
Institute gave birth to the first continuous flow cell separator.5
Initially, cell separators were used to collect granulocytes

and platelets from single donors for supportive treatment for
immunosuppressed patients with cancer. In the mid-1970s
plasma exchange began to be used as a therapeutic modality,
and there were soon reports of its dramatic effectiveness in
Goodpasture's disease and in myasthenia gravis.67 For the
next few years plasma exchange was tried in over 90 different
diseases-almost any disorder with an immune component.
Research studies using controlled clinical trials have now
defined some of the disease categories in which therapeutic
plasma exchange is ofproved benefit.8
The next development came in the early 1980s, when

Britain decided to attempt to achieve national self sufficiency
in blood and blood products by using voluntary unpaid
donors. The demand for plasma outstripped the demand for
red cells, and the shortfall was met by the introduction
of automated apheresis machine donation programmes.
Transfusion services are now-at least potentially-flexible
enough to respond to whatever demands are placed on
them for plasma, platelets, or red cells, through use of
the multicomponent donor apheresis collection machines
currently undergoing clinical trials. Specific protein donation
is still being developed.
Advances are also being made in therapeutic apheresis.

Secondary cascade filtration and various adsorption columns
(some using monoclonal technology) are being investigated in
the hope of removing the causative agent of the disease rather
than the relatively crude "remove all" approach of plasma
exchange. Equally interesting developments are occurring in
leukapheresis. The range of cells that can now be collected
include killer cells, macrophage-monocyte cells, and myeloid
stem cells. These developments began with the advent of
interleukin 2 and the generation and retransfusion oflympho-
cyte activated killer cells in the treatment of patients with
cancer.9 Next came extracorporeal photoactivation for the
immune modulation of mononuclear cells in the successful

management of cutaneous T cell lymphoma. This technique
may possibly also be useful in certain other aberrant T cell
disorders, including graft v host disease.9 The development of
effective monoclonal haemopoietic cytokines has made it
possible to collect peripheral stem cells for bone marrow
grafting-and this may eventually prove a better method
of achieving marrow engraftment. The use of separation
procedures such as electrophoresis and cell adhesion may
further improve the efficiency, speed, and specificity of cell
separation and collection.
The most exciting development to date is the management

of immune deficiency syndromes with gene modified peri-
pheral blood mononuclear cells.'0 The interdisciplinary
cooperation that these innovative developments require may
need to come from transfusion medicine, where expertise in
cell separation and purification technology, cell component
support, development and use of recombinant human growth
factors, and transplant immunology are all needed to provide
the necessary catalytic environment for dramatic develop-
ments in haemapheresis for the 1 990s.
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Leukaemia: a genetic disorder ofhaemopoietic cells

Understanding the mechanism can help management and may one day improve treatment

The change of a cell from normal to malignant is generally
accepted to be a multistep process. Interestingly, the first
evidence for this came not from high tech laboratory research
but from an imaginative use of epidemiology when it was
noted that the overall frequency of tumours as a function of
age fits a straight line on a log-log plot,' suggesting to the
mathematically minded that the probability of developing a
tumour behaves like the result of a cumulative succession of
random events.
The best candidate for a random event that can change

permanently the behaviour of a cell and its progeny is a
somatic mutation; the progeny of the cell in which the
mutation has taken place is a mutated clone. Again we do
not need sophisticated tools to visualise these processes. A
pigmented naevus is a visible clone of an epidermal cell that
makes more melanin than the cells around it; freckles
accumulate on our skin as we get older and give us a tangible
impression of the rate of somatic mutation. If we extrapolate
from these considerations to the pathogenesis of leukaemia
then the notion that this consists of one or more somatic
mutations arising in a haemopoietic cell seems the only

sensible model. But what evidence do we have that it is true?
If we look back at textbooks of some 50 years ago we find

different "theories" of leukaemogenesis2: the viral theory,
corroborated by animal experiments; the physical agents
theory, documented by the victims ofleukaemia in Hiroshima;
and the chemical agents theory, supported by the development
of leukaemia after exposure to benzene or cytotoxic agents.
Today we know that retroviruses can integrate into the host
cell genome and that radiation and alkylating agents are
mutagens. Thus the various theories are not in conffict: on the
contrary, the somatic mutations model reconciles them all.
Molecular analysis of leukaemic cells has allowed us to

identify some of these somatic mutations. The first example
came from the study of Burkitt's lymphoma and from the
related form of acute lymphoblastic leukaemia called L3.
Here the gene c-myc, encoding a nuclear DNA binding
protein, is brought by a t(8;14) chromosomal translocation to
be juxtaposed to an immunoglobulin gene. Subsequently,
another well known translocation, the t(9;22), giving rise to
the Philadelphia chromosome of chronic myeloid leukaemia,
proved to be the first example ofwhat we now call a chimeric
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Leukaemias with underlying somatic genetic change

