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were base substitutions; 20 G:C to A:T transitions
(74.1%), three A:T to G:C transitions (11.1%), two G:C
to T:A transversions and two G:C to C:G transversions
(7.4%). These observations are consistent with the
results obtained from mutation analyses of the
CTNNBI1 gene in cancers from HNPCC patients; 12
reported base substitutions were as follows: TCT to
TTT, CCT, or TGT at codon $45; ACC to GCC at codon
T41; TCT to TGT at codon S37; GGA to GAA at codon
G34; GAC to GGC or TAC at codon D32 (40). The G:C
to A:T transition at codon G34 and G:C to C:G trans-
version at codon S37 were commonly observed in
both human and mouse tumors. The difference ob-
served between human and mouse mutation spectra
may due to the different nucleotide sequence context
in this locus of these two species. The similarity of the
mutation types and spectra suggests that the
KBrOs-treatment of mice may mimic the oxidative
stress in human to induce DNA damage in the intes-
tine. We detected only two G:C to T:A transversions,
thus suggesting that the DNA repair enzymes, in-
cluding Oggl and Mutyh, may suppress
8-oxoG-related mutagenesis to some extent in
KBrOs-treated Msh2-deficient mice. Besides the one
G:C to T:A transversion at the codon for S33, three
types of mutations other than the G:C to A:T transi-
tion were observed at only the codon for S37; three
A:T to G:C transitions, two G:C to C:G transversions,
and one G:C to T:A transversion. Because these types
of mutations were suppressed by the overexpression
of MTH1, which hydrolyzes oxidized purine nucleo-
tide triphosphates, in MSH2-deficient human cells (28,
29), the nucleotide sequence context around the codon
for S37 might be competent to enhance the incorpora-
tion of oxidatively-damaged purine nucleotide tri-
phosphates by DNA polymerase.

MMR factors are well known to be involved in
the induction of apoptosis caused by
Of-methylguanine (O%-mG), a type of DNA damage
produced by alkylating agents (19-21). O®mG can
pair with thymine during DNA replication, forming
05-mG:T mispairs. MutSa recognizes this mispair and
forms a complex with MutLa and PCNA to induce
apoptosis (20). The Msh2-deficiency also caused a
failure to induce apoptosis effectively in response to
oxidative DNA damage (26). Thus, in the present
study, we analyzed the cell death of the crypts of
small intestines from wild type and Msh2-deficient
mice treated with KBrOs using a TUNEL assay. A
larger number of TUNEL-positive cells were observed
in the crypts from wild type mice compared with
Msh2-deficient mice, suggesting that the crypt cells
with MMR-deficiencies showed an increased chance
of surviving protracted exposure to KBrO;. The better
survival of MMR-deficient cells with pre-mutagenic

lesions in the genome induced by oxidative stresses
may contribute to the increased cancer risk character-
istic of the hereditary non-polyposis colorectal cancer
syndrome.

In conclusion, we herein demonstrated that oxi-
dative stress enhanced the tumor formation in the
small intestines of Msh2-deficient mice, thereby
providing experimental evidence of the association
between  oxidative  stress and  hereditary
non-polyposis  colorectal cancer caused by
MMR-deficiency in humans. We propose that MMR
suppresses spontaneous tumorigenesis in the intes-
tines of mammals by simultaneously preventing the
occurrence of mutations and the removal of precan-
cerous cells containing pre-mutagenic oxidative le-
sions in the genome.
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We present here a mutation assay with little bias which
incorporates high-throughput DNA sequencing technolo-
gy. Our strategy is simple: 1) expose cells to a test com-
pound, 2) isolate colonies, and 3) carry out whole-genome
sequencing of the clones. In this pilot study, we used
Salmonelia typhimurium TA100 as a tester strain and suc-
cessfully detected mutations induced by the mutagen 2-
(2-furyl)-3-(5-nitro-2-furyl) acrylamide {AF-2). We believe
that this new mutation assay will be a very useful tool in
hazard assessment of chemicals.

Key words: next-generation DNA sequencer, mutation
assay, Ames test

Introduction

In conducting a hazard assessment for a newly devel-
oped chemical compound, mutation assays are regarded
as among the most important toxicity tests. This is be-
cause mutation assays are often used as surrogate tests
for carcinogenicity, and manufacturers tend to decide
whether to quit or continue development based on the
results of mutation assays. Thus, it is very important to
develop a reliable mutation assay that is free from false
positive and false negative results.

