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(3), erm (4) and er81 (5) classified by virtue of their
The fusion of a wide range of proteins to the ligand- close similarity to pea3. In addition to the Ets domain,

binding domain of nuclear receptors has been shown two conserved transactivating domains have been de-
to impart ligand-dependent inducible activity of the fined within Erm and Er81: the N-terminal acidic do-
resulting chimera. Transcriptional regulators of the main and the region localised in the C-terminal tail ofETS family are involved in both normal and oncogenic

the proteins just downstream of the Ets domain (6, 7).processes. In order to address the role of Erm, a ‘‘PEA3
Furthermore, both Erm and Er81 have been shown tosubgroup’’ member of this family, we generated a chi-
be targets for signalling pathways through MAP ki-mera between Erm and the widely used ligand-binding
nases (7, 8), while Erm is activated by protein kinasedomain of the oestrogen receptor (ER). The chimera,
A (8).ErmER, consists of Erm protein fused at its C-terminal

Although Erm transcriptional properties in vitro, asend to the ER domain. We show that ErmER displays
well as erm embryonic spatio-temporal expression (9,a ligand-dependent transcriptional activity on ets re-
for a review, see 10) have been well characterised, littlesponsive elements. The efficiency of ErmER mediated

transactivation is modulated by the hormone concen- is known about the biological processes in which Erm
tration while its weak leakiness is reduced by using could be involved. It has been proposed that they could
the steroidal anti-oestrogen EM-139. Our results define contribute to the metastatic processes in particular in
ErmER as the first conditional version of an Ets tran- the cancers of the mammary gland (11, 12).The avail-
scription factor, providing a useful tool to decipher ability of a selective and tightly regulated Erm-induc-
Erm biological role and to identify potential Erm tar- ible system would be helpful to further address the
get genes. q 1997 Academic Press question of Erm role. Such a molecular tool is provided

Key Words: Erm; Ets; transcription factor; oestrogen by the translational fusion of proteins to the ligand-
receptor; EM-139; Chimera. binding domain of several nuclear receptors (13). As

exemplified for the transcription factors Myc (14), Myb
(15), Fos (16), Jun (17), v-Rel (18), p53 (19), MyoD (20)
or NF-M (21), the chimeric proteins display a ligand-

The ets family members are genes encoding tran- regulated activity, as they are usually inert without
scription factors involved in both transcriptional acti- hormone while they become active in the presence of
vation and repression. They share the family hallmark the appropriate ligand.
domain named the Ets domain, responsible for their Following this strategy, we created an inducible ver-
specific DNA binding to sequences centred on the sion of Erm by fusing the ligand binding domain (ER)
GGAA/T core. Based on sequence identity data, several of the oestrogen receptor at the C-terminal end of the
subgroups of highly related ets members have been de- full-length Erm. Here we describe the basic properties
fined (1, 2). The ‘‘PEA3 subgroup’’ is composed of pea3 of the resulting chimera ErmER. Our results demon-

strate that ErmER transcriptional activity on ets sites
is oestrogen-dependent. Furthermore, by using the1 To whom correspondence should be addressed. E-mail: delaunoi

@infobiogen.fr. Fax: (int) 33 320 87 79 08. pure steroidal anti-oestrogen EM-139 (22) we were able
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buffer for 45 min at 47C. Cell nuclei were then stained with Hoechstto reduce ErmER basal activity, suggesting that the
33258 (Sigma) at 4 mg/l in PBS 1X for 5 min (data not shown).weak ErmER leakiness is due to a residual oestrogen-
Cells were mounted in Moviol 4.88 (Sigma) containing 25 mg/ml 1,4-like activity from the culture medium. Taken together, diazabicyclo(2.2.2)octane (Sigma) as an antiquentching agent and

our results define ErmER as a useful tool to clarify the examined at x63 magnification with a Zeiss Axiovert microscope
equipped with epi-illumination.biological role of Erm.

RESULTS AND DISCUSSIONMATERIALS AND METHODS

ErmER Fusion ProteinPlasmids. The Erm derivatives were expressed from expression
vectors pTL1 and pCDNA3 (InVitrogen).

The hormone binding domain (ER) of the human oes-erm EcoRI cDNA sequence (4) was cloned into the EcoRI site of
trogen receptor HE0 (23) was fused to the C-terminusthe pCDNA3. To construct the chimera ErmER, the stop codon

within the EcoRI fragment of erm cDNA was replaced by a BamHI of the human Erm protein as shown in figure 1A. This
site using PCR with oligonucleotide 5*-GGGATCCCAAGCAAAGCC- chimeric fusion was cloned in two expression vectors :
TTCGGCATAGGGGAG-3 * as antisense primer; the BamHI-SstI the pTL1 and the commercial pCDNA3 vectors. Thesefragment derived from the HE14 construction (23) and containing

constructions were efficiently expressed in rabbit retic-the ER sequence was cloned in-frame with Erm modified sequence
ulocyte lysates (data not shown), as well as in radiola-using the new BamHI site. The ErmER sequence was inserted into

the EcoRI and SstI sites of the pTL1. It was inserted into the EcoRI belled transiently transfected HeLa cells (fig. 1B). Fig-
and XhoI sites of the pCDNA3 plasmid by using an adaptator be- ure 1B shows that HeLa cells appeared to be devoid of
tween the ER 3 *end SstI site and the pCDNA3 XhoI site (Detailed any detectable Erm, as no specific common band wasinformation upon request).

