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Preface

This volume is the second in the series Lenkaemia and Lymphoma Research
initiated in 1984. We have devoted this volume to a consideration of the genetic
rearrangements that have been identified in the various haematological
malignancies and to changes in position and expression of the associated
oncogenes. The first chapter by David Harnden is based on his paper for the
Annual Guest Lecture and surveys some of the constitutional chromosomal
abnormalities which appear to predispose to cancer and leukaemia. Herman
van den Berge and Avery Sandberg in the second chapter have catalogued the
specific cytogenetic abnormalities associated with leukaemia (and lymphoma)
cells and have related these to predominant morphological features of these
diseases. Alan Sakaguchi in the third chapter has described the techniques that
are valuable in mapping oncogenes to particular chromosomal sites in animals
and man and has reviewed inter alia concepts of the development of the src
family of oncogenes. Perhaps of all chapters the fourth, that by Janet Rowley,
best exemplifies the speed of the progression from knowledge of chromosomal
changes, in this case the Ph’ chromosome, towards an understanding of the
alterations in associated oncogenes, notably c-abl. This view may be challenged
since as little as two years ago the translocations involving c-mve in the majority
of cases of Burkitt’s lymphoma, fully documented in the eighth chapter by
Gilbert Lenoir, looked the more likely candidate to shed new light on
mechanisms of malignant transformation.

The remaining three chapters in the volume are equally important. George
Klein has reviewed the evidence for chromosomal translocations and oncogene
involvement in experimental murine plasmacytomas. Terry Rabbitts has
written on gene rearrangements in the production of antibodies and the T-cell
receptor — the latter a field that has progressed so rapidly that the concept of
homology between immunoglobulin and T-receptor genes was scarcely
considered when the chapter was commissioned. Chapter 7 by Howard Temin
provides a historical perspective and attempts also to look to the future.

There is little doubt that this volume comes at a timely moment. It should
appeal to research workers and clinical haematologists with a special interest in
the cytogenetics and molecular biology of malignant disease but it should also
have a much wider audience. Any reader who wants a modern insight into
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aspects of the new biology and its possible contribution of our understanding of

the malignant process in general should find this book instructive and we hope
also easy to read.

1986 ].M.G.
D.G.H.




The Leukaemia Research Fund

The Leukaemia Research Fund is the only national charitable foundation in
Britain devoting all its resources to research and patient care in leukaemia and
the related blood diseases. Founded in 1960, it is the third largest cancer
organisation in Britain and is a member of the United Kingdom Co-ordinating
Committee on Cancer Research. The Fund is advised by a distinguished
Medical and Scientific Advisory Panel.

The Fund finances an expanding programme of research and has recently set
up the Leukaemia Research Fund Centre at the Institute of Cancer Research in
London for the study of the molecular and cellular biology of human
leukaemia. [t has also introduced a large scale progressive aetiology study in
Britain with particular emphasis on the biology of the diseases, and has funded
pioneering work in Britain on bone marrow transplantation. In addition, the
Fund is involved in the clinical support of patients and provides a full
information service. Its academic work, including international symposia,
workshops and lectures, is complemented by an active policy of world-wide
collaboration. The Leukaemia Research Fund Annual Guest Lecture is
delivered by a scientist or doctor who has made a major contribution to
knowledge of leukaemia and lymphomas.
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1 David G. Harnden

Genetic rearrangements in
leukaemia and lymphoma

It is unfortunately commonplace, when considering one particular aspect of the
aetiology or natural history of a disease, to focus on one area without taking into
account the broad framework within which the disease process may develop.
To dothisis particularly important for neoplastic diseases since, not only are we
dealing with a multiplicity of diseases, but also we know that a great many
different factors may be involved in the aetiology of even one particular type of
the disease. Therefore, in the following discussions, while it will be necessary to
select specific examples and consider some aspects more than others, we must
be prepared to accommodate information from a variety of different sources.
Any proposed role for genetic change in leukaemia and lymphoma must be
capable of encompassing our knowledge of the biology of leukaemogenic
viruses, and the mode of action of both ionizing radiation and of carcinogenic
chemicals in leukaemogenesis. It must allow for the fact that just as there are
many steps from a mutant germ cell to an abnormal individual in the
population, there is also a long way from a somatic cell modified by an extrinsic
agent to a clinically recognizable cancer. While extrinsic factors may be
important in later stages of disease development, we know that factors such as
age, immune status, and hormone balance also play a crucial role. Any model
for the role of genetic change must be able to accommodate the undoubted
influence of these aetiological factors.

