
(CANCER RESEARCH 58. 4264-4268. October I. 19981

Advances in Brief

The Estrogen Receptor Variant Lacking Exon 5 Has Dominant Negative Activity in
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Abstract

The estrogen receptor variant lacking exon 5 (ERAE5) encodes a
truncated protein that lacks the hormone-binding domain and has been
suggested to be responsible for the estrogen-independent growth of human

breast tumors and resistance to antiestrogen therapy. The biological
function of the ERAE5 in human breast epithelial cells has been studied
by transient transfection of HMT-3522S1 cells with wild-type (wt) estro
gen receptor (ER) and ERAE5. A 10-fold higher expression of ERAE5

inKNA compared to that of wt ER niRNA was found. However, the
expression of ERAE5 protein was significantly lower than the expression
of wt ER protein. The ERAE5 was unable to activate the transcription of
an estrogen-responsive reporter gene in the absence as well as in the

presence of estrogen. The ERAE5 disclosed a dominant negative activity
when expressed together with wt ER. These data indicate that the biolog
ical significance of ERAE5 in human breast cancer is dubious.

Introduction

Estrogens influence the growth of human breast epithelial cells as
well as breast cancer cells. This action is mediated through binding to
an intracellular protein, the ER.4 About 70-80% of all primary breast

tumors contain the ER and are therefore defined as ER positive. Most,
but not all. ER-positive tumors grow as estrogen-dependent tumors.

Antiestrogens, which antagonize the action of estrogens, play an
important role as therapeutic agents. About two-thirds of patients with
primary ER-positive tumors respond to treatment with antiestrogen
for metastatic disease, whereas only 5-10% of patients with ER-

negative tumors respond to this treatment ( 1). Eventually, most tu
mors become resistant to the antiestrogen treatment. Development of
resistance to endocrine treatment is a serious problem, and in spite of
many years of research, no definitive answers can be given to the
problem. Transcription of the ER gene gives rise to variant ER
mRNAs generated by alternative mRNA splicing. Several alterna
tively spliced ER mRNAs have been detected in both human breast
cancer cell lines and human breast tumors (2-7). The ERAE5 encodes
a truncated protein that lacks the hormone-binding domain and gives

rise to a constitutively active receptor (dominant positive) when
expressed in a yeast transfection system (2). This receptor has there
fore been connected to tumor progression and the development of
antiestrogen resistance in human breast cancer, assuming that this ER
variant is also able to activate the transcription of estrogen-responsive
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genes in human cells in the absence of hormone/antihormone (2, 5, 6).
Recent data have not been able to support the original hypothesis of
a dominant positive function of the ERAE5 (8, 9), and the observed
expression of a high amount of ER mRNA splice variants has been
suggested to be without biological significance due to a supposed
instability of the corresponding variant ER proteins (10). The present
investigation addresses both the question of correlation between the
expression of ER splice variant mRNA and variant protein and the
biological function of the ER splice variant when expressed alone and
in combination with wt ER in the ER-negative human breast epithelial
cell line HMT-3522S1 (11). The conclusions from this investigation

are that the ERAE5 mRNA may have an increased stability compared
with wt ER mRNA. On the contrary, the ERAE5 protein seems to be
significantly less stable than wt ER protein. The biological function of
the ERAE5 in the human breast epithelial cell line HMT-3522S1 is

apparently a dominant negative activity.

Materials and Methods

Cell Lines and Culture Conditions. The human breast epithelial cell line
HMT-3522 was established from a fibrocystic benign breast lesion (II). The
HMT-3522S1 cell line was cultivated in uncoated T-25 flasks (Nunc. Roskilde.

Denmark) in a chemically defined medium as described previously (II), but
without E;. HMT-3522S1 cultures were passaged every week by trypsination,

and the medium was changed every second or third day.
Transient Transfection of HMT-3522S1 Cells, 0-Gal, and CAT Assays.

