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Abstract

Recent evidence suggests that the expression of estrogen receptor (ER)
variants in breast cancer may interfere with wild-type (wD ER function

and be related to tumor progression and resistance to hormone treatment.
One of these variants, ERJÂ£5, lacking that part of the hormone-binding

domain encoded by exon 5, has previously been identified in breast tumors
with the unusual estrogen receptor negative (ER-) and progesterone re

ceptor positive (PgR+) phenotype and found to possess constitutive and
hormone-independent transcriptional activity. Using a ribonuclease pro

tection assay, we analyzed 27 breast tumors and 4 breast cell lines for the
presence of this variant. We found the IJ<J/,5 variant to be expressed, not
only in all of three ER-/PgR+ tumors but also in 19 of 20 ER+/PgR+ or
ER+/PgR- tumors. Moreover, the variant was always coexpressed with
and often in excess of Â»/1'K.l KJ/ 5 was also found in three breast cancer

cell lines (MCF7, 147n. and ZR75-1), although to a lesser extent than
H'/ER. A complete absence of both ER.1E5 and w/ER was noted in four
ER-/PgR- tumors and one normal breast cell line (HBL-100). Thus, our

data suggest that the occurrence of ER_iÂ£5in breast cancer may represent
a critical stage in tumor progression to autonomy.

Introduction

The ER' belongs to a superfamily of steroid and thyroid hormone

receptors that hind to specific DNA sequences as homodimers in
response to binding of their cognate ligand and act by modulating the
transcription of target genes (1). Functionally, the ER can be divided
into six conserved regions (A-F). which are encoded by eight exons.

Region A (encoded by part of exon 1) and region B (encoded by part
of exons 1 and 2) constitute the NH2-terminal part of the receptor in

which one of the TAF1 elements is located (2). Region C contains two
"zinc-finger" motifs, which confer the DNA-binding function, and is

encoded by exon 3 and parts of exons 2 and 4. Region E, encoded by
exons 5 to 7 and parts of exons 4 and 8, is the hormone-binding
domain and participates in several other functions including dimer-
ization and hormone-dependent transcriptional activity (TAF2) (3).

No specific activity has as yet been ascribed to regions D and F, which
may be inessential for ER function.

Besides being an important regulator of growth and differentiation
both in the mammary gland and in the female reproductive tract, the
ER is also involved in the development of breast cancer. Many breast
tumors and breast cancer cell lines appear to be dependent for their
growth on the stimulatory effects of estrogen, a dependence that is
itself correlated with the presence of a functional ER. ER positivity is
usually accompanied by the presence of PgR, as PgR is an end product
of estrogen action. In breast cancer, ERs are found in approximately
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two-thirds of cases and PgRs in about one-half (4). A significant
proportion of tumors have an ER+/PgR- status. These tumors are less

responsive to endocrine therapy, which indicates the presence of non
functional ER variants. By contrast, a small proportion of tumors are
ER-/PgR + , an anomaly which may reflect the presence of transcrip-
tionally active ERs that go undetected in ligand-binding assays or

immunoassays.
Further light has recently been shed on these clinical findings by the

identification of ER variants in breast tumors. Many of these variants
seem to arise due to transcriptional splicing errors and to a lack of a
complete exon, which usually results in a truncated product due to the
introduction of a stop codon in the out-of-frame transcript (5). Thus,

for instance, an ER variant with exon 7 deleted was identified in
ER+/PgR- as well as in ER+/PgR+ tumors (6). Another variant,

ERAÂ£5,lacking exon 5, was identified and found to be abundant in
tumors with the rare ER-/PgR+ phenotype and to constitutively

activate transcription in the absence of ligand, thus representing a
dominant positive ER variant (7). To further elucidate the relationship
between the distribution of ER variants and hormone receptor status,
we used a ribonuclease protection assay to analyze 27 breast tumors
and 4 breast cell lines for the presence of the ERAE5 variant.

Materials and Methods

Patients, Tumors, and Cell Lines. The patients were all from the southern
health care region of Sweden and were treated for primary breast cancer
according to the guidelines of the South Sweden Breast Cancer Group. Breast
tumor tissue was frozen within l h after primary surgery and sent to the
Department of Oncology in Lund for routine measurements of ER and PgR.
Tissue remaining after receptor analysis was kept at -80Â°C and was used for

RNA extraction in the present investigation.
Breast cell lines (MCF-7, T-47D, ZR-75-1, and HBL-HK)) were obtained

from the American Type Culture Collection (Rockville, MD), grown in Is-
cove's medium (supplemented with insulin), analyzed for ER and PgR, and

used for RNA extraction.
ER and PgR Protein Analysis. The concentration of cytosolic ER and PgR

was determined with enzyme immunoassays (Abbott Laboratories) performed
according to the manufacturer's instructions; results were expressed in

fmol/mg cytosol protein. A cut-off level of 10 fmol/mg protein was used to

classify tumors as receptor positive or negative and for further subdivision to
the status categories: ER+/PgR+, ER+/PgR-, ER-/PgR + , or ER-/PgR- (9).

