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Abstract

The protooncogene c-myb is the cellular equivalent of the viral trans
forming oncogene \-myh. When human c-myb is constitutive!}- expressed
in Balb/c3T3 cells it abrogates their absolute requirement for insulin-like
growth factor 1 (IGF-1). We show now, in two different cell lines, that
the constitutive expression of the protooncogene c-myb causes an increase
in both IGF-1 and IGF = 1 receptor mRNA levels. This increase in
mRNA levels is due, at least in part, to an increase in the rate of
transcription since, by run-on assay, cells carrying the human c-myb
cDNA show a 3-fold increase in transcriptional rates in comparison to
the control parent cell lines. The increased expression of IGF-1 receptor
mRNA also results in an increased number of IGF-1 binding sites per
cell. Although some oncogenes have been described that are homologous
to growth factors, or growth factor receptors, c-myb seems to represent
a novel way of oncogene action inasmuch as it increases the expression
of both a growth factor receptor and its ligand, thus establishing a
quasiautocrine mechanism which modifies the growth factor requirements
of the cell and its growth regulation.

Introduction

In a previous paper (1) we have shown that a constitutively
expressed c-myb abrogated the requirement for IGF-13 in Balb/

c3T3 cells. This was accompanied by an increased expression
of IGF-1 mRNA. In this report, we show that the constitutive
expression of the protooncogene c-myb in fibroblasts or fibro-
blast-like cells results in an increased expression of IGF-1 and
IGF-1 R mRNAs and that this increase, by run-on transcription
assay, is (at least in part) due to increased transcription. The
increase in IGF-1 R mRNA results in an increased number of
IGF-1 binding sites per cell, although not quite of the same
order as the increase in IGF-1 binding sites that occurs after
stimulation with PDGF (2, 3).

Materials and Methods

Cell Lines. The original cell lines from which all of the other cell
lines have been derived are Balb/c3T3 embryo mouse cells and Tk-
tsl3-Syrian hamster fibroblasts (4).

Tk-tsl3 cells were cotransfected with the pMBMI plasmid carrying
the human c-myb cDNA (5) and pTkl 1, which contains the full length
cDNA of human thymidine kinase. The cells were selected in gHAT to
generate the tsl3 myb cells described previously (6).
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Balb/c3T3 cells were cotransfected with the same plasmid carrying
human c-myb cDNA (5) and the pLHL4 plasmid containing the hygro-

mycin resistance gene (7).
RNA Extraction. Total RNA was extracted from cells by the method

of Chomczynski and Sacchi (8), and RNA blots were carried out by
standard procedures (9).

Plasmids and Probes. Probes were prepared by isolating inserts from
the following plasmids. p3A 10-cDNA was released by Hindlll digestion
(10). pHF|S-Al-2.1kb /3-actin cDNA (11) was released by BamHl
digestion; the 662-base pair full length IGF-1 cDNA was obtained from
plasmid phIGF-1 (12) by Pstl digestion; the Xbal-BamH\ fragment of
the human IGF1-R cDNA was released from plasmid pCVN-IGF-lR
(13) and then subcloned in pBluescript IISKÂ±.

Run-on Transcription. Run-on transcription was carried out as de
scribed by ( irondi ne et al. (14). A bacteriophage DNA was used as a
background. The probes have been described above.

RT-PCR. RT-PCR was similar to published methods (15). Details
of the reaction as used in our laboratory are given by Lipson and
Baserga (16). Amplimers and probe used are described in the figure
legends.

Results

Two cell lines were used, both carrying a human c-myb cDNA
under the control of an SV40 promoter (5) (a kind gift of Dr.
Prochownik) and both previously described: Balb/myb cells (1),
derived from Balb/c3T3 cells; and tsl3 myb cells (6), derived
from TK-tsl3 cells (4), a TK- derivative of tsl3 cells, a G,

specific ts mutant of the cell cycle, of baby hamster kidney
(Syrian hamster) origin. Both cell lines have been shown to
express c-myb mRNA and protein. The parent cell lines, Balb/
c3T3 and TK-tsl3, which do not express c-myb mRNA, were
used as controls.

Fig. 1 shows that in Balb/myb cells there is an increased
expression of IGF-R mRNA, in comparison to Balb/c3T3 cells
(Fig. 1, Lanes 5-7 and 1-4, respectively). The probe used was
an internal fragment from the cloned IGF-1 R cDNA described
by Ullrich et al. (13) which detects, in mouse cells, an 11-
kilobase mRNA. The blot was also hybridized to a 3A10 probe
to monitor the amount of RNA in each lane; this cDNA is
derived from an mRNA that is expressed at constant levels
throughout the cell cycle ( 10). The difference in IGF-1R mRNA
levels between Balb/myb and Balb/c3T3 cells is especially ap
parent in cells incubated in low serum (Fig. 1, Lanes 1,2, and
5) or in platelet poor plasma (Fig. 1, Lanes 3 and 6). The
difference was reproducible. When Balb/c3T3 cells are stimu
lated with serum, IGF-1 R mRNA increases (Fig. 1, Lane 4). It
has been reported previously that PDGF increases the number
of IGF-1 binding sites in several cell types, including 3T3 (2,
3). Notice also that the amount of RNA per lane (3A10) is
substantially lower in Lanes 5-7 than in Lanes 1-4.

