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diploid stem line illustrated the continuity in the behavior
of the abnormal karyotype, as opposed to a random ac
cumulation of mitotic accidents.

DISCUSSION
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The observations described conclusively support the
thesis (5, 9, 11) that the aneuploid cells dominant in the
active stages of leukemia represent true stem lines. As
such they meet the criteria required by the hypothesis
that a change in the chromosomal constitution of the
malignant cell is one of the basic alterations in acute leu
kemia. These criteria are : (a) modal distribution of the
abnormal karyotype, (b) presence of the abnormal karyo
type in the earliest phase of the disease that can be in
vestigated, and at any time thereafter in which the marrow
shows leukemic infiltration, (c) stability over long periods
of time, (d) suppression during remission, and (e) restora
tion of the identical (or a closely related mode) in subse
quent relapse.

As pointed out by Sandberg et al. (11), the fact that
aneuploidy has not been demonstrable in all cases of acute
leukemia studied thus far does not detract from the inti
mate relationship between neoplasia and gross chromo
somal abnormalities. Failure to demonstrate an aberrant
stem line may be the result of relying too heavily on the
determination of a single modal number which may be
diploid even in the presence of absolutely increased num
bers of aneuploid cells. This could be true if conditions
in vivo were to favor mitosis of residual normal cells, since
every cell population in acute leukemia must represent a
mosaic. The fallacy of relying on the modal number alone
under in vitro conditions has been abundantly shown.
Some of the leukemias studied by Sandberg et al. with
the direct method showed diploid modes yet a significant
increase of frank aneuploid metaphases. Another more
obvious source of error is the lack of a sufficiently large
sample of cells. Thus, two of the cases of myeloblastic
leukemia in adults reported by these authors had the
â€œdiploidâ€•mode of 46, but the total number of countable
metaphases was five and three, respectively. Finally,
as stated by Hauschka (5), pseudodiploidy may simulate
a normal chromosomal constitution, a fact which requires
painstaking analysis of apparently diploid cell populations
with respect to individual chromosomes and has posed
great difficulties in the evaluation of murine karyotypes
because of the resemblance of the chromosomes to one
another in that species.

Nevertheless aneuploidy has been found in a high per
centage of certain types of mouse leukemi.as (3, 6, 12, 13),

and recently the consistency of a stem line with an aneu
ploidy and a marker chromosome in mouse leukemia in
duced by irradiation was shown in passage experiments
with spleen cells, spleen extracts, and cell-free plasma
(14). These observations, like the findings reported here
in acute human leukemia, are difficult to explain on the
assumption that chromosomal aberrations represent
accidental events in leukemogenesis. In order to assign
them a significant role it is not necessary, however, that
abnormalities at the gross chromosomal level be demon
strable in every case.
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The suggestion that the modal distribution of the aneu
ploid chromosome numbers reflects selection from origi
nally random populations of cells because of some hypo
thetical growth advantage for one particular constitution
(7) implies that the growth of the remaining malignant
cells is restricted by factors inherent in the mitotic ap
paratus which would thus in effect impose its pattern on
the neoplasia. Although this possibility cannot be ex
cluded with the information at hand, it is more difficult to
reconcile it with the observations than is that of a primary
association between induction of neoplastic properties
and chromosomal abnormalities.

The fact that the modal numbers in the human
leukemias vary widely from case to case does not detract
from the possible specificity of the initial trigger
mechanism, be it viral, physical, or chemical in nature,
although the possibility of a relationship between chromo
some pattern and etiology has been considered (5).
Rather, the variability is in keeping with the evidence
that relatively gross structures in the mitotic apparatus
are involved. It is not to be expected that the causative
agents should produce identical effects at precisely the
same locus in every case or in every cell, as ifiustrated by
the variable chromosome breaks obtainable with viruses
(8) or with x-radiation (2). This is not to imply that the
primary effect in leukemia is necessarily restricted to the
chromosomes themselves. Damage to the spindle ele
ments or other cytoplasmic components might conceivably
be involved. Any of these modalities can be reconciled
with the observed correlations between karyologic and
hematologic status in acute leukemia.
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FIG. 1 .â€”Karyotype of cell with 56 chromosomes from bone
marrow of Case No. 13. The chromosomes are arranged according
to the Denver-Patau system, and the extra chromosomes are to the
right of the dark line. The karyotype also illustrates the abnor
ma! No. 2 chromosome in the A group.

FIG. 2.â€”Karyotype of cell with diploid complement of 46
chromosomes from bone marrow cell of Case No. 18 during remis
sion. The No. 2 â€œmarkerâ€•chromosome is not present.

FIG. 3.â€”Karyotypeof bone marrow cell from Case No. 18 during
subsequent relapse, demonstrating stem line of 57 chromosomes,
including the long-armed No. 2 chromosome and an additional C
group chromosome.

FIG. 4.â€”Karyotype of aneuploid stem-line cell from bone mar
row (Case No. 21) in relapse. Arrows indicate â€œmarkerâ€•chromo
somes, a minute unit placed in the G group and an extra chromo
some in the C group.
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Fi;. 5.â€”Photomicrograph of representative area of bone mar
row in patient showing several giant â€œblastcellâ€•fornis in addition
to the typical lymphoblasts.

Fi;. 6.â€”Tetraploid metaphase from bone marrow of the same
patient (No. 21) in terminal relapse, with 94 chromosomes. Ar
rows indicate the minute chromosomes. Metaphase also demon
strates the phenomenon of endoreduplication.

1454



V
S

4

a.@$

.@*
. . WF.

@.

I

4.

.

1455

1@â€¢

4
@4â€¢@'