An understanding of the interaction between these factors is crucial. The
clastogenic and mutagenic action of environmental agents may be radically
altered by the genetic make up of the individual. Thus if we are to understand
why a particular chemical 1s leukaemogenic, we must study the varation
between individuals in the exposed population, as well as the properties of the
specific chemical in bringing about cellular transformation. Similarly, it is not
sufficient to recognize a genetic change in a leukaemic cell and assume that this
is responsible for the neoplastic phenotype; we must ask how this change relates
to the changes known to be induced by leukaemogenic agents. Are such changes
preferentially induced, or are they selected because they confer new properties
on the cells? If they are selected, what are the properties of the cells which lead
to selection and what are the roles of the various factors - such as hormone
balance, immune status and cell-cell interactions - which influence this

1



2 GENETIC REARRANGEMENTS

selection process? In other words, we must have not only a knowledge of the
factors involved but a conceptual framework which attempts to describe the
basic steps in the biology of the disease. At its simplest, we may recognize an
‘initiation’ event which converts a normal cell into a potentially malignant cell;
and a further series of events, collectively referred to as ‘progression’, by which
the modified cell progresses towards frank neoplasia. An important corollary is
that progression is not inevitable. The potentially malignant cell may die or be
killed by some sort of surveillance mechanism, or else the latent period - which
elapses between initiation and clinical cancer - may exceed the lifespan of the
individual.

Genetic changes may be important at several different points in this process:

1. Inherited variation may predispose cells to undergo an initiation event. It
is, in practice, hard to differentiate between those inherited factors which in
some way modify or block initiating factors, from those which act on the
initiation itself.

2. The initiation event is now widely accepted to be of a genetic nature.
Whatever other changes may occur in the transformed or potentially malignant
cell - be they membrane changes, mitochondrial changes or modifications of
other cellular organelles - it is hard to envisage how such changes may be
carried from one cell generation to the next unless accompanied by either
structural or functional modification in the genetic material of the cell.

3. Subsequent progression may depend on genetic change in two different
ways. First, the induction of genetic variation may be important; and the
initiation event must confer properties upon the potentially malignant cell, or
cells, which give a selective advantage. Though much evidence suggests that
many tumours are of clonal origin, this does not exclude the possibility that the
clonal population is achieved by selection of one cell from amongst a population
of highly variable initiated cells. Second, the selected clone may itself be
unstable and this may increase the variability of the population within which
selection is occurring. At one extreme, such variation may lead to more
successful variants and hence progression or at the other to instability
incompatible with life of the cell.

Therefore, the following discussion is set within the framework of a
multifactorial aetiology and a sequential development of the disease, with
genetic change being viewed as one of the many aetiological factors which
operates (potentially) at several different levels in the progression of the disease.
For many years ideas evolved almost independently and information
accumulated in several different areas. However, in the past few years they have
come to fit together in a most remarkable and exciting manner. I will now
consider:

1. Genetic predisposition to the development of neoplasia;

2. Visible chromosome changes within leukaemic cells; and

3. The recognition of specific cellular genes (oncogenes) of special
importance in the development of neoplasia.
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I hope to show how these areas now fit together to increase our
understanding of neoplasia.

INHERITED PREDISPOSITION

While environmental factors are important in all neoplastic diseases these
external agencies are acting on a very variable population. Part of this variation
will be genetically determined and it is axiomatic that all neoplasms will have a
genetic component. Even if this is not immediately obvious in the majority of
cases, the existence of a proportion of situations in which an inherited
component is clearly important simply emphasizes that not only does the
genetic component exist but that it is so important that gross variations of
genetic control mechanisms are not readily tolerated. In many cases, the mode
of operation of the genetic susceptibility is quite unknown. The ensuing
discussion therefore considers three possible mechanisms and then goes on to
examine several specific examples.

