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CHROMOSOME ABERRATIONS AND CULTURE TIME
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INTRODUCTION

HIROSHIMA
E EERMBA
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It has been suggested that the frequency of cells with
dicentrics, rings, and acentric fragments (so-called Cu
type cells) decreases with increasing time in culture.!
The mechanism for this decrease was presumed to be the
inability of these aberrations, from a mechanical point of
view, to survive the multiple cell divisions imposed by 3-
or 4- day culture times. Autoradiographic evidence has
indicated that 70 % of cells in the 72-hour leukocyte culture
Thus, it has
been reasonable to attribute the decreasing frequency of

system were in their second in vitro division.

these aberrations at culture times beyond 2 days to mitotic
difficulties.

However, in studies of the Bikini fishermen, a relative
constancy of Cu cells was reported at several culture
times, raising the question of whether Cu cells are truly
mitotically unstable.?

In the course of our earlier eytogenetic studies of A-bomb
a 66-72 hour culture time has been used.
But, because of the evidence of Buckton and Pike,'! and
hecause a shorter, 2-day culture time, with only first
division products, was technically feasible, we decided to
shift completely to a 46-50 hour method.”

5urvi\n:'rs,4"3

The present study was done to determine whether, in our
hands, there would be differences in aberration frequencies
at the two culture times. We wanted to be able to compare
the future cytogenetic data to be obtained on A-bomb
survivors with that already obtained using the 3-day
system.

MATERIALS AND METHODS

The heavily irradiated A-bomb survivors in this study
were all exposed to over 100rad, and met the eligibility
criteria given elsewhere.” Controls were at least 3000 m
from the hypocenter and were exposed to less than 1rad.
All subjects were from Hiroshima.
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From each subject 10 cc of venous blood were drawn into
a heparinized syringe; 0.1cc of Burrough's Wellcome
phytohemagglutinin (PHA) was added to the whole blood,
which was mixed, and allowed to stand on ice for
45 minutes. After separation of the leukocyte suspension,
the white cells were counted. From 5-7 x 107 leukocytes
were inoculated into each of two cultures, with an
additional 0.1 ce of PHA added to the final culture. One
culture was incubated for 44-48 hours prior to addition of
colchicine, while the second was incubated for 66-70 hours.

Slides were prepared and read without our knowledge of
either the exposure status of the subjects or of the duration
of culture of the cells. Cell selection criteria and defi-
nition of each type of abnormality are given in another
report.’

RESULTS

Blood samples were obtained from 27 eligible subjects;
17 were later found to be exposed, while 10 were controls.
The average age was 62 years for each group, the range
being 53-70 among the exposed, 54-69 among the controls;
18 of the 27 subjects were females.

As seen in Table 1, a total of 5400 cells were examined,
200 from each of the 27 subjects (100 from each 2-day
culture, 100 from each 3-day culture). In terms of
chromosome number, 94.5 % of all cells cultured for 2 days
had 46 chromosomes, while 92.9 % of all cells cultured for
3 days had 46 chromosomes. The number of cells with
single chromatid gaps and breaks, and isochromatid gaps
and breaks, was somewhat higher at 3 days of culture, in
both the exposed and controls. The increase in both
single and isochromatid lesions was largely accounted for
by achromatic gaps, which are presumed to arise arti-
factually during culture. The longer culture time may,
then, be expected to produce more of these.

Our major interest was in the proportions of Cu and Cs
cells.® In the controls, 0.4% of cells cultured for 2 days
and 0.7 % of cells cultured for 3 days had so-called unstable
aberrations. This increase was accounted for exclusively
by the three additional minute fragments which were seen
in thé 3-day cultures, and not by the appearance of rings or
dicentrics at 3 days. Furthermore, the present control
group is very small (10 subjects) and is made up only of
persons over 50 years of age. In any event, the proportion
of Cu cells in controls was reasonably similar at both
culture times, given the small sample size. The frequency
of Cu cells among exposed survivors at 2 days of culture
was 1.7%, and 2.2% at 3 days. The relative constancy
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TABLE 1 CYTOGENETIC FINDINGS IN 2- AND 3-DAY CULTURES OF OLDER SURVIVORS
OF THE HIROSHIMA ATOMIC BOMB
£l EROEHEBREBRENO2HE LU DEERBCE T IMAEEENR

Item

HA

Controls A HE Exposed #iR#
45-50 hrs ¥ M68-T2 hrs B i 46-50 hrafs [68-72 hrs BF [

Survivors #HEH ...

Total cells examined #EEMAIRER ...

