the other 
hand, treatment with 1000 nM for1 h was available 
for the ring analysis as an optimum condition. 
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Figure 1. a) The frequency of cells with PCC for non-irradiated and 10 Gy-irradiated human peripheral 
lymphocytes. Lymphocytes were treated with 50 nM calyculin A (CA) or 1000 nM okadaic acid (OA). 
b) The length of chromosome 2 at G2/M phase.

Figure 2. a) The length of chromosome 2 at G2/M phase, and b) the frequency of fuzzy chromosome in 
each okadaic acid treatment, respectively. 
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Abstract. Calyculin A (CA)-induced premature chromosome condensation (PCC) 
assay is a simple and useful method to assess structural chromosome aberrations in 
interphase cells. PCC assay is the recommended biodosimetry method, vice the 
gold-standard lymphocyte mitogen-stimulated metaphase-spread dicentric and ring 
assay (DCA), for use in cases of high-dose (>5 Gy) and partial-body exposures. 
Treatment with CA (50 nM) for 60 min, which is typically used in these studies, 
however, results in the induction of fuzzy and shortened chromosomes. In this study, 
the effect of the CA exposure on chromosome morphology and PCC frequency was 
investigated in a human peripheral blood ex vivo irradiation (60Co-γ rays; ~0.6 
Gy/min) model. Treatment with CA for 60 min increased the frequency of G 2 /M-
PCC cells with shortened chromosomes by 71.7 ± 21.5-fold at dose range of 0 – 3 
Gy compared with 15- or 30-min treatment. The frequency of G2/M-PCC cells with 
fuzzy chromosomes in 60-min treated group was also increased by 3.0 ± 0.5-fold 
and 1.9 ± 0.2-fold of the value obtained from the 15- and 30-min treated group, 
respectively. The G2/M-PCC scoring index in 60-min treated group was decreased 
by 44.3 ± 5.6% and 42.7 ± 6.0% of the values in 15- and 30-min treated groups, 
respectively.  The G2/M-PCC efficiency of 30-min treated group was highest in the 
three conditions of CA exposure to obtain scorable PCCs, those without fuzzy or 
shortened chromosomes. We conclude that CA treatment for 30 minutes before 
harvesting is optimum for chemical induced-PCC assay in PHA-stimulated PBL ex 
vivo radiation model. 

Key Words: premature chromosome condensation, calyculin A, human blood 
culture, radiation, biodosimetry  
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Introduction
 The premature chromosome condensation 
(PCC) assay was first reported by Johnson and Rao 
in 1970 [1]. Chromatin of “test” interphase cells in 
different cell-cycle phases were condensed by 
mitotic factors derived from “reagent” mitotic cells 
fused with the test HeLa cells using Sendai virus. In 
1983, Pantelias and Maillie [2] reported the PEG-
mediated fusion and PCC induction method using 
Chinese hamster ovary cells and human peripheral 
lymphocytes (PBL). In 1993, Dyban, et al. reported 

that okadaic acid, a specific inhibitor of 
serine/threonine phosphoprotein phosphatases (PP) 
1 and 2A, induced PCC cells in mouse embryos [3]. 
Furthermore, Gotoh, et al. reported that PCC was 
also inducible by calyculin A in many types of cells 
with high efficiency in 1995 [4]. In addition, Gotoh, 
et al. reported that calyculin A-induced PCC 
method showed a linear dose response for the 
induction of G2 chromatid breaks after radiation of 
normal human fibroblast cells [5]. And Kanda 
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reported the dose–response relationship of the yield 
of PCC rings in the irradiated lymphocytes [6]. 
 PCC assay is the recommended biodosimetry 
method, vice the gold-standard lymphocyte 
mitogen-stimulated metaphase-spread dicentric and 
ring assay, for use in cases of high-dose (>5 Gy) 
exposure. High radiation doses delay or eliminate 
cell division resulting in very low yields of 
metaphase spreads but has negligible effects on 
PCC yields. Hayata et al. performed biodosimetry 
on 3 severely exposed patients in the JCO criticality 
accident in Tokai-mura, Japan using the PCC assay 
[7]. In addition, assessment of exposure dose and 
fraction of the body exposed to acute partial-body 
irradiation (PBI) can be performed using an 
analysis method (QPCC) with the PCC assay. 
Blakely et al. carried out PBI simulation study 
using fusion-PCC assay in the human peripheral 
blood lymphocyte ex vivo radiation model, and the 
usefulness of QPCC method in the local irradiation 
was clarified [8]. In addition Darroudi, et al. 
reported that only the PCC assay was useful on 
high-dose PBI evaluation, while the dicentric assay 
and cytokinesiss-blocked micronucleus assay could 
not accurately distinguished dose and fraction of 
body exposed to PBI from whole-body-irradiation 
(WBI) in the monkey irradiation model [9]. It was 
reported that calyculin A used in the PCC method 
induced fuzzy and shortened chromosomes [6, 10]. 
It is estimated that fuzzy and/or shorten 
chromosome decrease the detection sensitivity of 
structural chromosome aberrations such as small 
PCC rings and small excess fragments in PCC 
assay. The length of treatment with calyculin A also 
varied among studies using chemical-induced PCC 
method [11-14].  
 In this study, the effect of the CA exposure on 
chromosome morphology and PCC frequency was 
investigated in a human peripheral blood ex vivo 
irradiation model. G2/M-PCC are typically used to 
score structural chromosome aberrations after 
radiation exposure [15], hence we focused on this 
cell-cycle stage to optimize the calyculin A 
exposure in PCC assay. 

Experimental design 
Blood collection: Whole peripheral blood from 
healthy human donors was collected by 
venipuncture into the vacutainers containing 
lithium heparin. The informed consent form used 
was approved by the Uniformed Services 
University of the Health Sciences’ IRB. The drown 

blood was diluted with same volume of RPMI 1640 
medium supplemented with 10% FBS, penicillin 
and streptomycin. 
Ex vivo radiation and blood culture: Whole blood 
was irradiated with 0, 1, 3, 5, 7, 10, 20 and 30 Gy 
60Co γ-rays (0.56 Gy/min) at 37°C using a 
Robertson Tank. Two hours after irradiation (DNA 
repair), lymphocytes were isolated using a density 
gradient. Lymphocytes equivalent to 0.5 ml whole 
blood were cultured in 5 ml of PB-MAX 
Karyotyping Medium (Invitrogen), which contained 
a mitogen (phytohemagglutinin, PHA) in a 5% 
CO2  at 37°C for 48 h. 
PCC induction, harvest, and spread: Calyculin A 
(Calbiochem) was used to induce PCC cells. 
Calyculin A (50 nM) was added into culture media 
15, 30 or 60 min before 48-h culture was completed. 
After hypotonic treatment, cells were fixed in cold 
3:1 methanol: glacial acetic acid. Hanabi metaphase 
spreader (ADSTEC, Japan) was used to prepare 
PCC spreads. The slides were then stained with 
10 % Wright Giemsa (pH 6.8).  
G2/M-PCC scoring index and efficiency: One 
hundred well-spreading G2/M-PCC spreads were 
scored to analyze chromosome morphologies under 
a light microscope using 100 x objective lens. 1,000 
cells were scored to determine the G2/M-PCC index, 
calculated by using the formula: G2/M-PCC index 
= (number of G2/M-PCC cells) / (number of 
lymphocytes) x 100. Scorable G2/M-PCC scoring 
index was calculated as a parameter for evaluation 
of calyculin A treatment and it was given as 
frequencies of G2/PCC cells without shortened 
chromosomes and/or fuzzy chromosomes. 

Summary 
• Studies were performed using calyculin A to 

induced PCC spreads suitable for the evaluation 
of structural chromosome aberrations induced 
by exposure to ionizing radiation. 

• 60-min calyculin A (50 nM) exposure produced 
fuzzy and shortened PCC based on repeated 
experiments (3 experiments with radiation; 6 
experiments without radiation). 

• Quantitative morphological criteria was 
established to optimize calyculin A-induced 
PCC in G2/M cells based on chromosome length 
(Figure 6, upper panel) and compactness.  

• Prolonged treatment (60 min) with calyculin A 
caused an increased yield of PCC with relative 
shortening of chromosome length compared 
with the 15- or 30-min treatment (Figure 1, left). 
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• Radiation caused a dose-dependent increase in 
the yield of G2/M-PCC with extended 
chromosome length, which is likely the result of 
the accumulation of G2 cells due to radiation-
induced G2 cell arrest (Figure 1, right). 

• Prolonged calyculin A treatment (15 to 60 min) 
decreased the yield of PCCs with sharp 
compactness chromosomes in non-irradiated 
cells while increasing the fraction of G2/M-PCC 
with intermediate and fuzzy chromosome 
morphology.  

• This effect of prolonged exposure with calyculin 
A to increase fuzzy chromosome morphology 
was independent of radiation exposure over a 
broad dose range. 

• The length of CA exposure had little to no 
significant effect on the yield of sharp and 
intermediate PCC compactness in irradiated 
cells over a broad dose range (1 – 30 Gy), 
however, increasing the number of scored cells 
might demonstrate a slight progressive decrease 
of sharp PCC yields with prolonged calyculin A 
treatment at doses from 1 to 10 Gy. 

