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SUMMARY

A total of 896 metaphases obtained from 2-day
culture of peripheral blood lymphocytes of 23
heavily exposed atomic bomb survivors of
Hiroshima were examined first by an ordinary
staining method, and then reexamined afier
trypsin-G-banding stain. There were 348
metaphases identified as having abnormal karyo-
types by either one or both methods. Of these
aberrant cells, 293 were found to have chromo-
some aberrations by the ordinary stain, and 6
of the 293 were identified as normal by G-banding
stain, 4 of which were misjudged in the ordinary
preparation due to the presence of partially
distorted chromosomes.  Furthermore, there
were 55 metaphases in which abnormalities
were detected only by G-banding, including
paracentric inversions, and intra- and inter-
changes of chromosome segments with equal
lengths.

INTRODUCTION

In our previous observations on the somatic
chromosomes of A-bomb survivors of Hiroshima
and Nagasaki, we observed that cells with
radiation-induced chromosome aberrations have
persisted among the circulating lymphocytes
for at least three decades after exposure to
A-bomb irradiation, and that the frequency
of the aberrant cells is in general proportional to
the radiation dose. The majority of such
aberrant cells were identified as having
symmetric exhanges (or stable-type aberrations
consisting of reciprocal translocations and
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pericentric  inversions), while those with
asymmetric aberrations, such as dicentrics and
rings (also referred to as unstable-type
aberrations), were rather infrequent.!? These
findings prompted us to examint the radiation-
induced chromosome aberrations in the somatic
cells of A-bomb survivors in further detail, by
comparing the results derived from a conven-
tional staining and a trypsin-Giemsa banding
method, in order to obtain more accurate infor-
mation about the type and frequency of induced
symmetric aberrations. The purpose of this
study was also to evaluate the microscopic
criteria presently in use for the detection of

symmetric exhanges observed in A-bomb
SUrvivors.
MATERIALS AND METHODS

Twenty-three A-bomb survivors of Hiroshima,
participants in the RERF Adult Health Study
who receive biennial physical examinations,3
were selected for study. They had had a previous
cytogenetic examination in our laboratory. In
each instance, more than 10% of cells from their
cultured lymphocytes showed radiation-induced
chromosome aberrations. Their estimated
exposure doses ranged between 101 and 850 rad
of mixed gamma and neutrons.»® Past radiation
history other than A-bomb exposure was
carefully reviewed for each individual, and it was
found that none of them had received either
radiation therapy, including radioisotope
treatment, a2t any time in the past or any extensive
diagnostic irradiation within the year preceding
blood drawing.

For all of these cases, lymphocyte cultures
were successful using a whole blood culture
method.® Culture incubation time for this study
was 52 hours, during the last two of which colchi-
cine was added. The cells were first treated with
a hypotonic solution consisting of a mixture of
potassium chloride and sodium citrate, then
fixed by an acetic acid-methanol solution, and
finally were spread and dried on slides by mild
flaming. The slides thus prepared were stained
for 20 minutes with 5% Giemsa solution diluted
by a phosphate buffer solution at pH 6.8, and
then washed and dried.

Well-spread metaphases were selected and photo-
graphed 1andomly wunder the microscope,
without mounting the coverslip on the slide. The
exact location of each metaphase on the slide
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TABLE 1 TYPE & FREQUENCY OF CHROMOSOME ABERRATIONS BY T65 DOSE

(HIROSHIMA)*
TESHER & SRR EREOHM L BE (K5)”

RERF TR 13-77

T65 Dose

Cells @

(®)

(c)

(rad) Cases examined dic+r t +inv Total @/(e)
1-99 70 6458 31(0.48%) 123 (1.90%) 154 (2.38%) 0.20
100-199 137 12632 64(0.51) 509 (4.03) 573 (4.54) 0.11
200-299 72 6482 45(0.76) 577 (8.90) 626 (9.66) 0.08
300-399 43 3896 41(1.05) 495(12.71) 536(13.76) 0.08
400499 30 2866 17(0.60) 426(14.86) 443(15.46) 0.04
500+ 34 3219 40(1.24) 587(18.24) 627(19.48) 0.06
Total 386 35553 242(0.68) 2717( 7.64) 2959 (8.32) 0.08
*Unpublished data cited from Awaetal. FiEs (k%) L nJlH.
dic: dicentric; r: centric ring; t: reciprocal translocation; inv: pericentric inversion.
dic: THEHRER, ro FARBESE, v HEHEE, inv: SBEEHRM.
was recorded, for subsequent reexamination of DEMLMETEL . BEOERBERBRORIC,

the same metaphases. After routine observations,
the slides were soaked with tetrachloroethylene
to remove immersion oil from the slide, then
in an acetic acid-methanol mixture to destain
the cells, washed by tap water, and dried.