In most of the currently used mutation assays, muta-
tions in a specific gene (target gene) are detected by
monitoring a phenotypic change in the cells. As an ex-
ample, the Ames test, which was developed in 1970’s, is
the most widely used mutation assay. The tester strain
Salmonella typhimurium TA100 has a point mutation in
its AisG gene at codon 69 and cannot grow and form
colonies on a minimal agar plate lacking histidine.
However, if a reverse mutation occurs in the same
codon of the gene, the revertant is now able to form
colonies on minimal medium. Thus, mutagenicity is
evaluated by counting the revertant colonies induced by
a test compound. Although this is a very simple and in-
expensive test system it has many biases, mostly related
to the base sequence and the types of mutations that can
arise at the target site. For example, codon 69 of the
hisG gene of TA100 is CCC, so that this tester strain
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preferentially detects mutations at G:C base pairs, not
A:T base pairs, and because of this sequence bias, it is
recommended to use several other strains in addition to
TA100 which can detect different mutation spectrum
such as TA98, TA102, and TA1537.

This inconvenience motivated us to develop a new
forward mutation assay that does not rely on any
phenotypic selection. Our strategy is simple: 1) expose
cells to the test compound, 2) isolate colonies, and 3)
carry out whole-genome sequencing of the clones. This
strategy became possible only after recent technical
advancements in performance of next-generation DNA
sequencers and reductions in running costs. Although
any cell type, including human cell lines, may be used in
this system, we began with Salmonella typhimurium
TA100 so that we could compare our new strategy and
the conventional Ames test. Another reason for choos-
ing a bacterial strain is its small genome size and
monoploidy that facilitates this strategy.

Materials and Methods

The Ames test was carried out with TA100 as the
tester strain and 2-(2-furyl)-3-(5-nitro-2-furyl) acryla-
mide (AF-2; 0.01 ug/plate) as the test chemical. AF-2
was purchased by Wako (Osaka, Japan). S9 mix was
not applied in this test. Experimental details are pro-
vided at ‘‘supporting information”’ (http:/www.j-ems.
org/journal/supporting.html).

Ten revertant colonies were randomly isolated, five
from the solvent control group and five from the AF-2-
exposed group, and subjected to DNA purification.
Whole-genome sequencing of each of the 10 clones was
carried out in a single run by using a high-throughput
DNA sequencer, MiSeq (Illumina, San Diego, CA). The
sequencing data compiled to fastaq files were analyzed
using CLC Genomics Workbench ver.5 software (CLC
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vironmental Quality Management, Kyoto University, 1-2 Yumihama,
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bio A/S, Aarhus, Denmark). First, the multiplex raw
data were divided by sample name, and low-quality se-
quencing data were trimmed, depending on  quality
scores. The cleaned-up sequencing data were then
mapped to the following reference sequences: NC_
003197 (Salmonella typhimurium str. LT2 chromo-
some, complete genome, 4,857,432 bp), AY046276
(IncN plasmid R46, complete sequence, 50,969bp) and
CP003387 (Salmonella typhimurium str. 798 plasmid
p798_93, complete sequence, 93,877 bp). Using these
mapped data, base substitution mutations were detected
by the ‘““SNP detection’’ command, small insertions and
deletions were detected by the ‘““DIP detection’’ com-
mand, and large insertions and deletions were detected
by the ‘‘Structural Variation Detection—Coverage
Analysis’ command of CLC Genomics Workbench
ver.5.

Results and Discussions

AF-2 showed mutagenicity in TA100 strain as expect-
ed. The mean number of revertant colonies obtained for
the solvent control (DMSO) was 141 +14/plate (n=3),
and for the AF-2-exposed group it was 530£40/plate
(n=3). , ‘

Whole-genome sequencing of randomly selected 10
clones was carried out. For all 10 clones, the sequence
data were mapped over the whole genome, and the
average coverage of each clone ranged from 18.4X to
42.7%, and the average of the ten clones was 31.5X as

shown in Table S1 (Supporting information, http:/
www.j-ems.org/journal/supporting.html). The differ-
ences in genomic sequences between the reference strain
Salmonella typhimurium LT2 and TA100 are shown in
Tables S2 and S3 (Supporting information). In addition
to these differences, a large deletion (49,906 bp) includ-
ing DNA excision repair gene, uvrB was observed in
TA100 which is consistent with the previous report (1).
The genes encoded in this deleted region are shown in
Fig. S1 (Supporting information).

The mutations detected in the AF-2 and solvent
(DMSO) groups are listed in Tables 1 and 2, and the
mapping data is shown in Fig. S2 (Supporting informa-
tion). Table 1 lists the mutations in codon 69 of the AisG
gene, in which the TA100 sequence is CCC (Pro). Muta-
tions were detected in all the clones tested, meaning that
phenotypic reversion was confirmed by alterations of
the genetic sequence. However, there was only one true
revertant clone with the wild-type sequence CTC (Leu);
the other 9 clones had codon-69 sequences that specify
other amino acids. The observed base substitutions were
C—A, C->T, C—G at base position 205 and C—A,
C—T at base position 206. These base substitutions
have been reported in 4isG gene of some revertant colo-
nies (2).