Chromosomal
Leukaemia event Genes involved Possible mechanisms

Group 1-fision genes
Chronic myeloid
leukaemia>5 t(9;22) (q34;ql 1) BCR-ABL Tyrosine kinase activity

Acute myeloid
leukaemia M3'9 t(l5;17)(q22;q21) PML-RARss Block of differentiation

Acute myeloid
leukaemia M211'3 t(8;21)(q22;q22) AMLI-ETO Modified transcription

factor

Group 2-position effects
Acute lymphoblastic
leukaemia L3'4 t(8;14)(q24;q32) c-MYC-IgH Activation ofproto-

oncogene by
proximity to
immunoglobulin
gene enhancer

Follicular
lymphoma5 16 t(l4;18)(q32;q21) BCL2-IgH Failure ofapoptosis?
T acute lymphoblastic
leukaemia' 18 t(l1;14)(pl5;qll) TCR-RHOMBOTIN1

gene, where two genes have fused to yield an abnormal
protein. Since then similar examples have turned up in
various leukaemias, and two groups are clearly emerging;
the two examples of chronic myeloid leukaemia and acute
lymphoblastic leukaemia L3 can be regarded as prototypes of
these two groups (table).
The genes which, when deranged, help to cause neoplastic

change are called oncogenes. It is important to remember that
when not deranged they are essential normal cellular genes.
Thus, while much has been published on their increased or
decreased expression, it is often impossible to know whether
such changes are the cause or the effect of leukaemia. Only
when we find a mutational change in one such gene can we
presume that it is causally implicated in the leukaemogenetic
process.
At first sight these findings of a single chromosomal event

causing leukaemia do not fit well with the concept of stepwise
leukaemogenesis. However, clinical observations suggest
how they might fit. The transition from monoclonal gammo-
pathy of uncertain significance to multiple myeloma, or
from chronic myeloid leukaemia to blast transformation, is
seen only too often; and the nosological definition of myelo-
dysplastic syndromes has its origin in the notion that these
syndromes are preleukaemic conditions. Thus we can visualise
two (not mutually exclusive) ways in which a condition can be
preleukaemic.
On the one hand, because mutations are random events

of low probability, the larger the target population the greater
the risk that a leukaemogenic mutation may take place.
Burkitt's lymphoma may be more frequent in endemic areas
because children in these areas have larger numbers of
proliferating B cells, owing to early infection with the Epstein-
Barr virus or other infections. On the other hand, a mutational
event such as the t(9;22) in chronic myeloid leukaemia
may cause a clonal expansion of the target population while
being at the same time the first step in leukaemic transforma-
tion. Thus chronic myeloid leukaemia is a myeloproliferative
disorder and at the same time a preleukaemic condition,
of which blast transformation is the fully fledged leukaemic
outcome.

Finally, in some cases a single mutational event may be so

powerful that it transforms a normal cell into a leukaemic
cell in one step. The complete association of the t(15;17)
translocation with acute myeloid leukaemia M3 suggests
that this is what happens in this type of leukaemia.19 The
extreme case of leukaemogenesis taking place in n steps
is that n = 1.
Do these concepts help us in managing leukaemia?

Treatment of these disorders is still largely empirical, and we
must continue to scrutinise actuarial curves of disease free
survival after chemotherapy alone or after chemotherapy
supplemented with bone marrow transplantation. Never-
theless, some of the mutations and translocations represent a
new type of marker because they are causally associated
with leukaemia. Thus they are invaluable not only in our
understanding of leukaemia but also in the follow up of
patients. Already it has been shown that their detection by the
polymerase chain reaction is the most accurate prediction of
cure in some cases.0 Whether they can be also made the target
ofnew approaches to treatment remains to be seen.
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