• Calyculin A exposure for 15- or 30-min 
treatment produced significantly higher yields of 
scorable G2/M- PCC than 60-min treatment on a 
per PCC basis. 

• Calyculin A treatment for 30 min before 
harvesting was optimum for this chemical 
induced-PCC assay in PHA-stimulated PBL ex 
vivo radiation model based on a per lymphocyte 
basis.

• Small acentric excess fragments and small ring 
chromosomes were able to be identified not only 
in cells irradiated with high doses but also in 
cells irradiated with sub-lethal doses in cells 
prepared with the optimum 30-min calyculin A 
treatment. 

• This optimized CA exposure provide an 
improved method for assessment structural 
chromosome aberration in interphase that have 
broad implication for use in studies on 
mechanism of chromosome damage, screening 
of medical countermeasures for radiological 
protection, and radiation biodosimetry.
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Abstract. We can classify the compounds that modulate radiation injuries to three 
categories with respect to the timing of administration: the compounds for 
prophylaxis, mitigation, and treatment of radiation injuries.  Most of radiation 
protectors so far reported are for prophylaxis and should be present in the 
appropriate position in the living body before exposure.  In contrast, for 
countermeasure to accidental overexposure, it is necessary to use the compounds 
that are effective when administered after exposure.  These compounds are called 
mitigator and relatively few agents have been reported so far.  Ameliorating effects 
of three compounds when administered after whole-body X-irradiation are shown. 
They are mineral-yeast, and two vitamin E analogs, 2-(α-  D-
glucopyranosyl)methyl-2,5,7,8-tetramethylchroman-6-ol (TMG), and γ-Tocopheryl 
N,N-dimethylglycine (γ -TDMG). 

Key Words: radiation mitigator, bone marrow death, mineral-yeast, vitamin E 
anlog 

Introduction 
 
 Radiotherapy is one of the most effective 
treatments for cancer and its importance has 
increased in recent years.  For effective treatment, 
the target tissue should be irradiated with a 
sufficient dose, which always increases the risk of 
radiation injury to surrounding normal tissues other 
than the target cancer cells.  Therefore, finding 
ways to decrease the risk to normal tissues is a 
fundamental requirement to improve the outcome 
of radiation therapy.  Using radioprotective agents 
is one way of decreasing damage to normal tissues, 
and various radioprotective compounds have been 
reported [1-3].  
 We can classify the compounds that modulate 
radiation injuries to three categories with respect to 
the timing of administration: the compounds for 
prophylaxis, mitigation, and treatment of radiation 
injuries (Fig. 1).  Most of radiation protectors so far 
reported are for prophylaxis and should be present 
in the appropriate position in the living body before 
exposures.  In contrast, for countermeasure to 
accidental overexposure, it is necessary to use the 

compounds that are effective when administered 
after exposure.  These compounds are called 
mitigator and relatively few agents have been 
reported so far. 

 
Figure 1.  Classification of radiation modifiers with 
respect to timing of administration 
 
 
 Here, we will show three mitigators, mineral-
yeast, TMG, and γ-TDMG, which are effective to 
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save mice from bone marrow death caused by lethal 
dose of whole-body irradiation.  
 
 
Mineral-Yeast [4] 

A variety of mineral-containing heat-killed 
yeast powders were obtained from Omnica Co. Ltd. 
(Tokyo, Japan).  According to the supplier’s 
information, Saccharomyces cerevisiae was 
cultured in medium containing steam-sterilized 
syrup, wort, phosphate, ammonium sulfate, 
potassium chloride, and zinc sulfate (in the case of 
Zn-yeast).  The cultured yeast suspension was 
purified by repeated centrifugation and 
resuspension in water to yield pure yeast 
suspension.  The yeast suspension was sterilized at 
95°C for 1-3 h.  After ultra-sonic drying of the heat-
killed yeast suspension, it was pulverized by a 
spray dryer.  Selenium methionate, manganese 
sulfate, or copper gluconate were added instead of 
zinc sulfate for Se-yeast, Mn-yeast, and Cu-yeast, 
respectively.  The content of Zn, Mn, Cu, and Se in 
Zn-, Cu-, Mn-, and Se-yeast was reported by the 
supplier to be more than 10%, 5%, 5%, and 0.2%, 
respectively.  We examined the content of Zn and 
Cu in Zn- and Cu-yeast, respectively, by X-ray 
absorption analysis and confirmed their content.  
Methylcellulose was obtained from Wako Co. Ltd. 
(Osaka, Japan).  Other reagents were of analytical 
grade and used without further purification.  The 
yeast powder was pulverized finely with a mortar 
and pestle, 0.5% methylcellulose solution was 
added to the powder, and the suspension was mixed 
well.  The turbid suspension was directly 
administered i.p. to mice.
 The 30-day survival rate of the control group 
of C3H mice was about 6% when mice were whole-
body X-irradiated at 7.5 Gy.  The survival rate of 
mice to which mineral-yeast was injected at 
immediately after the irradiation was 81%, 91%, 
and 90% for Mn-, Cu-, and Zn-yeast, respectively.  
The mice administered with yeast of non-additive-
mineral also showed high survival rate (73%).  The 
survival rate of the Zn-yeast treated group was 
significantly higher than that of yeast treated group 
(p<0.05, Breslow-Gehan-Wilcoxon test).    
 The survival rate depended on the timing of 
administration after X-irradiation.  The survival of 
mice to which Zn-yeast was injected at immediately 
(0 h), 4 h, 10 h, and 24 h after the irradiation was 

90%, 73%, 73%, and 27%, respectively.  The 
survival rate of the groups treated with Zn-yeast at 
0, 4, 10, and 24 h after irradiation is significantly 
higher than that of the control group (p<0.001 for 0, 
4, 10 h and p<0.01 for 24 h, Breslow-Gehan-
Wilcoxon test).   
 The maximum effect of Zn-yeast was 
observed at the dose of 50 mg/kg body weight of 
mice.  Dose reduction factor (DRF) was about 1.2 
for 30-day survival of C3H mice of Zn-yeast 
administered 100 mg/kg at immediately after 7.5 
Gy whole-body X-irradiation.   
 To investigate the effective fraction in the 
suspension of Zn-yeast, the suspension in 0.5 % 
methylcellulose was centrifuged (1,500 x g, 10 
min).  The supernatant fraction was removed and 
the precipitate fraction was re-suspended with the 
same volume of the methylcellulose solution. The 
supernatant fraction or the re-suspended 
precipitated fraction was i.p. administered to mice 
immediately after 7.5 Gy whole body X-irradiation.  
The insoluble fraction showed significantly higher 
activity than the soluble fraction.  The soluble 
fraction showed only moderate radioprotection, 
which was about a half that of the insoluble fraction.   
 

 
Figure 2 Comparison of the formation of 
endogenous spleen colony. 
 
 
 Endogenous spleen colony assay was 
performed to study the possible mechanism of Zn-
yeast to prevent bone marrow death of mice after 
lethal dose of X-irradiation.  Mice were whole-
body X-irradiated at 7.5 Gy and saline solution, 
methylcellulose solution, or Zn-yeast suspension 
was administered i.p. immediately after the 
irradiation.  At the day 11 after the irradiation, 
spleen of each mouse was removed and immersed 
in Bouin’s solution.  As shown in figure 2, the 
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number of endogenous spleen colony of Zn-yeast 
treated group was significantly higher than that of 
control groups (Saline and MC).  This result 
suggests that Zn-yeast may stimulate proliferation 
and/or settlement of survived bone marrow cells 
after irradiation [5, 6]. 

TMG [6] 

 TMG (2-(α-  D-glucopyranosyl)methyl -
2,5,7,8-tetramethylchroman-6-ol) is a water-soluble 
vitamin E analog containing chroman ring and 
glucose moiety (figure 3).  Radioprotection of mice 
by i.p. administration of TMG from whole-body γ-
irradiation was already reported [7].  Here, we 
extended the investigation. 
 

 
Figure 3 Structure of TMG and α-tocopherol 
 
 
 When mice was i.p. injected with TMG (650 
mg/kg body weight) immediately before or 
immediately after whole-body 7.0 Gy X-irradiation, 
30-day survival rate of mice significantly increased.  
The survival rates of the groups of mice injected 
with TMG immediately before (–), immediately 
after (+), and 15, 30, and 60 min after irradiation 
were 83, 75, 65, 60 and 52 %, respectively, whereas 
the 30-day survival rate of the control group of 
mice was about 24 %.  The survival curves for (+), 
(–), 15 min, and 30 min were significantly high 
compared to the control (p < 0.001 by the Mantel-
Cox test and Breslow-Gehan-Wilcoxon test).  The 
survival curves for 60 min, and 240 min were also 
significantly high compared to that of the control (p 
< 0.01).  These findings show that TMG is effective 

to prevent bone marrow death of mice when 
administered even at 6 h after X-irradiation.  
Subcutaneous injection of TMG immediately after 
7.0 Gy X-irradiation also significantly prevented 
bone marrow death of mice.   
 