Table 2 lists the mutations observed at other genomic
sites. Only one clone in the DMSO-treated group had an
additional mutation, whereas five unique mutations
were observed in three clones of the AF-2-treated group.

Table 1. Mutations observed in codon 69 of the kisG gene

Treatment Clone ID Frcqo\ie)ncy Coverage Gene Site Mutation Amino Acid Change
1 100 - 14x hisG 206 C>A Pro69His
2 100 17x hisG 205 C>A Pro691le
DMSO 3 100 14X hisG 206 C>A Pro69His
4 100 14X hisG 205 C>A Pro6911e
5 100 17 % hisG 205 C>T Pro69Phe
6 100 29% hisG 206 C>A Pm69His
7 100 15X hisG 206 C>A Pro69His
AF-2 8 100 37x hisG 206 C>T Pro69Leu
9 100 10% hisG 205 C>T Pro69Phe
10 100 26 % hisG 205 C>G Pro69Vval
Table 2. Mutations observed at other sites
_ Treatment  CloneID . Fr?%%‘?cy  Coverage  Geme  Site  Mutation  Surrondingseq.  Amino acid change
DMSO 2 100 31X 'thpE 831 T>A GATTGCC
6 100 29X yraP 25 G>A GCAGTCC Val9lle
8 96.7 30x cueO 964 C>T CCGCTGC
AF-2 8 100 29 % ybhiR 832 C>A GCACTGT Leu278Met
8 100 38x xseA 996 C>G GGCCAGG
10 100 27 % hisG 231 G>C GCTGGAA
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Of these six mutations (AF-2 + control), four were silent
mutations and so did not produce any amino acid
changes. We also looked for small insertions/deletions
and large insertions/deletions, but could not find any
such changes induced by AF-2.

The mutational frequencies/genome were calculated
as 0.2 in the DMSO-treated group, and 1.0 in the AF-2-
treated group. These can be further expressed as 4.2
mutations/10 bp in the DMSO group and 21 muta-
tions/10% bp in the AF-2 group. In this calculation,
mutations in ZisG gene codon 69 were not included.

As for the mutation spectrum, the data in Table 1
should also be omitted because the mutational target is
limited to 4isG codon 69, and this will cause strong bias.
Looking at Table 2, there is only one mutation in the
DMSO-treated group, at an A:T base pair. On the other
hand, in the AF-2-treated group, all five mutations oc-
curred at G:C base pairs and there were two G:C—A:T
(40%), one G:C—T:A (20%) and two G:C—C:G (40%)
mutations, which is somewhat consistent with a previ-
ous report about the mutation spectrum induced by
AF-2 in the lacl gene of Escherichia coli (3) [G:C—A:T
(33.8%), G:C-T:A (52.4%), G:C-C:G (6.9%),
AT-T:A (6.2%), A:T—G:C (0.7%)}. Also listed in
Table 2 are the sequences surrounding the mutation
sites. AF-2-induced mutations with some sequence
preference (Fig. S3); however, more data will be re-
quired to determine the preference with precision.

As this new assay uses high-throughput DNA se-
quencing to detect mutations without phenotypic selec-
tion, it is thought to be a bias-free method. What fur-
ther issues need to be considered so as to enhance the
practicality of this new mutation assay? In this pilot
study, we selected revertant colonies to confirm
detectability of mutations by monitoring AisG codon-69
mutations, and we successfully detected those mutations
in all 10 clones tested. Thus, having proved the principle
of the method, we suggest that from now on it is better
to produce colonies on a rich medium such as LB and
randomly pick colonies for completely non-biased mu-
tation detection.

Another issue is how to establish the criteria to define
positive and negative results. To develop the criteria it is
necessary to have an accurate estimate of the spontane-
ous mutation frequency. The only way to obtain this is
to increase the denominator, i.e., combine all future
data on spontaneous mutations. Assuming we are able
to determine the ‘real’ spontaneous mutation fre-
quency, we could then calculate the probability that all
of the observed mutations are spontaneous mutations.
Spontaneous mutation is rare event and occurs random-
ly, so that it follows the Poisson distribution [1] shown
below:
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k
=2 -2
K€
Here, A is the number of expected spontaneous muta-
tions, and & is the number of observed mutations. The
probability that all of the observed mutations are spon-
taneous mutations can be calculated by using equation

[2]:

P(X=k 1

k=1 3
PXz=k)=1-PX<k—-1)=1-e*3 i'

i=o Ul

[2]

Assuming that the spontaneous mutation frequency ob-
served in this pilot study is close to the true rate, it is one
mutation per five clones (i.e., A=1). On the other hand,
five mutations were found in the AF-2-treated group per
five clones (i.e., k=5; the hisG mutations were not in-
cluded in this calculation). In this situation, the
probability that all five mutations were of spontaneous
origin is calculated as P(X=5)=0.0037, meaning it is
very likely that the mutations were actually induced by
AF-2. An Excel sheet for calculating the probability is
shown in Table S4 (Supporting information). If you in-
put the A value, P(X = k) values are automatically calcu-
lated. By using the P(X = k) value, we can decide posi-
tive or negative results, according to the proper
threshold such as P<0.05 or 0.01.

