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Signal transduction mediated by 
growth factor interaction with specific 
membrane receptors is of critical im· 
portance in the regulation of normal cell 
growth and differentiation. Moreover, 
increasing evidence indicates that aberra· 
tions in these pathways are important in 
the neoplastic process. Factor·dependent 
hematopoietic cell lines provide a poten· 
tially important means of dissecting dif· 
ferences in growth factor regulatory path· 
ways. In many cases, these lines can either 
proliferate or differentiate in response 
to several different hematopoietic cyto· 
kines. One such line, 32 D, is strictly 
dependent on interleukin·3 (lL·3) for 
growth, possesses a normal diploid 
karyotype, displays an immature myeloid 
phenotype, and is nontumorigenic in 
nude mice. Granulocytic colony· stirn· 
ulating factor (G·CSF) induces termi· 
nal neutrophilic differentiation of 32D 
cells when IL·3 is withdrawn from the 
culture. 32D cells do not express re· 
ceptors for macrophage·CSF (CSF·1). 
Moreover, these cells are devoid of 
growth factor receptors which regulate 
cells of connective tissue origin, such 
as epidermal growth factor (EGF) and 
platelet·derived growth factor (PDGF) 
receptors. 

The molecular cloning of tyrosine 
kinase·containing growth factor receptor 
genes has made it feasible to investigate 
the ability of these specific receptors to 
couple with intracellular components 
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needed to evoke a functional response in 
hematopoietic cells which do not norm­
ally express these growth factor recep­
tors. We have introduced expression vec­
tors for several tyrosine kinase· 
containing growth factor receptors and 
oncogenes into the 32D cell line to inves· 
tigate signaling pathways through which 
they may couple. 

An expression vector for the EGF 
receptor (EGFR) was introduced into the 
32D myeloid cell line which is devoid 
of EGFRs and absolutely dependent on 
IL-3 for growth [1]. Expression of the 
EGFR allowed these cells to utilize EGF 
for transduction of a mitogenic signal 
(Table 1). When the transfected cells were 
propagated in EGF, they exhibited a 
more mature myeloid phenotype than 
was observed under conditions of IL-3· 
directed growth. Moreover, exposure to 
EGF led to a rapid stimulation of phos· 
phoinositide (PI) metabolism, while IL·3 
had no detectable effect on PI turnover. 
Although the transfected cells exhibited 
high levels of functional EGFRs, they 
remained nontumorigenic. In contrast, 
transfection of v·erb· B, an amino· 
terminal·truncated form of the EGFR, 
not only abrogated the IL-3 growth fac­
tor requirement of 32D cells (Table 1), 
but caused them to become tumorigenic 
in nude mice. These results showed that a 
naive hematopoietic cell expresses all of 
the intracellular components of the EGF­
signaling pathway necessary to evoke 
a mitogenic response and sustain con­
tinuous proliferation. 

Distinct genes encode a and P PDG F 
receptors that differ in their abilities to be 
triggered by three dimeric forms of the 
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Table 1. Mitogenic response and cloning efficiency of 32 D transfectants 

Cell line Treatment SI of 3[H]TdR (%) Cloning 
incorporation efficiency 

32D IL-3 + serum 234.5 35.5 
EGF + serum 1.0 <0.1 
Serum 1.0 <0.1 

32D-v-erh B IL-3 + serum 225.5 28.0 
EGF + serum 231.0 30.5 
Serum 228.0 28.5 

32D-EGFR IL-3 + serum 215.5 27.5 
EGF + serum 185.5 25.0 
Serum 1.0 <0.1 

The cell proliferation assay was performed as described [1]. Results are expressed as a stimula­
tion index. Data are the mean of duplicate samples. The cloning efficiency was established by 
plating cells at various concentrations in growth medium supplemented with 15 % FCS and 
0.48% sea plaque agarose. IL-3 (50U/ml) or EGF (100mg/ml) was included when specified. 
Visible colonies were scored at 12 days after plating. 
Sf: stimulation index; cpm 3[HJ TdR incorporation with growth factor and/or serum/cpm 3[HJ 
incorporation with serum. 
FCS: fetal calf serum. 