 
γ-TDMG
 γ-TDMG (γ-Tocopheryl N,N-dimethylglycine) 
is also a water-soluble vitamin E analog (figure 4).  
It exists as a powder at room temperature and is 
resistant to oxidation.   
 

 
 
Figure 4.  Structure of γ-TDMG 
 
 
 When 100 mg/kg of γ-TDMG was 
administered i.p. to mice 30 min before or 
immediately after whole-body exposure to 7.5 Gy 
X-rays, the 30 day survival rate was significantly 
increased as shown in figure 5.  Interestingly, the 
effect was higher for the administration at 
immediately after exposure compared to that before 
exposure.  
 

 
Figure 5.  Survival curve of mice after 7.5 Gy 
whole body X-irradiation.  γ-TDMG was i.p. 
administered immediately before (pre) or after 
(post) irradiation. 
 
 
 The maximum effect was observed at the dose 
of 100 mg/kg body weight.  The ameliorating effect 
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was observed even when γ-TDMG was 
administered at 24 h after the irradiation.  
Subcutaneous injection was also effective.  Similar 
to the results of mineral-yeast, endogenous spleen 
colony formation was significantly increased by the 
treatment with γ-TDMG. 
 
 
Conclusion

 Several reagents were found to be effective to 
rescue mice from bone marrow death caused by 
lethal dose of whole-body X-irradiation by post-
irradiation administration.  Although exact 
mechanism is not clear yet, a possible mechanism is 
stimulating proliferation of survived bone marrow 
(stem) cells.  Some vitamin E analogs may become 
potential lead compounds for the radiation 
mitigator.  
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Abstract. Acts of nuclear or radiological terrorism could expose large numbers of people 
to ionizing radiation. Early treatment of populations exposed to ionizing radiation requires 
accurate and rapid biodosimetry with a precision as high as possible to determine an 
individual’s risk for life-threatening exposures. Early-phase and tissue-specific (i.e., 
parotid glands, skin, bone marrow, liver, small bowel, etc.) protein biomarkers detected in 
peripheral blood can provide rapid estimation of an individual’s exposure dose as well as 
diagnostic information of organ-specific radiation injury. Their combination with 
hematological and salivary amylase activity changes has potential triage biodosimetry 
applications to help in early-phase medical management of radiation accidents. These 
biomarkers need to be validated in suitable radiation model systems. We established 
animal (i.e., Mus musculus, Macaca mulatta) radiation models to transition this research 
platform for application to humans. We recently reported results from a murine total-body 
irradiation (TBI) model demonstrating for the first time that a protein expression profile 
measured in samples collected 1 and 2 d after exposure can predict mice exposed to 
radiation and distinguish the level of photon-radiation exposure, ranging from 1 to 7 Gy. 
Combination of protein and hematological biomarkers demonstrated an enhanced 
separation of 1-Gy irradiated animals from controls and an improvement of the threshold 
for exposure detection compared to the selected protein profile only. We also reported 
results from several nonhuman primate (NHP) TBI studies and demonstrated dose- and 
time-dependent hematological and blood chemistry changes along with early-phase and 
organ-specific plasma protein biomarkers. Herein, we present preliminary summary results 
for two animal irradiation models demonstrating proof-of-concept that proteomics shows 
promise as a complimentary approach to conventional biodosimetry for early assessment of 
radiation exposure as well as prognostic indicators of acute radiation sickness outcome. 

Key Words: Biological dosimetry, hematological and protein biomarkers, salivary 
amylase activity, total-body irradiation, mice, nonhuman primates. 
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1. Introduction 
 

Development and validation of early-
response radiation injury biomarkers are critical for 
triage as well as to assess efficacy of treatment and 
follow-up of irradiated individuals. The early 
medical-management situation requires quantitative 
indications for early initiation (within one day after 
radiation exposure) of cytokine therapy in 
individuals exposed to life-threatening radiation  

doses and/or bone marrow acute radiation syndrome 
(ARS) as well as effective triage tools for first-
responders in mass-casualty radiological incidents 
[1, 2]. Terrorist attacks or nuclear accidents could 
expose large numbers of people to ionizing 
radiation, and early biomarkers of radiation injury 
would be critical for triage, treatment, and follow-
up of such individuals. Casualty estimates after a 
nuclear event predicts that radiation alone will 
affect only 15-20% of the injured. Approximately 
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65-70% of the casualties are expected to receive 
both radiation and a traumatic injury [3, 4]. Past 
experiences (i.e., nuclear detonations in Hiroshima 
and Nagasaki; Chernobyl reactor incident) have 
shown that with a critically-associated explosion 
traumatic injury such as burns and wounds will 
occur in combination with radiation exposure. 

Hematological biomarkers of exposure to 
ionizing radiation are well characterized and used in 
medical management of radiological casualties [3]. 
Measurements of lymphocyte depletion kinetics [5, 
6] and time- and radiation severity changes in 
neutrophil cell counts observed after irradiation [7] 
provide clinical information soon after exposure. 

Estimation of radiation exposure doses by 
lymphocyte depletion kinetics or counting 
chromosome aberrations is problematic after doses 
close to the LD50, and certainly for higher doses. 
Peripheral lymphocytes significantly decline (< 200 
cells/mm3) by 24 h, hence limiting accurate 
assessment of total-dose assessment using 
lymphocyte depletion kinetics methodology. 
Normalization of the inter-individual variations in 
the ratio of neutrophils to lymphocytes has been 
evaluated and used along with lymphocyte 
depletion kinetics to get an enhanced discrimination 
index of radiation exposure [8, 9]. 

While the traditional radiation exposure 
biomarkers based on cytogenetic assays and 
lymphocyte depletion kinetics serve as the standard, 
the development of rapid and non-invasive tests for 
radiation exposure is needed. Proteomics is an area 
offering hope for potential new biological indicators 
of radiation exposure.  Radiation responsive protein 
levels show considerable potential as 
biodosimeters; biological measures of a suspected 
exposed individual’s absorbed radiation dose. 
Tissue specific protein biomarkers detected in 
peripheral blood can provide diagnostic information 
of organ-specific radiation injury [10 – 13]. The 
level of specific proteins may be useful to provide 
early diagnostic information for acute radiation 
exposures [14 – 16]. Multiparametric approaches 
combining Flt-3 ligand levels and hematology have 
been compared to cytogenetic analysis to 
demonstrate a clinical utility in assessing a 
hematopoietic syndrome in radiation accident 
victims [11].  

An increase in serum amylase activity 
(hyperamylasemia) from the irradiation of salivary 
tissue has been proposed as a biochemical measure 

of early radiation effect in normal tissue. These 
findings have been reported in radiation therapy 
patients [17, 18] as well as in a recent radiation 
accident [19]. Radiation-induced increases of serum 
amylase in 41 patients following either whole-body 
irradiation or irradiation of the head and neck 
region were reported by Hofmann and colleagues 
[20]. Serum amylase activity generally shows early 
increase and peak values between 18–30 h after 
exposure, returning to normal levels within a few 
days. Based on these findings, serum amylase was 
advocated to be used as a biochemical dosimeter for 
prolonged spaceflights [21, 22].  

The physiological response to radiation 
injury initiates wide-ranging systemic response 
events. Shortly after the injury, macrophages 
produce a wide range of cytokines and growth 
factors. Cytokines, via the central nervous system 
and blood circulation, initiate a wide range of 
systemic responses including fever, increasing 
production and differentiation of bone marrow cells, 
and dramatic expression of acute-phase proteins C-
reactive protein (CRP) and Serum Amyloid A 
(SAA) [23]. Acute-phase proteins, whose 
concentrations are significantly increased during the 
acute-phase response, have been extensively 
investigated and shown to play an essential role in 
injuries caused by radiation in animals [14, 24 – 27] 
and humans [15, 28]. Additional studies in 
nonhuman primates [14, 24] and rabbits [26] show 
that dynamics and content of CRP exactly reflect 
the course and severity of ARS, as well as 
demonstrating its ability to play a role as a 
prognostic ARS indicator. Periods of appearance of 
CRP in the blood of irradiated animals correlate 
with periods of expressed development of the 
cytolytic and destructive processes induced by 
irradiation [14, 24, 26]. Indexes of CRP content in 
peripheral blood of 147 Chernobyl nuclear power 
plant accident patients during primary reaction to 
the irradiation (1 - 2 d after) and in the latent period 
of radiation disease (3 - 9 d after) were correlated 
with a prognosis of ARS outcome  [15].  

Our research is focused to investigate the 
diagnostic utility of proteomic biomarkers 
combined with hematological bioindicators for 
radiation dose assessment using murine and 
nonhuman primate radiation models. Our 
expectations are that this research will contribute to 
bridging a gap that exists in the current capabilities 
to rapidly and effectively identify and assess radiation 
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exposure early after a radiation event, especially after 
a mass-casualty radiological incident. In particular, 
these efforts contribute to validating an early test to 
distinguish individuals exposed and injured by 
radiation in order to assist the physicians to choose 
the appropriate medical treatments, hence reducing 
the adverse acute effects or long-term risks 
associated with radiation exposure. We expect that 
this research will also shorten the gap between 
radiation dose and injury assessment in the case of 
combined injury (i.e., ionizing radiation in 
combination with trauma). The advancement in this 
type of research might also provide a powerful tool 
for the accurate assessment of an individual’s 
radiation risk response early after an incident, 
especially after a mass-casualty radiological event. 
 Herein, we present preliminary summary 
results from the on-going mouse (Mus musculus) 
and nonhuman primate (NHP), total-body 
irradiation (TBI) studies demonstrating dose- and 
time-dependent changes in amylase activity and 
protein content in serum, plasma levels of CRP and 
SAA, along with hematology parameters (i.e., 
lymphocyte counts and neutrophil to lymphocyte 
ratio). 
 
