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In radiation biology, analysis of various mechanisms in response to radiation has been accomplished
with the use of model organisms. These model organisms are powerful tools for providing a bio-
logically intact in vivo environment to assess physiological and pathophysiological processes affected
by radiation. Accumulated data using these models have been applied to human clinical studies
(including the evaluation of radiotherapeutic efficacy) and discovery of radiotherapy reagents.
However, there are few studies to provide overall integrated information about these useful model
organisms. Thus, this review summarizes the results of radiation biology studies using four
well-known model organisms: yeast, Caenorhabditis elegans, Drosophila melanogaster, and mice.
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Introduction

The molecular, cellular and physiological analyses of vari-
ous response pathways in humans have been accomplished
by using of model organisms including yeast, fruit flies, and
mice. These models allow us to understand other molecular
mechanisms of cellular system, including cell cycle regu-
lation, apoptosis, and tumorigenesis [73]. In addition, model
organisms have been used to examine the pathogenesis of
various diseases such as heart disease, neurodegenerative
disorders, and cancers as well as discover novel targets for
treating these conditions and enhancing the efficiency of tar-
geted therapies [110].

In the same context, several model organisms have been
adopted for conducting radiation biology studies [1,7,83].
Data from cell-based assays have helped to identify molec-
ular targets in response to radiation and screen potent drugs.
These attempts have resulted in effective outcomes in cel-
lular conditions. Cell-based studies, however, are limited in
that they overlook the potential roles of physiological con-
ditions in tissues and organs. Experiments using model or-
ganisms could address this limitation because these models
provide biologically intact systems available for evaluating

the physiological effects of radiation. Moreover, data from
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studies using yeast, worms, flies, and mice could be applied
to human-based medical and medicinal investigations such
as evaluating radiotherapeutic efficacy, developing radio-
therapeutic adjuvants, and examining the mechanisms of ra-
diation-induced injury in normal tissue.

Each model organism has unique properties, including
life cycles, average lifespans, cellular pathways that respond
to exogenous signals, and degrees of similarity to human
cells in terms of genes and proteins. Based on these proper-
ties, each organism has advantages as well as limitations
when using these models for different experimental
methods. For example, yeast can be a good model for an-
ti-cancer drug screening but it may be difficult to use these
cells to directly explain various mechanisms of human dis-
eases such as pulmonary fibrosis [24,110]. It is thus im-
portant for investigators to determine which organism is ap-
propriate for their experiments. In this review, we provide
an overview of four representative model organisms that
have been used for radiation biology investigation: yeast,
Caenorhabditis (C) elegans, Drosgphila (D.) melanogaster, and

mice.

Yeast: an amenable and rapid research
model eukaryotic organism

Yeasts, including Saccharomyces (5,) cerevisiae and
Schizasaccharomyces (S,) pombe have been widely employed



as model systems for eukaryotic cell biology studies includ-
ing genomics, cancer research, medicinal research, and radi-
ation biology investigations [12,110]. Several reports study-
ing the yeast genome have found that amino acid sequences
and the functions of proteins in yeast and mammals, includ-
ing ubiquitin, cytoskeletal elements, and a number of en-
zymes, are highly well conserved [12,40,110]. In particular,
the analysis of yeast data has provided information about
individual gene functions, protein-protein interactions,
high-throughput screening, and genome-wide screening
which can be applied to other eukaryotic organisms, includ-
ing humans [11,55,70].

In radiation biology, yeasts have also been frequently
used as experimental tools for investigating the DNA dam-
age response following irradiation and mechanisms under-
lying radiosensitization and radioresistance. A variety of
studies using yeasts have been conducted which focused on
individual gene functions and protein interactions induced
by irradiation [10,27,95]. Other yeast-based studies have
demonstrated that an antioxidant defense mechanism is in-
duced in response to ionizing radiation (IR) [69,123]. Several
groups have shown that anti-oxidant enzymes, such as su-
peroxide dismutase (SOD) and Yapl, are activated to protect
against IR-associated oxidative stress [69,78]. Additionally,
many checkpoint and DNA repair genes, including RADY,
RAD17, RAD24 and RAD53, were identified during the re-
sponse to DNA lesions induced by IR, leading to regulation
of radio-sensitivity in S cerevisiae [18,34,64]. These genes
may play a role in survival signaling that acts against IR-in-
duced damage. Studies of these genes have provided funda-
mental information for understanding the mechanisms un-
derlying radioresistant properties of human cancer cells.

