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(Radiation-Induced Genomic Instability)
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KA B9 B HFZ2 (Induction of Gene Mutation
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B2 (Cellular Senescence Mediated by Telomere
Dysfunction)
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DEIFEARERIZEET AHFFE (Persistent Induction
of Somatic Reversions in F1 Mice by
Radiation-Induced Genomic Instability)

FLEENT, BOREST-& Wz FL ~ 7 2O
Mz T~ Z LIk Y, #REZT TORVES
TFHEIZRBN TS BERNHRO BT L0 Z2IRERAVET
HZEEWALICLE. IBIT, ZOBSHMILD
MBS ) DAARLZE(LOFEEIZIL, pb3 BB 13
VETHHZEEBEONI L. F, BT~
WA ZE 2 D52 LIk, ZOBGIE T Hog
RICOBBIEEINDBIRTHDL Z L3 ol (B
AETFNRHY L.

1.6 FRREMHIRGIC IS 1T D BURNBRIGE & FERIFRMERa S

1z B9 % #F 328 (Radiation Response and

Asymmetrical Cell Division in Neural Stem Cells)
1990 AFARIC 72 > T, BRIRMIC b B CUHEFHRE & £57

{bLREA DFERFD, Wb S8l EET 5 Z L
B 520272 0, neurosphere JERIEIT & 0 Figap e
ERRT D ENARRICR o, 22T, FAEITE
AR A 70 ORI, I OB Ffiila Aot
FAZDOWTHRRD 72U, AFEN D~ T AR
BilacE W=7y s FEBB LT (AT,
VERIFIU SR, ROVKAREERE Y L),

2. WFFEFE (Publications)

2.1 R L3R E 3 3 (Original Articles in Refereed

Journals)

1) “Transcription-independent suppression of DNA
synthesis by p53 in sperm-irradiated mouse zygotes”
Toyoshima, M., Shimura, T., Adiga, S. K., Taga, M.,
Shiraishi, K., Inoue, M., Yuan, Z. M., and Niwa O.,
Oncogene, 24: 3229-3235 (2005).

Cell cycle arrest in response to DNA damage is
important for the maintenance of genomic integrity in
higher eukaryotes. We have previously reported the novel
p53-dependent S-phase checkpoint operating in mouse
zygotes fertilized with irradiated sperm. In the present
study, we analysed the detail of the p53 function required
for this S-phase checkpoint in mouse zygotes. The results
indicate that ATM kinase is likely to be indispensable for
the p53-dependent S-phase checkpoint since the
suppression was abrogated by inhibitors such as caffeine
and wortmannin. However, ATM phosphorylation site
mutant proteins were still capable of suppressing DNA
synthesis when microinjected into sperm-irradiated
zygotes lacking the functional p53, suggesting that the
target of the phosphorylation is not p53. In addition, the
suppression was not affected by alpha-amanitin, and p53
protein mutated at the transcriptional activation domain
was also functional in the suppression of DNA synthesis.
However, p53 proteins mutated at the DNA-binding
domain were devoid of the suppressing activity. Taken
together, the transcription-independent function of p53
associated with the DNA-binding domain is involved in
the S-phase checkpoint in collaboration with yet another
unidentified target protein(s).

2) “Histone H2AX phosphorylation in normal human
cells irradiated with focused ultrasoft X-rays:
evidence for chromatin movement during repair”
Hamada, N., Schettino, G, Kashino, G, Vaid, M.,
Suzuki, K., Kodama, S., Vojnovic B., Folkard, M.,
Watanabe, M., Michael, B. D., and Prise, K. M,,
Radiat. Res., 166:31-38 (2006).

DNA repair within the cell nucleus is a dynamic process
involving a close interaction between repair proteins and



chromatin structure. Recent studies have indicated a
quantitative relationship between DNA double-strand
break induction and histone H2AX phosphorylation. The
dynamics of this process within individual cell nuclei is
unknown. To address this, we have utilized a novel
focused ultrasoft X-ray microprobe, capable of inducing
localized DNA damage within a subnuclear area of intact
cells with a 2.5-um-diameter beam spot. The present
investigation was undertaken to explore the influence of
focused irradiation of individual nuclei with 1.49-keV
characteristic aluminum K-shell X-rays (Alx) on H2AX
phosphorylation in normal human cells.

Immunofluorescent analyses revealed that significant
diffusion of the initial spots of clustered foci of
phosphorylated H2AX occurred in a time-dependent
fashion after exposure to Alg. Irradiation under cooled
conditions resulted in a reduction in the size of spots of
clustered foci of phosphorylated H2AX as well as of
individual phosphorylated H2AX foci. These findings
strongly suggest that diffusion of the chromatin
microenvironment occurs during the repair of DNA
damage. We also found that Al ultrasoft X-rays (71 foci
per Gy) were 2.2-fold more effective at the initial
formation of phosphorylated H2AX foci, compared with
conventional X-rays (32 foci per Gy), and that the time
required to eliminate 50% of the initial number of foci
was 3.4-fold longer in Alk-irradiated cells than that in
cells exposed to conventional X-rays. For conventional
X-rays, we also report significant accumulation of
larger-sized foci at delayed times after irradiation.