 
 
2. Animal models and methods 
 

Table 1 illustrates the animal models 
established at the Armed Forces Radiobiology 
Research Institute (AFRRI) and used in these 
studies. Male and female mice (8-12 weeks old) 
from three strains (i.e., BALB/c, CD2F1, and 
B6D2F1) and adult nonhuman primates (NHPs), 
rhesus macaques, were used in these studies [9, 29 
– 34]. Animals were housed in cages in 
conventional holding rooms in an animal facility 
accredited by the Association for the Assessment 
and Accreditation of Laboratory Animal Care 
(AAALAC) International at the AFRRI’s 
Veterinary Research Department or the University 
of Maryland’s Veterinary Resources Department. 
Research was conducted according to the principles 
enunciated in the Guide for the Care and Use of 
Laboratory Animals, prepared by the Institute of 
Laboratory Animal Resources, National Research 
Council, and under Institutional Animal Care and 
Use Committee (IACUC) approved protocols.   

TBI of animals was carried out in the 
AFRRI’s 60Co facility or in the University of 
Maryland’s x-irradiation facility. The bilateral 
irradiation of mice was performed in well-ventilated 
Plexiglas boxes. Mice in dose cohorts (n=8-12) 
received TBI at dose rates of 0.1 – 0.6 Gy/min to a 
midline tissue over a broad dose range (1 – 14 Gy) 
[30, 31]. In partial-body irradiation (PBI) studies, 
mice were irradiated at different body fractions to a 
dose of 6 Gy with a 250-kVp x-ray source at 0.55 
Gy/min in the AFRRI’s irradiation facility [34]. 
The ketamine anesthetized NHPs were placed in a 
Plexiglass restraint chair and irradiated bi-laterally. 
Ten NHPs received TBI dose of 6 Gy 250-kVp x-
rays at dose rate of 0.13 Gy/min in the University of 
Maryland’s irradiation facility [29]. Eight NHPs in 
each dose-rate cohort (0.4 and 0.6 Gy/min) received 
TBI dose of 6.5 Gy in the AFRRI’s 60Co facility [9, 
33]. In a recent dose-response study, NHPs in dose 
cohorts (n=6), received TBI to a midline tissue dose 
of 1.0, 3.5, 6.5, and 8.5 Gy 60Co γ-rays at 0.55 
Gy/min [32]. Animals representing sham were also 
treated the same except they were not exposed to 
radiation. 

At designated sampling time points after 
exposure, peripheral blood was drawn from mice 
and NHPs while under anesthesia. Drawn blood 
was collected into a serum separator tube and 
potassium EDTA vacutainer tubes. Blood in EDTA 
tubes for complete blood cell counts and 
differentials (CBC/diff) was analyzed within 
several hours after biosampling using a clinical 
hematology analyzer (Bayer Advia 120, Bayer, 
Tarrytown, NY). Amylase activity was measured 
using a hematology chemical analyzer (Vitros 250, 
Orthos Clinical Diagnostics, Rochester, NY), as 
previously described [9]. Radiation responsive 
protein biomarkers were measured in newly 
developed enzyme linked immunosorbent assays 
(ELISA) or using commercially available ELISA 
kits, as previously described [29 – 32].  

Statistical software, PC SAS (SAS Institute 
Inc., Cary, NJ), was used for statistical data analysis. 
Multivariate analysis of variance (MANOVA) 
Wilks' Lambda statistics was used when comparing 
more than two groups and two-sided Student's t test 
was used when comparing two groups to determine 
significant difference among sampling time- and 
dose-points. Values of P < 0.05 were considered 
statistically significant. Values were expressed as 
means ± standard error (SE).  
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Table 1. Animal Radiation Models 
Model Species/ 

Strain/ 
Gender 

Type of 
Radiation 

Dose, 
Dose rate 

Research Study Project status/
References 

 
 
 
 
Mouse TBI 
and PBI 

Mus 
musculus,
BALB/c, ♂

60Co  
γ-rays 

1 – 7 Gy 
0.1 Gy/min 

Discovering of novel 
biomarkers; TBI study 

2005-2008 
Ossetrova et al. 
2009, 2010 

Mus 
musculus,
CD2F1, ♂ 

60Co 
 γ-rays 
 
 
250-kVp 
x-rays 

1 – 14 Gy 
0.57 Gy/min
 
 
6 Gy 
0.55 Gy/min

Further discovering and 
validation of novel 
biomarkers;  
 
TBI and PBI studies 
 

ongoing 
 
 
 
ongoing 
Blakely et al. 
2011 

Mus 
musculus,
B6D2F1/J, ♀

60Co  
γ-rays 
 

1 – 14 Gy 
0.57 Gy/min

Further discovering and 
validation of novel 
biomarkers; TBI in 
combination with trauma 

ongoing 
 
Ledney et al. 
2010 

 
 
 
NHP TBI  

Macaque 
mulata, ♂ 

250-kVp 
x-rays 

6 Gy 
0.13 Gy/min

Collaboration with Dr. 
MacVittie; Discovering of 
novel biomarkers; TBI study 
with testing of  the efficacy 
of supportive care 

2005-2006 
 
Ossetrova et al. 
2007 
 

Macaque 
mulata, ♂ 

60Co  
γ-rays 
 

6.5 Gy 
0.4 Gy/min 

Collaboration with Dr. 
Ledney; Further discovering 
of novel biomarkers; TBI 
study with testing of the 
efficacy of supportive care 
and treatment 

2005-2006 
 
Blakely et al. 
2007 
 

Macaque 
mulata, ♂♀ 

60Co  
γ-rays 
 

6.5 Gy 
0.6 Gy/min 

Collaboration with Dr. 
Whitnall; Further 
discovering of novel 
biomarkers; TBI study with 
testing of the 
countermeasure 

2006-2008 
 
Blakely et al. 
2010 
 

Macaque 
mulata, ♂♀ 

60Co  
γ-rays 
 

1 – 8.5 Gy 
0.6 Gy/min 

Collaboration with Dr. 
Blakely; Further discovering 
and validation of novel 
biomarkers; TBI study with 
a limited  supportive care 

2008-2010 
 
Ossetrova et al. 
2011 
 

 
Multiple linear regression analysis was 

used to develop dose-response relationships for 
combination of hematological and protein 
biomarkers for radiation dose assessment. 
Multivariate discriminant function analysis was 
used to demonstrate accurate radiological detection 
of the proposed protein and hematological 
biomarkers from biological samples into quartiles 
of doses 0-1 Gy, 1-3 Gy, 3-6 Gy, 6-10 Gy, and  

 
greater than 10 Gy as previously described [29 – 
32]. 

 
 
 
3. Results and discussion 
 

We have reported results from murine 
(BALB/c, males) in vivo total-body irradiation (TBI, 
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Table 1. Animal Radiation Models 
Model Species/ 
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Type of 
Radiation 

Dose, 
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of doses 0-1 Gy, 1-3 Gy, 3-6 Gy, 6-10 Gy, and  

 
greater than 10 Gy as previously described [29 – 
32]. 

 
 
 
3. Results and discussion 
 

We have reported results from murine 
(BALB/c, males) in vivo total-body irradiation (TBI, 

60Co γ-rays, 0.10 Gy/min) model studies to analyze 
simultaneously multiple proteins selected from 
distinctly different pathways (i.e., Growth Arrest 
and DNA Damage Inducible Gene 45 protein or 
GADD45α, IL-6, and SAA) and showed, for the 
first time, that a protein expression profile can be 
developed not only to predict radiation exposure in 
mice but also to distinguish the level of radiation 
exposure, ranging from 1 to 7 Gy. The use of 
multiple protein targets was evaluated using 
multiple linear regression analysis to provide dose-
response calibration curves for dose assessment 
with a threshold for γ-exposure detection of 2 Gy. 
Multivariate discriminant analysis demonstrated 
enhanced dose-dependent separation of irradiated 
animals from control as the number of biomarkers 
increased [30]. 

