
The findings published in this paper show that it is
possible to obtain clones and clonal differentia-
tion of normal hematopoietic cells in soft agar.
The formation of these clones and their differen-
tiation required specific inducing substance(s) pro-
duced by other cells that were seeded underneath
the agar. It is concluded that a similar approach
should be applicable to the in vitro cloning and
clonal differentiation of all the different types of
hematopoietic cells. (The SC!® indicates that this
paper has been cited in over 590 publications
since 1965.)
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“My research with hematopoietic cells be-

gan with the aim to develop cell culture sys-
tems for the cloning and clonal differentia-
tion of specific cell types, as an approach to
studying the controls that regulate growth
and differentiation of normal and malignant
cells. My first paper on hematopoietic cells
in vitro, in 1961, with a graduate student,
H. Ginsburg, described the culture of
leukemic cells using spleen leeder layers.
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also carried out experiments with normal
cells and the next paper, in 1°63,with the
same student, described the clonal growth
and differentiation of normal mast cells and
granulocytes in liquid medium using fibro-
blast feeder layers to provide the necessary
inducers for this clonal growth and differen-
tiation.
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I wrote as the concluding sentence

in this paper: ‘The described cultures thus
seem to offer a useful system for a quan-
tilative kinetic approach to hematopoietic
cell formation and for experimental studies
on the mechanism and regulation of
hematopoietic cell differentiation.’
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“This 1963 paper led to suchanapproach.
It was then shown in the 1965 paper with an-
other graduate student, D.H. Pluznik (now
at the National Institutes of Health), that

normal hematopoietic cells canbe cloned in
soft agar and that the formation of these
clones required an inducer(s) secreted by
the feeder layer cells which had been seeded
underneath the agar. Since the cells in agar
showed some morphological resemblance to
the mast cells which had previously been
studied, they were provisionally labeled as
‘mast cells’ in this paper. However, our other
results showed that they were macrophages.

“These two papers in 1963 and 1965 thus
described the first in vitro system for cloning
and clonal differentiation of specific types
of normal hematopoietic cells, and showed
that the induction of such clones was depen-
dent upon inducers secreted by other cells.
Our agar assay for cloning normal hemato-
poletic cells was confirmed by Bradley and
Metcalf in 1966.~In the next step it was
found that the inducers required for the pro-
duction of macrophage and granulocyte
clones were present in conditioned medium
produced by the feeder cells, that there ap-
peared to be a different inducer for macro-
phage and granulocyte clones, and that
these cells could also be cloned in methyl-
cellulose.
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Cloning in agar and methylcellu-

lose are the two main procedures which are
now used. The use of appropriate human
conditioned medium extended the cloning
assay to human hematopoletic cells, showed
that the appropriate normal inducer could
induce differentiation of some human
myeloid leukemic cells, and suggested that
induction of normal differentiation of
leukemic cells could be a useful approach to
therapy.
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“This in vitro approach has led to the clon-
ing and isolation of growth factors for all
types of hematopoietic cells, including dif-
ferent types of lymphocytes. It also led to a
further understanding of the controls that
regulate growth and differentiation in hema-
topolesis, how these controls are coupled in
normal development, and the abnormalities
in these controls in leukemia and other he-
matological abnormalities.’ This canexplain
why this 1965 paper has been highly cited.”
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