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Patho-epidemiologic study of cancers from atomic bomb survivors

by using data for Nagasaki Tumor Tissue Registration (NTTR)
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Summary

Introduction: A long-lasting radiation effect is considered to be a contributing factor in
tumorigenesis in the atomic bomb (A-bomb) survivors. The incidence of several types of leukemia
peaked during the 5 to 10 year period after A-bomb explosions. Meanwhile, an increased risk of
cancer has continued for decades, and the incidence of certain types of cancer is still higher in
A-bomb survivors than in controlled populations. Our goal is to understand the molecular
mechanisms of carcinogenesis involved in survivors. The epidemiologic and molecular analyses of
carcinogenesis in survivors require clinical data of individuals and biological materials with
pathologic data of tumors. We present here patho-epidemiologic data about cancers from survivors
by using data for NTTR.

Epidemiologic data of multiple primary cancers (MPC) in A-bomb survivors: We have found a
higher incidence rate (IR) of MPC in survivors at a closer distance to the hypocenter since 1980s.
The occurrence of MPC is considered to be a reflection of systematic exposure to carcinogens or of a
predisposition to cancer. To assess effects of A-bomb radiation on incidence of MPC, the IR of a
second primary was calculated and stratified by the distance from the hypocenter and age at the
time of bomb, and was compared with that of first primary. There were 511 confirmed cases of MPC
in the 7,572 cancer-bearing survivors for the years 1968 through 1999 [The crude IR was 27.6 per
100,000 person-years (PY)]. The IR of second primaries significantly decreased with increasing
distance from the hypocenter [relative risk (RR): 0.89 per 1.0 km; 95% confidence interval (CI):
0.84-0.94]. A significant decrease was also noted for those of older ages at the time of the bombing
based on the attained age of second primary (RR: 0.91 per 1 year; 95% CI: 0.90-0.92). Furthermore,

when compared with the first primary, a stronger distance effect was suggested on the occurrence of
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a second primary in the survivors. These results provide evidence for the involvement of A-bomb
radiation in MPC among the survivors.

Molecular epidemiology of oncogene amplification in breast cancers from A-bomb survivors: We
have demonstrated a high incidence of co-amplification of C-MYC and HER2 oncogenes in breast
cancer from survivors. It has been postulated that radiation induces breast cancers among survivors.
Oncogene amplification is the main characteristic of solid tumors and thought to be associated with
genomic instability (GIN). lonizing radiation effectively induces a number of DNA double strand
breaks (DSBs) in a dose dependent manner. Although most DSBs are repaired correctly, the repair
process disrupts the genomic structure, which may manifest as induction of gross rearrangement of
chromatin and oncogene amplification. We have identified 593 breast cancer cases among survivors
which have been histologically confirmed for the years 1968 through 1999. The IR significantly
increased as exposure distance decreased from the hypocenter [hazard ratio (HR): 1.47 per 1.km,
95% CI: 1.30-1.66]. Results from FISH analyses for amplification of the HER2 and C-MYC genes
with breast cancers from 67 survivors, the incidence of co-amplification was 42.1% in the proximal
distance group, 6.3% in the distal distance group, and 4.8% in the control group. A higher
frequency of oncogene co-amplifications found in breast cancers from survivors who were exposed at
a proximal distance might be associated with GIN induced by A-bomb radiation exposure.

Detection of GIN in the epidermis from A-bomb survivors: We hypothesize that the endogenous
activation of DNA damage response (DDR) in the epidermis of the survivors who were exposed to
radiation at a closer distance to the hypocenter can be a cause of cancer predisposition in the
survivors as a late effect of the radiation. The incidence of BCC was also reported to be elevated in
survivors, suggesting a radiation etiology. The skin is the primary barrier for humans against the
external environment and exposed to genotoxic agents such as ultraviolet and ionizing radiation.
DDR pathways to maintain genomic integrity play a crucial role to suppress carcinogenesis in
normal cells. 53BP1 belongs to DDR molecules which rapidly form nuclear foci at the sites of DSBs.
Thus, the level of 53BP1-focus formation can be considered as a marker for the induction of
endogenous DSBs. We evaluated the level of 53BP1-focus formation in the epidermis of survivors as
a late effect of radiation from the A-bomb. Our results demonstrated the sporadic activation of
DDR in the epidermis surrounding skin cancer from the survivors who were exposed at proximal
site to the hypocenter. Although the crucial mechanisms that can account for the continuously
higher incidence of cancers in survivors for decades remain to be elucidated, it is suggested that a
high susceptibility to DNA damage which has been induced by A-bomb radiation can predispose the

development of cancer in the survivors who have already reached to a cancer-prone age.
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