Mechanisms of inherited susceptibility

There are three levels at which inherited susceptibility might operate. First, if it
15 assumed that leukaemogenesis involves genetic rearrangement in the
progenitor cell, then the inherited genetic abnormality may itself be part of that
rearrangement. Cells carrying such a rearrangement would then be more prone
to become neoplastic simply because they require one step less in the mulustep
pathway to neoplasia. Second, a constitutional mutation may predispose the
cells to cancer by making it more probable that an inituaton event will occur.
Third, genetic susceptibility may have nothing to do with the initiation stage
but be associated with an increase in the probability that an initiated cell may
progress to further stages, either because the cell is made more variable or the
cellular environment is made more favourable to the continued growth of the
aberrant clone.

Divect Inheritance

If a constitutional mutation is itself part of the neoplastic pathway, either it
must be a recessive gene at the cellular level or the probability of subsequent
events must be very low indeed. For a tissue with a reasonable number of cells, a
dominant cancer gene could be incompatible with differentiation or at least
maintenance of normal function. At first this seems a paradox, since some of the
cancer susceptibility genes appear to be inherited in a dominant manner'.
However, there is recent strong evidence to back the concept that even in those
instances where the familial pattern is one of dominant inheritance, the
inherited gene is recessive at the cellular level. In the case of retinoblastoma -
where Knudson® has postulated that two successive mutations may be
necessary for neoplasia to develop - it has been shown in patients heterozygous
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for marker genes close to the putative retinoblastoma gene locus on
chromosome 13, that the retinoblastoma tumours themselves are homozygous
for these genes, suggesting deletion or gene inactivation’. Chromosome
deletion, monosomy and somatic recombination account for the unexpected
homozygosity found in some cases, and it is suggested that the other cases
(without an obvious cause) are due to point mutation or gene conversion. Such
findings are compatible with the idea that two genetic events involving
homologous loci are required for neoplasia. Following Knudson’s ideas,
sporadic cases would require both events to be acquired in a single somatic cell,
whereas familial cases would inherit one event and acquire the second.
Murphee and Benedict* hypothesize that recessive inheritance of one abnormal
locus followed by a further genetic event at the homologous locus, or two
successive somatic events, may result in the loss of a suppressor or regulatory
function, which would normally control the proliferation of specific cell
populations and thus lead to retinoblastoma. These attractive ideas might also
extend to Wilms' tumour, where unexpected homozygosity in the tumour has
been found in heterozygous patients involving the short arm of chromosome 11
= a region which is known to carry deletions in the specific group of Wilms’
tumour patients with aniridia and genitourinary defects®.

However, there is no evidence as yet to suggest that such mechanisms are
important in leukaemia and lymphoma. There are relatively few inherited
conditions which predispose to leukaemia or lymphoma (Table 1.1)and none of
these is inherited in a dominant manner. In the dominantly inherited cancers,
there is usually a focal tissue abnormality which precedes the development of

Table 1.1 Inherited conditions predisposing to leukaemia and lymphoma

Chromosome breakage syndromes

Ataxia-telangiectasia AR lymphoma, lymphoid leukaemia

Bloom’s syndrome AR lymphoma, lymphoid leukaemia

Fanconi's anaemia AR AMML

Immunodeficiency

Agammaglobulinaemia (Bruton) XR lymphoma, lymphoid leukaemia

Common variable AR lymphoma

Severe combined AR lymphoma, lymphoid leukaemia
XR lymphoma

Adenosine deaminase deficiency AR lymphoid leukaemia

Wiskott-Aldrich syndrome AR lymphoma

X-linked lymphoproliferative syndrome

(Duncan’s disease) XR B cell lymphoma

Chediak-Higashi syndrome AR ? lymphoma

Chromosome disorder

Down's syndrome trisomy 21 acute leukaemia

Miscellaneous

Kostmann's infantile agranulocytosis AR acute monocyte leukaemia

Glutathione reductase deficiency AR leukaemia (unspecified)

AR.: Autcsomal recessive,
XE: X-linked recessive.
AMML: Acute myelomonocytic leukaemia,
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frank neoplasia. A focal abnormality in the haematopoietic system would
rapidly become systemic, but there seems no a priori reason why
haematopoietic cells should behave any differently from other somatic cells in
this respect. The absence of dominantly inherited forms may indicate that this
kind of mechanism is unlikely for both leukaemias and lymphomas.