The time-course up to 4 days post-TBI for 
absolute lymphocyte counts (ALC) and ratio of 
neutrophils (ANC) to lymphocytes in CD2F1 mice 
(n=8 per group) irradiated to 8 Gy {new data] and 
NHPs (n=8 per group) irradiated to 6.5 Gy [9] with 
60Co γ- rays at dose rates 0.55 and 0.4 Gy/ min, 
respectively, are shown in figure 1 [30]. In mice, 
baseline for peripheral blood ALC was in the range 
(1.68 – 4.14) ×109/L with a pooled (n=8) cohort 
value of 2.64 (±0.34) ×109/L. Baseline for ANC to 
ALC ratio was in the range from 0.12 to 0.27 with a 
pooled cohort value of 0.20 (±0.02). In mice 
irradiated to 8 Gy, early decline of ALC to 0.81 
(±0.08) ×109/L was observed at 4 h that represents a 
3.26 (±0.08)-fold decrease compared to pre-TBI 
level. ALC declined dramatically at 1 d after 
irradiation to 0.12 (±0.03) ×109/L and continued to 
decrease to 0.08 (±0.03) ×109/L at 3 d that represent 
a 22.41 (±2.84)- and 35.55 (±3.23)-fold decrease, 
respectively, compared to pre-TBI level (figure 1). 
The ANC to ALC ratio early increase to 1.05 
(±0.12) was also observed at 4 h. A strong time-
dependent increase was found peaking at 2 d and 
reached the level of 17.41 (±2.87), which represents 
an 87.47 (±14.42)-fold increase compared to pre-
TBI level. In NHPs, baseline for ALC is in the 
range (0.63 – 3.49) ×109/L with a pooled cohort 
(n=8) value of 1.92 (±0.28) ×109/L. Baseline for 
ANC to ALC ratio ranged from 1.15 to 3.46 with a 
pooled cohort value of 2.00 (±0.95) (figure 1). In 
NHPs irradiated to 6.5 Gy, ALC declined 
dramatically to 0.28 (±0.12) ×109/L and 0.31 
(±0.12) ×109/L at 1 and 2 d after irradiation, 
respectively. The ANC to ALC ratio values 

increased to 25.97 (±8.68) and 8.47 (±3.61), which 
represent a 13 (±2.66)- and 4.23 (±0.95)-fold 
increase at 1 and 2 d after irradiation, respectively, 
compared to pre-TBI levels [9]. 

 

 
 
Figure 1. The time-course up to 4 days post TBI for absolute 
lymphocyte counts (ALC) and ratio of neutrophils (ANC) to 
lymphocytes (ANC to ALC) in CD2F1 mice (n=8 per group) 
irradiated to 8 Gy  (new data) and NHPs (n=8 per group) 
irradiated to 6.5 Gy [9] with 60Co γ-rays at dose rates 0.55 and 
0.4 Gy/min, respectively.. Symbols for ALC (○) and ANC to 
ALC ratio (▽) in mice, ALC (●) and ANC to ALC ratio (▼) in 
NHPs represent the mean ± SEM. 
 
 
 The combination of only one protein (SAA) 
with hematological biomarkers (ALC and ratio of 
ANC to ALC) demonstrated: (1) enhanced 
separation of 1-Gy irradiated animals from controls 
and between different combinations of doses, and 
(2) improvement of the threshold for γ-exposure 
detection up to ~1 Gy compared to the selected 
protein profile only (figure 2) [31]. While 
hematological parameters were only 73% 
successful to discriminate control group of mice 
from 1-Gy irradiated cohort 1 d post TBI (table 2), 
their combination with proteins demonstrated 100% 
separation as well as enhanced discrimination after 
comparing irradiated groups for all combinations of 
doses (1, 2, 3.5, 5, or 7 Gy).  Discrimination power 
values to separate 3.5- and 5-Gy animal cohorts are 
show (table 2) [31]. 

A murine (CD2F1 males) partial-body 
radiation exposure model was established for 
studies supporting the identification and validation 
of novel biological dosimetry diagnostic assays. 
Mice irradiated to 6 Gy with a 250-kVp x-ray 
source at 0.55 Gy/min. Hematological biomarkers
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Table 2. Discrimination power (%) between 0 vs 1 and 3.5 vs 5-Gy irradiated animals 1 d post TBI 
Groups 

(Gy) 
SAA GADD45a IL6- 

4h 
IL6- 
24h 

For 
protein  
profile

ANC ALC ANC/ALC For 
hematology 

profile 

For protein 
and 

hematology 
profiles 

0 vs 1 50.0 75.0 68.8 62.5 81.3 72.7 72.7 95.0 90.9 100.0 
3.5 vs 5 62.5 75.0 87.5 62.5 100.0 57.1 57.1 57.1 64.3 100.0 

Figure 2. Discriminant analysis results for dose-dependent 
separation of non-irradiated (0 Gy) from irradiated groups of 
mice (2-7 Gy) for three protein biomarkers (GADD45α, SAA, 
and IL-6) (●) [30] and for combination of protein biomarker 
SAA with lymphocytes and neutrophils to lymphocytes ratio 
(▲) [31] at 1 d post TBI. Discrimination parameter represents a 
distance (in canonical score) between medians of distributions 
of irradiated and control animals. Error bars represent the 
means of widths of these distributions at 95% confidence level. 
P values are 0.00154 and 0.0005 for doses of 1 and 2 Gy 
respectively, and less than 0.0001 for doses of 3.5, 5, and 7 Gy. 
P value associated with comparison of animal groups irradiated 
to 2 and 3.5 Gy is 0.004. Highly significant difference 
(p<0.001) was found for pair-wise comparison of irradiated 
animal groups for other combinations of doses. 

(ALC, ANC, and ratio of ANC to ALC) along with 
plasma protein biomarkers (Flt-3 ligand and SAA) 
have been evaluated at 1 and 2 d post exposure. As 
expected, multiple biomarkers provided an 
enhancement in early-phase partial-body radiation 
exposure assessment reflecting the fraction of the 
body exposed [34]. 
 

 
 
 Recently, we demonstrated greater 
efficacy for exposure assessment using multiple 
biomarkers.  We reported results from a study in a 
nonhuman primate (Macaca mulatta) total-body 
irradiation model and showed that the protein 
expression profile (i.e., p53, p21 WAF1, IL-6, 
salivary α-amylase, and CRP) measured in blood of 
10 animals irradiated to 6 Gy 250-kVp x-rays (0.13 
Gy/min) and 8 animals to 6.5 Gy 60Co γ-rays (0.4 
Gy/min and 0.6 Gy/min) analyzed together along 
with changes in serum amylase activity and blood 
cell counts established very successful separation of 
samples at 1 and 2 d from exposed animals versus 
samples from the same animals before  irradiation. 
An enhanced separation was observed as the 
number of biomarkers increased [29, 33]. 

Time-course of relative amylase activity in 
NHPs (n=8) and amylase protein content in NHPs 
(n=8) exposed to 6.5 Gy with 60Co γ-rays at dose 
rate 0.4 Gy/min [9] and amylase protein content in 
NHPs (n=10) exposed to 6 Gy with 250-kVp x-rays 
at dose rate 0.13 Gy/min [29] are shown in figure 3. 
Relative amylase activity increase was observed to 
12.44 (±3.23) and 2.59 (±0.56) fold at 1 and 2 d 
after irradiation, respectively. For the same time 
points, the relative amylase protein content   
increased to 4.48 (±0.54) and 1.91 (±0.17) in NHPs 
irradiated to 6 Gy with 250-kVp x-rays and to 2.73 
(±0.44) and 1.55 (±0.19) in NHPs irradiated to 6.5 
Gy with 60Co γ-rays. Two-fold difference in 
salivary amylase protein increase in animals 
exposed to different irradiation sources might be 
explained by different means of the absorbed dose 
distribution of the lineal energy, which are 1.9 
keV/μm and 4.0 keV/μm for 60Co γ-irradiation and 
250-kVp x-irradiation, respectively [35]. 

We recently presented results from 30 
rhesus macaques total-body irradiated to a broad 
dose range of 1 to 8.5 Gy with 60Co γ-rays (0.55 
Gy/min) and demonstrated dose- and time-
dependent changes in blood of CRP, SAA, and IL-6 
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Figure 3.  Time-course of relative amylase activity (●) in 
NHPs (n=8) and amylase protein content (▼) in NHPs (n=8) 
exposed to 6.5 Gy with 60Co γ-rays at dose rate 0.4 Gy/min [9] 
and amylase protein content (■) in NHPs (n=10) exposed to 6 
Gy with 250-kVp x-rays at dose rate 0.13 Gy/min [29]. 
Symbols represent the biomarker mean values in animal cohort 
± SEM. 

measured by ELISA [32]. CRP and SAA dose-
response results are consistent with ~1 Gy and ~0.2 
Gy thresholds for photon-exposure at 1 d after TBI, 
respectively. Highly significant elevations of CRP 
and SAA (p=0.00017 and p=0.0024, respectively) 
were found in animal plasma at 6 h after all TBI 
doses suggesting their potential use as early-phase 
biodosimeters.  The mean relative SAA content 
normalized on pre-TBI level was found ~400- fold 
elevated in 1-Gy animal cohort 1 d after TBI [32]. 
Time-course of relative acute phase proteins SAA 
and CRP normalized on pre-TBI level in BALB/c 
mice (n=8) exposed to 7 Gy and one NHP exposed 
to 6.5 Gy with 60Co γ-rays are shown in figure 4 [30, 
32]. The serum concentration of the rapid reacting 
of SAA and CRP increases within four hours. The 
acute phase response is detectable for several days 
after the stimulus, but the kinetics of the response 
depends on the species in question and on the extent 
of tissue damage. For example, we have 
demonstrated the SAA dose- and time-dependent 
changes in mice total-body irradiated to doses 1 – 7 
Gy with 60Co γ-rays. However, CRP is not 
radiation-responsive protein in mice [30]. 