In summary, high-throughput next-generation DNA
sequencing technology can be the basis of a practical
mutation assay which delivers bias-free mutation spec-
tra and frequencies. The same strategy as outlined here
can be applied to other organisms such as yeasts or hu-
man cell lines. We predict that this strategy will become
a gold standard for genotoxicity tests in the not-too-
distant future.
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When we consider the risk of radiation caused by the
Fukushima Daiichi Nuclear Plant accident, we may feel the
situation to be much like the formation of rain spots on a
car. The dirty spots are difficult to tolerate by the owner of

a brand-new car but can be accepted by a used car owner
who does not clean his or her car frequently In the course
of collecting information to prepare a webpage concerning
radiation risk on the Japanese Environmental Mutagen
Society (JEMS) homepage following the Fukushima acci-
dent, | have learned that we have already unconsciously
been exposed to an unexpected level of radiation. There-
fore, our body is not like that brand-new car affected by
rain spots or, in this case, radiocactive contamination. We
are internally exposed to 4K radiation through the foods
we eat on a daily basis, and we have already been exposed
to the 1,000-10,000 times higher background of the
nuclear fallout that occurred during the 1960s because of
world-wide nuclear bomb experlments It is important to
know these facts to consider the excess risk derived from
the Fukushima accndent and thereby learn to be more cau-
tious. Obtaining a proper answer sclentn‘lcally about the
health effects of low-level radiation exposure is very
difficult when using available data on radiation biology. In-
creasing risk awareness and communication is also im-
portant together with proving the real risk of low-level radi-
ation. Radiation risk should be considered in a relative
manner by comparing it with other confounding factors,
which together can be treated as a total risk. The increased
risk posed by radiation exposure can be traded-off by
reducing other risk factors affecting our lifestyle. The most
important task for us is to transfer avallable sc|ent|ﬂc
knowledge to the public such that the information is more
understandable to help people make their own decisions
on how to face radiation risk.

Key words: radiation risk, risk communication, risk assess-
ment, Fukushima nuclear accident, low dose radiation

Introduction ‘

Following the accident at the Fukushima Daiichi
Nuclear Plant on March 11, 2011, public concern was
focused on radiation risk. Because of the tragedies of
Hiroshima/Nagasaki and Chernobyl, people fear the
invisible risk of radiation. The pacifying comments
(hiding of truth) provided by radiation specialists re-

© The Japanese Environmental Mutagen Society

garding the safety of nuclear plants after the accident
compromised their reliability. In addition, there is a
conflict even among radiation biologists regarding the
estimation of the radiation risk caused by the accident.
Therefore, an important task for scientists is to explain
the level of radiation risk that actually exists in a more
understandable manner.

When the accident occurred, I was a member of the
public relation office of the Japanese Environmental
Mutagen Society (JEMS). I then decided to create a
webpage on the risk of radiation to provide useful infor-
mation to the public. Throughout the course of prepar-
ing the page, I have learned many important facts about
radiation exposure that I did not know before because I
am not a radiation biologist. The most striking piece of
information for me was the high background of the
nuclear fallout that occurred during the 1960s.

Unconscious External Exposure

During the late 1950s to early 1960s, many nuclear
bomb experiments were carried out worldwide by the
US, the Soviet Union, and the UK, followed by France
and China. The experiments were initially performed in
the atmosphere and released an enormous amount of
radioactive nuclides all over the world. In Tokyo, the
nuclear fallout level reached its maximum in 1963,
which was 1,000-10,000 times higher than the normal
background before the Fukushima accident. The high
fallout level has gradually decreased but has persisted
over the decades.

Data on the environmental radiation level in the past
and present are available at the Japan Chemical Analy-
sis Center, which is directed by the Nuclear Regulation
Authority (1). Although the species of nuclear fallouts
from the nuclear bomb or the nuclear plant accident are
different, Cs-137 (‘37Cs) is a common concern for a long-
lived radmactmty Figure 1 shows the annual ‘changes

!Correspondence to: Takayoshi Suzuki, Division of Cellular and Gene
Therapy Products, National Instltute of Health Sciences, 1-18-1
Kamiyoga, Setagaya-ku, Tokyo 158- 8501, Japan. Tel/Fax: +81-3-
3700-1926, E-mail: suzuki@nihs.go.jp
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(Color online) Annual changes in monthly nuclear fallout (**Cs) level in Tokyo. The graph was created at the database site of the Nuclear