PDG F molecule. We show that PDG F 
receptor mitogenic function can be re­
constituted in IL-3-dependent 32D cells 
by introduction of expression vectors for 
either rx or P PDGF receptor cDNAs into 
this naive hematopoietic cell line [2]. Thus, 
each receptor is independently capable of 
coupling with mitogenic signal transduc­
tion pathways inherently present in these 
cells. Activation of either receptor also 
resulted in chemotaxis, alterations in 
inositol lipid metabolism, and mobili­
zation of intracellular Ca2 +. The magni­
tude of these functional responses corre­
lated well with the binding properties of 
different PDGF isoforms to each re­
ceptor. Thus, availability of specific 
PDGF isoforms and relative expression 
of each PDG F receptor gene product are 
major determinants of the spectrum of 
known PDGF responses. 

The c-fms proto-oncogene encodes the 
receptor for CSF -1. Expression vectors 
containing either normal or oncogenic 
point-mutated human c-fms genes were 
transfected into IL-3-dependent 32D 
cells in order to determine the effects of 
CSF -1 signaling in this murine clonal 
myeloid progenitor cell line [3]. CSF-1 
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was shown to trigger proliferation in 
association with monocyte differenti­
ation of the 32D-c-fms cells. Monocytic 
differentiation was reversible upon re­
moval of CSF -1, implying that CSF-1 
was required for maintenance of the 
monocyte phenotype but was not suffi­
cient to induce irrevocable commitment 
to differentiation. Human CSF-1 was 
also shown to be a potent chemoattrac­
tant for 32D-c-fms cells, suggesting that 
CSF-1 may serve to recruit monocytes 
from the circulation to tissue sites of 
inflammation or injury. Although c-fms 
did not release 32D cells from factor 
dependence, point-mutated c-fms [S 301, 
F969] was able to abrogate their IL-3 
requirement and induce tumorigenicity. 
IL-3-independent 32D-c-fms [S 301, 
F969] cells also displayed a mature 
monocyte phenotype, implying that dif­
ferentiation did not interfere with pro­
gression of these cells to the malignant 
state. All of these findings demonstrate 
that a single growth factor receptor can 
specifically couple with multiple intra­
cellular signaling pathways and playa 
critical role in modulating cell prolifer­
ation, differentiation, and cell migration. 



Proliferation and maturation of hem a­
topoietic cells is a complex but orderly 
process involving growth factor­
controlled programs that lead to self­
renewal or terminal differentiation. 
Although many of the genes encoding 
growth factors and several of their re­
ceptors have been cloned, the intracel­
lular mechanisms of action of these sig­
naling pathways are not well understood. 
The recent cloning of IL-3 and G-CSF 
receptors has revealed that these genes 
do not contain tyrosine kinase-like 
domains. However, it has been demon­
strated that at least IL-3 does stimulate 
the tyrosine phosphorylation of specific 
intracellular substrates in murine cell 
lines. 

The fact that 32D is a clonal myeloid 
precursor cell line has raised the question 
as to whether signals transduced by all 
activated receptor tyrosine kinases might 
interact with the same specific intra­
cellular substrates. After introduction of 
the tyrosine kinase receptors into 32D 
cells, they showed evidence of prolifer­
ation as well as partial myeloid matura­
tion in response to their respective li­
gands. Since IL-3 only induces prolife­
ration in this system and G-CSF strictly 
triggers terminal differentiation of these 
cells to mature neutrophilic granulocytes, 
it may now be possible to correlate spe-

cific alterations in second messenger 
systems or tyrosine-phosphorylated sub­
strates involved in regulating specific 
proliferation and/or differentiation path­
ways within the myeloid lineage. 
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