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The radiation-induced bystander response (RIBR) is
a cellular response induced in nonirradiated cells that
receive bystander signals from directly irradiated cells
within an irradiated cell population.1) The RIBR in-
duced by low doses of high-LET radiations is an im-
portant issue concerning the health of astronauts and
in heavy-ion radiation cancer therapy. Here, we in-
vestigated the molecular mechanisms underlying and
biological implications of the RIBR induced by such
low doses of high-LET radiations.
Figure 1 shows the clonogenic survival curve of nor-

mal human fibroblast WI-38 cells irradiated with Fe
ions (1000 keV/µm). Cells were harvested from the
cell culture flask immediately (0 h) or 16–24 h after
irradiation, and the surviving fraction was determined
by using a colony formation assay. At doses below 0.2
Gy, the surviving fractions of the cells harvested 16-
24 h after exposure to Fe ions were much lower than
those extrapolated from higher doses above 0.1 Gy us-
ing the linear-quadratic model (LQ model).2) On the
other hand, the cells harvested immediately after ex-
posure did not show such a high cell killing effect at
lower doses. These results suggest that an adequate
incubation period is necessary for the bystander signal
induction and transfer.
Previously, we have reported that reactive oxygen

species (ROS), gap-junction intercellular communica-
tion (GJIC), and cyclooxygenase-2 (COX-2) protein as
well as nitric oxide (NO) may be involved in high-LET
radiation-induced bystander signal transfer.3) Here, we
show the progress of results reflecting new data [Fig.
2]. Lindane and NS-398 (an inhibitor of GJIC and
COX-2, respectively) were dissolved in DMSO (a scav-
enger of ROS). DMSO did not significantly suppress
the bystander cell killing effect. In contrast, lindane,
NS-398, and c-PTIO (a scavenger of NO) significantly
suppressed cell death to similar levels. Cells pretreated
with both c-PTIO and lindane did not show signifi-
cantly higher surviving fraction than those pretreated
with lindane or c-PITO alone. These results suggest
that bystander signaling through GJIC and the cell
culture medium induces the bystander cell killing ef-
fect in a coordinated manner.
Currently, we are examining the role of the NF-

κB/Cox-2/prostaglandin E2 and NF-κB/iNOS/NO
pathways,4) which may be activated in bystander cells.
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Fig. 1. Survival curves of WI-38 cells. Confluent mono-

layers of WI-38 cells were irradiated with 90 MeV/u Fe

ions (1000 keV/µm) and the cells were harvested imme-

diately (0 h) or 16–24 h after irradiation. The surviving

fraction was determined by using a colony forming as-

say. Panel A shows all data obtained in this study.

Panel B shows surviving fractions at doses below 0.5

Gy. The error bars represent the standard deviations.

Fig. 2. Effect of inhibitors or scavengers. DMSO (0.1%),

lindane (Lin, 50 µM), c-PTIO (20 µM), or NS-398 (50

µM) was added to the medium 2 h before irradiation.5)

WI-38 cells were irradiated with 0.1 Gy Fe ions. The

error bars represent the standard errors of the mean

(SEM) (n=3–4).*P < 0.05, for comparison with irradi-

ated control cultures.
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Effect of days after irradiation on lethal rate of F3 progeny in the 
fruit fly mutation isolation system 
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Heavy-ion beam mutagenesis is generally recognized as 
an effective method for mutation breeding1, 2). Although this 
method was greatly successful with a plant, its application 
is still limited for animals. We therefore plan to acquire 
more basic data to set up optimal conditions for the 
irradiation system by heavy-ion beam using Drosophila 
melanogaster (fruit fly) as a useful model. 

In a previous study, we have developed and improved a 
stable mutant isolation system using fruit flies by 
employing carbon-ion beam irradiation. In the system, we 
prepared a useful genetic tool, called balancer chromosome, 
to prevent genomic recombination. We also prepared small 
commercial cuvettes with a plane surface to apply 
heavy-ion beam equally to overcome unstable results3). 
Then, we could observe a linear correlation between a 
number of F1 progeny and an irradiation dose when the 
males were irradiated with a carbon-ion beam3). 

In this report, we introduced a new machine to improve 
the mutant isolation system [Fig. 1a]. If fruit flies are put 
in empty cuvettes for irradiation, they die because of 
dryness. So, it is necessary to put fly foods in the cuvettes to 
avoid dryness.	 However, it was difficult to prepare many 
samples without polluting the irradiated surface because the 
food was stuffed manually. The machine made it possible to 
dispense fly foods to many cuvettes without polluting the 
side surface of the cuvettes. 

We prepared powdered fly foods for the machine, 
because it is easy to use and is commercially available. We 
considered using a needle tip for dispensing viscous fly 
foods to many cuvettes continuously [Fig. 1b]. Then we 
optimized the water-to- powder ratio for injection. Next, we 
set parameters for the dispensing machine using a program, 
such that the surface of fly foods was slanted in a cuvette 
[Fig. 1c]. As a result of these examinations, we were able 
to prepare more than 300 cuvettes in 2 hours. 

To optimize the conditions for the mutant isolation 
system, we estimated the suitable state of F1 progeny that 
includes a possibility of chromosome damages. Various 
developmental cells are intermingled in testis of irradiated 
fruit fly. The repair mechanism to DNA damages and the 
sensitivity to irradiation are different in each cell4). So, it is 
important to know when flies with high probability of DNA 
damage are born. Because DNA damages to important 
genes for survival can be judged by the homozygotes born 
in F3 progeny, we measured a frequency of lethal rate of F3 
progeny [Fig. 2]. The progeny being born 4 days after 
irradiation at 10 Gy dose levels recorded the maximum 
frequency of lethal rate [Fig. 2]. These data will be helpful 
for optimizing the irradiation system in the future.          
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Fig. 1. a) A photograph of a micro dispensing machine 
(Shopmaster 300DS made by Musashi engineering, Inc.). b) 
A photograph of magnified view of dispensing fly foods 
into cuvettes. c) A diagram of a comparison of a surface of 
fly foods in the cuvettes. A dispensing program has been 
tuned so that a shadow does not form in the cuvettes by fly 
foods. The left figure shows a failure caused by fly food 
shadow. The right figure shows appropriate placement of 
fly food. Heavy-ion beams are indicated as red arrows. 
 

Fig. 2. A change in frequency of lethal rate of F3 progeny. 
Parental male flies were irradiated with a carbon-ion beam 
with linear energy transfer values of 80keV/µm. F: filial 
generation. 
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