Fig. 2 confirms that the levels of IGF-1 mRNA are also
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Fig. 1. Expression of IGF-1 receptor mRNA in Balb/c3T3 and Balb/myb cells.
Lanes 1-4, Balb/c3T3 cells in 0.2% serum, 1% serum, 5% platelet poor plasma,
and 10% serum, respectively. Lanes 5-7, Balb/myb cells in, respectively, 0.2%
serum, 5% platelet poor plasma, and 10% serum. The RNA blot was hybridized
to an IGF-1 receptor probe and to 3A10 which is a probe (10) which hybridizes
constantly throughout the cell cycle and monitors the amount of RNA per lane.

increased in Balb/myb cells (compared to Balb/c3T3 cells).
Because of some doubts we have had about the specificity of
the previously used human probe (1), we have repeated the
experiment using RT-PCR (15, 16) and two amplimers synthe
sized on the basis of the published sequence for mouse IGF-1
cDNA (12). Under the conditions used (Fig. 2A), no IGF-1
mRNA is detectable in Balb/c3T3 cells (Fig. 2A, Lanes 1-3),

although it is easily detectable in 3 different clones of Balb/
myb cells (Fig. 2A, Lanes 4-12), albeit much less than in mouse
liver (Fig. 2A, Lanes 13-15), which is the major site of IGF-1
production (2). By increasing the exposure time (Fig. 2B), IGF-

1 mRNA is now detectable in Balb/c3T3 cells (Fig. IB, Lanes
1-3) but in clearly lesser amounts than in Balb/myb cells (Fig.
IB, Lanes 4-6). The experiment has been repeated and densi-
tometry indicated a 20-30-fold increase in IGF-1 mRNA in

Balb/myb cells.
Fig. 3 shows that the expression of IGF-1 R mRNA is also

increased in tsl3 myb cells (Fig. 3, Lane 2) with respect to TK-
tsl3 cells (Fig. 3, Lane 1). Fig. 3, Lane 3, shows that two IGF-
IR mRNAs are detectable in HL-60 cells 7 and 11 kilobases
long, respectively: a shorter form of IGF-IR mRNA has been
described previously in HL-60 cells (17). We could not deter
mine the levels of IGF-1 mRNA in tsl3 myb cells; standard
RNA blots using two different probes (both human) did not
give satisfactory results and we could not use RT-PCR because
the hamster IGF-1 sequence is not known. However, Fig. 4
shows that transcription of both IGF-1 and IGF-IR mRNA is
increased in tsl3 myb cells (Fig. 4, Lanes 1-3), when compared
to TK-tsl3 cells (Fig. 4, Lanes 4-6). The run-on assay was
repeated with different probes, and the results were reproduci
ble, always indicating a stronger signal in tsl3 myb nuclei and
a weaker signal in TK-tsl3 nuclei. Using ÃŸ-actinas a control,
transcription in tsl3 myb cells is increased 2-fold for IGF-1
and 3-fold for the IGF-IR. Similar results were obtained in
comparing serum-deprived Balb/myb and 3T3 cells.

Table 1 shows that the number of IGF-1 binding sites per

cell, determined by the method of Phillips et al. (18) is also
increased in cells constitutively expressing the human c-myb.

These experiments were done with cells incubated in 10%
serum: the 50-100% increase is somewhat below the increase
in IGF-1 binding sites that occurs in PDGF stimulated 3T3
cells (see above). This latter increase (roughly 2.5-3 times) is
sufficient to render Balb/c3T3 cells responsive to the growth-
promoting action of IGF-1.

Discussion

The protooncogene c-myb is the cellular equivalent of v-myb
(19) and appears to be essential for the proliferation of hemo-
poietic cells (20).

When constitutively expressed in Balb/c3T3 cells, the prod
uct of the c-myb cDNA abrogates the requirement for IGF-1
(1) a requirement that is absolute for the parent cell line (21).
Balb/myb cells still require PDGF for growth (1). In this paper
not only do we confirm the overexpression of IGF-1 mRNA in
Balb/myb cells but we also show that the IGF-IR mRNA is
also increased. Furthermore, this is true for another cell line,
carrying a constitutively expressed c-myb, tsl3 myb cells (6).
The presence of a constitutively expressed c-myb results in
increased transcription rates for both IGF-1 and IGF-IR
mRNAs, in both types of cells. It seems, therefore, that the
constitutive presence of the c-myb product in fibroblasts results
in an increased expression of IGF-1 and IGF-IR mRNA,

through, at least in part, a transcriptional mechanism. The
increase in mRNA levels and in the rates of transcription is not

A
I 2 3 4 5 6 7 6 9 10 11 12 13 14 15

B 2 3 4 5 6

II
Fig. 2. Levels of IGF-1 mRNA in BALB/c3T3 and Balb/myb cells by the RT-

PCR. A: Lanes 1-3, 3T3 cells. Lanes 4-12, three different clones of Balb/myb
cells. Lanes 13-15, mRNA from mouse liver. In each case the first lane is 10
cycles of PCR, the second lane is 20 cycles, and the third lane is 30 cycles. The
amplimers used are 5'-ATG TCG TCT TCA CAC CTC, and 3'-AGG CTT CAG

TGG GGC ACA. The labeled probe used was CGG ACC CCA CCT CAG ACA.
In B there is an overexposure of RT-PCR from Balb/c3T3 cells and Balb/myb
cells. The amplimers, again, were the same and the number of cycles the same as
in A. B: Lanes 1-3, Balb/c3T3 cells; Lanes 4-6, Balb/myb cells.