HMT-3522S1 cultures at 30-609}- confluence were transfected by the calcium

phosphate technique (Promega, Madison, WI). The cells were seeded in
60-mm dishes (Nunc). and before transfection. the medium was renewed, and

5% newborn calf serum was included in the culture medium. The cells were
incubated for 3 h before transfection with 0.1 /j.g of reporter plasmid vit-tk-
CAT (12), 10 fig of pRSV-/3-gal (13), and 0.5 /ig of pSG5-HEGO (14) or
various amounts of pSG5-ERAE5 (10) for 6-24 h. The pSG5 plasmid (Strat-

agene. La Jolla, CA) was used as carrier DNA to adjust the total amount of
DNA to 15.6 /ng. The pSP64 vector (Boehringer Mannheim. Mannheim.
Germany) was used as a negative control DNA for Northern blot analyses.
After transfection. the cells were incubated in medium supplemented with or
without ICI 182.780 or E2, depending on the experimental conditions. After
6-24 h. the cells were harvested in PBS using a cell scraper and lysed by five

free/.e/thaw cycles in 250 HIMTris (pH 7.8). and cell extracts were obtained by
centrifugation (10.000 x g. 15 min, 4Â°C).Aliquots of cell extracts were then

used for the ÃŸ-galassay and CAT assay according to the procedure described
by Sambrook et al. (15) using ['4C]chloramphenicol (0.1 mCi/ml; NEC-408;

Dupont New England Nuclear, Boston. MA). Autoradiography and quantita-

tion were performed as described previously (16).
Northern Blot Analysis. Transfected cells were harvested with Trizol

reagent, and total RNA was isolated according to the manufacturer's instruc

tions (Life Technologies, Inc.. Roskilde, Denmark). Polyadenylated RNA was
isolated, electrophoresed, and transferred to a nylon membrane as described
previously ( 10). Purified plasmid-derived complementary probes were labeled
with [a-'2P]dCTP (Amersham. Aylesbury. United Kingdom) using the Mega-
prime DNA labeling kit (Amersham) at a specific activity of 1-2 X 10''

dpm/jug DNA. The Northern blots were hybridized at 68Â°C(1-2 h) using

QuickHyb hybridization solution (Stratagene). The blots were exposed to
Kodak X-OMAT AR-5 films at -80Â°C. For quantification, the blots were
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exposed lo a Phosphorlmager screen for 1-4 days before scanning in the

Phosphorlmager (Molecular Dynamics. Sunnyvale, CA).
Probes. The probes used were HER [a 2.1-kb EcoRl cDNA fragment of

pOR8 (17)] and 36B4 [a 1.1-kb Pst\ cDNA fragment encoding human acidic

ribosomal phosphoprotein PO (18)].
Western Blot Analysis. Transfected cells were lysed in 0.1 MNaCl, 20 mM

Tris-HCl (pH 8.0), 1% Triton X-100, 0.5% sodium desoxycolate, 0.1% SDS,
and 1 mM EDTA, and cleared supernatants were stored at -80Â°C. SDS-PAGE.

electroblotting to nitrocellulose membrane, and immunoreaction were per
formed as described previously (19) using a primary mouse monoclonal
antibody against human ER (DAKO-ER 1D5; DAKO A/S. Glostrup, Den
mark) that recognizes both wt and ERAE5 protein (10) and a peroxidase-
conjugated secondary antibody (rabbit antimouse IgG antibody: DAKO-

P0260; DAKO A/S). The enhanced chemiluminescence Western blotting
protocol (Amersham) was used to detect the specific protein bands.