In the early 2000s, a genome-wide screening for radia-
tion-affected genes in budding yeast 5. cerevisiae was
conducted. This study revealed that a large number of genes,
involved in cell cycle control, nuclear pore formation, DNA
damage repair, transcription regulation, Golgi/vacuolar ac-
tivities, ubiquitin-mediated protein degradation, mitochon-
drial activities, and cell wall maintenance, were associated
with resistance to IR. More than half of these genes shared
a similar homology with human genes. Some of these, such
as SAC6 and DHHI (putative orthologs of human oncogene
LCPI and DDX6, respectively), are involved in malignancies,
indicating that they affect the radioresistant properties dur-
ing radiotherapy for treating cancer [7]. Another study using
the fission yeast 5. pambe was reported. In this investigation,
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global gene expression in response to conditions or reagents
that induced DNA damage, including oxidative stress, heat
shock, osmotic shock, heavy metal stress, DNA-damaging
agents, and y-irradiation was analyzed by DNA microarrays.
Comparative analyses have demonstrated that genes in-
volved in the DNA damage response, cell cycle regulators,
signal transducers, stress-response genes, and genes in-
volved in the metabolism of carbohydrates, lipids, and pro-
teins are up-regulated by y-irradiation. Among these, some
subsets, such as rApbl, ripb4, and dinB which encode DNA
repair proteins, might only respond to y-irradiation [123].

Altogether, yeast is a simple and efficient model organism
for providing fundamental information about IR-induced re-
sponses, such as antioxidant defense mechanism and DNA
damage response, and investigating functionally related hu-
man genes. Such information obtained from yeast has been
conveniently applied to the screening of anti-cancer drugs
and radiotherapeutic adjuvants [110]. Several radio-
therapeutic agents have been examined in yeast-based assay
for their protective role against radiation-induced damage
[2,392]. The data obtained from yeast cell-based studies,
however, may have a limited ability to explain IR-induced
clinical responses in human tissues or organs. To address
this difficulty, data from higher-level eukaryotes, such as
fruit flies and mice, are required.

C. elegans: an excellent organism for
behavior study

The small nematode C degans has been an attractive mod-
el organism for biological research since it was first used
as a model for developmental and behavior studies by
Sydney Brenner over 40 years ago [15]. C elegans has several
advantages including its small size, rapid life cycle, short
lifespan, genetic manipulability, and availability of its com-
plete genome sequence [112,115]. Due to these properties,
a number of studies have been performed, which provide
the bulk of genotypic and phenotypic data available to
researchers. Thus, C elegans has been adopted as a good in
vivo model organism in the field of radiation biology.

C degans was first used to evaluate the response to radia-
tion in 1976 [49]. Subsequent studies have helped identify
IR-response genes, including rad'7 and rad’Z, the mechanism
of radiation-induced DNA damage repair, and radiation
quality effect [46,47,84]. After the C elegans genome was

fully sequenced, analyses using high-throughput screening
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and bioinformatics tools have found that about 53% of the
genes are significantly similar to genes of other organisms,
including yeasts and humans. Some of these genes are asso-
ciated with factors that respond to DNA damage induced
by oxidative stress, radiation, and chemical mutagens
[13,83,114,126].