Ribonuclease Protection Assay. Total RNA was extracted from frozen
breast tumor tissue (300 mg) or breast cell lines (3 X 10'' cells) using the

acid-guanidinium thiocyanate extraction method (8).

Total RNA (10 fig) from tumors and cell lines was solution hybridized with
a [32P]CTP labeled antiscnse RNA probe (10s cpm), which was synthesized in

vitro by transcription from a linear vector (pHB10/HA5 representing ER
nucleotides 850 to 1288 but lacking exon 5 and nucleotides 1097 to 1236)
containing an ERAÂ£5DNA template placed adjacent to an SP6 promotor. The
probe protected a 300-base pair transcript fragment of ERAÂ£5and a 246-base

pair fragment of Â»7ER.The unhybridized RNA fragments were removed by
RNase A (40 fig/ml). Proteinase K (50 fig/ml) and 20% sodium dodecyl sulfate
were added to inactive RNase A, followed by extraction with phenol, precipi
tation with ethanol, and vacuum drying. The pellet was redissolved in 5 fil of
RNA loading buffer and then briefly vortexed and heated to 90Â°Cfor 5 min.
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A sample of 4 Â¿xlwas loaded on 4 mm-thick 6% polyacrylamide gel containing

8 M urea and electrophoresed at 60 W for 2 h. The gel was transferred to
chromatography paper and exposed to X-ray film at -70Â°Covernight or longer.

Results

ER+/PgR+ 1\imors. Thirteen samples with ER+/PgR+ status
(17-350 fmol ER and 16-770 fmol PgR/mg protein) were analyzed.
Both the 300-base pair ERAÂ£5and the 246-base pair w/ER-protected
fragments were detected in 12 samples (Fig. 1). The variant:wild-type
band intensity ratio was roughly 2-3:1 in eight samples and 1:1 in four

samples (Table 1). In the remaining sample (17 fmol ER/mg protein),
no transcript could be detected even after prolonged exposure.

ER+/PgR- Tumors. Both variant and wfERs were detected in four
ER+/PgR- tumors (150-480 fmol ER and 1.2-4.2 fmol PgR/mg

protein; Fig. 1) but were undetectable in 3 other tumors of similar
status (44-170 fmol ER and 0-8.9 fmol PgR/mg protein). The vari-
ant:wild-type ratio was 2:1 in three of the four tumors manifesting

detectable ER transcripts and 1:1 in the fourth tumor (Table 1).
ER-/PgR+ Tumors. Two of the three ER-/PgR+ tumors (1.7-5.6

fmol ER and 90-350 fmol PgR/mg protein) manifested both variant
and wild-type bands (2:1) after overnight exposure. By extending the

exposure to 3 days, the third tumor also manifested ERAÂ£5,but only
a very faint band corresponding to wiER transcript was seen (Table 1;
Fig. 1).

ER-/PgR- Tumors. In four ER-/PgR- samples (2.0-6.7 fmol ER
and 0.6â€”7.6fmol PgR/mg protein), neither variant nor wtER tran

scripts could be observed even after 3 days of exposure.
Breast Cell Lines. All three breast cancer cell lines analyzed were

of ER+/PgR+ status according to routine receptor measurement
(MCF-7, 83 fmol ER and 81 fmol PgR/mg protein; T-47D, 67 fmol ER
and 3200 fmol PgR/mg protein; and ZR-75-1, 32 fmol ER and 280

fmol PgR/mg protein). Both variant and wiERs were observed in these
lines, but the variant:wild-type ratio differed from that in the tumors
(0.5:1; Table 1; Fig. 1). The normal breast cell line HBL-100 con

tained low concentrations of ERs and PgRs (5.4 fmol ER and 8.5 fmol
PgR/mg protein), and no RNA expression could be detected.