Results

Before Northern blot analysis, total RNA was prepared from HMT-
3522S1 cells transfected with equal amounts of pSG5-HEGO or
pSG5-ERAE5 as described in "Materials and Methods." Fig. 1 shows
the results of a Northern blot analysis using an ER-specific 32P-

labeled probe. Transfection of HMT-3522S1 cells with pSG5-ERAE5
or pSG5-HEGO gives rise to a 1.7-kb ERAE5 mRNA and a 1.8-kb wt
ER mRNA, respectively. As a negative control, HMT-3522S1 cells
were transfected with the pSP64 vector, and, as expected, no ER-

specific mRNA was detected. Differences in the amounts of RNA
loading were adjusted by normalization to 36B4, and quantitation by
Phosphorlmager revealed a 10-fold higher ERAE5 mRNA expression

compared to that of wt ER mRNA. The elevated ERAE5 mRNA level
has been observed in two additional independent Northern blot anal
yses made on different RNA preparations with 2- and 7-fold higher

ERAE5 mRNA expression, respectively, compared to that of wt ER
mRNA (data not shown).

Transfection of the cells with 5.0 /j.g of pSG5-ERAE5 did not allow

the detection of any protein band corresponding to the M, 42,000
putative ERAE5 protein, whereas the same amount of pSG5-HEGO
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Fig. 1. Northern blot analysis of HMT-3522S1 cells transfected with 10 pig of either
pSG5-ERAE5. pSG5-HEGO, or control plasmid pSP64 together with 0.1 pig of vit-tk-
CAT and 5.0 pig of pRSV-ÃŸ-gal. Polyadenylated RNA (2 pig) was loaded and hybridized
with a labeled probe against the ER. Each sample was run in duplicate. After quantifi
cation, the blot was stripped and subsequently rehybridized with a 36B4 probe, which was
used as a control for RNA loading. The wl ER mRNA is 1.8 kb. the ERAE5 mRNA is 1.7
kb. and the 36B4 mRNA is 1.2 kb.
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Fig. 2. Western Wot analysis of HMT-3522S1 cells Iransfeclcd with 10 pig of pSG5-
HEGO or 10 pig of pSG5-ERAE5 together with 0.1 pig of vit-tk-CAT and 5.0 /ig of
pRSV-ÃŸ-gal. The cells were harvested, the protein was extracted, and the protein con
centrations were determined, and 17 pig of protein from each sample were run on a 15%
SDS-PAGE. Protein extracts from nontransfected HMT-3522SI cells were used as a
negative control, and protein extracts from nontransfeeted MCF-7 cells were used as a

positive control. Furthermore, two additional negative controls were included: Negative
control 1 was extract from HMT-3522S1 cells transfected with pSG5-ERAE5 and incu

bated with a primary mouse IgG I antibody raised to a nonmammalian protein, followed
by the peroxidase-coupled rabbit anlimouse secondary antibody: Negative control 2
represents HMT-3522S1 cells transfected with pSG5-HEGO and incubated with the

secondary antibody alone. Mouse monoclonal antibody ID5 raised against a peptide in the
AB region of the ER was used to detect the M, 65.0IX) and the M, 42.00Q protein hands
corresponding to wt ER and ERAE5 protein, respectively.

transfected into HMT-3522S1 cells resulted in the detection of a Mr

65,000 wt ER protein (data not shown). A concomitant Northern blot
analysis revealed high expression of ERAE5 mRNA, indicating that
the translation of ERAE5 mRNA is impaired, or that the ERAE5
protein is unstable. HMT-3522S1 cells were then transfected with 10
pig of pSG5-ERAE5 or 10 /*g of pSG5-HEGO. The Western blot (Fig
2), shows that HMT-3522S1 cells transfected with pSG5-ERAE5 or
pSG5-HEGO expressed a M, 42,000 and Mr 65.000 protein corre

sponding to ERAE5 protein and wt ER protein, respectively. The
ER-negative HMT-3522S1 cells were used as a negative control, and
no staining was observed. MCF-7 cells were used as a positive

control, giving rise to a wt ER protein band of Mr 65,000. Two more
negative controls were used (Lanes I and 2) and showed no nonspe
cific binding of the two antibodies used (negative control 1) and no
nonspecific binding of the secondary antibody alone (negative control
2), indicating that the staining of the protein bands at M, 65,000 and
Mr 42,000 represents specific binding to wt ER and ERAE5 protein,
respectively. Actually nine Western blot analyses were performed; wt
ER protein was detected in every case, whereas ERAE5 protein was
detected in only three cases. This could indicate that the variant
protein may have a decreased stability compared to that of the wt ER
protein.