revealed after immunoprecipitation using two differentThe TORU-luc plasmid (8) was used as a reporter plasmid.
anti-Erm polyclonal antibodies, and SDS-PAGE analy-Cell culture and transfection. Human cervical carcinoma HeLa
sis. In this cellular context, the proteins encoded by thecells were grown at 377C and in water-saturated 5% CO2 atmosphere,
constructions displayed the expected migration profile,in Dulbecco’s modified medium (DMEM) supplemented with 10%

foetal calf serum (Gibco BRL). These cells do not express the endoge- i.e. 72kDa for Erm and 90kDa for ErmER, approxi-
nous oestrogen receptor, as assessed by dose response experiments mately. We next performed immunofluorescence analy-
to an oestrogen treatment on cells transfected by a reporter plasmid ses to investigate the subcellular location of the chi-containing an oestrogen responsive element (data not shown).

mera upon oestrogen and anti-oestrogen treatments.Transfection experiments were carried out in 6 well-plates using
either optiMEM (Gibco BRL) or DMEM without red phenol (Gibco Figure 1C shows the diffuse nuclear location of the
BRL) containing 4g/l glucose. Before transfection, cells grown at 50% ErmER chimera, as compared to the cells transfected
confluence were washed twice (5 min and 1 h) in the corresponding by the empty vector (fig. 1C, control). This location was
transfection medium. Cells were then transfected for 5 h using 500

not affected by the presence of either 1007M 17b-oes-ng expression vector and 150 ng reporter plasmid in 1 mg total DNA
tradiol or 1007M EM-139 (data not shown) and wasand 10 ml lipofectamine (Gibco BRL) in 1ml transfection medium.

Finally, transfection medium was replaced by fresh medium con- comparable to the Erm location already described (8).
taining 17b-oestradiol (Sigma) or EM-139 (22) from 1000-fold concen-
trated stock solutions in ethanol at the concentration mentioned in ErmER Oestrogen-Dependent Transcriptional Activity
the figure legends.

For the immunofluorescence analyses, cells were grown on 14mm The ability of ErmER to transactivate through an ets
coverslips before transfection. responsive element was tested by cotransfecting

Luciferase assay. Cells were lysed in 500 ml of Reporter Lysis ErmER expression plasmids with the TORU-Luc re-
Buffer (Promega) 24h to 48h after transfection. Cell extracts were porter plasmid containing the well characterised ets
analysed as described (6). The data presented here are the mean { responsive element derived from the polyoma virus en-sem of at least 3 independent experiments.

hancer (24).
Immunoprecipitation. Twenty four h after transfection, cells All the pCDNA3 constructions were transfected inwere starved for 1h in Met/Cys free MEM (ICN) and then labelled

parallel. Figure 2A shows that the ErmER-mediatedwith 100mCi/ml (35S)Met/(35S)Cys (Amersham) for 3h in 0.5ml
transactivation activity was hormonally induced in aMet/Cys free medium. Cells were lysed and immunoprecipitations

were performed as described (12), by using anti-Erm12-226 (8) and dose-dependent manner, as compared to the luciferase
anti-Erm355-510 (12) antibodies. reporter activity corresponding to cells transfected by

Immunofluorescence analysis. All the following steps were sepa- the empty plasmid without 17b-oestradiol addition. At
rated by three PBS 1X washes at room temperature. Twenty four h high concentration of 17b-oestradiol ErmER was as ef-
after transfection, cells growing on 14mm coverslips were fixed in ficient as wild-type Erm. Similar results were obtained4% paraformaldehyde PBS 1X for 15 min at room temperature, per-

when using a reporter sequence derived from the LTRmeabilized with 0.25% Triton PBS 1X for 5 min at room temperature,
of the HTLV-1 virus (25) as an ets responsive elementand neutralised in PBS 1X containing 50 mM NH4Cl for 5 min at

room temperature. Preparations were blocked in 2% foetal calf serum (data not shown).
PBS 1X (blocking buffer) for 30 min at 47C. The rabbit polyclonal We also tested oestrogen free controlled conditions
anti-Erm12-226 antibody raised against Erm (8) was applied at 1/500 by placing the cells in red phenol/serum free MEM fordilution in blocking buffer for 60 min at 47C. Preparations were