C. elegans has been used to examine cellular mechanisms
involved in the response to radiation, including apoptosis,
cell cycle arrest, and DNA damage repair. A variety of inves-
tigations have contributed to discovering the mechanism un-
derlying IR-induced apoptosis in germ cells of C elggans 39].
Several components, such as CED-3 (caspase homolog),
CED-4 (apoptotic protease-activating factor 1 homolog),
CED-9 (Bcl-2 homolog), and CEP-1 (p53 homolog) were
playing critical roles in activation of apoptotic pathway after
irradiation. [20,33,39,41,61,73,103,104,120,125]. In addition, C
elegans has been often used as a model to explain the aging
mechanism regulated by oxidative stress which is possibly
induced by radiation exposure. Several genetic studies have
identified age-related genes, such as age-Z, clk-1, daf-2, dafl16,
and mev-1 [36,52,59,67,121,127,129]. These genes are respon-
sible for activation of survival signaling pathway such as
DNA damage repair and antioxidant defense in response to
oxidative stress, resulting in lifespan extension. Another re-
port has presented that IR-induced oxidative damage was
alleviated and consequently lifespan of C elegans was ex-
tended by treatment of anti-oxidative agent resveratrol, in-
dicating that C elegans could be also an attractive candidate
for investigation of pharmacological mechanism, like yeast
[128].

C elegans is also an efficient model for analyzing changes
in behavior patterns in response to radiation. This organism
has about 300 neurons connected by synapses and gap junc-
tions and is able to display dynamic patterns of behavior,
including learning, locomotion, and socialization in response
to environmental conditions [23,50,98,102,124]. C elegans
shows a decreased locomotory rate in the presence of food;
this has been defined as the “basal slowing response” [102].
A previous report showed that IR-induced locomotion of C
elegans was reduced in the absence of food, indicating that
IR might affect the nervous system and regulate motor-be-
havior [99,113]. In addition, another study demonstrated that
IR-induced responses might act as a modulator that influen-
ces food-NaCl associative learning by regulating specific
sensory neurons related to GPC-1 (one of the two y subunits

of the heterotrimeric G-protein) in the nervous system, con-

sequently leading to altered learning behavior [100]. Such
IR-induced behavior data derived from the C eegans model
has helped identify potential risks associated with radio-
therapy for treating brain tumors, including decreased learn-
ing and memory.

All together, C elegans as an in vivo radiation biology
model can render significant clues to elucidate the several
cellular mechanisms of radiation-induced responses. In addi-
tion, C elegans studies can provide fundamental information
to describe the aging mechanism and neurological response
to IR in different biological systems. These outcomes can
help apply for understanding of IR-induced human re-
sponse, although, like yeast as a model organism, there are
significant differences in physiological characteristics be-

tween C eegans and mammals [101].

D. melanogaster: a landmark model
organism for phenotype analysis

D. melanogaster (fruit fly) has been a preeminent animal
model used in modern biological sciences since the heredity
study conducted by Morgan in the early 20" century. The
concept that chromosomes encode heritable traits was first
developed using the fly along with many other outstanding
discoveries in the field of genetics and development [96].
In 1927, Muller showed that IR causes chromosomal damage
using male fruit fly germ cells. For this finding, Muller re-
ceived a Nobel Prize in 1946 [82]. D. melanggaster has many
attractive features that make it a landmark model for study-
ing radiation biology. The fly genome has been completely
sequenced and annotated, and contains more than 14,000
genes which have a nearly 75% homology to human genes
associated with various diseases including cancer as well as
immune and neurodegenerative diseases. Although overall
identity between flies and mammals at the nucleotide or pro-
tein sequence is approximately 40%, the levels of similarity
can be 80 to 90% in conserved functional domains [76,91].
The fly has unique characteristics traditional rodent models
lack that makes flies ideal for studying radiation biology.
These include as a short lifespan of about 60 days, excellent
fertility rates (hundreds of identical offspring can be pro-
duced by a single fertile mating pair), and distinct devel-
opmental stages.

