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Fig 2 Chromatid break: arrowed.

Material and methods

Numbered blood samples were received for
cytogenetic analysis over a period of six months. It
was understood that specimens received in the same
week would include samples from each of groups A,
B, and C.

LYMPHOCYTE CULTURE

Bender and Gooch® and Buckton et al* described
how radiation-induced chromosomal damage was
observed in leucocyte culture 15-20 years after the
initial exposure. Many aberrations, however, and
particularly the unstable types, including breaks and
quadriradials, fail to survive cell division. The
method of culture for detecting such chromosome
aberrations was therefore designed so that chromo-
somes were studied during the first mitotic division.
Every effort was made to minimise variation in the
rate of aberrations due to culture effects. Because
changes in the culture medium may influence the
observed number of aberrations, each of the materi-
als used for the medium were from a single batch.
Four cultures were set up for identification of
chromosome breaks and aberrations, all identical in
the final leukocyte concentration and in the con-
stituents of the culture medium. Each culture con-
tained the following: 0-5 ml heparinised blood, 2-5
ml fetal calf serum (Flow Laboratories), 10 ml TC
199 (Wellcome), and 0-2 ml phytohaemagglutinin,
(PHA) (Wellcome). Cultures were harvested after
48 hours incubation at 37° by a modification of the
method of Moorhead et al ¢
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Fig 3 Sister chromatid exchanges: a few of them are
arrowed.

Slides were prepared from all cultures, and these
were stained with Leishman’s stain (Gurr's Ltd).
Fifty cells were then scored by one or other of five
observers. These were taken from two separate cul-
tures, and 25 cells were scored from each to check
on any culture variation. The chromosome number
was counted and the presence of gaps, breaks, or
structural or numerical abnormalities scored. Breaks
in either one chromatid (chromatid breaks) or two
chromatids (chromosome breaks) were distin-
guished.

Gaps were defined as any discontinuity in the
chromatid or chromosome greater than the width of
a chromatid. Breaks were distinghished from gaps
by having a displacement of the distal fragment from
the remainder of the chromosome. Although struc-
tural abnormalities were noted, they were scored
according to the number of breaks. Thus a quadrira-
dial was scored as two chromatid breaks and a ring
as two chromosome breaks. Finally, one cell was
selected for full chromosome analysis in order to
confirm a normal karyotype. Two individuals were
found to have a congenital aneuploidy of the sex
complement.

As the scoring was done by more than one
observer, observer variation could obscure real
intergroup differences. To measure this source of
variation, a pool of five preparations was scored by
each observer and “observer” variation statistically
assessed (see below).
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Two further cultures were set up from each indi-
vidual as previously described, except that these
were incubated for 62 hours with 0-1 ml
5-bromodeoxyuridine (BrDU). Because BrDU is
photosensitive, cultures were protected against the
light. Such a procedure’ enables the sister chromatid
exchanges to be scored and is a sensitive method of
assessing the breakage rate at the time of culture.
These cultures were harvested by the same method
as before but before staining were treated with
Hoescht 33258 (5 x 107° g/ml final concentration)
for 14 minutes and with two hours’ exposure to
ultraviolet light. They were then incubated in distil-
led water at 60°C for two hours and stained with
Leishman’s stain. A proportion of cells treated in
this way shows distinct differences in the quality of
staining of the two chromatids, and this allows scor-
ing of an exchange that has taken place between
chromatids. Ten cells were scored from each indi-
vidual successfully banded in this way. Only cells of
the very highest quality were used for scoring sister
chromatid exchange rates.

Chromatid and chromosome gaps and breaks
were scored in 124 individuals; 31 in group A, 55 in
group B, and 38 in group C. Sister chromatid
exchanges were scored in 40 individuals; eight from
group A, 20 from group B, and 12 from group C.

Results and statistical analysis*

GAPS AND BREAKS

Since there were only minimal differences between
the duplicate cultures of each individual these
results were pooled—the data used therefore consist
of the total number of chromatid or chromosome
gaps and breaks present in 50 cells of an individual.

A distribution plot of the data showed an approx-
imately Poisson distribution for chromatid and
chromosome events. A computer program was used
to analyse the data. This program (general linear
interactive model (GLIM)) may be used to produce
a x2-based breakdown of sources of deviation in
data of any specified distribution. The deviations
produced by any particular factor may be assessed
directly as a x2. If the residual deviations are
significant (p < 1%), however, then the main factor
items cannot be adequately assessed.

Preliminary analysis of the results obtained when
all observers scored the same five individuals sug-
gested that different observers may vary in the
criteria on which they score events—particularly
chromatid events. The main analysis was therefore

*Raw data may be obtained on application to Dr C E Blank,
Centre for Human Genetics, 117 Manchester Road, Sheffield, Eng-
land

broken down to analyse the difference between
groups A, B, and C within observers.

Tables 1 and 2 show the results of the GLIM
analyses for chromatid and chromosome events
respectively, together with the mean number of such
events per cell for each group.

