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A. Introduction

Understanding of the abnormal nature of
cancer cells has advanced rapidly in the past
decade because of work in two apparently
separate fields — those of oncogenes and spe-
cific growth-regulatory factors. What has in-
trigued workers in both fields has been the
recognition that, in a number of instances,
the products of oncogenes or proto-onco-
genes have been shown to be related either to
growth factors themselves or to the recep-
tors for such growth factors. The reported
examples of this association are already nu-
merous enough to make a chance associ-
ation improbable — c¢-sis and PDGF [1], c-
erb-B and the EGF receptor [2], ¢-fims and
the CSF-1 receptor [3]. When this associ-
ation is considered in the light of the numer-
ous documented examples, particularly in
the leukemias and lymphomas, of non-ran-
dom chromosomal translocations that in-
volve proto-oncogenes [4], a strong case
exists for formalizing earlier notions of
cancer into a concept that neoplastic change
results from aberrant or aberrantly ex-
pressed genes that code for growth factors or
growth factor receptors.

Where this concept of cancer becomes less
than adequate is in its extension to two more
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specific proposals: (a) that cancer is the

simple consequence of over-stimulation (ei-

ther excessive or inappropriate persistence)
of the proliferation of the cells involved, or

(b) that this over-stimulation has an origin

within the cell itself — the autocrine hypoth-

esis of cancer. At first sight, these extensions
seem reasonable, both on grounds of sim-
plicity and because experimental cancers can
often be transplanted to syngeneic recipients
using a single cancer cell, with the resulting
transplanted cancer being documentable as
being derived from the transplanted cell.

There are three types of evidence indicat-
ing that these more extreme views of cancer
formation are likely to be naive and incor-
rect:

1. Neoplastic change is not simply a ques-
tion of stimulation of cell division but de-
pends on incorrect responses to prolifera-
tive stimulation with the occurrence of an
abnormally high proportion of self-repli-
cative versus differentiative divisions.
Rapid cell division in excess of that
shown by any cancer population is ex-
hibited by many normal tissues. Rates of
cell division are therefore not the key fea-
ture distinguishing the behavior of nor-
mal from neoplastic cells, the latter de-
pending on intrinsic defects in the quali-
tative nature of the daughter cells being
produced. At the very least, therefore, the
concept of cancer, whether initiated by
proto-oncogenes or by some other mech-
anism, requires the existence of a crucial
heritable abnormality in the genetic pro-
gramming of the cell that determines its
abnormal pattern of response to prolifer-
ative signals.



2. For many growth factors it is known that
multiple tissues produce the factor in
question, and the ability or otherwise of
the first emerging cancer cell to produce
the same factor is likely to be a trivial in-
fluence in determining the concentration
of the factor impinging on the receptors
of the cell.

3. Many, perhaps all growth factors have
actions on responding cells that are not
simply proliferative in nature. Some of
these effects are indeed quite opposed to
extended cell division, e.g. the induction
of differentiation commitment, and this
complex situation can in fact result in
cancer cell suppression by a growth fac-
tor. This again indicates that the critical
abnormality in cancer cell lies in its re-
sponse pattern to signalling rather than
to the signal itself.

Because information on the molecular
control of hemopoietic cells is now quite ex-
tensive, the complex issues involved in the
development of leukemia are at present bet-
ter recognized than those for other cancers.
These questions will therefore be reviewed in
the special context of the development of
myeloid leukemia.

Both normal and leukemic granulocyte-
macrophage precursor cells can be grown
clonally in vitro, and the specific regulatory
molecules controlling these events are well
characterized [5]. In the case of murine mye-
loid leukemia cells, individual colonies
grown in vitro can be shown to be able to in-
duce transplanted leukemia in recipients,
and by this means the clonogenic cells can be
shown to be stem cells of the leukemic pop-
ulation. We can be somewhat confident,
therefore, that our knowledge of the behav-
ior of murine clonogenic myeloid leukemic
cells in vitro does encompass the factors
likely to have controlled the emergence of
the first leukemic cells in vivo. The situation
is less favorable for human myeloid leu-
kemic cells, because in chronic myeloid leu-
kemia and in some cases of acute myeloid
leukemia the originating leukemic cell lies in
the multipotential stem cell compartment of
the hemopoietic population. Information on
the mechanisms controlling the behavior of
hemopoietic stem cells is much less com-
plete, as these involve —in part at least — con-

trol by stromal cells, and the nature of these
control systems has been documented only
in qualitative but not yet in molecular terms.
Studies on human myeloid leukemic cells
that have entered the granulocyte-monocyte
lineage and are clonogenic in vitro have been
extensive and can be discussed at the molec-
ular level but it must be kept in mind that for
many human myeloid leukemias, there re-
mains an important black box that prevents
us from being certain regarding the controls
operating during the emergence of the first
clonogenic leukemic cell in the stem cell
compartment.