% cells with 46 chromosomes $EEHBOIMBED %...cvcevveenee,

Cells with one or more: FHORE & 1L L4+ 5 M
Single chromatid breaks or gaps M — 46 Sy A1 £ % (2 gap

Isochromatid breaks or gaps L i 3 RGBT £ 213 gap

Dicentrics 2 #1EME ..o
Fragments BiH ...

Translocations FEBE i e

Inversions

Deletions

% Cells with exchanges (Includes rings, dicentrics, fragments,
translocations, inversions, deletions)
FRUEEORchsH#lao % HEE, ZEiME, WA,
BREE, MEBECREEED) i
% Cu cells {(Includes rings, dicentrics, fragments)

Cuffifoon % (Bpafk, 2MERGICEHR &)

% Cs cells (Includes translocations, inversions, deletions)

Cs fIlE D % (MEHE, B HFELFREEEDT) s

10 15

1000 1000 1700 1700
95.5 93.6 93.6 92.2
27 46 55 68
3 8 5 12
1 1 2 2

0 0 6
3 6 21 30
] [} 57 64
1 0 22 23
1 1 11 25
0.6 0.8 7.0 8.7
0.4 0.7 1.7 2.2

of Cu cells, at both culture times, in both exposed and
control groups, was impressive. (Figure 1).

The proportion of Cs cells, or cells with translocations,
deletions, or inversions, showed somewhat more variation
in the exposed, but was nonetheless fairly constant. Stable
aberrations were present in control cells, at 2 days, ata
frequency of 0.2 %; while at 3 days, they were seen in
0.1% of cells. However, in the exposed, 5.3% of cells
at 2 days had these aberrations, while 6.5% had them at
3 days. This increase was largely due to the larger
numbers of deletions detected at 3, but not at 2, days.

Clone-formation in heavily irradiated A-bomb survivors
has been previously reported by us® However, it was
reasonable to suppose that detection of clones might be
enhanced by use of the 2-day culture system, since only
two cells with the same aberration are required at 2 days,
while at least four are required at 3 days. Table 2
summarizes the evidence for clone formation in 5 of the
17 heavily exposed A-bomb survivors; 6 clones were seen,
with the evidence to substantiate the clones coming from
both cultures. In four of these five cases, the clones were
of translocations, inversions (Figure 2), or deletions, while
in the fifth case, a cell line with the same acentric fragment
was seen.
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TABLE 2 CLONE FORMATION IN 5 ATOMIC BOMB SURVIVORS

%2 FERBEBRESHIISISZ 70— HBR

Estimated Cells involved™ #HJid #
MF Number Exposure Dose Lips ol Clona 2-day culture 3-day culture
RALREHS REEBHER su—roEE 2[]}"5}-’;* ERERET

426 rad 1 Translocation D 7523 4 3

2 Deletion D R4 3 2

717 Translocation D/A  #&EE 1 1

459 Inversion A AL 2 L

362 Inversion A pugivg 1 1

104 Acentric Fragment acentric #f J7 3 1

*100 cells were analyzed per culture, so that additional cells with these specific aberrations might have been seen had more cells been
examined. The evidence presented here is, however, sufficient to diagnose a clone in each instance.

Il Eo#MRZBRELAZLE, ChooBTORBHER

AW OX100 BoMlasam L. LidsT,
Wty zflersns{BOSOATHE).
HERTLa ) XATHS.

DISCUSSION

[t is clear from the evidence presented above that in our
laboratory there is little difference in the frequency of Cu
and Cs cells, whether the 2- or 3-day culture time is used.
The small increase in the proportion of Cu cells at 3.days
of culture was accounted for by the increased number of
chromosomal fragments, while the increase in Cs cells at
the later culture time was largely attributable to an increase
in the number of deletions. In our previous study of older
A-bomb survivors,” which involved only 3-day cultures,
translocations were the predominant type of complex
aberration seen. Similarly, in the present study, transl-
cations were the most common aberration of the exchange
type and they were found about equally at both culture
times.

The same numbers of cells with dicentrics (6) and rings (3)
were found at both culture times, in both exposed and
controls. With 70 % of cells in at least a second division
at 3 days of culture, and with three of these nine cells not
having an accompanying fragment, i.e. being beyond the
first division post-irradiation, it is suggestive that some
dicentrics and rings may survive cell division with their
accompanying fragment intact, and that the dicentrics and
rings themselves may be capable of going through mitosis.