Regulation Authority at http://search.kankyo-hoshano.go.jp/servlet/search.top (on June 5, 2013). Data are available for the period 1957-2012.
Peaks in radioactivity are shown to have occurred in 1963 (atmospheric nuclear bomb experiments), 1986 (Chernobyl accident), and 2011

(Fukushima accident).

in the monthly nuclear fallout (**’Cs) from 1957 to 2011
in Tokyo. The data show that the peak after the Cher-
nobyl accident (1986) is very similar to that in 1963,
when the fallout from nuclear bomb experiments
reached its maximum. However, after the Fukushima
accident in 2011, the peak reached a level more than 10
times higher. Therefore, we have been exposed to the
highest level of fallout in history in the wake of the
Fukushima accident. This fact should have been an-
nounced at the time of the accident to reduce outdoor
exposure as much as possible, especially during rain.
Although the same data for Fukushima in 2011 were not
available on the website of the Japan Chemical Analysis
Center, the fallout level is considered to be at least
higher than that in Tokyo. Fallout in Fukushima has
nearly stopped now but the high level of fallout has al-
ready settled down in the area surrounding the nuclear
plant, making it difficult for residents living within 20
km of the plant to return to their homes. Removing
these sedimented radioactive nuclides remains an im-
portant task for the Japanese government.

I was born in 1962, when the nuclear fallout reached
its maximum level. Therefore, I grew up under the high
background radio contamination during the so-called
sensitive younger generation. At that time, unfortunate-
ly, environmental pollution from industries was much
worse than it is now in Japan. Thus, our generation has
grown up in a dangerous environment but without any
apparent health defects, such as increased incidence of
cancer. There is a chance that a careful epidemiological
survey according to annual birth groups to compare
health defects in relation to radiation exposure may pro-
vide informative data on the effects of nuclear fallout in
future.
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In addition to artificial nuclear fallouts, we are also
exposed externally to natural radiation sources such as
radon, radium, and potassium from the ground and
cosmic radiation from space. People believe that hot
springs containing radon or radium are good for their
health, but these springs exhibit a certain level of
radioactivity (0.1-10 uSv/h). Annually, we are exposed
to 0.48 mSv of radiation from the ground (natural
rock). The radiation background is high at the Japanese
parliament building due to the potassium-rich feldspar
containing granite used for its construction. A trans-
continental flight by aircraft causes approximately 0.1
mSv of exposure. In total, ordinary people are exposed
externally to 2.1 mSv of radiation annually (world
average), which exceeds the recommended maximum
annual additional exposure level of 1 mSv set by the In-
ternational Commission on Radiological Protection
(ICRP) (2). Residents living in the high-radiation-
background area in Kerala, India, are exposed to up to 5
mSv of radiation annually, but there is no evidence for
increased incidence of cancer among the residents.

In addition, we are exposed to radiation when under-
going X-ray and computed tomography (CT) scans. A
single chest CT scan causes 6.9 mSyv of radiation and an
average medical exposure in Japan is about 4 mSv,
which is far beyond the recommended maximum annual
exposure limit. The risk of medical radiation exposure
should be a greater public concern because the dose level
is relatively high.

Unconscious Internal Exposure

In addition to external exposure, we are exposed in-
ternally to natural sources of radiation. Potassium is a
one of the essential elements for humans and one of



three of the most important nutrients for plants. There-
fore, virtually every food contains potassium. Im-
portantly, potassium has a radioactive isotope, potassi-
um-40 (“°K), that is found naturally with an incidence of
0.0117%. Generally, we take more than 1 g of potassi-
um from everyday foods, and a standard adult weighing
60 kg has approximately 4,000 Bq of radioactivity due

\ Radiation
= emitted
throughout
our body

Fig. 2. (Color online) An illustration of gamma rays released
throughout the human body. Because of internal exposure of “°K,
4000 Bq radiation in human body (60 kg) is releasing. Among them,
approximately 10% (400 Bq) is the yray which passes and released
from the body as illustrated although they are not visible.

Unconscious Exposure to Radiation

to “K in his or her body, where the unit Bq denotes
nuclear decay events per second; therefore, we are ex-
posed to 4,000 K decays every second. Approximately
89% of K forms *°Ca by beta decay, and the remaining
119% decays to “°Ar by electron capture and the emission
of gamma rays (Fig. 2). Therefore, our body is always
internally exposed to a certain level of radiation.