B. Control of Normal
Granulocyte-Macrophage Populations

Analysis of the factors controlling the pro-
liferation of murine granulocyte-macro-
phage populations has shown that the glyco-
protein colony-stimulating factors (CSFs)
are the only known molecules in biological
materials that are able by direct action to
stimulate cell proliferation in these popula-
tions. Four such murine CSFs have been
identified, purified and sequenced, and
c¢DNAs for three have been isolated and ex-
pressed in mammalian and bacterial ex-
pression systems (Table 1). Several features
of these CSFs have become evident: (a) All
are glycoproteins, but the extensive carbo-
hydrate portion of each molecule seems not
to be needed for the biological actions of the
molecule on responding cells either in vitro
or in vivo. (b) Three are monomers with
mandatory disulfide bridges, while one (M-
CSF) is a dimer, also with some form of nec-
essary disulfide bridging. (c) No sequence
homology exists between the CSFs or be-
tween the CSFs and known oncogene prod-
ucts or growth factors for other tissues. (d)
Each CSF has a corresponding specific
membrane receptor, one of which (for M-
CSF) is, or is closely related to, the c-fins
proto-oncogene product [3]. (¢) Responding
granulocyte-macrophage progenitor cells si-
multaneously co-express receptors for more
than one CSF and cross-down modulation
of these receptors can occur following the
occupancy of one type of receptor by its spe-
cific CSF [13].

17



Table 1. The granulocyte-macrophage colony-stimulating factors

Species Type Alternative Approximate cDNAs cloned
acronyms mol. wt.?
Mouse GM-CSF MGI-1 GM 23000 Yes [6]
G-CSF MGI-1G 25000 Yes (S. Nagata, personal
communication)
M-CSF CSF-1, MGI-1M 35000-70000 ?
Multi-CSF IL-3, PSF 23000-28000 Yes [7, 8]
Man GM-CSF CSFa 22000 Yes [9]
Pluripoietin a
G-CSF CSF B 19000 Yes [10, 11]
Pluripoietin
M-CSF CSF-1 45000 Yes [12]

* Observed molecular weights of purified native CSFs vary according to degree of glycosylation.

To date, only three corresponding human
CSFs have been identified, so others may
well exist. The three known human CSFs
have also been purified and sequenced and
cDNAs isolated and expressed. Significant
sequence homology exists between corre-
sponding murine and human CSFs. Despite
this, there is not necessarily species cross-
reactivity. For example, human and murine
GM-CSFs do not cross-stimulate cells from
the other species, whereas the G-CSFs are
fully cross-reactive [14].

Two of the functional activities of the
CSFs have particular relevance for leukemo-
genesis: (a) the CSF’s are mandatory for all
cell divisions in granulocyte-macrophage
precursor cells, the concentration determin-
ing the length of the cell cycle, and (b) the
CSFs can irreversibly induce differentiation
commitment in granulocyte-macrophage
progenitors, a process requiring the presence
of the committing CSF for one to three cell
divisions and being asymmetrical in pattern
[15].

C. Responsiveness of Myeloid
Leukemia Cells to CSFs

Murine myeloid leukemic cells from primary
tumors or recently isolated cell lines display
a similar dependency on CSF for prolifer-
ation to that of normal cells, although on
continued culture in vitro, such cell lines
eventually lose most or all of their CSF de-
pendency.
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Conversely, CSFs can inhibit the prolifer-
ation of leukemic cells. In one extensively
studied murine myeloid leukemia (WEHI-
3B D) the commitment action of the CSFs
was demonstrated to have profound effects
on the behavior of the leukemic population.
Culture of these cells in vitro in the presence
of M-CSF (or multi-CSF) did not influence
their pattern of differentiation or prolifer-
ation [16]. However, culture in the presence
of purified GM-CSF or G-CSF led to the
production of differentiating granulocytic
and monocytic cells [17, 18]. Of the latter
two, the action of G-CSF was by far the
more striking, and culture for two to six
cycles in the presence of G-CSF led to sup-
pression of stem cell self-generation, with
complete extinction of these leukemic cell
populations in vitro and demonstrable loss
of leukemogenicity on transplantation [19,
16]. Single-cell analysis of this process indi-
cated that the irreversible commitment pro-
cess closely resembled the commitment ac-
tion of the CSFs on normal granulocyte-
macrophage progenitors [20]. A differenti-
ation-unresponsive subline of WEHI-3B
cells (D~ cells) was shown to be unrespon-
sive because of failure to express membrane
receptors for G-CSF [21], although other ab-
normalities could have co-existed in such
cells, preventing their responsiveness.