3) “Qualitative and quantitative analysis of
phosphorylated ATM foci induced by low dose
ionizing radiation” Suzuki, K., Okada, H., Yamauchi,
M., Oka, Y., Kodama, S., and Watanabe, M., Radiat.
Res., 165: 499-504 (2006).

We examined the formation of phosphorylated ATM
foci in exponentially growing normal human diploid cells
exposed to low doses of X-rays. Phosphorylated ATM
foci were detected immediately after irradiation, and we
found that their size and number in the S phase cell were
different from those obser ed in the G1 and G2 phase
cells. The number of foci decreased as the time after
irradiation increased in phosphorylated ATM foci, whose
kinetics were comparable to those of phosphorylated
histone H2AX. We found that spontaneous
phosphorylated ATM foci number was less than that of
phosphorylated histone H2AX foci, and especially,
significant numbers of phosphorylated histone H2AX
foci, but not phosphorylated ATM foci, were detected in
the S phase cells. The induction of foci showed a linear

dose-relationship with doses ranging from 10 mGy to
1Gy, and the average number of phosphorylated ATM
foci per Gy was approximately 50. The average size of
the foci was comparable between the 20 mGy and 1 Gy
irradiated cells, and there was no significant difference in
the kinetics of foci disappearance, indicating that DNA
double strand breaks are similarly recognized by DNA
damage checkpoints and repaired irrespective of the dose.
4) *“Non-specific detection of the centrosomes by
antibodies recognizing phosphorylated ATM at serine
1981” Suzuki, K., Morimoto M., Yamauchi, M.,
Yoshida, H., Kodama, S., Tsukamoto, K., and
Watanabe. M., Cell Cycle, 5: 1008-1009 (2006).

ATM, a product of the gene defective in the human
disorder ataxia-telangiectasia, is the crucial player in the
initiation of DNA damage checkpoint signaling in
response to DNA double strand breaks.”®* ATM is
activated through intermolecular autophosphorylation at
serine 1981 and dimer dissociation following DNA
damage,” and it executes its function by phosphorylating
several substrates, including p53, MDM2, CHKZ2, histone
H2AX, MDC1, NBS1, BRCA1, and SMC1. While ATM
exists predominantly in the nucleus, it has also been
shown that a part of ATM is localized in the cytoplasm.”
Recently, Oricchio et al.® reported that ATM was
colocalized with the centrosomes, and during mitosis
ATM is activated independent of DNA damage. This
conclusion was drawn by the observation that
anti-phosphorylated ATM at serine 1981 antibody
revealed signals colocalized with the centrosomes. In
their study, a commercially available antibody was used
for immunofluorescence analysis, and the signals were
always colocalized with signals obtained by the
anti-y-tubulin antibody in mitotic normal human
lymphoblastoid cells.

We have used the same antibodies to stain X-irradiated
normal human diploid cells and have reported
dose-dependent induction of phosphorylated ATM foci.”
During the course of these experiments, we noticed that
the antibodies provide signals not only within the
irradiated nucleus but also in the extranuclear regions. As
shown in Figure 1A, the location turns out to be the
centrosomes. The extranuclear signals detected by the
anti-phosphorylated ATM at serine 1981 antibody are
always colocalized with signals obtained by the
anti-y-tubulin antibody. They are detectable not only in
the unirradiated interphase cells but also in every phase of
mitosis. Importantly, signals are detected in two
independent AT primary fibroblast cells, AT2KY and
AT5BI. For example, as shown in Figure 1B, both the



interphase and mitotic AT2KY cells exhibit centrosomal
staining by the anti-phosphorylated ATM antibody; and
the signal intensity of normal human diploid cells and
two AT cells is comparable. Because these AT cells
express no detectable ATM protein? it is evident that
these signals are ATM-independent.

The conclusion was further confirmed in normal human
diploid cells treated with wortmannin, a well known and
widely used inhibitor for the phosphoinositide 3-kinase
family of kinases including ATM. In addition, to
determine whether different anti-phosphorylated ATM
antibodies provide the same results, both the mouse
monoclonal antibody (clone 10H11.E12) and rabbit
antibody were compared. As shown in Figure 1C, the two
anti-phosphoryalted ATM antibodies equally detected
radiation-induced phosphorylated ATM foci in 1
Gy-irradiated normal human diploid cells, and the foci
disappeared completely after the treatment of cells with
40 uM wortmannin. It should be pointed out that this
treatment did not affect the centrosomal signals detected
by both antibodies. The same results were obtained in
AT2KY and ATS5BI cells, except they did not show
radiation-induced phosphorylated ATM foci (Figure 1D
for AT2KY cells). Thus, the signals at the centrosomes
were obtained by the anti-phosphorylated ATM
antibodies irrespective of ATM-dependent
phosphorylation, and they should not be considered a
representation of activated ATM at the centrosomes.

The present study demonstrates that commercially
available  anti-phosphorylated ~ ATM  antibodies
non-specifically detect the centrosomes, even if the ATM
protein is absent, while they specifically visualize
phosphorylated ATM in response to DNA damage. Thus,
taking all these results into consideration, the conclusion
recently published in Cell Cycle should be viewed with
caution.