Figure 4.  Time-course of relative acute phase proteins SAA 
and CRP normalized on pre-TBI level in BALB/c mice 
exposed to 7 Gy [30] and NHP exposed to 6.5 Gy [32] with 
60Co γ-rays. Symbols for monkey CRP (●), SAA (▼), and 
mouse SAA (▽) represent the mean from three replicate 
measurements per sample ± SEM.  

Baseline level of SAA in plasma of non-
exposed mice (n=8) ranges from 8.06 (±1.84) to 
12.93 (±1.56) μg/mL. Highly significant elevation 
of SAA level to 181.95 (±24.83) μg/mL has been 
found in mice irradiated to dose of 7 Gy at 1 d post 
TBI (figure 4). In NHP irradiated to 6.5 Gy with 
60Co γ-rays, CRP was elevated from 0.79 (±0.36) to 
334.75 (±11.05) μg/mL, which represents a 423.73 
(±13.98)-fold increase compared to pre-TBI level. 
SAA level in the same animal was elevated from 
0.03 (±0.03) to 70.14 (±2.49) μg/mL, which 
represents a 2447.42 (±86.96) -fold increase 
compared to pre-TBI level (figure 2). In this study, 
two phases in CRP and SAA expressions have been 
found in NHPs after TBI to the lethal doses 6.5 and 
8.5 Gy. Our findings for CRP are in good 
agreement with earlier reports [14, 24, 27]. During 
the first phase, a progressive dose- and time-
dependent increase in CRP levels was observed 
peaking at 1 d and returning to a baseline level at 2-
3 d and 3-5 d in 1- and 3.5-Gy cohorts, respectively. 
In 6.5- and 8.5-Gy cohorts, CRP remained elevated 
until the beginning of the second phase at 8-9 d and 
6-7 d, respectively. We demonstrated for the first 
time two phases in SAA expression in NHPs 
following TBI to the lethal doses 6.5 and 8.5 Gy 
with a similar but more dramatic response 
compared to CRP [32].  During the first phase, a 
progressive dose- and time-dependent increase in 

111



SAA levels was observed peaking at 1 d and 2 d 
post TBI with sustained expression at 4-7 d and 7-9 
d in 1- and 3.5-Gy cohorts, respectively. SAA 
returned to a baseline level at 7 d and 9-11 d in 1- 
and 3.5-Gy cohorts, respectively. In 6.5- and 8.5-Gy 
cohorts, SAA remained elevated until the beginning 
of the second phase at 7-9 d and 4-7 d, respectively.  
While the first phase in SAA expression is strongly 
dose-dependent, the second one is mostly 
dominated by individual variability in radiation 
response which relates to ARS outcome. We found 
that the duration of the latency period separating 
these two phases correlates with radiation dose. 
Results also show that the dynamics and content of 
CRP and SAA levels reflect the course and severity 
of the acute radiation sickness (ARS) and may 
function as prognostic indicators of ARS outcome 
[32]. 

We have earlier suggested the use of CRP 
as a triage assay in the case of mass casualty 
radiological incidents based on nonhuman TBI 
studies [29, 33]. We have also extended this 
biodosimetry concept of operations for dose 
assessment applications. Currently, there are FDA 
approved home-use and hand-held devices for 
measurement of CRP based on ELISA 
methodology, latex-enhanced 
immunonephelometric methods, automated 
immunoturbidimetric and immunoluminometric 
assays, or the latex-agglutination turbidimetric 
immunoassay, which are sensitive and fast. SAA 
might be detected in plasma (potentially in whole 
blood) using similar methodologies. In the case of a 
mass casualty incident, it would be useful to 
employ a triage diagnostic screening approach to 
rapidly separate the concerned population (i.e., 
worried well) from severely radiation-exposed 
individuals. The primary triage diagnostic assay 
must be rapid, ideally self-administered, and readily 
identify all (i.e., no false negatives) radiation-over-
exposed individuals. Since the desired results of 
this primary triage diagnostic assay are to identify 
candidate individuals for high-priority further 
diagnostic testing, a small percentage of false 
positives are acceptable. An individual with 
baseline levels of CRP and or SAA within 1 to 2 d 
of a suspected radiation exposure is indicative that 
they were not likely exposed to a life-threatening 
radiation dose. Based on dose-response studies, we 
demonstrated additional proof-of-concept results for 
use of early response biomarkers as a contributor 

along with other diagnostic endpoints for radiation 
dose assessment.  Validation of the use of acute 
phase and inflammatory biomarkers for radiation 
injury and dose assessment await rigorous 
specificity and sensitivity studies. These studies 
should use appropriate animal models and human 
populations, when possible, and address potential 
relevant confounding effects (i.e., burns, 
inflammation, infection, wounding, partial-body 
exposures, and dose- and time-response 
relationships). 

Use of multiple protein targets and blood 
markers, along with classical biodosimetric 
methodologies, is expected to enhance the 
specificity and diagnostic utility of a protein-based 
biomarker approach for early assessment of severe 
radiation exposure. Our preliminary results 
demonstrate proof-in-concept that plasma radiation-
responsive proteins show promise as a 
complimentary approach to conventional 
biodosimetry for early assessment of radiation 
exposures. We expect that such proteins coupled 
with peripheral blood cell counts may provide an 
enhanced discrimination index of radiation 
exposure to effectively manage radiation casualty 
incidents. Proteomic studies have revealed sentinel 
radiation- and organ-specific protein biomarkers 
that show promise for use as diagnostic tools for 
early assessment of radiation exposures and a 
complimentary approach to conventional 
biodosimetry. Use of this multiple blood protein 
biomarkers biodosimetry approach, especially when 
coupled with peripheral blood cell counts, may 
provide an enhanced discrimination index of 
radiation exposure to effectively manage radiation 
casualty incidents [31]. 
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Abstract. A nuclear detonation produces mixed neutrons and gamma rays initially, 
and gamma rays from fallout. Hence there is a pressing need to develop radiation 
countermeasures to prepare for radiation disaster scenarios. Major themes of 
countermeasure development have been free radical scavengers, stimulating 
hematopoietic progenitors, enhancing DNA repair and blocking cell death pathways. 
Four agents have US Food and Drug Administration Investigational New Drug 
(IND) status, allowing safety testing in humans. These are 5-androstenediol (5-
AED), genistein (BIO300), Ex-RAD® and CBLB502. G-CSF (Neupogen®) has 
Emergency Use IND status. The Armed Forces Radiobiology Research Institute 
(AFRRI) was involved in developing all of these agents. Neupogen®, 5-AED and 
BIO300 were conceived and initially developed as countermeasures at AFRRI. 
AFRRI collaborated at early stages of CBLB502 and Ex-RAD® development. 
AFRRI is also evaluating hematopoietic progenitor cells, which could be given days 
after irradiation. Other AFRRI agents under investigation are tocols (Vitamin E), 
and dual use drugs addressing ARS and late effects such as cancer. The mechanisms 
and countermeasures relevant to radiation combined injury are also under 
investigation. Additional large animal models are needed for advanced drug 
development. Policy issues include planning for particular disaster scenarios, timing 
and routes of drug administration, and priorities of various classes of agents. 
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Introduction 
 

The 1945 detonations of nuclear weapons 
in Japan and resulting observations of 
“radiation sickness” had the effect of spurring 
research on radiation injury, radiation 
countermeasures and hematology. In the late 
1940s and 1950s, it was discovered that thiols 
protected animals from the acute radiation 
syndrome (ARS) via their free radical-
scavenging properties [1]. The Walter Reed 
Army Institute of Research embarked on a 

program in the 1950s that lasted through the 
1980s to develop phosphorylated aminothiols 
as radiation countermeasures. A number of 
“WR” compounds caused significant 
enhancement of survival when administered to 
animals shortly before total body irradiation 
(TBI) [1]. The prototype member of this series, 
WR-2721 (amifostine, Ethyol®) has been 
approved by the US Food and Drug 
Administration  FDA) for use in the clinic to 
minimize injury to salivary glands during head 
and neck irradiation [1]. However, its side 
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effects of hypotension and nausea, investigated 
at AFRRI, make it unsuitable for use outside 
the clinic [2]. 

In the 1950s, microbial constituents were 
explored as immunomodulators that would 
induce an immune system response beneficial 
to irradiated animals suffering from loss of 
white blood cells and platelets (hematopoietic 
syndrome) [3-5]. Also in the 1950s and 1960s, 
research was conducted on how best to control 
infections in these animals with antibiotics [6-
7]. This led to work at AFRRI in the 1980s-
1990s on the management of radiation-induced 
sepsis based on studies of gastrointestinal (GI) 
flora and specific classes of antimicrobials [8-
11]. 