It is of interest that even with responsive
but autonomously growing WEHI-3H D*
cells, culture in the presence of G-CSF did
result in initial growth stimulation of the leu-
kemic cells [20], suppression of the popula-



tion commencing only following the induc-
tion of significant levels of differentiation
commitment. Thus, even in this otherwise
optimal system for demonstrating CSF-in-
duced suppression, the opposing actions of
the CSFs were clearly evident.

This work with WEHI-3B cells has been
criticized as dealing only with a single cell
line and therefore possibly not being of gen-
eral relevance for other myeloid leukemias.
However, in current experiments a similar
differentiation induction has been observed
with other murine myeloid or myelomono-
cytic leukemias, suggesting that the effects of
G-CSF are not restricted to this one model
system.

D. Role of CSFs in Leukemia Induction

Three sets of observations have recently
been reported on the question of whether
autocrine production of CSF by emerging
leukemic cells is necessary for leukemic
transformation.

Two groups have noted that when contin-
uous hemopoietic cell lines that are not leu-
kemogenic by transplantation tests sub-
sequently acquire the ability to produce
transplanted leukemias, this is associated
with the production of detectable amounts
of CSF [22, 23]. The possibility raised by
these observations is that autocrine produc-
tion of CSF, by providing an internal, non-
regulatable source of the appropriate
growth factor, is the final step in the multi-
stage leukemogenic process.

A somewhat similar conclusion can be
reached from experiments in which cells of
the non-leukemic FD-CP1 cell line were

transformed to leukemogenic cells by the in-
sertion of a retroviral construct containing
GM-CSF cDNA [24]. The resulting consti-
tutive production of GM-CSF on which the
FD cells are dependent for survival and pro-
liferation was the only obvious effect of the
experimental procedure that resulted in leu-
kemic transformation.

A quite different conclusion was reached
from studies in which continuous hemo-
poietic cell lines were transformed to auton-
omous, leukemogenic cells by infection with
the Abelson virus [25, 26]. In this case, no
transcription of mRNA for either GM-CSF
or multi-CSF was detected, nor was there
detectable synthesis of either CSF or the oc-
currence of abnormal expression of mem-
brane receptors for either CSF. It is evident
from these latter experiments that leukemo-
genic transformation does not of necessity
require either the autocrine production of
growth factors or the expression of abnor-
mal numbers of growth factor receptors.

Although FD-CP1 cells are non-leukemic
and absolutely CSF dependent, they are
highly abnormal, being immortalized, inca-
pable of differentiation, possessing eight
metacentric marker chromosomes, and ex-
hibiting a very high capacity (greater than
90%) for clonogenic self-renewal. The high
self-renewal capacity of FD-CP1 cells
(Table 2) despite their inability to produce
transplanted tumors suggests that high self-
renewal is necessary, but not in itself suffi-
cient, for a cell to behave as a leukemic cell.
Because of their properties, FD-CP1 cells
could quite properly be regarded as already
having passed through one or more preleu-
kemic changes, so none of the above obser-
vations really addresses in totality the ques-

Table 2. Self-generation by clonogenic FD-CP1 cells compared with self-generation by leukemic

FD-CP1 cells transformed by GM-CSF ¢cDNA

Colony No. of Mean no. Mean no. Percent of
type colonies recloned of cells per colony  of clonogenic cells  clonogenic
per colony cells
FD-CP1 20 3630 322042680 89
GMYV FD 1. 10 1770 2080+ 980 118
2. 10 4380 322041000 74

FD-CP1 colony formation was stimulated by purified recombinant GM-CSF; GMV FD colony
formation was unstimulated. Colonies were recloned after 6 days of culture.

19



tion of what transforms a normal into a leu-
kemic cell.