The fly may be considered as a versatile model organism
due to its defined developmental stages: embryo, larva, pu-

pa, and adult. Each stage has its own specific advantages



for investigating the effects of radiation. Embryos are often
irradiated in fundamental developmental studies including
ones evaluating cell fate determination, gene expression and
organogenesis [31,62,106]. Larvae, particularly 3 instar lar-
vae, are most commonly used for irradiation experiments
to study developmental and physiological processes since
tissues, known as imaginal discs, grow inside the larva dur-
ing this developmental stage [5,9,37,58,79,88,107,108,119].
Beginning in the late third instar larval phase and proceed-
ing through the pupal phase, the imaginal disc develops into
most structures of the adult body, such as the head, legs,
wings, thorax, and genitalia. Exposure to IR during the 3"
larva stage may be used to observe the detrimental effects
of radiation on development. Adult flies are suitable for
studying radiation resistance owing to the composition of
post-mitotic tissues. This makes it possible to determine the
effects of radiation without the confounding effects from mi-
totic tissues [48,89].

Above all, the most invaluable attribute of D. melanqgaster
as an animal model is the establishment of advanced genetic
techniques for the production of transgenic flies. Since the
initial development of a GAL4/UAS system for specific gene
expression in 1993, many modifications and enhancements
of this basic system have been created to further refine spa-
tial and temporal expression in the fly body [94]. Moreover,
a collection of RNAi (RNA interference) knockdown strains
targeting about 90% of the entire fly genome has been con-
structed and is now available from the Vienna Drosophila
RNAi Center (http://www.vdrc.at/) [25]. A great number
of genes involved in responses to radiation have been inves-
tigated using these transgenic flies, including ones affecting
apoptosis, DNA repair, stress responses, cell cycle regu-
lation, and longevity [21,68,80,81,87].

Since the study conducted by Muller mentioned above,
many groups have examined the dose-dependent effects of
radiation on germ cell damage. Initial experiments involving
thousands of Drosgphila demonstrated that radiation induces
mutation rates up to 150 times greater than spontaneous mu-
tation rate [82]. This group hypothesized that radiation can
cause severe infertility. These and similar experimental re-
sults using mouse sperm indicated that there is no safe
threshold dose no matter how low. This serves as the basis
for guide-lines to protect human from radiation exposure
in the world [118].

Developments in transgenic fly technology have con-

tributed to the characterization of gene functions related to
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specific conditions such as neurodegenerative diseases,
cancer, and diabetes [8,44]. Tumor development is a very
complicated process involving various cellular responses
including genome integrity, DNA damage response, apop-
tosis, and cell cycle regulation. These responses are highly
conserved among different species, and many genes of
these responses identified in Drosgpfila are altered in hu-
man cancers [16,19,86,111]. Recently, fruit flies were also
used to evaluate the efficacy of cancer therapeutic ap-
proaches involving combinations of radiation and chemical
reagents [32].

Drasgphila have been usually used for studying innate im-
munity since key elements of the innate immune system are
highly conserved between flies and humans [51].
Identification of the Toll and Imd signaling pathways,
well-known for mediators of bacterial and fungal infections
in the fruit fly, led to the identification of mammalian coun-
terparts of the Toll-like receptor and tumor necrosis factor
pathways [72]. Reactive oxygen species (ROS) and IR were
also reported to be involved in the Drasgphila immune re-
sponse [97,106]. In addition, experiments conducted to study
the effect of radiation on innate immunity showed that low
dose radiation specifically activates a particular immune
pathway in Drasgphila [105]. Taken together, the findings of
these studies illustrate how radiation affects innate im-
munity at the molecular level.

Considering the results of previous experiments, it is clear
that Drasgpfila is a useful animal model in both the discov-
ery for the physiological mechanism of radiation effect and
the validation for the efficacy of reagents related to radiation
response. Although there are many differences between flies
and humans, the degree of biological and physiological con-
servation enables the use of D. mdanqgaster as an extremely

valuable tool for radiation biology studies.

