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v-myb and v-ets Cooperate for the Mitogenic Stimulation of Primary
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P. RAVEL-CHAPUIS,l D. LEPRINCE,2 B. PAIN, 1 R. LI,2t C. DOMENGET,l D. STEHELIN,2 J. SAMARUT,l
AND P. JURDICLt*

Laboratoire de Biologie Moleculaire et Cellulaire, UMR 13 CNRS, Institut National de la Recherche Agronomique,
Ecole Normale Superieure de Lyon, 69364 Lyon Cedex 07,1 and Laboratoire d'Oncologie Moleculaire, U186 INSERM,

CNRS U 1160, Institut Pasteur, 59019 Lille Cedex,2 France

Received 16 November 1990/Accepted 9 April 1991

By using a series of deletion mutants, we have shown that the stimulation of fibroblast growth by E26
requires the cooperation of the two oncogenes, v-myb and v-ets, fused in the nuclear viral product. Of the two
DNA-binding domains, only one must be present to promote anchorage-independent growth, whereas that of
v-myb is required to allow growth in low serum medium. Furthermore, the v-ets oncogene comprises
multifunctional domains.

E26 is a defective avian acute leukemia virus inducing a
mixed erythroid-myelomonocytic leukemia in chickens (20,
24). It does not cause solid tumor growth and is unable to
transform chicken embryo fibroblasts (CEFs) in vitro (3, 19).
Nevertheless, the E26-encoded oncogenic product does
stimulate proliferation of either CEFs (9), neuroretina cells
(1), or NIH 3T3 cells (28). The E26 retrovirus genome
encodes, through a unique 5.7-kb genomic mRNA, a 135-
kDa gag-myb-ets fusion protein (p135gag-myb-ets) (15, 21)
which localizes to the nucleus of infected avian myeloblasts
(4, 13) and binds DNA in vitro (18).
The v-myb oncogene domain has derived from a cellular

proto-oncogene, c-myb (8, 12). Both c-myb and v-myb are
nuclear proteins with a DNA-binding domain composed of
imperfectly conserved direct repeats. A transcriptional acti-
vation domain is located in the central part of both proteins
(for a review, see reference 17). The c-myb oncogene ap-
pears to be involved in the control of cell proliferation or
differentiation (7, 27; for a review, see reference 26). The
second oncogene domain carried by E26, v-ets, displays
similarities with several cellular genes coding for nuclear
DNA-binding proteins. c-ets proteins are transactivating
phosphoproteins sharing homology with several transcrip-
tion factors (5, 23; for a review, see reference 11) which may
play a role during cell growth (2, 25).
The unique feature of E26, therefore, is that it contains

two fused genes, each of which encodes transcriptional
activators involved in cell proliferation. Moreover, the E26-
encoded fusion protein carries the respective v-myb and
v-ets DNA-binding domains at opposite ends of the polypep-
tide, raising the possibility that p135gag-myb-ets can interact
with target genes either through the v-ets, v-myb, or both
DNA-binding domains.
To further analyze the role of v-myb and v-ets in the

mitogenic activation of CEFs, we made E26 constructs with
modifications in these two oncogenes. All mutants have been
made from the XJE26 genome, a recombinant E26 contain-
ing in addition the neor gene (Fig. 1; 16). To test the role of
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v-myb in the growth stimulation of CEFs, we made the
mutants XJE26-DA, deleted of 172 nucleotides within its
transactivating domain (10), and XJE26-DD, deleted of the
repeats within its DNA-binding domain. Two types of mod-
ifications were made within the v-ets oncogene: (i) deletions
between three in-frame PvuII restriction sites (mutants
XJE26-2a, -3a, and -4a) and (ii) insertion of a stop codon at
the respective positions 630 (XJE26-630), 1740 (XJE26-
1740), and 1070 (XJE26-1070). Proteins encoded by these
three truncated mutants do not contain the v-ets DNA-
binding domain. All of these mutants are depicted in Fig. 1.
The plasmids carrying all of these mutants genomes were

cotransfected into CEFs together with pRAV-1 and then
selected in the presence of G418. As reported for E26 (9),
expression of all XJE26-derived constructs was barely de-
tectable in CEFs (data not shown), although they were able
to transform hematopoietic cells in vitro (4a). Each mutant
was tested for its ability to allow infected CEFs to both grow
in low-serum medium and form minute colonies in semisolid
medium. A positive control consisted of anchorage-indepen-
dent avian erythroblastosis virus (AEV)-transformed CEFs
able to give large colonies in agar and to grow in low-serum
(0.5%) medium, whereas TXN-infected CEFs, unable to
grow in such conditions, were the negative control (6).