During this period, immunomodulators 
were extensively studied at AFRRI [4,12-13]. 
Realizing the effects of immunomodulators 
were mediated by cytokine induction, Ruth 
Neta at AFRRI introduced cytokines as 
radiation countermeasures [14-17]. The roles 
and inter-relationships of a number of 
cytokines were explored by testing the effects 
of neutralizing antibodies to the cytokines on 
radiation countermeasure efficacy in mice [17], 
followed by AFRRI studies on the use of 
cytokines as radiation countermeasures in large 
animal models [18]. This work led to the 
introduction of granulocyte colony-stimulating 
factor (G-CSF, Neupogen®) as a standard 
countermeasure for use in humans exposed to 
ionizing radiation, and its inclusion in the US 
Strategic National Stockpile [19]. The FDA 
could authorize its use during a radiation 
disaster via an Emergency Use Authorization 
[20]. The US Centers for Disease Control and 
Prevention (CDC) currently holds both the 
Emergency Use IND and Emergency Use 
Authorization applications for the use of 
Neupogen® in patients after a radiation 
incident [21].  
 

AFRRI’s Current Countermeasure 
Research Program 

 
AFRRI conducts basic and applied 

research in an integrated manner to further our 
mission of identifying and developing 
radiation countermeasures. The focus is on 
radiation countermeasure candidates with a 
realistic chance of successful development, 

meaning practical issues such as route of 
administration, storage and toxicity must be 
taken into account.  

In addition to cobalt-60 γ- and X-ray 
sources, AFRRI maintains a 1.0 megawatt 
research nuclear reactor that can provide 
mixed neutron/gamma fields (MF) designed to 
produce fields with an energy distribution 
similar to those of nuclear detonations [22-23]. 
AFRRI has published studies on cultured cells, 
rodents, canines, non-human primates and 
minipigs using this source. MF exposures in 
the reactor can range from almost pure gamma 
to almost pure neutrons, depending on the 
shielding used.  Dose rates can range from 0.5 
mG/min in steady-state mode to 105 Gy/sec in 
pulse mode. The ability to perform pulse 
irradiations mimicking nuclear detonations, 
combined with the large exposure rooms for 
animal experiments, make AFRRI a unique 
facility. 

To facilitate research and policy 
regarding identification and development of 
radiation countermeasures, AFRRI participates 
in extensive interactions with other military 
and civilian government agencies, academia 
and industry. 

  
Radiation Countermeasures with INDs 

Five radiation countermeasures have 
FDA IND or Emergency Use IND status. 
AFRRI was involved in the development of all 
five. Neupogen®, 5-AED and BIO300 were 
conceived and initially developed as 
countermeasures at AFRRI. AFRRI 
collaborated at early stages of CBLB502 and 
Ex-RAD® development.  

5-AED was conceived, initiated and 
developed as a radiation countermeasure by 
AFRRI [24]. AFRRI recruited Hollis-Eden 
Pharmaceuticals for advanced development of 
5-AED as Neumune [25]. It became the 
prototype small molecule radiation 
countermeasure with low toxicity for the 
current era of radiation countermeasure studies. 
5-AED elevates circulating granulocytes and 
platelets in animals and humans [25-27], and 
enhances survival in γ-irradiated mice and 
non-human primates (NHP) [28-29]. Human 
hematopoietic progenitors have been shown to 
be a target of the steroid [30]. Its mechanism 
of action in progenitor cells involves induction 
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effects of hypotension and nausea, investigated 
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the clinic [2]. 
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combined with the large exposure rooms for 
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AFRRI was involved in the development of all 
five. Neupogen®, 5-AED and BIO300 were 
conceived and initially developed as 
countermeasures at AFRRI. AFRRI 
collaborated at early stages of CBLB502 and 
Ex-RAD® development.  

5-AED was conceived, initiated and 
developed as a radiation countermeasure by 
AFRRI [24]. AFRRI recruited Hollis-Eden 
Pharmaceuticals for advanced development of 
5-AED as Neumune [25]. It became the 
prototype small molecule radiation 
countermeasure with low toxicity for the 
current era of radiation countermeasure studies. 
5-AED elevates circulating granulocytes and 
platelets in animals and humans [25-27], and 
enhances survival in γ-irradiated mice and 
non-human primates (NHP) [28-29]. Human 
hematopoietic progenitors have been shown to 
be a target of the steroid [30]. Its mechanism 
of action in progenitor cells involves induction 

of Nuclear Factor-κB (NFκB)-dependent 
Granulocyte Colony-Stimulating Factor (G-
CSF) expression [30], consistent with 
observations of plasma cytokine levels in mice 
given 5-AED [31-32]. 5-AED displays an 
excellent safety profile in humans [25], and 
was granted IND status in 2005. 

Genistein was discovered as a radiation 
countermeasure with low toxicity at AFRRI 
[33], and obtained IND status in 2007. 
Humanetics was recruited to assist in advanced 
development of genistein as BIO300. 
Genistein, a kinase inhibitor [34], enhances 
survival of irradiated mice in association with 
stimulation of multilineage hematopoietic 
progenitor recovery [35-36]. The 
hematopoietic factors G-CSF and interleukin 6 
(IL-6) are elevated in irradiated mice treated 
with genistein [37-39]. Genistein also protects 
against radiation-induced delayed lung injury 
[40]. 

Ex-RAD® is being developed as a 
radiation countermeasure at AFRRI in 
collaboration with Onconova Therapeutics 
[41-42]. It has a good safety profile in clinical 
testing [42], and received an IND in 2008. 
Like genistein, it is a small molecule kinase 
inhibitor [41]. Ex-RAD® enhances DNA 
repair, reducing signaling molecules in 
apoptotic pathways [41]. 

CBLB502, granted IND status in 2008, 
was developed as a radiation countermeasure 
by Cleveland BioLabs [43]. At an early stage 
of testing, AFRRI entered into collaboration 
with the company, which continues to this day. 
CBLB502 binds to toll-like receptor 5 (TLR5) 
and stimulates NFκB [43]. CBLB502 increases 
survival of mice and NHP exposed to TBI, and 
minimizes radiation-induced 
thrombocytopenia and neutropenia [43]. 
CBLB502 is being evaluated for safety in 
Phase I clinical trials [44]. AFRRI has shown 
that cytokine induction by CBLB502 in 
irradiated mice and NHP can be used as a non-
invasive biomarker related to drug dose, 
reduction of cytopenia and survival 
improvement [45]. 

 
Other AFRRI efforts 

Other promising countermeasures at 
AFRRI in earlier stages of development are the 
tocols [46-54], myeloid progenitor cells being 

developed with Cellerant Therapeutics [55], 
and a toll-like receptor 2/6 agonist being 
investigated in a collaboration with Cleveland 
BioLabs [56-57].  

In addition, AFRRI conducts studies to 
appraise countermeasures in the context of MF 
and radiation combined with other injuries, to 
mimic more closely the conditions that are 
expected in terrorist scenarios. 

A nuclear criticality results in MF during 
the first moments with significant risk of 
exposure to individuals beyond the zone of 
blast and burn fatalities, for detonations less 
than 10 KT [58]. Unfortunately, radiation 
countermeasures have been evaluated almost 
exclusively using low linear energy transfer 
(LET) radiation such as γ- and X-rays, rather 
than high LET radiation such as the neutron 
component of MF. AFRRI has tested various 
countermeasures against MF [59-64], and 
recently demonstrated that while G-CSF was 
effective as a radiation mitigator against both 
γ-photons and MF [65], ALXN4100TPO, a 
thrombopoietin mimetic, was effective against 
only γ-irradiation [65-66]. Hence radiation 
countermeasures should be studied with the 
radiation qualities appropriate for the exposure 
scenarios being considered in response plans. 

Radiation combined injury has long been 
known to produce a synergistic induction of 
morbidity compared to the effects of radiation 
or wounds/burns alone [67]. Because radiation 
combined injury induces complex 
pathophysiological responses, a number of 
countermeasures that are effective against 
radiation alone fail to mitigate the effects of 
combined injury [68] and vice versa [69]. 
AFRRI investigators continue to study 
mechanisms and countermeasures relevant to 
combined injury [70-72]. 

Radiation countermeasures are needed to 
address not only ARS, but also late effects 
such as mucositis; cataracts; pathologies such 
as fibrosis in lungs, skin and other organs; 
kidney damage; and increased risk of cancers 
[73-74]. AFRRI scientists are investigating the 
mechanisms of radiation-induced late effects, 
as well as dual-use agents such as the histone 
deactylase inhibitor phenylbutyrate, which 
shows promise as a countermeasure to both 
ARS and carcinogenesis [75]. Genistein can 
also be considered a dual-use agent, increasing 
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both 30-day survival and delayed lung injury 
after TBI [40]. 

According to the FDA’s Animal Efficacy 
Rule, radiation countermeasures may be tested 
in animal models where pathogenesis, 
pharmacokinetics and pharmacodynamics are 
as analogous to the human experience as 
possible, in order to predict efficacy in humans 
[74,76]. In order for a drug to be approved by 
the FDA, the mechanisms of injury and drug 
action, and the comparative pharmacology and 
toxicology of a countermeasure, must be well-
understood in the animal model [74,76]. The 
only established large animal models for ARS 
are canines and NHP [74], which is likely to be 
a major bottleneck in the development of 
radiation countermeasures [77]. Swine display 
close similarity to humans in terms of anatomy 
and physiology, and are widely accepted by 
industry and regulatory agencies for 
development of pharmaceuticals [78-79]. We 
are developing a minipig model of radiation-
induced multi-organ dysfunction syndrome 
and failure [80]. At the LD50/30 radiation dose 
(hematopoietic syndrome), the time of nadir 
and the duration of cytopenia resembled those 
observed for the corresponding LD50 doses for 
NHP and canines, and mimicked closely the 
kinetics of blood cell depletion and recovery in 
irradiated humans with reversible 
hematopoietic damage (METREPOL H3 
category) [81-82].  