Discussion

The findings in this study shed further light upon our earlier ob
servations of the expression of the ERAE5 in human breast tumors and
cell lines. We have previously shown that this variant may result from
alternative or defective transcriptional splicing, which generates a
truncated out-of-frame protein of approximately Mr 40,000 due to the

introduction of a stop codon at amino acid 355 (5). The original
isolation of the variant from ER-/PgR+ tumors was validated in the

Table 1 The presence of EAAÂ£5and the variant:wtER ratio in tumors and cell lines of
differing hormone receptor status

ERAÂ£5:Â»vrERratio

Breast tumors

ER+/PgR+ ER+/PgR- ER-/PgR+

12 34 567

Breast cell lines

ER+/PgR+ ER-/PgR-

8 9 10 11

300 bp â€”
(variant)

- â€¢

246 bp â€” â€¢ â€¢â€¢ - â€¢

(wildtype)

Fig. l. The presence of ERAÂ£5and wild-type messenger RNA in human breast tumors

and breast cancer cell lines, as analyzed with a ribonuclease protection assay. The variant
transcript is seen as a 300-base pair protected fragment, and the wild-type transcript is a
smaller 246-base pair fragment. The variant band is more intense than Ihe wild-type band
in breast tumor samples (Lanes 1-7). but the reverse is found in cell lines (Lanes 8-10).

After prolonged exposure, the tumor in Lane 5 was found to manifest a variant band, but
only a faint band corresponded to wild-type ER. No bands were seen in the normal breast

cell line (Lane 11).

SampleTumorCell

linesER/PgR

No.+/+

(13)+/-
(7)-/+
(3)-/-
(4)+/+

(3)-/-
(1)-/-"

+/+1

43
141+

+/+532+ + +/+ +/++313

Â°-I-, both absent; +/-, equally abundant; ++/+, variant in excess; +++/+, variant in
great excess; +/+++, wild-type in excess.

present study where ERAÂ£5was found to be expressed in excess, or
great excess, as compared to wrER, in all three of the ER-/PgR+

tumors examined. In contrast, we found the variant and wtER to be
equally abundant in several tumors with the ER+/PgR+ phenotype,
although even in tumors of this phenotype, the variant occurred in
excess of wtER in more than 50% of cases. The consequences of
increased ERAÂ£5expression are unknown at present, but it may result
in ERAÂ£5 activity becoming functionally predominant in these tu
mors.

What would be the biological consequence of increased ERAÂ£5
expression in human tumors? It is not known whether the variant and
wild-type receptor are coexpressed in the same tumor cells or whether

the variant is differentially expressed in subclones within the tumors.
However, if the variant does confer a selective advantage during
tumor progression, cells overexpressing the variant may predominate,
resulting in a more aggressive phenotype. Our preliminary results
suggest a more aggressive, hormone-resistant phenotype to be gener
ated when ERAÂ£5is coexpressed with wtER in MCF-7 breast cancer
cells.4 Thus, overexpression of ERAÂ£5relative to wtER might well

confer a selective tumor growth advantage of clinical importance.
Several ER variants lacking exon 2, 3, 4, or 7 have now been found

in breast tumors and cell lines (6, 11, 12). It has been suggested that
these variant receptor forms can subvert the activity of wfER when
both are expressed in the same tumor cell (10). Although the ERAÂ£5
variant has lost its hormone-binding function, we have found it to be

capable of dimerization, DNA binding, and constitutive transcrip
tional activity from TAF1 in the absence of ligand. It is unknown how
the presence of ERAÂ£5affects the DNA-binding capability of wtER

when coexpressed, but it may heterodimerize with wtER and exert
potent effects on normal ER function. The presence and coexpression
of the ERAE5 may, however, help to explain why hormone resistance
is found in about 50% of ER+ breast cancer. As there are several
issues of interest, such as whether correlation exists between the level
of ERAÂ£5expression and values for clinical variables and outcome,
that the present series was too small to address, we are now extending
our studies by using a larger series and more quantitative assays.

Because we found the ERAÂ£5variant to be expressed in almost all
of the ER+ breast tumors and cell lines examined, albeit at much
reduced levels in the three cell lines, it may represent one of the most
basic genetic differences yet detected in breast cancer. Its presence in
the majority of ER+ tumors suggests that it may be crucially involved
in breast cancer development. The ERAÂ£5variant was not found to be
expressed in ER-/PgR- tumors, an absence most probably reflecting

a nontranscriptional ER gene, and may be regarded as the ultimate
step in tumor progression to autonomy. ERAÂ£5 coexpression with
wiER may represent an intermediate step in progression to a partly
hormone-dependent state. Alternative splicing, as seen here with

ERAE5 and as reported by others, may be a manifestation of the
deregulation of the splicing pathway in tumors and thus represent a
general, nonspecific consequence of tumor progression.

4 S. A. W. Fuqua, manuscript in preparation.
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