To compare the biological function of wt ER and ERAE5, HMT-
3522S1 cells were transiently transfected with pSG5-HEGO or pSG5-
ERAE5, and the estrogen-responsive reporter plasmid vit-tk-CAT

(12). The transfected cells were grown in the presence or absence of
either E2 or the antiestrogen ICI 182,780. As shown (Fig. 3), neither
E2 nor ICI 182,780 has any influence on the constitutive CAT ex
pression from the tk promoter (the CAT activity in Lanes 2 and 3
equals the activity in the control culture without hormone shown in
Lane 1). HMT-3522S1 cells transfected with the pSG5-HEGO vector

and grown in medium without E-, (Lane 4) express a significantly
increased CAT activity (about 6-fold above the constitutive level).
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Fig. 3. Transcriplional activity of the ERE-con-
trollcd CAT reporter gene in HMT-3522S1 cells
transiently transfix!Â«! with pSG5-HEGO or pSG5-
ERAE5. HMT-3522S1 cells were colransfecled
wilh 0.5 (ig of either pSG5-HEGO or pSG5-
ERAE5 and with 0.1 (ig of vit-tk-CAT reporter
ptasmid and 10 fig of the internal control plasniid
pRSV-ÃŸ-gal.The cells were maintained for 24 h in
the absence ( - ) or presence ( + ) of 10 * ME, or of
10~7 M ICI 182,780 and then assayed for'CAT

activity after normalization to ÃŸ-galactivity levels.
Transfeclion with vit-tk-CAT alone was used as a
control for the constitutive expression of the CAT
en/.yme from (he ik promoter. The amount of
chloramphcnicol (Cam). 1-acetyl-chloramphenicol
(l-Ac-Cam), 3-acetyt-chloramphenicol (3-Ac-
Cam). and 1.3-di-acetyl-chloramphenicol (IJ-Ac-

Cutn) was measured in arbitrary Phosphorlmagcr
units, and the percentage of conversion was calcu
lated as the amount of acetylated products out of
the total amount of chloramphenicol species. Fold
induction was determined as the percentage of
conversion in the presence of E2 divided by the
percentage of conversion in the absence of E,.

1,3-Ac-Cara

3-Ac-Cam

1-Ac-Cam

Cam

LANEpSGS-HEGO
(ng)PSG5-F.RAE5
(Mg)vil-tk-CAT
(ug)E,ICI

182780Percent
conversionFold

induction1000.0O.I.0.5220.00.00.1+0.5711030.00.0O.I-+0.5940.50.00.132850.50.00.1+102831360.50.00.1+0.0770.00.50.1.0.3580.00.50.1+0.601.719000.50.1+0.4010POS99.8111POS999412NEO.006

This represents the ligand-independent activity of ER, which has also

been observed by others (16). Growth in the presence of E, further
increases the CAT activity (Lane 5) to about 20-fold above the
constitutive level in the control culture and to about 3-fold above the
ligand-independent activity. Growth in the presence of the pure an-

tiestrogen ICI 182,780 significantly inhibits the CAT activity (Lane
6), which was not only below the ligand-independent activity but was

also below the constitutive activity. When cells were transfected with
pSG5-ERAE5, no ligand-independent transcriptional activity was

measured (Lane 7). Neither E2 nor ICI 182,780 had any significant
effect on the CAT activity in cells transfected with the pSG5-ERAE5