The trypsin-G-banding technique employed here
was essentially the same as the original method
of Seabright:” the slides were treated for 1 to
15 seconds in 0.2% trypsin solution (1:250,
Difco) dissolved in a calcium-, magnesinm-free
balanced salt solution, then washed in running
water, and restained with a 5% Giemsa solution
at pH 6.8.

The banded metaphases, which had been
previously photographed, were relocated,
reexamined, and again photographed. Karyotype
analyses from the printed photographs of the
same metaphases derived from the two different
staining methods were made separately, so that
the types and frequencies of radiation-induced
chromosome aberrations were evaluated
independently (the ordinary staining method is
abbreviated hereafter as O-method, and G-
banding as G-method).

RESULTS

Table 1 summarizes our previous cytogenetic
findings among 386 Hiroshima A-bomb survivors
(Awa et al, cited from unpublished data), and the
increase in the frequency of exchange aberrations
with increasing doses is clear. Symmetric
aberrations, such as reciprocal translocations and
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pericentric inversions, were found to predominate
over asymmetric ones, and they were the major
components contributing to the dose-aberration
relationship. In contrast to the predominance
of symmetric aberrations, asymmetric exchanges
(dicentrics and rings) were far less frequent,
being less than 10% of the total number of
aberrant cells analyzed, although a dose~response
relation was nonetheless observed.

The results of karyotype analysis of 896
metaphases (using both O-method and G-method)
derived from 23 Hiroshima survivors are shown
in Tables 2 and 3. Though the number of
metaphases as well as the number of cases was
small, there was in general a dose-dependent
increase in the frequency of cells with chromo-
some aberrations for either method. The
frequency of aberrant cells was clearly higher in
the G-method than in the O-method series for
every dose group (Table 2). The ratio of aberrant
cells by the O-method to that by the G-method
was 0.86 (293 for O vs 342 for G).

Of the 896 metaphases analyzable by both
methods, 548 cells were identified as normal,
while aberrations were observed by either one or
both methods in the remaining 348 cells (Table 3).
The frequency of asymmetric aberrations
(dicentrics, rings, acentric rings, and acentrics
with terminal and interstitial deletions) was
extremely low, there being only 17 in 348
cells (or 5% of the total number of aberrant
cells).

Further comparison of the karyotypes from the
348 cells with aberrations showed that the
aberrations were identical in 151 cells (43%),
while they were not identical in the remaining
197 celis. The latter group of aberrant cells was
further divided into three subgroups as shown
in Table 3; (a} though abnormalities were identi-
fied by both methods, the types of aberrations
were not identical® (136 cells), (b) abnormalities
were detected only by G-method but not by
QO-method (55 cells), and (c¢) G-method failed
to detect any abnormality in cells which had
already been identified as abnormal by O-method
{6 cells). For these six cells there were four in
which one chromosome by O-method appeared
to be abnormal, since it was either overcontracted
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* For example, a pericentric inversion by O-method was in fact determined to be a reciprocal translocation or

even more complicated exchange by G-method.

Bz IE0BI ko THARBNNE Ao EBRRIGHIC L - THERERE, savid, ssCfilrchis

HThpiHEERL.



RERF TR 13-77

TABLE 2 FREQUENCY OF ABERRANT CELLS BY T65 DOSE IN 23 HEAVILY
EXPOSED A-BOMB SURVIVORS OF HIROSHIMA

%2 BFIORBMERIREEE O TesMENIZ L é?:—?‘??ﬁﬁlllﬂﬁﬂ)ﬁfi

Aberrant cells

T65 Dose (mean) Cells

(rad) Cases analyzed O-method G-method
100-199  (157.8) 8 295 68(23.1%) 78(26.4%)
200-299  (258.2) 6 257 80(31.1) 92(35.8)
300-399  (331.7) 3 137 52(33.00 63(46.0)
400499  (405.7) 3 85 25(29.4) 29(34.1)
500+ (710.7) 3 122 68(55.7) 80(65.6)
Exposed

total (311.1) 23 896 293(32.7) 342(38.2)
Total cells photographed 1758 1114

TABLE 3 COMPARISON OF KARYOTYPES OF THE SAME
METAPHASES BETWEEN ORDINARY & G-BANDING METHODS

#3 MEBEEGAREC LIRS RBOMIO R

O-method G-method Karyotype Karyotypes

N : N identical 548
AB AB identical 151
AB ¢ AB nenidentical 136
N : AB nonidentical 55
AB N nonidentical 6

Total 896
Nenidentical karyotypes 197

N: normal karyotype, AB: abnormal karyotype.

N: ERMER, AB: %A,

or unusually twisted, but by G-method its
banding pattern proved to be normal. In the
remaining two cells, an exchange could conceiv-
ably have occurred at the negative regions of the
distal part of certain chromosomes, indicating
that even the banding technique may fail to
detect exchanges of this type.