In addition to natural sources of radiation, we have
been exposed to artificial radiation through foods
contaminated by nuclear fallout. Data regarding the
radioactivity of foods are available at the same Nuclear
Regulation Authority Database site (http:/search.
kankyo-hoshano.go.jp/food). When the annual
changes in the radioactivity (**’Cs) of tea leaves in
Shizuoka is plotted (Fig. 3), for example, it is clearly
seen that the level of radioactivity was high when the
level of nuclear fallout was high. It exceeded the current
food regulation level of 100 Bq/kg for '’Cs in 1963,
which is similar to the levels observed in the aftermath
of the Chernobyl and Fukushima accidents. In contrast,
the radioactivity of K has been constant at approxi-
mately 100 Bq/kg. It is more difficult to suppress the
radioactivity level in dried food by per kg unit than in
normal foods. Considerations should be made based on
the amount of food consumed.

In conclusion, we are exposed internally to K radia-
tion through everyday foods.

Relative Risk

In my presentation at the JEMS open symposium,
2013, I introduced an antique wine glass composed of
what is called ‘‘uranium glass’> as an example of
familiar radiation sources. The glass contains uranium,
which fluoresces under UV light (Fig. 4). Uranium glass
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(Color online) Annual changes in *’Cs in tea leaves in Shizuoka. The graph was created at the database site of the Nuclear Regulation

Authority at http:/search.kankyo-hoshano.go.jp/servlet/search.top (on June 5, 2013). Data are available for the period 1963-2011.
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Fig. 4. (Color online) Uranium glass which illuminating fluorescence
under UV light exposure.

k. &

...;_‘ By

(Air Counter S, S.T. Corporation)

|
(Geiger Fukushima, Eigyoshientai) |

Fig. 5. (Color online) Portable radiation counters: (left) photodiode
type (Air Counter S, S.T. Corporation) and (right) Geiger type
(Geiger Fukushima, Eigyoshientai).

is popular among antique collectors and has been used
frequently in the past. Uranium itself presents a real
hazard by releasing beta and gamma rays. Using urani-
um glass does not pose a great risk because the amount
of uranium contained in the glass is small (0.1%) and
only beta rays are mainly released, which can be detect-
ed by a Geiger radiation detector (Geiger Fukushima,
Eigyoshientai) but not by a photodiode-based detector
(Air Counter S, S.T. Corporation) (Fig. 5). These port-
able detectors are useful for the residents in Fukushima
to make the invisible threat of radiation visible and as-
sessable. The measurements should be free from any
miss-operation and be adjusted by the standards.
When I demonstrated the fluorescence of the uranium
glass, I used UV (black) light as the illumination source
and said that ‘“‘the risk posed by this uranium glass is
much lower than that posed by UV light’’. I had been
involved in research using transgenic mouse mutation
assays and understand that UV is a more powerful in-
ducer of gene mutations than X-rays. Ono et al. report-
ed on the mutagenicity of X-ray and UVB radiation in
the transgenic MutaMouse (3). An increased mutation

66

50 -

40 ;

] SO

20 boveroee

“nonoo |

Radiation

facZ Mutant Frequency (x 10-)

uv
Rbsieal (X-ray) (UVB)
8 Gy 10 kd/m?

Fig. 6. (Color online) LacZ mutant frequency in skin of MutaMouse
after X-ray (8 Gy) or UVB (10 kJ/m?) radiation. The mutant fre-
quency of lacZ gene was analyzed 1 week after exposure. The graph
was adopted from data obtained by Ono ef al. (3).

frequency (MF) (a few times) was observed in skin after
applying a lethal dose (8 Gy) of X-ray radiation;
however, an approximately 6-fold increase in MF was
observed in skin after applying 10 kJ/m? of UVB radia-
tion (Fig. 6), a dose level easily achieved by sunlight ex-
posure for a few hours in summer. Therefore, the gene
mutations induced by UVB light is much higher than
that induced by X-ray radiation. However, not much at-
tention is paid to the risk for the genotoxicity posed by
UV light compared with that posed by X-ray radiation.
The risk of low dose levels is more understandable when
compared with other risks (relative risk) than as an
absolute value, such as 0.1% excess risk for cancer.

Way of Considering Risk
After understanding the limitation of the current level

of science in making a conclusion about the real risk of

low-level radiation, I feel that specialists in risk assess-
ment and communication or regulatory science are more
important than radiation biologists in solving the
difficult problems concerning radio contamination in

Fukushima. The level of concern about the same risk

should vary among individuals in different situations

and with different manners of thinking. The most im-

portant task for us is to transfer available scientific

knowledge to the public such that the information is

more understandable. Excessive fear of radiation is a

greater risk than that actually posed by low-level radia-

tion. Balancing the risk is important (4), and radiation
risk should be properly assessed to prevent people from
making misinformed decisions, for example,

* A previous non-smoker who has started smoking
after the accident due to stress caused by the per-
ceived radiation risk;

e Pregnant women who choose to have abortions be-
cause of a fear of birth defects;

¢ Hospitalized patients in a serious condition who are
forced to move away from the contaminated area.