From these findings, and from the survival of mitosis by
Cu cells in the in utero expr)s&-}cl,6 as well as from the
supporting evidence of others for Cu cell survival’'? itis
clear that some, perhaps many, cells with Cu aberrations
are not eliminated because of the presence of the aber-
ration. Many factors which influence lymphocyte life span
are undoubtedly operative among the heterogeneous popu-
lation of small, immunologically committed cells. For
example, the sensitivity of a given cell to a specific antigen

4L,
LarLans,

#WIiE S 70— YR AEBR YA 3 BT

Z =

LEROERPRT LI, Db NOFEETIE, 2 H
HERHIVEIHEEROVWTh HiEH VT
Coffifas S0 Cs iR ILhENERIL VL
Z3. 3HMEERIZENT Cu filan WAL LYRIAL
ok, REEIFROMMOLD THY, —F, HEER
AR LAMAIZ Cs Milar A+ a1 HEE, F& L
T, BRAKKEOBINO LD TH - =, S %12, EWME
MMM E LB 3 OB BN TH & 2k
Tld, HELTREQERED KE T S4EE TH - /2. [k
12, ARORMETE, CHRVERFEOI) SEIREZ <
Roh, WihoEREERTLIZIFER CHAE TR 5
7S

HREHLIUNBELE D, 28EE6) L UVBLEE
K@ rATAIHMBORIVTNOEERMTEELCT
b7z, SHOMBETE, MIBOT0DH VAL ELE2
BIHOZREBEBI LTI LEEISNEZIEL, 2ThH
IfE nMian > 5 3IMMAM K 2 ET A h 5 22 L,
Thbbh, RIHEHEBRIRBL Lo ThE LY
OBEMIZEY, 2BEd FUREGAKD D B,
MW A AT A2 b (Mla BB ETEEELL0
AHY, Lrd 2BEES X VBLAGEREICDH» L
LGHTE50EBbhs,

INLDRERRP, BNERHE IO T CofijarmHL
3ALBEHOLNAZL,S HEUYCu MM+ A2
FEZE O o BIMF LT, Cu RIQta(REHE A+ 54000
Dz, REEKREZATZ 12822056 FH 2N
LTHELEVLDIF P LENBFEETSZLEHELTH
AE5128Bbhs. )y AROBHICHELERIETZ S
DERY, REREETIIN L RO/ X Lifan s
BIfERHLTVwAZ e T BETHE, 2Lz, 2
WD L CREGBARDHELN S, bAREOHE L



Figure 1 A polyploid cell with duplicated dicentrics (arrows). This cell comes from a 3-day eulture of leukocytes, and repre-
Ej sents a second division metaphase. Estimated exposure dose 401 rad.
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Figure 2 Partial karyotypes of A and B group chromosomes of three cells. The first two cells come from the 2-day culblure,

[ the third from the 3-day culture. FEach cell shows a pericentric inversion involving an A2 chromoseme (arrows).
Estimated exposure dose 459 rad.
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may well be more critical to that cell's survival than the
presence in it of a dicentric or ring chromosome.

It seems to us reasonable, therefore, to classify the Cu
and Cs aberrations collectively as “exchanges”, in ac-
cordance with the way in which they are formed. In our
study, then, the frequency of cells with exchanges at 2 days
of culture in the exposed was 7.0%, and at 3 days 8.7 %.
In the controls, the frequency of exchanges was 0.6 % and
0.8%, at 2 and 3 days, respectively. Thus, there is a
reasonable constancy of exchange-type aberrations at bhoth
culture times.

The detection of 5 cases of clone formation out of the
17 exposed (29.4%) was far more than we could have
expected, in the light of the few cases of clone formation
observed until now. Of 171 heavily exposed A-bomb sur-
vivors previously reported on, only 4 (2.3 %) were found to
have clones of cells with the same cytogenetic aberration.*
None have been seen in 174 controls. That four of the
six clones in these five subjects were detectable by use of
the 2-day culture alone suggests that in the future, we
may well have many more subjects with clones of presuma-
bly radiation-induced aberrations. The clinical signifi-
cance, if any, of these clones remains obscure at the
present time; but they undoubtedly represent a very large,
cytogenetically aberrant population of cells.

SUMMARY

Leukoeytes from 17 atomic bomb exposed survivors and 10
control persons of the same age group were cultured for 2 and
3days. Among the controls, exchange-type aberrations were
seen in 0.6 % of cells at 2 days of culture and in 0.8% of cells
T.0% of cells
cultured for 2 days had these aberrations, which were
seen in 8.7% of cells cultured for 3 days. The finding
of cytogenetically aberrant clones in 5 of the 17 exposed

at 3 days of culture. Among the exposed,

survivors indicates that 2-day cultures, either alone, or in
combination with 3-day cultures, significantly enhance
clone detection.
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