To further simplify the results observed from the
G-method, the 348 cells with chromosome
aberrations were classified into three groups
according to the types of aberrations by scoring
the number of breaks involved in each exchange;
ie., S-type cells as having simple aberrations
caused by one or two breaks, C-type as complex
interchanges with three or more breaks involved,
and U-type in which the types of exchanges
could not be determined. Table 4 shows that
there were 31 U-type cells in which aberrations
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TABLE 4 CLASSIFICATION OF ABERRANT CELLS DETECTED BY
ORDINARY & G-BANDING METHODS

#4 BREELUGHRBI LoTH hhEEMban s

Metaphases
O-method + G-method Total
S C U
AB AB 225 35 27 287
N AB 50 1 4 55
AB N 6 - - 6
Total 281 36 31 348

N: normal karyotype, AB: abnormal karyots;'pe.
8: simple-type with 1 or 2 breaks, C: complex-type with 3 or more breaks,

U: unidentifiable-type (see text)
N: E#i%%, AB: Bubn,

S: —2HB30uRTo0WIC L MR,
U: BB TR (Bt ke,

L HWME,

were so complicated that even the banding
method could not specify the types of exchanges.
There were 36 C-type cells which showed various
types of complex exchanges. About 20% of the
348 cells, or 67 cells, belongs to either C- or
U-type, indicating that the aberrant cells persisting
to date camry really complicated structural
rearrangements of chromosomes.

Although the types of exchanges detected by the
G-method but not by the O-method among the
present cases have not been fully characterized
yet, preliminary analysis showed that these
aberrations consisted of paracentric inversions (in
12 chromosomes so far confirmed), intra- and
interchanges of chromosome parts with equal
lengths, or even with unequal lengths that
were judged nonetheless to be within the normal
limits of variation by O-method. As for complex
exchanges, insertions of chromosome segments
of both inversion- and translocation-types,
and sequential translocations involving more
than three chromosomes were frequently noted.
These exchanges undoubtedly contributed to an
elevated frequency of aberrant cells in the
G-method series. ’

In the O-method series, aberrations designated as
deletions were frequently observed, in which
only one of the chromosomés in the complement
was shorter than the partner, but about a half of
them were classified as reciprocal translocations
by the G-method because the corresponding
abnormal counterpart could be identified.
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DISCUSSION

The majority of exchange aberrations observed
in the peripheral blood lymphocytes of Hiroshima
and Nagasaki A-bomb survivors are the symmetric
type, while cells with asymmetric aberrations are
very low in freql.wncy.l’2 It seems likely that in
these individuals irradiated more than 20 years
ago, over this period of time the cells with
asymmetric exchanges would have been elimi-
nated from the lymphocyte population due
perhaps to mitotic disturbances. In this
connection, the symmetric exchange, therefore,
would seemm to be a wuseful indicator for
evaluating the dose-aberration relationship,
especially in those exposed to large doses of
radiation long before cytogenetic examination.

Unfortunately, microscopic detection of
symmetric exchanges is imited in the O-method,
since the criteria for the identification of
individual chromosomes are based only on
relative lengths and arm ratios (or indices)
including a certain amount of variability for each
chromosome. A large fraction of such aberrations
is thus likely to be overlooked.®-® For example,
Sasaki’® reported from his in vitro irradiation
experiments of human lymphocytes that the
frequency of symmetric aberrations was only
about 20% of asymmetric exchanges. Since the
probability of both symmetric and asymmetric
aberrations being induced by irradiation is
assumed to be equal, about 80% of the symmetric
exchanges remain undetected by the O-method.

By the use of banding techniques, it was possible
to analyze the same metaphases in two
different ways: first by the O-method, and then
by the G-method, so that the frequencies of
chromosome aberrations derived from these two
methods can be compared directly with each
other. The present results showed that the
frequency of aberrant cells was definitely higher
in the G-method series than in the O-method
series. The O-method detected 86% of the
aberrant cells identified by the G-method, which
was higher than previously assumed.®™10

Some types of exchanges were observed by the
G-method that could not be identified by the
O-method. Paracentric inversion is a typical
example, the frequency of which was close to
that of the total number of asymmetric
aberrations observed in the sample. In addition
to paracentric inversions, several types of
insertions and interchanges of chromosome

RERF TR 13-77
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segments with both equal and unequal lengths
were also detected frequently.

Another noteworthy feature was that some of
the translocations, which were identified as
simple reciprocal types by the O-method, were

‘in fact more complicated involving more than

three breaks, and often showed sequential
interchanges. Further detailed analyses by the
G-method are in progress in terms of the types
of aberrations, number of breaks per cell, and the
sites of break-points in the somatic cells of
A-bomb survivors,
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