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The mechanism of liver carcinoger
esis is unclear, although it is believed

involve multiple endogenous and exog
0

enous genetic alterations. One form
liver cancer, hepatocellular carcinom
(HCC), is particularly common in Africa
and Asia, including Japafil). Studies
have demonstrated a strong associat
between HCC and hepatitis B and C v
rus infections(2). The HCC cells also
exhibit frequent allelic losses on specifi
chromosomal arms in their nuclei, pa
ticularly losses in the single most con
monly mutated gene in human cance
the tumor suppressor gene p53 (al
known as TP53)3).

Because of the relatively long latenc
period, the mechanistic role of ionizin
radiation in the dose-dependent i
creased frequency of HCC among tkt
atomic bomb survivors of Hiroshime
and Nagasaki is not clegd). To shed
some light on the molecular events th
may, in part, help to explain the heigh
ened risk of atomic bomb-induced HCC
we have analyzed the p53 gene in t
HCC tissue samples from 120 survivo
of the atomic bomb explosions wh
were exposed to various doses of rad
tion ranging from 0 to 1569 mSv (live
dose).

The tissues were procured from 195
through 1989. All specimens were fo
malin fixed and paraffin embedded &
the time of autopsy. DNA was extracte
separately from areas of each samy
containing normal or tumor tissues ar

(5). The mutational-hotspot exons 5, ¢
7, and 8 of the p53 gene were initiall
screened by the single-strand conform
tion polymorphism assay for mutation
and sequenced by the dideoxy methg
Sequencing was done in both the sen
and antisense directions, and only mut
tions that were verified in both direc
tions were counted. All samples wer
analyzed after blinding as to exposu
dose, city of exposure, sex, and age.

The samples were divided into th
following four dose groups: 0—4, 5-24¢
250-499, and greater than or equal
500 mSv. The number of samples i

each group is shown in Fig. 1. There wasof .00163 and a 95% confidence interyv

no difference among the four group
with respect to the characteristics of th
detected mutations. In all groups
roughly 70% of the point mutations
were heterozygous and 30% were h
;)mozygous (most likely, hemizygou
fragment length polymorphism analys
fdemonstrated loss of heteroz it
ygosity
43296 of the informative samples. Se
enty-eight percent of the point mutation
detected were GC to AT transitions
OWith only 13% of these at CpG sites
I"Most (74%) of the mutations were of th
missense type, and 21% were silent m
C tations; however, 89% of the sample
"~with silent mutations also had a mis
- sense mutation. Finally, there was no r
Smarkable difference with respect to dos
50n the location of the mutations alon
the p53 gene.
Y  As controls, the nontumor tissue
j from the 0—4, 249-499, and greater th
1-or equal to 500 mSv groups were an
nelyzed and shown to have p53 point m
1 tations at frequencies of 45%, 44%, ar
20%, respectively. The results wer
atverified by two independent polymeras
- chain reaction amplifications from the

neence of a significant dose dependen
rsand the high frequency of mutations
D provocative. A number of studig$—8)
ahave reported high frequencies of p5
abnormalities in nontumor liver tissue

2ment of cells with p53 mutations in thg
- nontumor tissues is probably caused
t selective proliferation of hepatocyte
d with p53 mutations plus characteristi
ldiver regenerative responses to cell lo
dor injury, with no concomitant increas

with deletion of one allele). Restriction tions but not for deletions, which are on

L, stock (unamplified) DNA. The nonexist:

5, data demonstrating the development
y focal hepatocyte nodules in p53
atransgenic rat§9). Furthermore, the low
s proportion of point mutations in the
dgreater than or equal to 500-mSv gro

aradiated precancerous cells with mut
- tions either died or progressed to HC
e In contrast to the nontumor tissue
rethere was a statistically significarn
dose—response relationship in the p
e cent of HCC samples harboring a p*
, point mutation in the tumor tissues (Fi
tol; logistic regression method applied
nthe ungrouped data gave a logistic slo

s of .00042—-.00322). The background fr
equency of 46% that we found is simila
, to the frequency in the general Japane
5 population reported by Oda et &B). It
o4s striking that there was a dose
s response relationship for point mut

sof the major types of DNA damag
nthought to be caused by ionizing radi
- tion (10). One consideration is that cel
swith deletions could have died early
, leading to a negative selection of del
. tion-type damage.

e The dose-dependent enrichment
u<ells with p53 mutations in the tumors
2sprobably caused by expansion of ce
- with p53 mutations plus mutations i

segrowth. The direct radiation target
g more likely to be a gene that is chang

into a mutator by a radiation-induce
s mutation. The induction of a mutata

a-dose and would allow a single cell or i
I-progeny to accumulate multiple mut
dtions necessary for the conversion of
enormal to a cancer cell.

e In addition, the dose-dependent ri
2 in tumor p53 mutations and the dos
independent existence of nontumor t
ce

s
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Fig. 1. Percent of hepatocellular car-
cinoma (HCC) samples with p53 mu-
tations as a function of the dose of
radiation from the atomic bomb to the
liver. Statistical analysis was applied
to the ungrouped data. Error bars for
the percent HCCs with p53 mutations
denote two standard errors, and thg
error bars for the median liver dose
denote the 25th and 75th quartiles of]
the dose-grouped dat® value is
two-sided.
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sue p53 mutations also suggest that
radiation of noncancer cells with pre
existing mutations may have increase
the likelihood of progression to cance
perhaps by a mechanism similar to th
one proposed above regarding creati
of a mutator gene. An analogous situ
tion to this supposition is found in the
study by Cha et al(11) who demon-
strated thaiN-nitrosoN-methylurea ex-
posure was not directly responsible fi
the mutations in the H-ras proto
oncogene that are frequently found
N-nitrosoN-methylurea-induced ra
mammary tumors (and, in fact, that th
H-ras mutations were shown to pre-exi
rather than be generated at a later tim
Further support is found from p53
knockout mice that demonstrate er
hanced HCC development after exp
sure to liver carcinogeng$l?). Such
studies(13) as well as ours emphasiz
the importance of conditional mutation
whose oncogenic potentials are realiz
after exposure to a carcinogen and
concomitant damage of another gen
Thus, one would expect a dose
dependent rise in mutations in the tum
but not in the nontumor tissues.
Future studies in the survivor popu

2dJapanese HCC population), which lez
I, to chronic cycles of cell loss, regener:
etion, and damage, should provide clear
ortlues to the etiology of radiation
a-induced human liver cancers.
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