Granted their abnormal state, the ques-
tion remains as to what final step was re-
quired for the transformation of FD-CP1
cells into leukemic cells. One proposal that
would resolve the apparent contradiction
arising from these leukemogenicity studies is
that the Abelson virus product may be able
to activate the terminal stages of the signal-
ling cascade induced by binding of CSF to
its receptor. This would bypass the necessity
of involving CSF, yet result in a common se-
quence of end-stage changes. There is in fact
evidence that when the CSFs act on re-
sponding normal granulocyte-macrophage
cells, marked changes can occur in transcrip-
tion rates of known proto-oncogenes [27; C.
Willman, personal communication], so it is
not improbable that the dysregulated ex-
pression of a viral oncogene could result in
activation of signalling pathways normally
involved in CSF-initiated signalling. If these
common pathways are indeed of signifi-
cance, then the role of CSF as a mandatory
proliferative stimulus for both normal and
emerging leukemic cells acquires extra sig-
nificance in the leukemogenic process.

Despite these emerging links, it is neces-
sary to repeat that the crucial abnormality
required for an emerging leukemic cell is its
abnormal response pattern to such signal-
ling, and when this is considered in the light
of the clonal nature of the resulting leukemia
it is still necessary to propose that other heri-
table abnormalities must exist in the re-
sponding cell that determine its abnormal
response pattern to the signalling cascade,
whether CSF induced or oncogene initiated.
What the G-CSF experiments discussed ear-
lier indicate, however, is that for at least
some myeloid leukemias, the abnormal gene
programming in the cells is able to be cor-
rected or reversed by G-CSF action.

Do the experiments in which CSF in a
retroviral construct induces leukemia indi-
cate that the CSF genes can be added to the
list of proto-oncogenes? The answer is prob-
ably affirmative, since the evidence is of a
similar nature to that establishing a number
of other genes as proto-oncogenes [28].

An intriguing story is emerging concern-
ing the chromosomal location of the CSF
genes in human cells; it has obvious parallels
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with the involvement of ¢-myc in Burkitt’s
lymphoma and c-ab! in chronic myeloid leu-
kemia. The genes for GM-CSF, M-CSF and
the M-CSF receptor have all been localized
in a tight cluster on the 5q chromosome at
the site of the breakpoint in the 5q deletion
syndrome [29, 30]. In its simplest clinical
form, this syndrome involves the dominant
clonal proliferation of a granulocyte, mono-
cyte and erythroid population resulting in
refractory anemia with excess blast cells,
typically in elderly women, and sometimes
classified as smouldering leukemia. In as-
sociation with other chromosomal abnor-
malities, the 5q deletion is also a characteris-
tic feature of secondary acute myeloid leu-
kemias occurring following chemotherapy.
The deleted portion of the 5q chromosome
appears not to be translocated to another
chromosome, and it remains to be deter-
mined how such a deletion might result in
the evolution of a CSF-responsive dominant
clone.

E. Other Biological Agents Suppressing
Myeloid Leukemia

While the CSFs are the only known prolifer-
ative agents for granulocyte-macrophage
cells, it is important to recognize that CSFs
are not the only biological agents able to in-
duce differentiation in myeloid leukemia
cells with subsequent loss of leukemogenic-
ity. Extensive studies have documented the
presence in various conditioned media of
differentiation-inducing factors (DF, DIF
or MGI-2) that do not appear to be prolifer-
ative agents but are able to induce similar
suppressive effects to G-CSF on a variety of
murine and human leukemic cell lines, the
most extensively studied being the murine
M1 model [31-33]. In vivo evidence indi-
cates that production of the murine factor
can be T-cell-dependent [34], unlike the situ-
ation with G-CSF, and biochemical purifi-
cation studies have indicated that DF is sep-
arable and distinct from G-CSF [33, 35]. In-
jection of crude material containing MGI-2
inhibited the growth of transplanted mye-
loid leukemic cells in SL and SJL/J mice [36],
and it will be of interest to determine the
structure and actions of this factor in vivo



when cDNA clones and recombinant mate-
rial can be obtained. Certainly, if DF or re-
lated factors lack proliferative effects on re-
sponding leukemic cells but exhibit strong
differentiating effects, such factors would be
quite clearly superior to the CSFs as antileu-
kemic agents.