Mus musculus (mouse): a premier
mammalian model

Among the higher eukaryotic organisms, mice are one
of the most suitable models for investigating IR-mediated
human physiological responses, since about 99% of the
genes in mice and humans are shared. Additionally, com-
mon pathophysiological processes of various diseases, par-
ticularly cancer, obesity, diabetes, neurological disorders,
and heart disease, are also shared [122]. From the early

1900s to now, many studies, involved in basic biology, ge-
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nomics, cancer research, and transplantation biology, have
provided much information which has systematically accu-
mulated to form the infrastructure of mouse-based data-
bases and resources (ie, mouse genome informatics;
http:/ /www informatics.jax.org) [90]. In the same context,
a large number of genetically modified mice, including in-
bred mouse strains, transgenic mice, and knock-out mice,
have been established and are commercially available [63].
Mice have a relatively short development period (about 20
days), so researchers can obtain their desired data easily
and quickly. For these reasons, the mouse is considered to
be a premier model organism for understanding the genet-
ic basis and complicated mechanisms of various human
diseases and normal physiological processes such as radio-
resistance in cancer cells and inflammatory response in the
normal tissue during radiotherapy.

Many groups have employed the mouse as an ex-
perimental model for protein profiling analysis in the con-
text of the radiation response [4,43,74,93]. One study using
C57BL/6 mice found that IR induces differences in protein
expression patterns between brain and intestine (organs
known to be resistant and sensitive to radiation, re-
spectively) by comparative 2-DE and gel imaging analyses.
Based on these results, several proteins, including trans-
aldolase 1 and phosphoglycerate kinase 1, were identified
as potential markers of IR responses in brain and intestine,
respectively [74]. Other groups demonstrated IR-induced
changes of serum protein content in the skin of BABL/c mice
and performed IR-induced protein expression profiling in
blood-plasma of CBA/CaJ mice primarily using 2-DE pro-
teomic analysis [43,93]. In addition, cardiac mitochondrial
proteome and function using C57BL/6N mice was inves-
tigated by analyses of several proteomic approaches and in-
teractome network [6]. These data have been used to identify
tissue-specific protein biomarkers to help prognose and di-
agnose the IR-induced response of normal and cancerous
tissues.

Mice were also used for investigating IR-induced patho-
genesis of various conditions such as thymic lymphomas,
hepatic injury, and lung fibrosis [4,38,56,65,66]. One study
investigated radiation-induced DNA damage in C57BL/6]
mice. This damage might result in the accumulation of muta-
tions in tumor suppressor genes, such as p53 and C71FZ,
thus leading to the development of mouse thymic lympho-
mas [14,65]. In addition to DNA damage, irradiated liver
tissues from C3H/HeJ] mice were shown to have up-regu-

lated levels of antioxidant enzymes, including glutathione
Stransferase Pi, peroxiredoxin VI, and cytochrome ¢ which
could help protect against radiation injury mediated by
IR-generated ROS [1,71]. Another study was performed to
investigate different responses to IR in the lungs of C3H/He]J
(a lung fibrosis-resistant strain) and C57BL/6] (a lung fib-
rosis-sensitive strain) mice. Comparative analysis using a
proteomic approach has shown that the expression of several
antioxidant proteins, including SOD1, cytochrome ¢ oxidase,
and glutamate dehydrogenase, were decreased in the irradi-
ated C57BL/6] mice compared to C3H/He] mice [4]. This
finding suggests that IR leads to the dysregulation of cellular
defense systems which protect against oxidative stress and
could be responsible for lung toxicity, possibly leading to
the development of lung fibrosis. Together, such studies
have provided insights into physiological mechanism under-
lying normal tissue injury and tumorigenesis in humans re-
ceiving radiotherapy.

In addition to the use of mouse model for studying nor-
mal tissue damage, mice are good model for understanding
the enhancement of radiotherapeutic efficiency for treating
cancer. When anti-cancer drugs as well as radioprotective
agents that prevent normal tissue damage were identified
by wide-range screening, they were further assessed by
cell-based in vitroand ex vivo experiments, such as cytotox-
icity screens and biochemical assays, to further reveal their
functions. Based on data produced by these studies, mice
were employed as in vivo models to test various chemicals
administered in combination with radiotherapy. This was
done to confirm for their activities in physiologically rele-
vant environments through the use of tumor xenografts,
transplantation techniques and genetically engineered mice
[17,60,85].