Because the population in Fukushima is approximately



2 million, 2000 deaths are expected if an excess risk of
mortality is 0.1% (although it is impossible to prove
scientifically). If the risk is considered in this manner,
the excess risk may not be considered acceptable. It is
recommended that the situation be thought in a different
way: 0.1% excess risk of mortality, for example, short-
ens the lifespan of a 40-year-old person by 2 weeks on
average (although it may still not acceptable for a part
of persons). The risk should be considered together with
other risk factors. Therefore, the way in which risk is
considered and communicated is important. In addi-
tion, the importance of risk education should be empha-
sized. We do not learn about the basics of radiation risk
and biology at school. Thus, we are not good at con-
sidering and managing risk. The real risk of low-level
radiation should be taught in school to be able to
manage radiation risk in the future.

After the accident, I was embarrassed to see an article
in a weekly magazine titled ‘‘20 years later in Japan,
cancers, malformations, strange diseases, and mental
retardations’’. Mass media in Japan has frequently
overemphasized radiation risk and causing anxiety
among citizens. Sohei Kondo said in his book (5) about
the problem in mass media of aggravating the perceived
risk of radiation, ‘“However, I do not agree to punish
the mass media for their exaggerated reports that caused
a radiation phobia. The primary cause of the radiation
phobia is a concept ‘lowest level of radiation still has
toxicity,” which got to be a common sense. This is a fun-
damental thinking for a specialist for radiation protec-
tion, for which mass media broadcasts extravagantly.
Radiation specialists are lacking their efforts on telling
exposed residents that there is no scientific evidence on
the miss-concept and real information on the safety of
the low level radiation by a plain and precise manner”’.

Unresolved Questions on Radiation Risk

What level of radiation risk was posed to those
who grew up in the 1960s?: Evidence shows that
there was no apparent adverse effect among children due
to the global nuclear fallout, but an excess incidence of
cancer was reported for residents living near the Nevada
test site (6). Although the incidence of leukemia, which
can be detected early, did not clearly show an increase
due to the global nuclear fallout, solid cancers, which
are late-onset, can only be analyzed among individuals
who were exposed to the higher background during their
childhood in the 1960s because they will enter cancer-
prone ages in the coming years. The results of such anal-
ysis may provide a scientific basis for conducting a risk
assessment of low-dose radiation in relation to the
Fukushima accident.

It has also been recently reported that there was a 12
% excess relative risk of childhood leukemia per mil-
lisievert of cumulative red bone marrow dose from gam-

>
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ma radiation (including radon) in a control case study of
natural background radiation in Great Britain (7).

What is the scientific evidence that supports the
ICRP recommendation of 1 mSv as the acceptable
annual effective dose for radiation exposure?: A
Japanese regulatory decision against radiation protec-
tion was made based on the recommendation of the
ICRP. The recommendation was made based on availa-
ble scientific data. However, it should be noted that
there is scientific uncertainty involved, such as that asso-
ciated with the linear non-threshold model (LNT). Peo-
ple tend to believe the value to be an absolute and
authoritative one, but the scientific uncertainty involved
should be explained and resolved. This is an important
task for regulatory scientists.

When a resident in Fukushima develops cancer,
can we say that it has no relation to the excess radia-
tion cause by the accident?: Because the incidence
of cancer in normal Japanese is approximately 50%,
one out of two persons in Fukushima develops cancer.
Even if the involvement of excess radiation dosage is
very low, it is impossible to be considered zero. It seems
natural that residents in Fukushima feel that the radia-
tion caused their cancer. We need to have a scientific
tool to determine the involvement of radiation in the
development of their tumors, such as a molecular signa-
ture of radiation damage such as a specific gain of chro-
mosome band 7ql1 (8), or sequence specific deletions.

Concluding Remarks

e A paradigm shift in risk assessment from ‘“zero’’ to
““acceptable’’ risk is necessary.

e Radiation risk should not be considered alone butas a
total risk involving several factors.

e Relief and safety are independent. The concept of ac-
ceptable risk varies among individuals. Therefore,
relief is more desired than safety.

e We should consider the unconscious exposure to radi-
ation mentioned in this article.

e The most important task for us is to transfer available
scientific knowledge to the public such that the infor-
mation provided is more understandable and provides
people the opportunity to make their own decisions.