Increased probability of initiation

There is little evidence that any inherited cancer prone condition depends upon
an unusual interaction between a carcinogenic agent and the DNA of the cell.
Variation depends rather upon the way in which the carcinogen is handled prior
to interaction with the DN A and upon the way in which induced DN A damage
is handled. Both are clearly under genetic control. Many potentially
carcinogenic chemicals require metabolic activation for the carcinogenic
properties to be realized. There are many examples of genetic control of the
activation process, e.g. the inducibility of enzymes controlling the metabolism
of polycyclic hydrocarbon carcinogens®. Unitil recently there had been little
evidence of leukaemia inducation in man by chemical carcinogens. However,
convincing reports of acute leukaemia following long-term cytotoxic therapy’
now make it particularly important to elucidate the mechanisms by which
drugs induce leukaemias in a proportion of patients.

Similarly, there is a clear association between the degree of skin pigmentation
and the induction of all types of skin cancer. Therefore the effect of UV
irradiation is modified before it reaches the target cell by a genetically
controlled characteristic. Once again, however, there is no evidence for a role
for UV in leukaemogenesis but the principle is still an important one.

In some inherited human cancer prone diseases, an unusual susceptibility to
an environmental agent is thought to be due to events occurring after the
primary interactions between the agent and the cellular DNA. In particular,
defects in repair of DNA lesions have been implicated. In xeroderma
pigmentosum, for example, defects of DNA repair, increased mutagenesis and
carcinogens following exposure to UV light are clearly associated®. In other
diseases, where defects of DNA repair have been suggested as explanations of
increased susceptibility to leukaemia or lymphoma, the association is not clear
cut. The complexities are best studied by considering one specific example -
ataxia telangiectasia (see below).

Susceptibility to progression

Once again there is compelling circumstantial evidence that the progression of a
focus of neoplastic cells towards malignancy will be influenced by factors under
genetic control, for example, hormone balance, immune response and so on.
There are, however, remarkably few well documented cases. For example,
there is good evidence that patients with inherited immunodeficiency
syndromes have an unusual tendency to develop leukaemias and lymphomas.
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This may be mediated by an effect on progression but proof is lacking. Much of
the evidence comes from the work of the Immune Deficiency Cancer Registry
in the University of Minnesota®”. The main categories of genetically
determined immune deficiency disease (GDID) recorded in the Minnesota
registry are: ataxia telangiectasia (A-T), Wiskott-Aldrich syndrome (WAS),
common variable immune deficiency (CVI), selective IgA deficiency, X-linked
(Bruton) agammaglobulinaemia, severe combined immunodeficiency,
selective IgM deficiency, immunodeficiency with normal or elevated
immunoglobulins, and a miscellaneous group. All clearly show evidence of an
increased incidence of neoplasia. A-T, WAS and CVI account for a high
proportion of the total cases - 34.5, 17.8 and 25.3 per cent respectively (77.6 per
cent of a total of 292 cases). Taking the group as a whole, 58 per cent of all the
reported malignancies are lymphomas, and 17 per cent are leukaemias.
Epithelial tumours account for 23 per cent. Bearing in mind the relanve
proportion of these neoplasms in the population at large, this clearly represents
a major excess of leukaemias and lymphomas. In children, the most likely
tumour is non-Hodgkin's lymphoma, while in adults non-Hodgkin’s
lymphoma and carcinomas occur in about equal proportions.

Regardless of whether the defect is primarily in cell-mediated or in humoral
immunity, the neoplasia affects particularly the lymphoid system. If the
increase in malignancy in immune deficient patients is due to failure of a
surveillance mechanism, one would have expected a wider spectrum of
malignancy. One must therefore propose either that surveillance is only
important for tumours of the lymphoid system, or that these genetic
mechanisms are operating in an entirely different way. For example, it is
possible that the primary defect which leads to immune deficiency also leads to
an enhanced probability of a neoplastic focus arising specifically within the
lymphoid system.

It is apparent that any attempt to specify the mechanism by which inherited
susceptibility operates is, at present, fraught with difficulties.

Chromosome disorders associated with susceptibility to leukaemia
and lymphoma

There are many reports of associations between constitutional chromosome
abnormalities, leukaemia and lymphoma. For example, Langlands and
Maclean'' reported a patient with a t(14;21) translocation, who had two successive
primary lymphoid neoplasms. Acute lymphoblastic leukaemia has been
reported'” in a patient with a t(4;14) translocation, acute myelogenous
leukaemia has been reported! in a patient with a ring chromosome, and there
are many other examples. While it would be unwise to deny a connection
between the constitutional abnormality and the disease process, the absence of
a consistent association makes this less likely. There are, however, some
examples where a small number of cases may be significant. The report of first
two'* and later three'® cases of chronic lymphocytic leukaemia (CLL)
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associated with deletion of the G-group chromosome is particularly interesting,.
Such a chromosome is usually considered a ‘normal variant’ and is not widely
associated with CLL, but in this particular family it may be significant.