Tumor xenografts in mice have been used as models for
preclinical testing of radiotherapy strategies. An inves-
tigation using tumor xenografts in mice to establish an
IR-guided drug delivery system for specifically treating lung
cancer has been presented. In this study, an anti-cancer drug
with specific peptides targeting the radiation-inducible
membrane protein, tax-interacting protein-1, was evaluated
in a tumor model (lung cancer cells grafted in C57 and athy-
mic nude mice). The results showed that the drug specifi-
cally targeted tumor mass, leading to the reduction of tumor
volume [45]. In addition to tumor xenograft models, genet-
ically engineered mice, including knockout mice, have been

also developed to explore the in vivo functions of many



genes in response to IR. Finding from studies involved these
animals could support the in vitro data, and consequently
to render the clues for discovering novel target-specific
drugs [22,35,75].

Many groups have adopted and/or (if necessary) modi-
fied a specific mouse strain as a disease model based on
the characteristics of each strain or using the genetic en-
gineering and tumor xenograft methods. These mouse mod-
els have been recently used for obtaining the clinical im-
plication to apply appropriate radiotherapy strategy to many
diseases. Several investigations have been conducted to un-
derstand radiation-induced lung injury (fibrosis and pneu-
monitis) using various mouse strains including C3H, CBA,
C57BL/6, C57L, BALB/c, C57BR/], and A/] mice
[26,28-30,57,109,117]. Some of these strains have been con-
troversial to be proper models for lung injury model because
they have shown the unrelated phenomena to lung fibrosis
or pneumonitis in response to radiation. Thus, one study
using comparative analysis of several strains have reported
that, based on histopathological analyses, CBA, C3H, and,
especially, C57L strains are more desirable for investigating
radiation-induced lung fibrosis and pneumonitis and devel-
oping appropriate radioprotective therapies [56,57]. In addi-
tion to lung model, there are more models designed for spe-
cific disease. A study using a specifically designed DBA/2]
mouse as a glaucoma (a leading cause of visual loss) disease
model has reported that the development of glaucoma might
be resulted from neuroinflammatory response, which could
be prevented effectively by localizing tissue radiation [53,54].
The mouse prostate reconstitution model system have been
generated using RM-9 cells (the specific intent to mimic the
phenotypic and genetic characteristics of human prostate
cancer) to investigate the intratumoral mechanism
(regulation of immune and hypoxia response) induced by
co-treatment of chemotherapy and radiotherapy [42,77,116].
Many groups have made a great effort to establish the desir-
able model mice for specific disease although the outcome
was still insufficient. These efforts could definitely help to
investigate the mechanism of radiation-induced disease de-
velopment and to enhance the efficacy of radiotherapy with
high accuracy in a relatively short time. Moreover, such a
disease model may satisty the preclinical requirements for
approval of radiation adjuvants for enhanced radiotherapy
or radiation protectors against radiation-induced normal tis-
sue injury for human use.

Altogether, the mice have several important advantages
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for studying radiation biology compared to other organisms
such as yeast, worms, and flies. Unlike lower organisms, the
mouse has a highly conserved genome and proteome com-
pared to humans. Genetically engineered mice and disease
model mice can directly provide clinical information about
the response to radiation. In addition, these mice are also
useful for validating the physiological efficacy of candidate

radiotherapeutic drugs discovered by cell-based screening.

Conclusions

This review discussed the use of model organisms to con-
duct the radiation biology investigations. All models can
produce valuable information important for understanding
the response to radiation (Table 1). This accumulated data-
bases and resources of each organism are generally acces-
sible as well (Table 2). Basic studies in yeast have con-
tributed to elucidating conserved biological responses, pro-
moted the development of genomic methodologies, and pro-
vided functional information about IR-responsive eukaryotic
proteins through genome-wide high-throughput approaches.
Moreover, yeast-based assays may be used for the discovery
of radiotherapeutic agents and measuring the enhanced effi-
cacy of radiotherapy for treating cancer. C. elegans may be
an appropriate model for studying IR-induced basic cellular
responses including apoptosis, cell cycle arrest, and DNA
damage repair. In addition, C elegans can be used as a basic
model to investigate the effect IR on the nervous system.
Data from these two organisms, yeast and C. elegans, may
have a limited ability to apply to directly IR-induced clinical
response in human, because they are so simple compared
to human physiology. D. melanggaster is often used for basic
and applied studies of IR-induced responses based on phe-
notype analysis. Transgenic fly models allowed us to inves-
tigate mechanisms of physiological changes induced by IR
in humans. However, data from D. melanogaster may also
be insufficient to explain the IR-mediated physiological re-
sponse in human owing to different body system between
fly and human. Since the mouse is a higher organism, it
is the most suitable among the four models for clinical stud-
ies to understand human physiological and pathological re-
sponses mediated by IR. Mice can be also used to evaluate
the effects of drugs administered in combined with
radiation. On the other hand, mouse has relatively more ex-
pensive and strict care condition and need more time to ob-
tain experimental results than others. Based on these proper-
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Table 1. Comparison of four model organisms