Table 1 (chromatid events) has an extremely high
residual item so that the main items cannot be ade-
quately assessed. This high level of residual devia-
tion may be due to the presence of some other factor
or factors acting to produce variations between indi-
viduals that has not been taken into account. Such
factors may include the age of the individual, the
time at which the individual was studied, or the qual-
ity of the preparation obtained. An alternative, but
perhaps less likely, hypothesis is that the underlying
assumption of a Poisson distribution is incorrect.

Table 2 (chromosome events) has a small residual
item that is acceptably low. This analysis shows no
significant difference in the number of chromosome
events between groups.

TOTAL EVENTS (CHROMATID/CHROMOSOME
GAPS AND BREAKS)

A distribution plot of the frequency of all events
showed few zero observations and less extreme
skewness. Several transformations were therefore
attempted on the data, and the transformation log
(X + 1) was found to produce a reasonably symmet-
rical distribution. The analysis of variance technique
is relatively resistant to minor deviations from nor-
mality, so this technique was used to analyse the
transformed data.

Table 3 shows the results of this analysis with
alternative breakdown of the “group’ items taking
into account the differences between observers,
together with the mean number of total events per
cell for each group. There was no significant differ-
ence between groups either overall or within obser-
vers.

SISTER CHROMATID EXCHANGE

A distribution plot of the data showed an approxi-
mately normal distribution. An analysis of variance
technique was therefore applied. Table 4 shows the
results of the analysis of variance together with the
average number of sister chromatid exchanges per
individual (in 10 cells) for each group.

More objective scoring is possible of these
exchanges so observer variation should not be a
problem. As a check, the variation between groups
was compared with the within-group (between indi-
viduals) variation for each observer separately.

The analyses showed no significant variation in
the frequency of sister chromatid exchange between
groups, either overall or within observers.
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Table 1 Chromatid events Table 2 Chromosome events
(a) GLIM analysis (a) GLIM analysis
Component 2 daf P Component 2 df P
Between observers 69-6 4 Between observers 13.2 4  non-sig
Groups within observers 19-7 10 Groups within observers 2-8 10  non-sig
Residual deviation 206-1 109 <01% Residual variation 135-4 109  non-sig
Total 151-4 123

Total 2954 123 (Significance level accepted = <1%)
(b) Mean number of chromatid events per cell (b) Mean ber of chr events per cell

Group A Group B Group C Group A Group B Group C
No of cells 1550 2750 1900 No of cells 1550 2750 1900
Mean 0-0529 0-0556 0-0600 Mean -0226 0-0251 0-0258

Table 3 Total events: chromatid/chromosome gaps and breaks

(a) Analysis of variance log (X x 1)

Item Ss df MSS VR p
Between observers 1-47921 4 0-36980 72 <0-1%
Between groups 0-07897 2 0-03948 <1 non-sig
} 0-46510
Group x observer interaction 0-38253 8 0-04782 <1 non-sig
AMP 0-03826 2 0-01913 <1 non-sig
LO 0-18948 2 0-09474 1-8 non-sig
Bgtl:}'een groups AEW 0-46510 0-01298 2 0-00649 <1 non-sig
within
observers ELM 0-00367 2 0-00184 <1 non-sig
1B .0~2171 1 2 0-10856 2-1 non-sig
Within group/observers 5-59434 109 0-05132
Total variation 7-53505 123
(b) Mean number of events per cell
Group A Group B Group C
No of cells 1550 2750 1900
Mean 0-0755 0-0807 0-0858
Table 4 Sister chromatid exchange
(a) Analysis of variance
Item Ss df MSS VR
Variation between groups 21 2 10-5 <1 non-sig
Within groups (between individuals) 2437 37 659
Total variation between individuals 2458 39 63-0 66 < 0-1%
Within individuals (between cells) 3473 360 9-6
Total variation 5931 399

(b) Mean number of sister chromatid exchanges

Group A Group B Group C Overall

Mean per individual  80-0 85-0 80-5 82:6
Mean per cell - 8.0 85 81 83
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Discussion

The statistical methods used are such that significant
differences when comparing A and B against C, or
any other combination of A, B, and C, would have
been apparent. With respect to chromatid/
chromosome gaps and breaks there is no statistically
significant variation between groups (table 3);
although it is of interest that the mean score per cell
for chromatid/chromosome irregularity is highest in
group C (known to be exposed) and lowest in group
A (controls). Again, no significant variation in fre-
quency of sister chromatid exchanges between
groups (table 4) is observed.

In conclusion, it was evident that measurement of
chromosome aberration, or mitotic events (sister
chromatid exchange rate), which might be expected
to be increased in individuals exposed to substantial
quantities of chemical mutagenic/carcinogenic
agents showed no statistically significant differences
between the groups studied.

We are grateful to various members of the staff of
the Centre for Human Genetics, Sheffield, for

undertaking the cytogenetic analysis and to the
computer services department of the University of
Nottingham for running the GLIM analysis.
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