The only situation in which there is a clear-cut association between a
constitutional chromosome abnormality and leukaemia is Down’s syn-
drome'"". The types of leukaemia observed in Down’s syndrome are the same
as in other children and this has led to the suggestion'® that specific genes
located on chromosome 21 might be important in the development of both
lymphocytic and non-lymphocytic leukaemia. However, recent developments
in the oncogene field have not yet elucidated this problem - it would clearly be a
profitable area for further study.

Single gene disorders associated with susceptibility to leukaemia and
lymphoma

Famulial cases and rare syndromes

There are many reports of familial associations of leukaemia or lymphoma.
Some of these, especially reports of two cases only, will be chance association
but others are clearly more significant. For example, multiple cases of chronic
lymphocytic leukaemia in a single family are often reported. Blattner et al."”
describe a particularly interesting family with three sibs all with CLL
combined with immune defects. Similarly, Greene et al.* reported that in 526
consecutive patients with T cell lymphomas he found 21 first degree relatives
with lymphoproliferative and haemopoietic malignancies. This suggests a
strong genetic component, but the possible role of viruses (such as, human T-cell
leukaemia viruses - HTLV) in these patients would also have to be considered.

Some rare syndromes are associated with leukaemia. Kostmann’s infantile
agranulocytosis 1s a rare recessive disease, in which acute lymphoblastic
leukaemia has been reported in two sibs®! and Gilman et al** have reported
two cases of this disease with acute monocytic leukaemia. Malignant
reticuloendotheliosis in a single family has been reported by Falletta et al.> -
since 17 males were affected in two generations this appears to be a genuine X-
linked inheritance of a haemopoietic malignancy. The Poland syndrome
(unilateral aplasia of part of the pectoralis major muscle, together with
syndactyly and brachydactyly) has been associated with leukaemia in six
instances**, but McKusick *° regards most instances of this syndrome to be of
sporadic occurrence.

Chromosome breakage svndromes

The most extensive information relates to the three recessively inherited
syndromes, in which the occurrence of spontaneous chromosome breakage has
been unequivocally demonstrated and where there is an increased incidence of
malignant disease, including leukaemias and lymphomas®®. These are Bloom’s
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syndrome, Fanconi’s anaemia and ataxia-telangiectasia. Other diseases have
been reported by some authors to be associated with both chromosome
abnormalities and leukaemia, for example incontinentia pigmenti®’, but the
reports are so sparse that they will not be considered further.

Bloom’s syndrome. This rare disease has been very thoroughly documented
by German and his colleagues in a remarkable series of papers™ . Very briefly
these patients are of short stature, have a characteristic facies, are sun sensitive
and show susceptibility to infection linked to an impairment of immune
function*?. They have a very characteristic pattern of spontaneous chromosome
aberrations in cultured lymphocytes, skin fibroblasts and marrow cells.
Though many different types of aberration occur, the high incidence of
symmetrical chromatid exchanges between homologous loci is particularly
interesting. Similarly, the lvmphocytes, fibroblasts and bone marrow cells all
show dramatically elevated spontaneous levels (approximately 10-fold) of sister
chromatid exchanges (SCE). One curious finding is that a proportion of
lymphocytes in some patients have normal spontaneous levels of SCE’s®",

Bloom'’s patients have an unusually high susceptibility to develop malignant
diseases in many different tissues, but there is a marked preponderence of
leukaemias and lymphomas™®. In 99 patients with Bloom’s syndrome, there
were 26 malignant neoplasms which included: five non-lymphoid leukaemias;
four lymphoid leukaemias; one Hodgkin’s disease and seven non-Hodgkin’s
lymphomas. There is no firm evidence to suggest a specific aetiology. There is
some evidence of UV sensitivity at the cellular level, but this is not generally
agreed®. There is better agreement on sensitivity to ethyl methanesulphonate
(EMS). Krepinsky et al.** found Bloom’s cells sensitive to the induction of
chromosome aberrations and SCE’s by EMS, while Arlett and Harcourt*
found increased sensitivity to cell killing by EMS. The defective immunity may
play a part in the increased susceptibility to malignant disease, but the
particular increase in lymphoid neoplasms may suggest a specific disturbance
of the lymphoid system.