Effects of v-ets modified mutants on growth stimulation of
CEFs. The biological effects of all mutants could be classified
into three types. (i) Mutants XJE26-3a and XJE26-1740 have
the same effect as XJE26 virus: they can grow in low-serum
medium (Fig. 2) and form minute colonies in agar (Fig. 3E;
Table 1) which are comparable to those obtained with XJE26
(Fig. 3D). Thus, deletions of the v-ets DNA-binding domain
(construct XJE26-1740) does not alter the mitogenic effect of
the virus in the presence of v-myb. (ii) Mutants XJE26-630
and XJE26-4a, with the largest deletion within v-ets, have
weak and no mitogenic activity, respectively (Fig. 2 and 3F;
Table 1). This means that at least some regions of v-ets,
together with an intact v-myb, are necessary to stimulate
CEF growth in liquid and semisolid cultures. (iii) Unex-
pected results were obtained with both mutant XJE26-2a and
mutant XJE26-1070. CEFs infected with these two con-
structs appeared to be highly independent of growth factors
since they started to grow in 0.5% serum medium only after
a 5-day lag period in culture and proliferated very rapidly
thereafter (Fig. 2). Their growth ability was even higher than
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FIG. 1. Schematic representation of XJE26 mutants. Symbols:
X, DNA-binding domain of the v-myb oncogene; ED, transac-

tivating domain of the v-myb oncogene; ME, DNA-binding domain
of the v-ets oncogene;: , deleted part of the gene. Positions of
nucleotides are according to the sequence published by Nunn et al.
(21).

that of AEV-transformed fibroblasts. This is underscored by
the high number and the large size of the colonies which
were obtained in semisolid medium with CEFs infected with
either of these two constructs (Fig. 3B and C; Table 1). The
colonies were identical in size to those obtained with AEV-
transformed CEFs (Fig. 3A). Therefore, the 290 bp of v-ets
deleted in the XJE26-2a construct may define a functional
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FIG. 2. Growth curves of XJE26 mutant-infected CEFs grown in
low-serum medium. A total of 15 x 105 G418-selected CEFs were
seeded at day 0 and grown in 0.5% fetal bovine serum containing
medium. CEFs were infected with XJE26 or XJE26-1740 (O),
XJE26-3a (-), XJE26-630 ("_ ), XJE26-2a (O), XJE26-DA or -DD
(A), XJE26-1070 (A), XJE26 -4a or -TXN (*), and AEV (O).

FIG. 3. Colony assay in semisolid medium. Infected CEFs (5 x
104 per 35-mm dish) were seeded in agar-containing medium.
Colonies were numbered 2 weeks later. Colonies shown on the
figure were obtained after infection of CEFs with AEV (A), XJE26-
1070 (B), XJE26-2a (C), XJE26 (D), XJE26-3a (E), XJE26-4a (F),
and TXN (G).

domain which has a regulatory effect inhibiting the activity
of the p135gag-myb-ets protein in CEFs. This domain contains
several serine residues which were shown to be targets for
phosphorylation events in the c-etsl protein (14, 22).
From these results, we conclude that part of v-ets, exclud-

ing the DNA-binding domain, is required together with an

intact v-myb for the mitogenic activation of CEFs by E26. In
the presence of an intact v-myb, deletions within the v-ets
oncogene either maintain, increase, or abolish the mitogenic
effect of E26. This finding suggests that multifunctional
domains exist within the v-ets oncogene.

Effects of v-myb deleted mutants on the growth stimulation
of CEFs. Both XJE26-DA and XJE26-DD, the two mutants
with deletions within the v-myb oncogene, have partly lost
their ability to stimulate CEF growth in low-serum medium
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TABLE 1. Mitogenic activity of XJE26 constructs on CEFs

Formation of colonies in Growth in
Virus semisolid medium low-serum

No.b Type mediuma

XJE26 1,112 Minute +
TXN 0
AEV 1,069 Large +
XJE26-2a 1,556 Large + +
XJE26-3a 242 Minute +
XJE26-4a 35 Small
XJE26-1740 992 Minute +
XJE26-1070 2,757 Large + +
XJE26-630 192 Minute +/-
XJE26-DA 138 Minute +/-
XJE26-DD 1,248 Minute +/-

a Containing 0.5% fetal bovine serum.
b Per 5 x 104 cells seeded per 35-mm dish. Colonies were scored 2 weeks

after seeding in culture.

(Fig. 2). However, they behave very differently with respect
to inducing anchorage-independent CEF growth (Table 1).
Deletion of the v-myb transactivating domain (XJE26-DA)
abrogates this ability, whereas deletion of the v-myb DNA-
binding domain maintains it. In the presence of an intact
v-ets oncogene, the transactivating domain of v-myb is
essential for both growth in low serum and colony formation
in agar. Its DNA-binding domain is not necessary for colony
formation but is required for growth in low serum. The
DNA-binding domain of v-myb may then be involved in
altering the regulation of cellular genes responsible for
growth in low-serum medium but not of genes responsible
for anchorage-independent growth. Moreover, these data
suggest that colony formation in agar and growth in low-
serum medium are controlled through different genetic path-
ways.

In conclusion, this work demonstrates several new points:
(i) the cooperation between v-myb and v-ets domains is
necessary for the whole mitogenic effect of E26, i.e., induc-
tion of growth in low-serum medium and anchorage-indepen-
dent growth in agar; (ii) the v-myb domain is absolutely
necessary for the whole mitogenic effect of E26; (iii) the
v-myb DNA-binding domain and transactivating domain
contribute differently with respect to induction of growth in
low serum and colony formation in agar; (iv) the v-ets
DNA-binding domain is dispensable for both effects; and (v)
the v-ets oncogene comprises a multifunctional domain
capable of maintaining, increasing, or abolishing the mitoge-
nic effect of E26. E26 and its mutants provide therefore
helpful tools to investigate the various genetic processes
which control cell proliferation and tumorigenic transforma-
tion.
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