1 2 3
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-3A10

Fig. 3. RNA blot of TK-tsl3 and tsl3 myb cells exponentially growing. The
blot was hybridized to an SphL internal fragment of the IGF-1 receptor cDNA
(13). Lane 1, TK-ts 13 cells; Lane 2, tsl3 myb cells; Lane 3, HL60 cells. The blot
was also hybridized to the 3A10 probe, using a Hindlll fragment (see Fig. 1).
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Fig. 4. Run-on transcription assay for IGF-
1 receptor and IGF-1. Lanes 1-3 tsl3 myb
cells, respectively, serum deprived, stimulated
with serum at 34'C, and stimulated with serum
at 39.6'C; Lanes 4-6, the same but with TK-ts
13 cells; Lanes 7-9, Balb/myb and 3T3 cells;
Lane 7, quiescent 3T3 cells; Lane 8, stimulated
3T3 cells; Lane 9, serum deprived Balb/myb
cells. The run-on transcription was carried out
by standard methods (14), and the probes used
were 0-actin, IGF-1, IGF-1 receptor, and, as a
control, XDNA.
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spectacular, but it is reproducible in two different cell lines and
it also results in an increased number of IGF-1 binding sites
(Table 1). The number of IGF-1 R per cell does not vary greatly
in physiological circumstances; quiescent 3T3 cells are not
responsive to IGF-1 (21) but they become responsive after
exposure to PDGF (see above and Refs. 22-24). However,
PDGF causes only a 2.5-3.0-fold increase in the number of
IGF-1 binding sites (see above). A legitimate question is what
is the meaning of these results in fibroblasts when c-myb is
almost exclusively expressed in hemopoietic tissues (see above).
The role of IGF-1 and its receptor in the growth of hemato-
poietic cells has thus far received scanty attention, but there are
reports of IGF-1 stimulated growth of hematopoietic cells (17,
25, 26), and IGF-1 receptor mRNA is detectable in HL-60 cells
(Ref. 17; Fig. 3) that are promyelocytic cells. It is therefore not
excluded that c-myb may exert its action even in hemopoietic
cells through the IGF-1/IGF-1 R mechanism. Alternatively, it
is possible that fibroblasts may express a c-myb equivalent; in
this respect, Nomura et al. (27) have isolated a cDNA with
extensive sequence similarities to c-myb, which they have called
B-myb and which is expressed in nonhematopoietic cells. Reiss
et al. (28) have shown that the expression of B-myb is growth

regulated in fibroblasts.
The possibility that the c-myb production may exert its

growth promoting action through the induction of IGF-1 and
IGF-1 R gene products is attractive. Some oncogenes have been
identified as the homologues of growth factors and growth
factor receptors, but these experiments disclose a third alter
native, i.e., an oncogene as an activator of a growth factor and
its receptor thus creating, in effect, a quasiautocrine mecha
nism. We know that Balb/c3T3 cells carrying constitutively
expressed IGF-1 and IGF-1 R cDNAs are capable of growing
in the complete absence of added exogenous growth factors.4

Balb/myb cells still need PDGF for growth; perhaps the amount
of IGF-1 R induced by the c-myb product is not sufficient for
growth in the complete absence of other growth factors. PDGF

4Z. Pietrzkowski, M. Yoshinouchi, R. Lammers, M. Limardo, P. D. Philips,
A. Ullrich, and R. Baserga. Constitutive expression of IGF-1 and IGF-1 receptor
abrogates all requirements for exogenous growth factors, submitted for
publication.

Table 1 '"-IGF-1 binding to control and myb transformed cells

These data are from one experiment. In three separate experiments the absolute
number of binding sites varied slightly, but the ratio of the number of binding
sites in control cells to the number of binding sites in myb carrying cells was
constant. The method used to determine the number of IGF-I binding sites has
been described in detail by Phillips et al. (18).

CelltypeBalb/c3T3

Balb/myb
tsl3
tsl3 mybBinding

sites/cell21,177

39,500
92,530

144,504Apparent

Ka(nivi)7

9
6
9

is known to increase the expression of IGF-1 and IGF-IR in
3T3 and WI-38 cells (3) and could act synergistically with c-
myb. The resolution of this problem will have to wait for
quantitative determinations of IGF-1 and IGF-IR proteins in
Balb/myb cells and in cells constitutively expressing both IGF-
1 and IGF-1 cDNAs.
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