Fanconi’s anaemia is characterised by a progressive pancytopenia, short
stature, and skeletal abnormalities especially hypoplasia of the thumb and
radius. The spontaneous occurrence of chromosome aberrations is well
documented, being characterized particularly by non-homologous chromatid
interchanges®®. Cells from Fanconi patients are particularly sensitive to the
chromosome damaging and cell killing effects of DNA crosslinking agents,
such as mitomycin C*7 and diepoxybutane®®. These patients undoubtedly show
an unusually high incidence of leukaemia, especially acute myelomonocytic
leukaemia, and also of other tumours, especially liver tumours. Some reports
show regression of liver tumours following cessation of treatment with drugs
such as oxymetholone®. Such observations, and the chronological pattern of
reports of malignancy in Fanconi patients, led German?® to suggest that the
possibility that the increased risk of malignancy in Fanconi patients is due to
the use of anabolic steroids and other drugs cannot yet be ruled out,

Araxia-telangiectasia (A-T). The features of this disease make it particularly
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suitable for a discussion of the relationship between chromosome aberrations
and leukaemia and lymphoma. A recent monograph gives all the background
details*”. An outline of the characteristics of this rare autosomal disease is
given in Table 1.2. The major clinical problem is the progressive cerebellar
ataxia with an onset at about 18 months of age. The telangiectasia - which
occurs somewhat later, and is distributed on the bulbar conjuctivae, the ears
and sometimes the butterfly area of the face, the hands and the feet - is a useful
sign in differential diagnosis. A variety of other clinical problems have been
reported in a proportion of these patients.

Table 1.2 An outline of the characteristics of ataxia-telangiectasia

Cerebellar degeneration Atrophy of lymphoid tissue

Ataxia, choreoathetosis, absence of reflexes, Defect of cellular immunity, IgA and IgE
grimacing deficiencies, susceptibility to infection

Radiosensitivity Telangiectasia

Drug sensitivity Elevated serum a-fetoprotein

Defect of DN A repair Elevated serum carcino-embryonic antigen,

Spontaneous chromosome breakage Insulin resistance,

Owarian follicular agenesis,
Premature ageing.

Susceptibility to malignant disease

Attention was first drawn to the excess of leukaemias in the disease by Hecht
et al*' and has been documented in detail by Spector etal.**. An outline of their
results is given in Table 1.3. It is clear that there is an excess of patients with
lymphoreticular malignancies. Out of 108 cases of malignant disease 11 per cent
had Hodgkin’s disease, 44 per cent had non-Hodgkin’s lymphoma (including
three cases of Burkitt’s lymphoma) and 24 per cent had leukaemias (mostly
lymphocytic) while only 20 per cent had solid tumours of other kinds (cf. 35 per
cent in Bloom’s syndrome). The ages at which these malignancies occur
indicates clearly an increase in all types but a particularly large excess of
lymphoid neoplasms.

It is important to note that A-T patients are sensitive to ionizing radiation at
the clinical level*, at the cellular level** and at the chromosomal level**. A-T
cells are also unusually sensitive to radiomimetic drugs, such as bleomycin*®
streptomycin and neocarzinostatin®’. However, reports of sensitivity to other
agents are conflicting and either await confirmation or have been discounted.

These observations all suggest an inability to repair DNA strand breakage.
However, specific studies have failed to show any defect of rejoining of either
single or double strand breaks** but recent evidence suggests that the fidelity of
repair of strand breaks may be low**. Reports on the fundamental nature of the
basic defect in A-T are still conflicting, although there clearly is a defect in
capacity to repair DNA damage, as measured by potential lethal damage
repair’’. One important area of agreement is that A-T cells do not respond to
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Table 1.3 Neoplasms in ataxia-telangiectasia (abbreviated from Spector et al. **)