Yeast C eegans

Mouse

Feature

Advantage of Simple growth

Short lifespan,

Excellent fertility Higher functional genetic

experiments  requirements, Rapid life cycle, (identical offsprings), and proteomic
Rapid cell growth, Small body size, Distinct developmental  conservation to human
Ease of genetic Transparent body, stages, homolog,
manipulation, Ease of genetic Transgenic flies Transplantation,
Genome-wide screening manipulation, Gene-knockout or
Knockout mutant -knockin mice,
libraries, Proteomics (tissue- or
Behavior pattern organ-based),
Construction of disease
model
Clinical Determination of candidate Cellular response to Analysis of IR-induced  Disease model in
meanings genes and proteins in radiation, phenotype changes, radiation biology,

response to radiation
Cell-based drug screening
for radiotherapy

(basic tool)

mechanisms,

pathway

IR-induced aging

IR-mediated neuronal

IR-affected innate
immunity

Drug screening for
radiotherapy

Examination of heritable (physiological application),
effects Drug delivery system

Table 2. Websites for database of four model organisms

Yeast

Saccharomyces Genome Database

Mammalian homology to yeast

Yeast homologs of human disease-associated genes

C éegans
WormBase

Caenorhabditis Genetics Center

D. melanogaster

Drosgphila Genomics Resource Center

Drosgphila functional genomics and proteomics

Database of human disease gene homologs in Drosopfila
Vienna Drosophila RNAi Center

Mouse

Mouse Genome Informatics
International Mouse Strain Resources
Mouse Mutant Resource

http:/ /www.yeastgenome.org/
http:// www.yeastgenome.org/mammal/
http:/ /mips.gsf.de/proj/ yeast/reviews/human_diseases.htm

http:/ /www.wormbase.org/
http:/ /www.cbs.umn.edu/CGC/

https:/ /dgrc.cgb.indiana.edu/

http:/ /www.gen.cam.ac.uk/ ~flychip/
http:/ /homophila.sdsc.edu/

http:/ /www.vdrc.at/

http:/ /www.informatics.jax.org
http:/ /www.informatics.jax.org/imsr/index.jsp
http:/ /www jax.org/mmr/index.html

ties, yeast, C elegans, and D. melanqgaster can be appropriate
models for initial step in investigation of radiation biology,
such as identifying IR-induced novel biomarker protein, in-
vestigating cellular mechanism of the protein, screening nov-
el radiotherapeutic drug, and testing its cytotoxicity. In addi-

tion, D. melanogaster might be a good model for testing IR-in-
duced simple physiological response and heritable effects as
well. Among four organisms, mouse, especially as a disease
model, is the best-suited for preclinical study of radiation
response, including validation of the physiological efficacy



of novel radiotherapeutic drugs and determination of the
appropriate dose for administration.

In radiation biology, model organisms are considered
mandatory for confirming i vifro data because the responses
to radiation might vary in different tissues or cells. The un-
derlying biological mechanisms in humans and these model
organisms can be quite different as well. Nevertheless, if in-
vestigators comprehend the properties of each model organ-
ism and choose the proper one for studying of radiation
mechanisms, these models can make valuable contributions
to basic radiation biology investigations as well as the devel-

opment of clinical applications for humans.
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