 
 

Research Prioritization 
 
Pre-irradiation agents (radioprotectants) vs. 
post-irradiation agents (mitigators) 

There is a pressing need for 
radioprotectants for civilian first responders, 
civilians emerging into fallout fields after 
sheltering in place, and military personnel. 
Post-irradiation agents of course would also be 
needed for both civilian and military personnel. 
The funding for radiation countermeasure 
research has swung almost completely over to 
post-irradiation measures, for reasons that have 
not been clearly articulated. Should more 
support be given to identification and 
development of prophylactic measures? This is 
a question that needs to be seriously addressed. 

 

Timing of post-irradiation countermeasures 
Civilian funding agencies in the US have 

instituted a policy that development of  post-
irradiation measures will not be supported if 
treatment must be initiated earlier than 24 h 
after exposure. The rationale is that medical 
support will not be available earlier than 24 h 
post-irradiation during a mass casualty 
scenario. However, how likely is it that 
hundreds of thousands of casualties will be 
evacuated from a city to surrounding medical 
support facilities within 24 h [83-88]? The 24 
h limit extends to animal research, despite the 
fact that different species display different time 
courses of ARS [89]. Also, most mitigators are 
more effective when administered early after 
irradiation, before extensive waves of 
apoptosis have removed target cells capable of 
stimulated regeneration [90-95]. Experts 
recommend that hematopoietic factors should 
be given as early as possible after exposure 
[19,96]. Should radiation countermeasure 
development for civilian use include agents to 
be given within hours after irradiation? 

 
Far-forward fielding 

If radiation countermeasures are to be 
given within hours after irradiation, how would 
they be made available during massive 
breakdowns in communication and 
transportation during a mass casualty scenario 
[83-88]? Storage of countermeasures in 
hospitals, police stations would allow for 
control of agents by local authorities and 
release to the community during a disaster. 
This system (CHEMPACK) is in place for 
countermeasures to chemical weapons [97-98] 
and a similar solution for radiological disasters 
(RADPACK) has been discussed [99]. Hence 
far-forward fielding of countermeasures to 
ARS should be considered. 

 
Administration route 

It is often assumed that the most practical 
route of administration would be oral. 
However, subcutaneous delivery is relatively 
easy, and there are situations where oral 
administration would be problematic, such as 
in patients suffering from nausea and vomiting, 
common side effects of radiation. Also, 
personnel wearing protective gear in a 
contaminated zone would not be advised to 
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both 30-day survival and delayed lung injury 
after TBI [40]. 

According to the FDA’s Animal Efficacy 
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and physiology, and are widely accepted by 
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development of pharmaceuticals [78-79]. We 
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induced multi-organ dysfunction syndrome 
and failure [80]. At the LD50/30 radiation dose 
(hematopoietic syndrome), the time of nadir 
and the duration of cytopenia resembled those 
observed for the corresponding LD50 doses for 
NHP and canines, and mimicked closely the 
kinetics of blood cell depletion and recovery in 
irradiated humans with reversible 
hematopoietic damage (METREPOL H3 
category) [81-82].  
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Pre-irradiation agents (radioprotectants) vs. 
post-irradiation agents (mitigators) 

There is a pressing need for 
radioprotectants for civilian first responders, 
civilians emerging into fallout fields after 
sheltering in place, and military personnel. 
Post-irradiation agents of course would also be 
needed for both civilian and military personnel. 
The funding for radiation countermeasure 
research has swung almost completely over to 
post-irradiation measures, for reasons that have 
not been clearly articulated. Should more 
support be given to identification and 
development of prophylactic measures? This is 
a question that needs to be seriously addressed. 

 

Timing of post-irradiation countermeasures 
Civilian funding agencies in the US have 

instituted a policy that development of  post-
irradiation measures will not be supported if 
treatment must be initiated earlier than 24 h 
after exposure. The rationale is that medical 
support will not be available earlier than 24 h 
post-irradiation during a mass casualty 
scenario. However, how likely is it that 
hundreds of thousands of casualties will be 
evacuated from a city to surrounding medical 
support facilities within 24 h [83-88]? The 24 
h limit extends to animal research, despite the 
fact that different species display different time 
courses of ARS [89]. Also, most mitigators are 
more effective when administered early after 
irradiation, before extensive waves of 
apoptosis have removed target cells capable of 
stimulated regeneration [90-95]. Experts 
recommend that hematopoietic factors should 
be given as early as possible after exposure 
[19,96]. Should radiation countermeasure 
development for civilian use include agents to 
be given within hours after irradiation? 

 
Far-forward fielding 

If radiation countermeasures are to be 
given within hours after irradiation, how would 
they be made available during massive 
breakdowns in communication and 
transportation during a mass casualty scenario 
[83-88]? Storage of countermeasures in 
hospitals, police stations would allow for 
control of agents by local authorities and 
release to the community during a disaster. 
This system (CHEMPACK) is in place for 
countermeasures to chemical weapons [97-98] 
and a similar solution for radiological disasters 
(RADPACK) has been discussed [99]. Hence 
far-forward fielding of countermeasures to 
ARS should be considered. 

 
Administration route 

It is often assumed that the most practical 
route of administration would be oral. 
However, subcutaneous delivery is relatively 
easy, and there are situations where oral 
administration would be problematic, such as 
in patients suffering from nausea and vomiting, 
common side effects of radiation. Also, 
personnel wearing protective gear in a 
contaminated zone would not be advised to 

remove their head protection in order to take a 
pill. In such cases, the recommended route 
would be an intramuscular injection delivered 
through the protective clothing. For small scale 
scenarios or at medical support facilities well 
after a detonation has taken place, intravenous 
administration would be possible. This would 
be necessary for cellular therapies such as 
myeloid progenitor cells, which can be 
administered days after irradiation with no 
diminishment of the survival-enhancing effect 
[55]. 

 
Small molecule vs. large molecule, gene 
therapy, cellular therapies 

Large molecules, gene therapy, and 
cellular therapies may require intravenous 
administration and refrigeration or freezing, 
posing logistical difficulties. Should there be 
an emphasis on developing small molecule 
radiation countermeasures? What are the 
places of gene therapy and cellular therapies in 
response plans? Response plans should take 
into consideration all scales and phases of 
exposure scenarios. These therapies may not 
be feasible during the early days after a mass 
casualty incident, but may become useful 
during the later stages of the response, and 
after small scale scenarios.  

 
GI Syndrome issues 

There are two fundamental issues that 
should be considered by researchers and policy 
makers when considering the GI syndrome. 
First, the traditional GI syndrome in 
radiobiology has been characterized by early 
death (before 6-10 days) due to fluid and 
electrolyte imbalance and bacterial 
translocation [100-102]. A GI syndrome 
countermeasure was considered successful if it 
extended survival beyond that period. 
However, extension of survival from 10 days 
to 15 days may not have a significant clinical 
impact. Longer term survival-enhancement 
may be required. Hence a treatment may need 
to cover the hematopoietic syndrome to be 
approved by the FDA. 

Secondly, the traditional concepts of 
“hematopoietic syndrome” and “GI syndrome” 
are now being replaced by concepts of 
multiorgan dysfunction and multiorgan failure 
[103-104]. It is clear that GI damage 

contributes to the “hematopoietic syndrome” 
and bone marrow damage contributes to the 
“GI syndrome.” This is reflected in the fact 
that the survival monitoring period in studies 
of the GI syndrome has been creeping up in 
recent years until now it extends into the 
beginning (10-14 days) of the period of 
mortality for the traditional hematopoietic 
syndrome. Rotolo et al. reported that early 
deaths can occur without marked GI 
histopathology [105], and it is known that 
apoptosis can occur in GI crypts and villi after 
radiation doses that do not cause the “GI 
syndrome” [106]. In minipig, radiation doses 
that cause the “hematopoietic syndrome” are 
associated with signs of regeneration in GI villi 
and mild changes in crypts [82]. Also, 
shielding 5% of bone marrow reveals an 
influence of bone marrow on the course of the 
“GI syndrome” [107]. Hence the field needs to 
be clear about definitions of ARS when 
planning research and developing 
countermeasures. It may be necessary to 
rethink commonly used terminology when 
describing different degrees of severity of ARS, 
to frame observations and plans in the context 
of multi-organ involvement [103-104]. 
 
Funding 

Funding for research and development of 
radiation countermeasures is one component of 
the many efforts addressing weapons of mass 
destruction in general. The relative proportions 
of resources devoted to radiological/nuclear 
emergencies, chemical weapons, and 
biological warfare should be considered in 
light of their relative probabilities of 
occurrence and the relative scope of their 
consequences.   
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