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Philadelphia Chromosome in
Leukaemia

In 1960 P. C. Nowell and D. A. Hungerford' drew attention
to a defective chromosome seen on analysis of mitotic figures
from leucocytes from seven patients with chronic myeloid leu-
kaemia. The chromosome, already one .of the small ones,
appeared to have lost about half its substance, so it was indeed
minute. The defective chromosome was thought to be from
either pair 21 or pair 22 (the 'G' group of the Denver classifi-
cation). This observation has since been confirmed by many
others, and today the presence ofsuch a defective chromosome,
named the Philadelphia (Ph') chromosome because Nowell
and Hungerford worked in that city, is accepted as a diagnostic
sign of chronic myeloid leukaemia.
The Ph' chromosome is diagnostic because it has not been

found in any other forms of leukaemia. In acute leukaemias
abnormalities of chromosomes often occur, but they are
inconstant and usually involve deletions or polyploidy, and
nothing like the Ph' chromosome appears. In one way this
is a surprise, because one of the earliest observations in this
field was that in Down's syndrome there is an increased
incidence of acute leukaemia, and Down's syndrome is
accompanied by an extra chromosome no. 21. W. M. Court
Brown and his colleagues2 argued that the Ph' -chromosome
derived from pair 21, since the "mongol" chromosome
presumably bore genes controlling leucopoiesis. It was, how-
ever, difficult to be sure which of the G group chromosomes
was concerned, because they are usually small and very
similar. Recently F. Prieto and his co-workers3 in Spain have
produced evidence which suggests that the Ph' chromosome
is in fact an abnormal member of pair 22 of the G group;
they were fortunate in finding a marker G22 in a patient with
suspected early chronic myeloid leukaemia who later developed
a Ph' chromosome similarly marked.
The specificity of the Ph' chromosome is important for its

use in diagnosis. There is now evidence that it may not always
be present in chronic myeloid leukaemia, especially in the
early stages, and that it may occasionally be found in patients
who first present as clinical cases of polycythaemia. D. E.
Speed and S. D. Lawler4 investigated 26 patients with clinic-
ally typical chronic myeloid leukaemia and found two whose
cells did not show the Ph' chromosome; they pointed out
that in some cases the culture of cells from the peripheral
blood shows no Ph' chromosome whereas culture of cells from
bone-marrow do and in patients treated with busulphan the
Ph' chromosome may temporarily be undetectable. Eosino-
philic leukaemia is usually regarded as a variety of chronic
myeloid leukaemia, and the presence of the Ph' chromosome
has been reported by H. Gruenwald et al.5 and others. The
question of polycythaemia is important, because some
patients present with a high white-cell count as well as a
raised red-cell count and haemoglobin level, and it is important
to detect those who may have chronic myeloid leukaemia
rather than polycythaemia. If myeloid leukaemia is suspected
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the treatment should be different, busulphan rather than
radioactive phosphorus. The proportion of such cases showing
the Ph' chromosome seems, on present reports, to be small.
K. A., Kiossoglou and his colleagues6 found none in 10
patients, N. H. Kemp and his colleagues7 reported one case,
and B. Modan and his colleagues8 have recently reported
finding three who had been treated with radioactive phos-
phorus. The relation between radiation treatment in poly-
cythaemia and the subsequent development of leukaemia is
now well known, but the leukaemia is usually of the acute
and not the chronic type. Consequently this finding suggests
that it is worth while to look for the Ph' abnormality in
polycythaemic patients who have a high white-cell count at
the time of presentation. In myeloid metaplasia due to
myelofibrosis, which can clinically resemble chronic myeloid
leukaemia, the Ph' chromosome has not been found in
primary cases.7 9
The chromosome abnormality in chronic myeloid leukaemia

is not limited to the granulocyte series of cells. It had long
been suspected that other haemopoietic cells, such as erythro-
blasts and megakaryocytes, were affected. J. M. Rastrick'0
and his co-workers in New Zealand had a patient with chronic
myeloid leukaemia who had responded well to busulphan
treatment and whose marrow in remission contained 17,8%/,
of normoblasts. They cultured the marrow of this patient in a
medium containing radioactive iron isotopes, which were
taken up by the normoblasts; by making autoradiographs of
the chromosome preparations they were able to identify
erythroblasts and found that these too showed the typical
Ph' chromosome. But this evidence that all haemopoietic cells
may be affected does not alter the present view that the
Philadelphia chromosome abnormality is a secondary effect
and not the primary cause of chronic myeloid leukaemia.

Aftermath of Flood
Though usually docile by world standards, the climate of the
British Isles can spring some nasty surprises. It did so last
weekend with the floods in Northern Ireland and, less severely,
elsewhere. Exposed as we are to stormy winds from the mass
of the Atlantic Ocean, flooding is inevitably a catastrophe that
must be faced from time to time in these islands.
When people do have to face it, what is the effect on their

health? In July 1968 a severe flood at Bristol deluged people's
houses, and Dr. Glin Bennet, lecturer in mental health at the
university there, studied that question. His report is published
at page 454 of the B.M.J. this week. Whereas reports about
the communal effects of disasters are numerous, fewer
studies have referred to their consequences for individual
people. But when the responses of the individuals are ex-
amined some surprising results appear. Dr. Bennet followed
up the state of health of the people in the flooded houses and
compared it with the health of people who had not experienced
this disaster. That ill health should have been more prevalent
for a time among the occupants of the damaged homes might
be expected, but he found that it was so considerable as to be
associated with a substantial rise in the death rate among them
even several months later. The reasons for it are far from
clear and deserve further study.
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