o Within the 10-km area surrounding the nuclear plant,
the ambient radiation dose is 10- to 100-fold higher
than it was before the accident, with the area showing
hot spots 1,000 times higher in intensity (June 2014).
Continuous efforts should be undertaken to reduce
ground contamination, possibly by inverting soil or
covering it with concrete.
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Toward acceleration of drug development with proteomic and metabolomic biomarkers
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Biomarkers, reflecting disease states or predicting/assessing drug efficacy or adverse reactions, are
expected to play pivotal roles in effective drug development and promoting proper usage of drugs. To
accelerate biomarker identification and usage, administrative guidance can direct to design appropriate
exploration, validation and utilization studies and show examination procedures. However, very limited
number of guidance or its draft were released from Japanese, US and European regulatory authorities
so far. From 2012, we have been conducting proteomic and metabolomic studies using blood and urine
samples from human and rat, in order to establish draft guidance for sampling/storage of these biofluid
and for extrapolation of biomarker candidates from animals in the non-clinical to humans in the clinical
studies. The results are still partial and the rest of the analysis is ongoing. However, we developed sen-
sitive proteomic system for urine and found large inter-sex differences in the proteomic profiles of rat.
In addition, matrix-, sex- and generation-differences were also observed in the metabolite levels in hu-
mai blood, some of which showed over 2-fold differences. We continue this regulatory science studies
for contribution to accelerated novel biomarker findings and its usage by generation of the draft guid-
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Note

PREE, HHER EBHAZ, BHTE

Yay MV TUTEIZ ALK BMKRSHNEE
ZOEBTHH T NVT VIZEEND F VN7 B OMERERIF

WAEE, BN,

Comprehensive analyses of hydrolyzed wheat protein using shotgun proteomics

Rika Nakamura, Shinobu Sakai, Yuji Haishima, Chie Fukui, Takayoshi Suzuki, Ryosuke Nakamura,

Akiko Hachisuka, Reiko Adachi, Reiko Teshima®

Hydrolyzed wheat protein (HWP; hydrolyzed gluten) is used in various types of products world-
wide. Several cases of wheat-dependent, exercise-induced anaphylaxis following exposure to HWP (Glu-
pearl 19S) in cosmetics have been reported. Glupearl 19S was produced from the gluten after partial
hydrolysis with hydrogen chloride, and its allergenicity is larger than that of gliten (Adachi R, Allergy
2012:67:13929.). It is considered that provocation of allergic manifestations is caused by deamidated
gluten in food and/or non-food products. Moreover, an increasing number of studies have shown that
HWP can induce IgE-mediated hypersensitivity by skin contact and/or food ingestion. However, the es-
sential molecular properties and profiles of HWP are still unknown. In this study, bioinformatic and
multivariate analyses using shotgun proteomics have revealed that 27 proteins significantly decreased
in Glupearl 19S compared with intact gluten as shown by the ratio of ion signal intensity of tryptic pep-
tides. In contrast, a single protein significantly increased in HWP compared with intact gluten as shown
by the ratio of ion signal intensity of tryptic peptides. Furthermore, we have identified six Glupearl
19S-specific peptides using shotgun proteomics, database searches on Mascot Sequence Query, and de

BHEWRT, RERT, FEHT

novo sequencing. The six peptides were identified as the specific markers of Glupearl 19S.

Keywords: hydrolyzed wheat protein, shotgun proteomics, mass spectrometry, deamidation
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WEAE, KR/ E (hydrolyzed wheat protein,
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ERGMESFHRT T 7 1 5% ¥ — (Wheat-dependent,
exercise-induced anaphylaxis ; WDEIA) 2 %E L /-5
BB E CHESR, AP TRELHEMEL 2T
Wa ' ZoT7 VIV E—RREOBMIE, YHOROME
BENZI3NET VIV — OBEDN B, o 72 AW, A#R
FICE TN BHWP (F 03— )119S%, Glupearl 19S) 12
Lo TRE - BEEGICRIES I, 2oBRONEDERE
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Fig. 1 SDS-PAGE pattern of gluten, Glupearl 19S and
HWPs

Gluten, Glupearl 19S, and HWPs (2.5 pg protein/lane) were
separated in a 10-20% acrylamide gel (DR.C. Co, Ltd.) and
the gel was stained with coomassie brilliant blue. Lane M,
molecular weight marker; lane 19S, Glupearl 19S; lane G,
native gluten

2. Yay bHFY7aFAIZ AL B 7N — 1198
LT NVT Y ORGRN GRS 8 7 BEE)IR
FNWR=19SE T NVF v L DEIZBWT, Bk

PROBETED X ) LRERY 87 BICEFEL T

WEPZEHLPICT B, Yay b rTart—2a

B ZAT o7z, T NF Y RETNVIR=V19SD Y T

Vi & D B L =MS/MST— % %, iRUBYV 7 b

¥ = 712 TCGreen plants?D ¥ Y87 EF— ¥ R— AN T

BMBELEZA, RBEEBOWNEELZLY VI EOR

35074 TH o7, 0 LEFLEOBEH S 32

B 7#®a X8 (Triticum) L L1225, 954D

FUNRIEERYVALICE S, IhHERHY oY

D3H, FNVF oyl Z = 19Sk O ORBEILAS

U EEBL/EUTTHAEY 87 Hid268 (281%)