20h after transfection. In this context, luciferase re-washed 3 times in blocking buffer and incubated with 1/200 diluted
mouse anti rabbit FITC conjugated antibody (Jackson) in blocking porter activity due to endogenous transcriptional activ-
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FIG. 1. ErmER fusion protein. (A) Schematic representation of ErmER fusion. The ligand-binding domain of the oestrogen receptor
(hatched box) was fused to the full length Erm protein (empty box). The numbers indicate amino acid positions of the protein moieties. The
translational fusion was made by using a BamHI site (see Materials and Methods section). The tryptophan mentioned (Trp) is at the Erm
C-terminal amino acid position in place of the wild-type tyrosine. (B) Erm and ErmER expression in transiently transfected HeLa cells.
Lanes 1-3, untransfected control HeLa cell extracts devoid of any detectable Erm. Lanes 4-8, HeLa cell extracts after transfection by: pTL1
(lane 4), pTL1-ErmER (lane 5), pCDNA3 (lane 6), pCDNA3-Erm (lane 7), pCDNA3-ErmER (lane 8); migration positions of the encoded
proteins are indicated either by an arrow head for Erm or by an arrow for ErmER. Radiolabelled cell lysates were twice immunoprecipitated
using two polyclonal antibodies raised against the N-terminal part, anti-Erm12-226 , (lane 1) or the C-terminal part, anti-Erm355-510 , (lanes
2-8) of Erm. In lane 3, immunoprecipitation was performed in the presence of 10 mg of the corresponding antigen as described previously
(12). The positions and sizes of the molecular weight standards are indicated at the left of each gel exposure. (C) Diffuse nuclear location
of ErmER. HeLa cells transiently expressing ErmER were compared to HeLa cells transfected by the corresponding empty expression
plasmid (control). Immunofluorescence analyses using anti-Erm12-226 antibody were carried out 24h after transfection. The same location of
ErmER chimera was observed after 1007M 17b-oestradiol, 1007M EM-139 or no hormonal treatment.

ity was 20-fold lower than in optiMEM conditions (data Thus, as for other proteins fused to the ligand-bind-
ing domain of a nuclear receptor (13), the function ofnot shown) and ErmER transcriptional activity dis-

played a 14-fold induction upon 1007M 17b-oestradiol Erm displayed an oestrogen dose-dependent inducible
activity, upon its fusion to the ER domain.addition (fig. 2B).
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Anti-Oestrogen EM-139 Blocked ErmER Activity

When using the pTL1-ErmER construction, we ob-
served a significant basal (without 17b-oestradiol addi-
tion) luciferase activity (fig. 3).

Such a leaky behaviour has been already described
for other chimeric proteins using ER, as exemplified by
TLS-CHOP-ER (26) or p53-ER (19). This basal activity
can reflect a residual oestrogen-like activity from the
culture medium and/or an intrinsic leakiness of the
chimera.

FIG. 3. Antagonistic action of EM-139 on ErmER transcriptionalIn the case of ErmER, we wish to know whether its activity. Transfections were performed in optiMEM using pTL1 and
basal activity was under oestrogen control or not. To pTL1-ErmER (ErmER) constructions. 1007M 17b-oestradiol (/E)
this end, we tested the effect of the anti-oestrogen EM- and EM-139 anti-oestrogen at the mentioned concentrations were

added 16h after transfection. Twenty-four hours later, the cells were139 (22). Figure 3 shows that ErmER basal activity
harvested for luciferase assays. The fold-inductions are relative towas reduced by the addition of 1007M EM-139 while
the empty pTL1 values that did not show any significant differencesErmER induction at 1007M 17b-oestradiol was not af- upon hormonal treatment.

fected. Of note, 1006M EM-139 fully antagonised

ErmER inducible activity. Thus, the antagonistic effect
of EM-139 on ErmER transcriptional activity indicates
that ErmER basal activity is, at least in part, due to a
residual oestrogen-like activity from the culture me-
dium. This conclusion was further strengthened by the
fact that when using pCDNA3 constructions, the weak
leakiness of ErmER was totally abolished in the pres-
ence of 1006M EM-139 (data not shown).

Taken together, this demonstrates that the use of
EM-139 could help setting up low basal activity condi-
tion for ErmER. Consequently, EM-139 will be useful
to optimize the cell culture conditions imparting the on
and off status to ErmER.

In conclusion, while many putative target genes have
been proposed for the Ets factors, none of them were
conclusively shown to be directly regulated as endoge-
nous ‘‘resident’’ genes. Our results demonstrate that
the fusion of Erm to the ligand-binding domain of the
oestrogen receptor imparts oestrogen dependence to its
activity. This defines ErmER as a molecular tool to
address the biological functions of Erm. In particular,
by combining the oestrogen induction of the chimera
and the inhibition of the protein-neosynthesis, ErmER
should allow the identification of Erm direct target
within chromatin-embedded genes.
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