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Compartments of Leukaemogenic Response to Radiation!

P.L.T. Ilbery?
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Abstract

By cytogenetic methods 88 of 100 radiation induced mouse leukaemias were seen to be composed of
significant numbers of cells carrying abnormalities of chromosome number and/or form. The incidence
of leukaemia following the leukaemogenic schedule of radiation was lowered by grafting bone marrow or
foetal liver. When these grafts, suitably labelled chromosomally, were used post radiation to impede the
onset of radioleukaemia, neoplasia supervened only in irradiated cells. The finding is in contrast to the
incidence from either irradiated or unirradiated cells in thymic grafts after thymectorny and fractionated
radiation. Thymic cells in association with irradiated bone marrow cells colonising the thymus became
neoplastic but non-irradiated bone marrow cells colonising an irradiated thymus were not rendered neo-
plastic and indeed had an inhibitory effect in the incidence of leukaemia. The findings are discussed in
terms of somatic mutation, immunological suppression and clonal explosion, and transformation elimina-
tion; and orientated to prevention of radiation induced leukacmia through a bone marrow factor in

restoration of thymic competence.

‘Read at the XIIth International Congress of Radiology, Tokyo, 1969.
*School of Public Health and Tropical Medicine, University of Sydney, New South Wales, Australia.
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Introduction

C57BL mice have a high incidence of radiation induced leukaemia with a relatively low incidence of
spontaneous leukaemia. Wallis et al. (1966) showed an incidence of about 70 per cent in the (C57BL x
CBA) F; hybrid. Ilbery and Barnes (1969) using 4 fractions of 200 rad #Co gamma radiation at inter-
vals of 4 days achieved an incidence of 67 per cent in (C57BL x CBA. T6T6) F, and (C57BL x CBA/H)
F, hybrids. Female mice were used because of the greater susceptibility of their sex to radiation induced
leukaemia. The leukaemia induced in this hybrid makes its appearance in the thymus. Animals sacri-
ficed in extremis with respiratory distress sometimes only show macroscopic involvernent of the thymus.
Nevertheless it is usual at this stage to obtain passage of the leukaemia by using either blood, lymph node,
bone marrow, liver or spleen as well as thymoma.

Thymectomy abolishes the leukaemic response to radiation. Subcutaneous implantation of a thymic
graft restores leukaemia induction in the thymectomized mouse exposed to a leukaemogenic schedule of
radiation (Law and Potter, 1956; Kaplan et al., 1956). In this thymectomized irradiated thymic grafted
mouse leukaemia model it has been shown that when host and donor are distinguished by means of a chro-
mosome label that in about half the resulting leukaemias the malignant cell can be demonstrated to have
arisen from the thymic graft (Ilbery, 1958; Barnes et al., 1959). The thymic graft has not been exposed
directly to the effects of radiation and this fact is used as a keystone for an indirect viral causation hypothesis
in leukaemogenesis.

A series of 100 radiation induced mouse leukaemias have been exarnined cytogenetically. The in-
fluence of somatic mutation, immunological suppression and clonal explosion, and elimination of cells

capable of neoplastic transformation is discussed in the light of the following results.

Materials and Methods

Gamma rays from radiocobalt were the source of radiation. The dose rate from the Royal Prince
Alfred Hospital Theratron Unit varied from 48 to 83 rads/rain. at 75 cm source/target distance.

The cytogenetic technique employed was a modification of the hypotonic, fixative, air-drying se-
quence making use of different stains but lately using lacto-acetic-orcein (Barnes and Ilbery, 1968).

Female mice either (C57BL x CBA/H) F, or (C57BL x CBA.T6T6) F, were subjected to radiation
at the age of 30 to 40 days. CBA/H and CBA.T6T6 are syngeneic and skin grafts have been made down
the breeding lines with compatible results. Thus the hybrids (C57BL x CBA /H)F, and (C57BL » CBA.

T6T6) F, can also be regarded as syngeneic.

Results and Discussion

Somatic mutation

88 out of the first one hundred radiation induced mouse leukaernias, examined cytogenetically in this
laboratory, have revealed abnormal classes of chromosome sets as defined. The laboratory has considered
an hyperdiploid class to be present if more than 5 per cent of the total cells examined belong to it, and the
presence of an hypodiploid class is inferred by the presence of 10 per cent of cells carrying the abnormal
number. The findings shown graphically in Figure 1 probably represent merely the visible structurally
altered moiety of massive genetic variation under these experimental conditions. The figure does not allow

for superimposition of the further variation seen as structural alteration of the chromosomes (examples
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