(Liinex N and 9). The low CAT activity observed in cells transfected
with pSG5-ERAE5 is due to the constitutive CAT expression from the

tk promoter. Increasing the amounts of pSG5-ERAE5 up to 10 fig did

not give rise to enhanced CAT expression (data not shown).
It is important to determine whether the alternatively spliced variant

of the ER interferes with the transcriptional activity of the wt ER,
because ERAE5 is always present in cells and tissues along with wt
ER. Consequently, HMT-3522S1 cells were cotransfected with vit-
tk-CAT, pSG5-HEGO, and different amounts of pSG5-ERAE5. The

cells were grown in the presence or absence of E2. The result from a
representative experiment is shown in Fig. 4. HMT-3522S1 cells
transfected with vit-tk-CAT alone demonstrate the constitutive CAT
expression from the tk promoter (Lane 1). HMT-3522S1 cells cotrans
fected with vit-tk-CAT and pSG5-HEGO and grown in medium
without E2 express a 3.5-fold increased CAT activity (Lane 2). This

1,3-Ac-Cam

Fig. 4. Effecl of ERAE5 expression on the tran
scriptional activity of wl ER in HMT-3522SI cells.
HMT-3522SI cells were cotransfected with O.I fig
of vit-tk-CAT. 0.5 fig of pSG5-HEGO. and in
creasing amounts of pSG5-ERAE5 (0.5. 1.0. 2.0,

and 5.0 fig) together wilh 10 fig of inlernal control
plasmid pRSV-ÃŸ-galand carrier DNA (pSG5 plas

niid). The cells were grown for 6 h in the absence
( - ) or presence ( + ) of 10 ~HME2 and then assayed

for CAT activity aflcr normalizalion to ÃŸ-galac
tivity levels. Transfection with vit-tk-CAT alone
was used as a control for the constitutive expres
sion of the CAT en/.yme from the Ik promoter. The
amount of chloramphenicol (CatÃn, l-acetyl-chlor-
amphenicol (Â¡-At-Cam}, 3-acetyl-chloramphcnicol
(3-Ac-Cam). and 1.3-di-acetyl-chloramphenicol
(Â¡,3-Ac-Cam) was measured in arbitrary Phosphor
lmagcr units, and the percentage of conversion was
calculated as the amount of acetylaled producÃsou! of
the total amount of chloramphenicol species. Fold
induction was calculated by the percentage of conver
sion in UK*presence of E_,divided hy the percentage

of conversion in the absence of E,.

3-Ac-Cam

l-Ac-Cam

Cam ...
-

LANEpSG5-HEGO
(ug)JSG5-ERAE5

(jig)vit-tk-CAT

(ug)E:Percent

conversionf-old
induction1000.00.101920.50.0O.I.0.6630.50.00.1â€¢f7.4211.2440.50.50.10.175050.501+3.1218.3560.5100.1-0
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represents the ligand-independent activity of wt ER, which is also
shown in Fig. 3. The ligand-dependent activity, shown in Lane 3, is
about 40-fold above the constitutive level and 11.5-fold above the
ligand-independent activity. When wt ER and ERAE5 were cotrans-
fected into the HMT-3522S1 cells in equal amounts, ERAE5 was able

to reduce the transcriptional activity of wt ER in the absence of E2 to
26% (Lane 4) and in the presence of E2 to 42% (Lane 5). Transfection
with larger amounts of ERAE5 compared to wt ER (2-, 4-, and 10-fold

excess) results in a very powerful inhibition of the transcriptional
activity of wt ER in both the absence of E, (Lanes 6. 8, and 10) and
the presence of E, (Lanes 7. 9. and //). These data suggest that the
ERAE5 is able to interfere with the transcriptional activity of wt ER
and to function as a dominant negative receptor.