It is quite conceivable that the production
of molecules such as DF (MGI-2) could be
elicited within a cell in response to CSF sig-
nalling and account for the observed differ-
entiation occurring in both normal and leu-
kemic cells following exposure to G-CSF
[37, 38]. Any explanation of the differenti-
ation-inducing action of CSFs on leukemic
cells requires the production of some type of
signalling molecule to mediate the observed
effects, and such a molecule would need to
achieve an irreversible alteration in the ge-
nome of the cell, since the effects are known
to be irreversible following CSF removal.
What seems improbable is that the DF
would need to be secreted by the responding
cells and to activate the cells by binding to
membrane receptors. This proposal en-
counters the same types of difficulties as the
autocrine hypothesis of leukemia with re-
spect to the CSFs, namely that DF and the
CSFs are also produced by other tissues.
Significant actions of these molecules might
be achieved by remaining within the cell pro-
ducing them, but the minute amounts se-
creted by individual leukemic cells are un-
likely to be of significance in the context of
cells residing in fluid containing the same
molecules produced by vastly more numer-
ous cells in other tissues. It is also improb-
able that secreted DF could be responsible
for the differentiation that can be induced by
G-CSF in cultures of a single normal cell or
leukemic cell in 1-ml volumes, since it is un-
likely that any one cell could synthesize suf-
ficiently high concentrations to achieve any
significant binding to membrane receptors.

Thus, even though differentiating normal
and some leukemic cells have been shown to
generate DF or comparable material able to
induce differentiation in other leukemic cells
[37, 39], the single-cell experiments suggest
that if these molecules are critical in differ-
entiation induction, they are likely to act
while still within the responding cell and
could equally well be regarded as mediator
molecules of CSF-induced events.

F. Human Myeloid Leukemia

Turning to the situation with human mye-
loid leukemia, the most striking observation
has been that the clonogenic proliferation in
vitro of cells from most patients with both
chronic and acute myeloid leukemia is abso-
lutely dependent on stimulation by extrinsi-
cally added CSF or by CSF produced by
other cells in the culture [15]. More recently,
some examples of apparently autonomous
growth by acute myeloid leukemia cells have
been encountered (C. G. Begley, D. Metcalf,
N. A. Nicola: unpublished data), but these
are a minority of cases and the CSF depen-
dency of these cells earlier in their evolution
cannot be determined. For the large major-
ity of primary human leukemias, therefore,
the clonogenic GM cells exhibit no capacity
for autonomous proliferation in dispersed
suspension cultures, a situation which ap-
pears to effectively eliminate an autocrine
basis for their neoplastic behavior. The dif-
ferentiating cells (monocytes) in many popu-
lations of CML, AMML and AMonoL have
a clear capacity to produce CSF, but this ca-
pacity is no higher than that of correspond-
ing normal cells and it occurs in vivo in the
context of widespread tissue production of
significant concentrations of CSF [40].

From the viewpoint of leukemia develop-
ment, the above in vitro data would indicate
that the CSFs must play a mandatory role in
myeloid leukemia development in most pa-
tients since the leukemia clone is CSF depen-
dent. However, based on the general com-
ments made earlier, CSF stimulation cannot
be the sole leukemogenic event, since this
fails to account for the clonal nature of the
disease or for the abnormal pattern of self-
generation following CSF stimulation.
These latter two facts require the presence of
intrinsic abnormalities in the initiating cell,
quite possibly involving the signalling events
following CSF stimulation.

Different AML populations vary in their
pattern of expression of CSF receptors and
in their quantitative responsiveness to CSF
stimulation. However, in neither case is the
variation in these phenotypic characteristics
outside the wide range observable in normal
progenitors, and such differences between
myeloid leukemic populations can be ex-
pected since each is clonally derived from a
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heterogeneous population. For the two hu-
man CSFs (GM-CSF and G-CSF) with pro-
liferative effects on human cells the respon-
siveness of individual AML populations is
quite similar, and there has been no evidence
that a particular AML population might be
uniquely responsive to only a single CSF. To
date, leukemic populations from all patients
examined with acute and chronic myeloid
leukemia have exhibited G-CSF receptors
and no examples of the WEHI-3B D~ situa-
tion have been encountered [14].

Suppression of clonogenic self-renewal in
cultures of primary human myeloid leu-
kemia has been difficult to monitor since the
clones in conventional CSF-stimulated cul-
tures uniformly lack clonogenic cells. This
may indicate an extremely strong commit-
ment action of the CSFs, or it may merely in-
dicate that the clonogenic cells grown in
such cultures are already committed and
have lost their self-generative capacity.
Studies using an alternate culture system for
AML blast cells do indicate a capacity for
self-generation by clonogenic cells [41].
While this process remains CSF dependent,
the regulation of the behavior of true leu-
kemic stem cells in AML populations has
not yet been fully characterized [42].