2.2 [EBELEFRIC (Invited Papers at Conferences

and Papers Reviewed and Printed in Conference

Proceedings)

1) “Telomere biology: Implications for radiation
carcinogenesis” Kodama, S., Ariyoshi, K., Watanabe,
S., Shiraishi, K., and Watanabe, M., Radiation Risk
Perspectives, Y. Shibata, H. Namba, K. Suzuki and M.
Tomonaga (eds), Elsevier Science B.V. pp242-247
(2007).

Evidence has been accumulated to challenge the
mutation theory for carcinogenesis, a major idea about a
cause of cancer. The mutation theory starts from initiation,
a mutation of a critical gene, being followed by

promotion, which stimulates proliferation of the initiated
cells. A majority of tumors, especially solid tumors,
exhibits chromosomal instability characterized by
random structural aberrations and ploidy changes. So far,
no responsible gene has been found to account for
chromosomal instability. Instead of the mutation theory,
we introduce the telomere dysfunction theory for
radiation carcinogenesis. In this model, a mutation of a
critical gene is not presumed for the initiation. Here, we
demonstrate that radiation contributes to the induction of
telomeric  instability, ~which may lead to
breakage-fusion-bridge cycle that potentially drives
genome rearrangements. We propose that telomere
dysfunction initiates and promotes chromosomal
instability that plays a crucial role in an early step in
radiation carcinogenesis.

2.3 WanEse, FEE - RE (Review Article, Books and

Translations)

2.3.1 #anam L (Review Article)

1) “Delayed activation of DNA damage checkpoint and
radiation-induced genomic instability” Suzuki, K.,
Ojima, M., Kodama, S., and Watanabe, M., Mutation
Res., 597: 73-77 (2006).

lonizing radiation induces genomic instability,

transmitted over many generations through the progeny
of surviving cells. It is manifested as the expression of
delayed effects such as delayed cell death, delayed
chromosomal instability and delayed mutagenesis.
Induced genomic instability exerts its delayed effects for
prolonged periods of time, suggesting the presence of a
mechanism by which the initial DNA damage in the
surviving cells is memorized. Our recent studies have
shown that transmitted memory causes delayed DNA
breakage, which in turn activatess DNA damage
checkpoint, and is involved in delayed manifestation of
genomic instability. Although the mechanism(s) involved
in DNA damage memory remain to be determined, we
suggest that ionizing radiation-induced mega-base
deletion destabilizes chromatin structure, which can be
transmitted many generations through the progeny, and is
involved in initiation and perpetuation of genomic
instability. The possible involvement of delayed
activation of a DNA damage checkpoint in the delayed
induction of genomic instability in bystander cells is also
discussed.

2) EBRAMIEE LTOA DU 75D ) WER
"], BRBIlfdHE, 19: 258-269 (2006).
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2.3.2 #&&E - 5E (Books and Translations)

1) 7 AV hOBIRERT (OHER) REHEHE,
(B5FR) BIRS%, WFn%:, ppl23-143 (2007).

2.4 HEEZ DM (Reports and Other Publications)

1) [ BETHERC S “gB L g™ (S 53X b
REVER], AR Y A 7 SHlC BT 230 Pk
18 ARE A, pp27-32 (2007).

2) MEHRE AU K 2 MR R 3 20 50-m B
SRBUBR R E R Dge il ) RENEH], Ak 18
FEERTZERCR RS, pp37 (2007).

3) TP 35T 2 BN HRah F8 Yu iR 25 ol
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25 K (Presentation at Meetings etc.)

25.1. F2 - EESE (Presentations at Meetings of
Academic Societies and Conferences)

1)Telomere  biology: implications for radiation
carcinogenesis, Seiji Kodama, Kentaro Ariyoshi, Sanae
Watanabe, Kazunori Shiraishi,, Masami Watanabe, The
Second Nagasaki Symposium of International and
Consortium  for Medical Care of Hibakusha
Radiation Life Science (July, Nagasaki)

2) Growth of IR-induced foci and G1 checkpoint
Motohiro Yamauchi, Keiji Suzuki, Seiji Kodama,
Masami  Watanabe The Second Nagasaki
Symposium of International Consortium for Medical
Care of Hibakusha and Radiation Life Science (July,
Nagasaki)
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4 ZFEDIEE) (Miscellaneous)

41 WrEEwRBI4&% (External Funds)
411 SCEEMEE BRI E (Grants from the
Ministry of Education, Science, Culture and Sport)
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412 =FEHF%E (Research Contracts)
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REFEI(59) 136 117 178 53 35 26

10 11 12 1 2 3 i

4 47 62 69 62 30 859

4.3 ¥/ HEESE (Visits Abroad)

43.1 5 HAE (Official Visits Abroad)

1) Y2 E¥E=] : The low dose radiation effects workshop,
April 2-4, 2006, New York, USA. [ZHIF L7=.

4.4 FEAHYRE (Part-Time Lectures)
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WA sE S22 B, Associate Editor of Journal of
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