Discussion

Analyses of different MCF-7 stocks have revealed varying ratios of

wt ER: variant ER transcripts, some with a higher level of ERAE5
mRNA compared to the level of wt ER mRNA (20). Studies of
ER-negative/progesterone receptor-positive tumors (2, 6, 21, 22) and
ER-negative/pS2-positive tumors (6) have disclosed an increased

level of ERAE5 mRNA compared to that of wt ER mRNA, demon
strating that this variant mRNA is abundantly expressed not only in
breast cancer cell lines but also in specific subsets of human breast
tumors. The biological relevance of the expression of ER mRNA
splice variants is not well established. Although a large number of
studies demonstrate the expression of ER mRNA splice variants, only
one study has included a detailed comparison between ER mRNA
splice variant expression and the expression of corresponding variant
proteins (10). These data showed that high expression of splice variant
ER mRNA did not result in corresponding levels of the variant
proteins, and it was suggested that the variant ER proteins may be
very short-lived (10). The most abundantly expressed ER mRNA

variant, the ERAE5, was originally suggested to have a dominant
positive function (2, 21), but little or no transcriptional activity was
found in one careful study with both transient and stable transfectants
(8). A recent study has demonstrated a very low transcriptional
activity of the ERAE5 when expressed alone and a dominant negative
activity when transfected into MCF-7 cells that express wt ER (9).

Therefore, the aim of this study was to clarify the biological function
of the ERAE5 splice variant.

Our Northern blot analyses revealed a â€”¿�10-foldhigher ERAE5

mRNA expression level compared with the wt ER expression level.
This may be due to either differences in the transfection efficiency or
to the fact that the ERAE5 mRNA is more stable than the wt ER
mRNA. When ER-transfected HMT-3522S1 cells were used for CAT
assays, the transfection efficiency was reflected in the measured ÃŸ-gal
activity, which was similar for both wt ER- and ERAES-transfected

cells. Therefore, the transfection efficiency in the cells used for
Northern blot analysis is probably also similar. Consequently, the high
ERAE5 mRNA expression implies that the ERAE5 mRNA may be
more stable than the wt ER mRNA.

As mentioned, variant ER mRNAs have been detected in various
tissues (2, 10. 23), whereas the corresponding ERAE5 protein has only
been demonstrated in the human breast cancer cell line BT-20 (5), in
MCF-7 transfectants (8, 21), in COS-1 transfectants (9), and in HMT-
3522S1 cell transfectants (10). BT-20 cells, which are classified as ER

negative, were found to express both the ERAE5 mRNA and the
corresponding Mr 42,000 protein (5). It should be mentioned that
although the variant protein was detected in BT-20 cells, the extensive

amount of cells required to observe this protein indicates that the
variant protein is expressed in a low amount in relation to the amount
of the corresponding variant mRNA. Castles et al. (5) demonstrated

that MCF-7 cells also express significant amounts of ERAE5 mRNA

but were unable to immunoprecipitate any variant protein from these
cells. This is in agreement with our observation that MCF-7 cells,

which express equal amounts of wt ER mRNA and ERAE5 mRNA.
do not contain detectable amounts of variant protein (10). These
results indicate that the stability of the variant protein may be signif
icantly lower than the stability of wt ER. The impression from this
very limited amount of studies is that endogenously expressed ERAE5
mRNA splice variants may not give rise to significant amounts of
protein, whereas cells transfected with an ERAE5 vector express
detectable amounts of variant protein.

Our studies show that a high amount of ERAE5 expression vector
is required for detection of the Mr 42,000 ERAE5 variant protein in
the transfected cells, whereas wt ER protein is easily detected in cells
transfected with a lower amount of wt ER expression vector. Consid
ering that transfection with an equal amount of ERAE5 or wt ER
vector results in significantly higher ERAE5 mRNA levels, the
ERAE5 protein expression does not correlate with the ERAE5 mRNA
expression, suggesting that the ERAE5 protein is short-lived. The

truncated ERAE5 protein will have a tertiary structure different from
that of wt ER, and the tertiary structure of the ER protein greatly
influences the turnover of the ER protein; e.g., ERs that have bound
E2 are more stable than free ERs, and ICI 164.384-bound ERs are very

unstable (24). Furthermore, in some variants in which sequences
involved in dimerization are absent or in which dimerization is im
paired due to antiestrogen treatment, a reduced half-life of the receptor

protein has been demonstrated (24). Additionally, some of the ER
variants could be expected to have lost the ability to interact with heat
shock proteins, which also may influence their stability.