Established human leukemic cell lines can
be subjected to the same types of study out-
lined above for WEHI-3B cells. Like the
mouse cell lines, the human HL60 cell line
has now become autonomous with respect
to dependency on extrinsic CSF, but it re-
mains capable of chemically induced differ-
entiation [43] and can therefore be used to
determine the ability of human CSFs also to
induce differentiation commitment.

The behavior of HL60 cells in clonal cul-
ture appears to have been variable in differ-
ent laboratories, either because of subclone
differences or because the fetal calf serum
used in such cultures seems to have an influ-
ence on the observed effects. Culture in the
presence of either GM-CSF or G-CSF does
not induce obvious morphological differ-
entiation in these cells but does lead to ex-
pression on the membranes of lineage-spe-
cific markers associated with maturing cells
[44; C.G. Begley, D. Metcalf, N. A. Nicola:
unpublished data]. Of more importance,
both GM-CSF and G-CSF have an ability
to suppress clonogenic self-renewal as as-
sessed by recloning of treated HL60 cells
(Table 3). This raises the interesting possibil-
ity that suppression of self-renewal need not
be accompanied by morphological differ-
entiation and that use of the latter criterion
may lead to a serious underestimation of the
ability of the CSFs to induce differenti-
ation.

Given that the proliferation of human
myeloid leukemic cells is usually CSF depen-
dent but that the CSFs can exhibit a capacity
to extinguish such a population by differ-
entiation commitment, a dilemma is pre-
sented in assessing whether their use would
represent a useful procedure in the treatment
of myeloid leukemia. Use of the CSFs to ac-
celerate the regeneration of surviving nor-
mal clones during remission presents less of
a problem unless significant numbers of clo-
nogenic leukemic cells persist during such a
remission.

These questions have some immediacy,
since mass-produced recombinant human
GM-CSF and G-CSF will shortly be avail-

Table 3. Action of GM-CSF and G-CSF on differentiation and clonogenic content of HL60 cells

In- CSF Total Total Percent of cells
cubated concen- cells clono-
with tration (x107%)  genic Blasts Pro- Myelo- Meta- Monocytes
(Units/ml) cells myelo-  cytes myelo-
(x107%) cytes cytes
- 0 66.0 56.2 2.5 94.0 3.0 0 0.5
GM-CSF 400 23.6 4.1 0.5 95.5 4.0 0 0
G-CSF 150 38.1 5.4 1.5 96.5 1.0 0 1.0

Cells cultured for 2 weeks in the presence of purified recombinant human GM-CSF or purified cross-
reacting murine G-CSF (C. G. Begley, D. Metcalf, N. A. Nicola, unpublished data).
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able for clinical trials. On the balance of
existing evidence, G-CSF may have a better
prospect of being a useful antileukemic
agent, but such trials will need to be under-
taken with circumspection and careful moni-
toring of leukemic cell levels prior to and fol-
lowing the administration of this agent. The
results with clinical trials of conventional cy-
totoxic agents have emphasized the com-
plexities involved in the accurate assessment
of patients with a heterogeneous clinical
course and, as a consequence, the need for
collaborative studies following an agreed
clinical protocol. It can only be hoped that
clinical trials on the CSFs will benefit from
the experience with the introduction of inter-
ferons and will be carried out from the out-
set with meticulous attention to objective as-
sessment of the effects induced by the
CSFs.

G. Summary

Most primary myeloid leukemias are depen-
dent for proliferative stimulation on the gly-
coprotein colony-stimulating factors. These
agents are therefore mandatory co-factors in
the development of myeloid leukemia. The
CSFs also modify oncogene transcription,
and in model leukemogenesis experiments
GM-CSF has been shown to be a proto-on-
cogene. However, most evidence is against
an autocrine hypothesis of myeloid leukemia
based solely on CSF production by emerg-
ing leukemic cells. Because the CSFs also
have differentiation commitment actions,
they can induce differentiation in myeloid
leukemic cells, and G-CSF in particular has
an impressive capacity to suppress myeloid
leukemic populations by this action. The an-
tagonistic actions of the CSFs on myeloid
leukemic cells make it difficult to predict
whether they will prove to be useful agents in
the management of myeloid leukemias.
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