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APPENDIX 

The Leukaemogenic Effect of Whole-body firradiation of the Mouse:
Experimental Work at the Radiobiological Research Unit,

Harwell

Mouse 'eukaemia' is a generic term which might well be replaced by the
clurnsier, but more accurate, 'malignant disease of reticular tissue'. There
are a variety of cytologically definable types (reticulosarcoma, 'histiocytoma'
or monocytic leukaemia, lymphosarcoma and lymphoid leukaemia, myeloid
leukosis) and a variety of morbid anatomical patterns, but there is only an
approximate correlation between morbid anatomy and cytological type. True
leukaemia where the white blood cell count is raised and morphologically
abnormal white cells are found in the blood) occurs but is relatively uncommon;
leukaemoid blood pictures are also found.

Normally the murine thymus persists for much of the reproductive life-span,
-atrophying only in iddle age, instead of in early childhood as in man. This
may be the reason why the anatomical region of the thymus is more often
involved in eukaernia in younger than in older animals, and why'thymic
leukaemia' is a characteristically murine disease and does not seem to occur
in man. A great deal of the experimental work on mouse leukaernia reported
in the literature is concerned with 'thymic leukaemia,' and ts is often consi-
dered to be synonymous with thymic lymphoma or lymphosarcoma. However,
the anatomy of tumour masses in the superior mediastinum. not infrequently
suggests that they are not truly thymic in origin and their ell type is often
not lymphoid.

Different mouse strains differ characteristically in the frequency of the
different varieties of murine 'leukaemia', both in cytological type and in morbid
anatomy. Irradiation odifies the morbid anatomy and alters the frequency
distribution of different cytological types as well as the age at which the
leukaernia kills (Mole, 1958). The differences from unirradiated controls
,depend not only on the dose of radiation but also on the manner of exposure
to radiation, that is, on such factors as duration of exposure, dose-intensity
of individual exposures and kind of radiation. There are also problems in
scoring leukaemia, for example when deciding whether leukaemia is a contri-
butory cause of death in animals with other forms of radiation damage such as
aplastic anaemia or malignant disease elsewhere in the body, or when using
the amount of 'leukaeraia' judged from a survey of tissue sections to decide
whether to classify individual mice as free from leukaemia, possibly leukaernic
or definitely eukaemic. The following statements about results are, therefore,
all provisional since they mostly refer to mouse eukaemia' as a whole. Further
analysis and subdivision into categories may alter the conclusions in some
respects. Most of the work has been done with female CBA mice. All the more
important results have been confirmed in female C57 Black mice. Male CBA
mice have also been used on a limited scale.

A leukaenfia incidence of - 90 per cent has been produced in each of four
genetically defined mouse strains by total doses of whole-body irradiation of
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1,500 r of X-rays spread over six weeks (Mole, 1958 and unpublished observa-
tions). None of the strains had a high spontaneous incidence. Three of te
strains were pure-lines, one a F, hybrid between two of these. Thus all indivi-
duals seem to be susceptible to the induction of leukaemia by radiation.

To obtain the maximum incidence of leukaemia a course of irradiation must
last not less than four weeks and the individual doses of radiation must not be
too large (Mole, 1959a and unpublished observations). After a single dose of
750 r of X-rays the incidence of leukaernia was raised but to a much smaller
extent than if the same dose was spread over a few weeks (Mole, 1959b).

When a dose has been varied by increasing the number of days of exposure
(which involves also varying the age at which animals are irradiated), keeping
all other irradiation conditions constant, a sharply sigmoid dose-response
curve has always been obtained. (This is independent of the necessary minimum
exposure time referred to in the preceding paragraph.) At any one level of
daily dose as the number of days of exposure and the total accumulated dose
are increased the frequency of leukaernia is not indefinitely increased but
reaches a steady level dependent on the average daily dose, a level which
apparently may be anywhere between the control value and 100 per cent
(Mole, 1959c). (Further results need to be collected before tis conclusion can
be stated with certainty.)

With a fixed time between the first and last exposures (age thus being
invariant), the total dose may be varied either by altering the duration of a
daily dose given in a number of minutes at a fixed, high dose-intensity (Mole,
1956 and 1958), or by altering the dose-intensity of a continuous 24-hour
dose, when the actual irradiation time is constant (Mole, 1958, and unpublished
observations by Mole and Thomas). In either type of experiment a sharply
signioid dose-response curve is obtained, but the short exposures at high
intensity were much more leukaernogenic, dose for dose, than the low intensity
,day-long exposures (Mole, 1959c). With the most leukaemogenic types of
exposure total doses of 400-500 r produced a real increase in leukaemia .

In experiments with daily irradiation it is possible so to choose the experi-
mental conditions that the dose-intensity of the individual exposure appears
to be the over-riding factor in the induction of leukaemia (Mole, 1959a). There
is in fact just no experimental evidence consistent with the hypothesis that the
incidence of malignant disease of reticular tissue depends simply and linearly
on dose, and if the axiom is accepted that the point mutation rate depends
simply on dose, then radiation-induced mouse leukaernia cannot be due simply
to point utation.

Direct observation of chromosomes has shown, in fact, that grossly visible
changes in the number and/or morphology of chromosomes are characteristic
of murine leukaemia of a types and whether spontaneous (in strains with a
low or a high spontaneous incidence), induced by radiation or induced by a
chemical carcinogen (Ford, Harnerton and Mole, 1958, and unpublished
observations by Ford and collaborators). (The observations were made on
tissues from the primary host, not merely on transplanted cell lines.) The
mechanism by which these chromosomal changes arise is not known, nor
whether they are in some sense causal, as their persistence on transplantation

C



58 HAZARDS OF NUCLEAR AND ALLIED RADIATIONS

would seem to suggest (Ford et al., 1958). The observed chromosomal abnor-
malities cannot be accounted for simply on the basis of the two-hit mechanism
suggested by the dependence of leukaemia induction on dose-intensity.

Other varieties of malignant disease also seem to depend in a roughly similar
way on duration of exposure and dose-intensity (Mole, unpublished observa-
tions). However, they take longer to develop to the stage at which they can be
recognized, so that usually they are observable only in mice which do not get
leukaernia. The numbers of such ice are often small, except in those puzzling
experiments where an additional dose at the end of a markedly leukaemogenic
course of daily irradiation actually reduces the incidence of leukaemia and so
allows the mice to live longer than if they had not received the additional dose
(Mole, 1956 and unpublished observations).
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