In transfected HMT-3522S1 cells, the transcription activation func
tion of the ERAE5 variant showed negligable activity on an estrogen-

responsive reporter gene. This is in clear contrast to the results in a
yeast system, in which the ERAE5 variant acts as a dominant positive
receptor when expressed together with a reporter plasmid containing
an ERE (2, 5). The constitutive activity of the ERAE5 variant is
supported by the observation that a clone of MCF-7 cells stably

transfected with an ERAE5 expression vector constitutively expresses
the progesterone receptor (21). However, in other stable sublines of
ER-positive MCF-7 breast cancer cells expressing an ERAE5 variant,

the variant displayed only a very weak constitutive activity with
respect to the activation of an ERE reporter gene and had no effect on
the expression of the endogenous genes, pS2, and progesterone re
ceptor (8). Another study of the mammalian cell line CHO stably
transfected with an ER variant lacking exons 4-6, resulting in a

truncated protein of Mr 31,000 has also revealed no transcriptional
activation potential for this variant. Furthermore, this variant was able
to inhibit the binding of the wt ER to the ERE, suggesting that the ER
variant acts as a dominant negative receptor (25). These discordant
results could be due to the different cell types used, suggesting that
some factors required for ER function may be tissue specific. Recent
data have shown that coactivator proteins binding to the hormone-

binding domain of the ER are very important for the transcriptional
activity of the ER (26, 27). The ERAE5 variant protein, which has lost
the hormone-binding domain, may therefore be unable to activate the
transcription of estrogen-responsive genes in cells requiring these

coactivator proteins for ER function, and this may therefore explain
our results showing a lack of transcriptional activity in the HMT-

3522S1 human breast epithelial cells. It is also noteworthy that the
presence of the specific amino acid sequences, which is responsible
for transcriptional activation function 1 activity in the wt ER protein.
is not necessarily indicative for the maintenance of this function in a
truncated protein, which may have a conformation very different from
that of the wt protein.
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Because the alternatively spliced variants of the ER are always
present in cells and tissues with wt ER, it is important to determine
whether the ERAE5 is able to interfere with the transcriptional activity
of wt ER. Cotransfection of HMT-3522S1 cells with pSG5-HEGO
and different amounts of pSG5-ERAE5 showed a dominant negative

effect of ERAE5 in both the absence and presence of E2. The domi
nant negative property of ERAE5 could involve the formation of a
heterodimer between the variant ER and the wt ER established by
protein-protein interactions and thereby preventing the wt ER from

binding to the ERE, as also suggested for the ER variant lacking exon
3 (3). Our data are in accordance with recently published results,
which showed that the ERAE5 is able to inhibit the transcriptional
activity of wt ER by up to 60% when transfected into MCF-7 cells and

thereby acts as a dominant negative receptor (9).
In summary, this study has shown that transient transfectants of the

ER-negative human breast epithelial cell line HMT-3522S1 with an
equal amount of the pSG5-HEGO or pSG5-ERAE5 vector express

significantly higher levels of ERAE5 mRNA compared to wt ER
mRNA. indicating that the ERAE5 mRNA is more stable than the wt
ER mRNA. The corresponding ERAE5 variant protein is present in a
significantly smaller amount than expected from the level of ERAE5
mRNA, and a rough calculation indicates that the stability of the
ERAE5 variant protein may be more than 10-fold lower than the

stability of the wt ER. The ERAE5 variant has no transcriptional
activity when expressed alone in an ER-negative human breast epi

thelial cell but displays dominant negative activity when expressed
together with wt ER. Expression of a significant amount of this ER
variant will therefore reduce the estrogen and antiestrogen sensitivity
of the cells and confer a selection pressure toward hormone-indepen

dent cell growth. Although many studies have shown ERAE5 mRNA
expression at levels equal to and also higher than that of wt ER mRNA
(22), the biological significance of this splice variant may be minor,
due to the presumed severely reduced stability of the variant protein.
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