Cases Age (years)
Hodgkin's disease 12
Burkitt's lymphoma 3
Other non Hodgkin's lymphoma 45
Acute lymphocytic leukaemia 20
Acute leukaemia (unspecified) 5
Chronic lymphocytic leukaemia 1
Brain tumour 3 2,6,13
Carcinoma of stomach 8 14, 14, 19, 21,
22, 26, 26, 26
Diysgerminoma 3 16, 16, 16
Basal cell carcinoma 3 16, 21, 25
Larynx 1 12
Carci " Parotd 1 16
RETASER T Liver 2 24,26
Breast 1 30
Total 108

MN.B. Six patients also had a second neoplasm

low doses of ionizing radiation by reducing replication synthesis of DN A asdo
normal cells’*. Therefore after exposure to ionizing radiation, it is possible for
A-T cells to continue to synthesize DNA, while the DN A still contains primary
radiation induced damage - this would then be converted into lethal damage
without there being any chance for the repair processes to function. The use of
recombinant DN A plasmids for studying repair capacity in mammalian cells
may provide a tool for more detailed analyses of this problem*,

Thus the study of the repair of DN A lesions has still not clarified the cancer
susceptibility in A-T. There is, however, another feature of particular interest
in these patients, namely the spontaneous occurrence of chromosome
aberrations. Both chromatid and chromosome aberrations occur spontaneously,
but the most dramatic feature is the occurrence of clones of T-lymphocytes
with specific chromosome rearrangements®’. They have been observed to
increase with time****, have a doubling time of approximately 6 months and
may come to represent 80-90 per cent of all phytohaemagglutinin responsive
cells. In the majority of cases, no haematological abnormality is observed
during this period of clonal expansion. These clones therefore have a
proliferative advantage but proliferate at the expense of similar cells so that the
total white count and the differential are not disturbed.

While the precise chromosomal rearrangement varies from clone to clone,
there is a consistent involvement of specific sites. In particular, band 14ql2 s
involved in the majority of the rearrangements. This site exchanges with a
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limited number of other loci, notably 1432 (either by inversion on the same
chromosome or translocation with the homologous chromosome), Tpl4,7935
and Xq27. This pattern of rearrangement, involving one particular site
exchanging with a limited number of other sites, bears a striking resemblance to
the rearrangements involving chromosome 8 and other chromosome loci in B-
cell lymphomas and chromosome 21 and other chromosome loci in chronic
myeloid leukaemia.

Thus the question arises as to whether or not there is any connection between
these clones and the development of lymphoid neoplasms. There is good
evidence in some cases that a chromosome marker, observed before leukaemia
has developed, is also present in the leukaemic cells (see ref. 56, cases 1, 2 and
3). These were all chronic or subacute T-cell leukaemias and it may be
significant that each case involved the loss of the proximal portion of
chromosome 14.

Taylor®*® reported a case of A-T with a complex clone invelving among other
rearrangements an inversion of chromosome 14, inv(14)(pl12;q32), and
isochromosome for the long arms of chromosome 8. At that time this patient
was haematologically normal but later he developed a lymphocytosis and
appeared to be gradually developing into a chronic T-cell lymphocytic
leukaemia (Taylor, personal communication). This is of particular interest
since Zech et al.”” described inv(14)(p11;q32) and isochromosomes for the long
arms of chromosome 8 in several cases of chronic T-cell lymphocytic
leukaemia. However, in a case described by Wake et al*®, it is clear that the
leukaemic cells did not have the marker observed in a pre-existing clone. In one
case of Burkitt’s lymphoma inan A-T patient, the blood lymphocytes - prior to
diagnosis of the lesion - were normal, while the tumour cells carried the classic
t(8;14) translocation.

It would therefore be reasonable to regard the clones not only as potentially
neoplastic, but also as an indication thatabnormal lymphoid cell proliferation is
likely to occur in these patients. In such a patient, another clone of lymphoid
cells - more aggressive than the ones observed during the non-neoplastic phase
of the disease - may therefore emerge.

Conclusions

From a consideration of these diseases it may be concluded that:

1. At least some inherited genes, which lead to leukaemia and lymphoma, are
associated with events which regularly lead to genetic rearrangements.

2. Some of these rearrangements are either highly specific or involve
particular regions of particular chromosomes.

3. Such rearrangements are associated with clonal proliferation.

4. Clonal proliferation itself may not be sufficient for frank neoplasia -
suggesting that further changes must be superimposed on the original event.







































































































































































































































































































































































































































































































































